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Highlights

>

Various diketoesters and their bioisosteres werdgded as inhibitors of bacterial
methionine aminopeptidases (MetAPS).

Compoundgta and5a showed more than 85% inhibition of all the MetAdswell as
multidrug resistanEscherichia coli strains.

In vitro andin vivo cytotoxicity studies confirmed non-toxic nature ®d at its
bacterial minimum inhibitory concentration (MIC).

5a also inhibited biofilm formation as visualized %M micrographs.



Abstract

A series of diketo esters and their pertinent dusieres were designed and
synthesized as potent antibacterial agents by ttaggemethionine amino peptidases
(MetAPSs). In the biochemical assay against purifiatAPs fromStreptococcus pneumoniae
(SpMetAP1la), Mycobacterium tuberculosis (MtMetAP1lc), Enterococcus faecalis
(EfMetAP1a) and humarHgMetAP1b), compound8a, 4a and5a showed more than 85%
inhibition of all the tested MetAPs at 100 uM contcation. Compoundga and 5a also
exhibited antibacterial potential with MIC value2.% pg/mL & pneumoniae), 31.25 pg/mL
(E. faecalis), 62.5 pg/mL Escherichia coli) and 62.5 pg/mLS pneumoniae), 62.5 pg/mL
(E. coli), respectively. Moreoverba also significantly inhibited the growth of multidy
resistantE. coli strains at 512 pg/mL conc., while showing no aytat effect towards
healthy CHO cells and thus being selected. Growtretics study showed significant
inhibition of bacterial growth when treated withffdrent conc. ofs5a. TEM analysis also
displayed vital damage to bacterial cells3ayat MIC conc. Moreover, significant inhibition
of biofilm formation was observed in bacterial setreated with MIC conc. oba as
visualized by SEM micrographs. Interestinddg did not cause an alteration in the hemocyte
density inGalleria mellonella larvae which is considered vivo model for antimicrobial
studies and was non-toxic up to a conc. of 2.5 rhg/m

Keywords: diketo acids, bioisosteres, cytotoxicity, methir@aminopeptidase, antibacterial,
Galleria mellonella.

1. Introduction



Increase in consumption of antibiotics due to thmemgence of dangerous and
multidrug resistant strains has become a serioutdwimle medical crisis in recent decades
[1,2]. India leads in consumption of antibioticgpeessed in defined daily doses (DDDs),
among low middle income countries (LMICs) with 103%e from 2000 to 2015 [2]. Recent
reports from the Center for Disease Control andéhion (CDC) suggested that multi-drug
resistant bacterial strains are affecting at leasnillion people and are responsible for
approximately 23,000 deaths each year in the Un@&ates alone [3]. This escalating
evolution of resistance coupled with a diminishedilaotic pipeline has increased the
urgency of the search for new antibiotics and ereyargets [4]. In an attempt to identify
potent inhibitors against bacterial infections, asese directed our drug-discovery approach
towards methionine aminopeptidase (MetAP) whiclerigcial for the viability of bacterial
cells [5].

MetAPs are ubiquitous metalloproteases presentakgpyotic and eukaryotic cells [6].
This enzyme cleaves the initiated methionine frdma hewly synthesized proteins, co-
translationally[ 7,8]. MetAPs are typically classified into two tygeype | (MetAP1) and type
Il (MetAP2), differentiated by the presence of ad@fino acid insert in the latter. MetAP1
enzymes are further classified into types la, ¢th,and Id. Types Ib, Id, and Il MetAPs are
expressed in eukaryotes, while types la and Igpegsent in prokaryotes [9]. Deletion of the
MetAP gene is lethal i&. coli andSalmonella typhimurium demonstrating its crucial role in
bacterial survival, and highlighting its potentad a target for the development of novel
antibiotics [10,11]. Additionally, inhibition of veous MetAPs may have great potential in
the treatment of such pathologies as cancer, rhiioarthritis, malaria, and atherosclerosis
in humans [12].

It has been reported that diketo acid (DKA) derixed interact with numerous viral
enzymes, i.e., HIV-1 integrase [13], HIV-1 RNasd][linfluenza endonuclease [15] and
hepatitis C RNA polymerase [16]. It might be duelte coordination of diketo functionality
with dinuclear Mn(Il) or Mg(ll) metal ions presemt the active site of these enzymes [17].
Since MetAPs also require divalent metal ions fataltysis, it is believed that diketo acid
might play a promising role in the inhibition of kAd’s [18]. Based on this hypothesis, we
previously reported amino acid/dipeptidic analogués3-diketo acids and their activity
against bacterial MetAPs. The diketo acid derivegiemerged as potent antibacterial agents
acting via inhibition of MetAPs [19]. Recently, waso developed LIHMDS catalyzed
protocol for C-N bond formation in one steja in situ cyclo-condensation of diketo ester to
give novelN-substituted 2-carboxy-4-quinolonesid. 1) [20]. In this study, we report the
further optimization ofp-diketo acids as potent MetAP inhibitor as well agibacterial
agents. We also synthesized constrained isoxazmeas biological isosteric analogue Bf
diketo acid to investigate rational structure—attivelationship among these compounal.
the synthesizefl-diketo acids and their bioisosteres were evaluatainst purified MetAPs
from S pneumoniae (SopMetAP1a),M. tuberculosis (MtMetAP1c),E. faecalis (EfMetAP1a)
and human HsMetAP1b). We observed that some of these derivatsleowed improved
potency against bacterial MetAPs and displayediderable antibacterial activity.
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Fig. 1.p-diketo pharmacophore and its bioisosteres.

2. Results and discussion
2.1. Chemistry

The synthesis of diketo acids and their bioisestavas accomplished as illustrated in
Schemes 1-3. Initially, 1-(5-bromo-2-hydroxyphenyl)ethanone oatherification with
chloroacetone in the presence of potassium caredobdwed by cyclisation under thermal
condition gave benzofuran ketorig) in good yield Scheme L
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K A /
Br @)
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OH O

Br

Scheme 1Synthesis of benzofuran ketone. Reagents and comslita) K.CO;, DMF, chloroacetone,
80 °C.

The benzofuran ketond ) and other commercially available aryl methyl keds (b
and 10 were subjected to oxalylation by diethyl oxalatehe presence of freshly prepared
sodium ethoxide to yiel@-diketoestersZa-¢) in good yield except diketoest2a. It might
be due to the inability of sodium ethoxide to addtn-hydrogen atom of benzofuran ketone
(1@ with ease due to steric hindrance. Therefore, achmstronger base lithium
hexamethyldisilamide (LIHMDS) was employed to effeely execute a sterically hindered
Claisen condensation to get the diketoes?a) (n excellent yield. Selectefidiketoesters
(2a-b) were then treated with lithium hydroxide in THRHmixture (3:1) for 2 h at room
temperature to yield correspondifigliketo acids §a-b) in quantitative yields. Coupling of
the pB-diketo acids 3a-b) with methyl ester ofL-alanine using hexafluorophosphate
azabenzotriazole tetramethyl uronium (HATU) as diogp reagent and N,N
diisopropylethylamine (DIPEA) as a base at roomperature gavé.-alanine-methyl ester
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conjugate of diketo acidd&-b) which was further hydrolyzed by lithium hydroxite yield
corresponding acid$4-b) in quantitative yields§cheme 2.

o 0 O OH Q OoH
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Ar CH3 . o 0
la-c 2a-c 3a-b

Ar \C
O,
1a Br’@[’{}"- o oM, 9 0 OH . 0
= N d Z N e
ArM( \|)\OH ArM{ \|)\o
o) o)
b

1b @(;
o J@(“»

5a-b 4a-

Scheme 2.Synthesis ofL-alanine conjugate of diketo aciéa-b). Reagents and conditions (a)
LIHMDS (1 M in THF), diethyl oxalate, THF, -50 °@ © °C, 1 h (for2a); Na metal, GHsOH, 0 °C-
r.t.,, 3-4 h gb and2¢); (b) LiOH.H,O, THF:HO (3:1), r.t., 4 h; (c) HATU/DIPEA, THH,-alanine
methyl ester, r.t., 16 h; (d) LiOH;B®, THF:HO (3:1), r.t., 4 h.

In another set of reactions to achieve bioisostefgsdiketo functionality, the diketo
esters Za-g on reaction with hydroxylamine hydrochloride ibsalute ethanol at reflux
condition underwent [3+2] cyclocondensation reactio give isoxazole methyl este&atg.
Basic hydrolysis of isoxazole methyl esteéda-0) using freshly prepared LiOH solution (2M)
in THF/H,O mixture (3:1) for 4 h gave corresponding acida-¢) in quantitative yieldL-
alanine methyl ester on coupling with isoxazoledadra-¢ in the presence of HATU and
DIPEA gave the corresponding isoxazole-alanine ghetster conjugatesdé-c¢). Alkaline
hydrolysis of these isoxazole-alanine methyl ediivatives 8a-9 by lithium hydroxide
afforded corresponding isoxazole-alanine ac@dsdj in quantitative yieldsgcheme 3.
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Scheme 3. Synthesis of isoxazole-alanine acid conjugates. Reagents and conditiajs (
NH,OH.HCI, EtOH, reflux, 4 h; (b) LiOH.kD, THF:HO (3:1), r.t., 4 h; (c) HATU/DIPEA, THH,-
alanine methyl ester, r.t., 16 h; (d) LIOH® THF:HO0 (3:1), r.t., 4 h.

The physico-chemical parameters for all the synitleescompounds were evaluated
using QikProp version 3.2 from Schrodinger softwa the synthesized compounds were



found within the recommended range of importantspdorchemical parameters. None of
them was found violating the Lipinski’s rule of &(Supplementary File).

2.2. X-ray crystallographic analysis

Single X-ray crystal structure analysis of isodazacid {b) was carried out to
establish the authenticity of the basic structdeay and structure refinement statistics are
presented inTable 1. A colorless plate-like specimen of compourld (C;;HgNO3) with
approximate dimensions 0.050 x 0.140 x 0.160 mm wsexl for X-ray diffraction. The
compound crystallized in the monoclinic crystalteys, using the space grol2;/c, with
four molecules in the unit cell. The structure wasermined in the monoclinic space group,
P2;/c with four molecules in the asymmetric unit. The BRgram of compoundb with
thermal ellipsoids drawn at 30% probability leveldawith atomic numbering scheme is
shown inFig. 2A. Theo-tolyl substituent is orientated almost planar caned with the five
membered ring (C3-N1-01-C4-C2), with a deviatiomglanof 9°. Strong hydrogen bonding
interactions involving two adjacent carboxyl gro@3-H1 02 2.639(2) A and 177(3) °]
leads to the formation of dimeric units in the daitate of7b (Fig. 2B).

Table 1
Crystal data and structure refinement details/for

Identification code 7b

Formula GiH9NO;
Mw (g/mol) 203.19

dealed (g Cm_s) 1.446

Crystal size (mm) 0.050 x 0.140 x 0.160
T/IK 100(2)

A (A) 1.54178
F(000) 424

Crystal System Monoclinic
Space Group P2i/c

a(h) 5.5856(12)
b(A) 10.373(2)
c(A) 16.309(3)

a (°) 90

L(°) 98.969(12)

y (°) 90

V (A3 933.4(3)

Z 4

f range (°) 5.07 —66.68
Collected reflections 12118
Unique reflections; R 1638 Rt = 0.0767]
ulmm? 0.891

R(Fo), [I > 25(1)] 0.0429

Ry (Fo°) (all data) 0.0595

GoF (F) 1.044

Ap [e A 0.203/-0.283
CCDC number 1415262




Notable is the almost planar structure of this dimanit. In the packing diagram, the
formation of a linear chain of dimeric units aloagaxis involvingzn 7 interactions was
observed. Shortest distances between these dimeit are C202 3.226 A and CZ10
3.294 A Fig. 2C and 2D. An overlapping mode of these dimeric units isvsh in Fig. 2E.
Additionally, non-covalent C-HO and C-H'N interactions between tleetolyl group and the
five membered ring stabilized the crystal structaf@b [C9-H9"N1 2.699 A and 146.5 °;
C10-H1001 2.771 A and 131.5 °; C7-HN1 2.834 A and 171.2 °; C11-H11®3 2.701 A
and 126.1 °]Fig. 2F).
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Fig. 2. (A) XP diagram of compoun@b with atomic numbering scheme (30% probability levke
thermal ellipsoids); (B) Dimeric unit formation trgh O-H'O hydrogen bonds; (C) Dimer formation
trough 7 interactions in the solid state of compouftd (D) Excerpt of the packing diagram of
compoundrb presenting the linear chain formation along a;a(&3 Overlapping mode between two
dimeric units in7b; (F) Excerpt of the packing diagram @b presenting the C-HD and C-HN
interactions between the dimeric units.

2.3. Biochemical assays: In vitro methionine aminopeptidases (MetAPs) inhibition studies

Mounting evidence suggested that MetAP plays apomant role in co- or post-
translational modification of proteins thus is dalicfor the metabolism and survival of
bacterial cells [21]. As we reported earligrdiketo esters and their amino acids/dipeptidic
analogues emerged as potent antibacterial agetimg a@ inhibition of bacterial MetAPs. In
this work, we designed some diketo esters and theisosters and evaluated their effect on
inhibition of MetAPs from different originsiz. H. sapiens, E. feacalis, M. tuberculosis and
S pneumoniae. The inhibitory results (in percentage) afidvalues of selected compounds
are summarized infable 2 and Table 3 respectively. Results presented here clearly
demonstrated that the transformation of diketossiigio isoxazole resulted in the loss of
inhibitory potential against bacterial MetAPs. Howg compounda emerged as potent
inhibitor of HsMetAP1b among all isoxazole derivatives in theesmwith 93.39% inhibition
(Ki = 3.11 uM) indicating selectivity over bacteriahzymes. Among all compounds,
benzofuran-containing compound2a( 3a, 4a, and 5a) displayed the highest inhibition
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against both human and bacterial MetAPs with bgiteference té&. faecalis. Compoundia
displayed better selectivity toward® pneumonia MetAPla. Surprisingly compounéla
showed inhibition only against human MetAP1b. Répeattempts to determine the enzyme
inhibitor complexes with all these lead compoundd all enzymes in this study did not
succeed which limited our ability to pinpoint theaet molecular basis for this observed
selectivity. Based on enzyme inhibition studiesnpoundsta and5acould be considered as
potent antibacterial though having some selectitotyards bacterial MetAPs over human
enzyme. To better understand the molecular basiganried out molecular docking studies.

Table 2

In vitro inhibition study of title compounds against difat MetAPs.

Compound % Inhibition at 100 pM inhibitor concentration

HsMetAP1b EfMetAPla MtMetAPlc SpMetAPla
2a 85.96+0.85 93.31+0.35 91.63+041 73.05+0.39
2b 61.36+2.88 43.5+2.45 55.83+1.24  50.29+3.02
2c 61.01+2.58 27.34+2.39 70.51+0.54  55.32+1.5
3a 88.15+0.19  91.90+1.04 93.47+0.34  93.4+0.04
3b 52.27+3.44  54.7+3.68 65.69+0.34 62.84+4.6
4a 89.09+0.76  93.86+0.23 99.59+0.02  97.44+0.08
4b 51.8843.73  59.61+1.37 67.07+0.3 56.96+2.49
5a 87.45+0.66  92.68+0.08 87.65+0.23  98.16+0.07
5b 59.24+2.68 63.23+0.19 47.7+2.62 58.05+1.38
6a 43.57+1.64  21.08+0.27 41.32+0.68  40.59+1.54
6b 48.85+3.78  27.65%1.21 47.09+6.95 41.39+2.35
6C 66.29+3.06  19.43+5.86 47.43+0.5 40.3+0.24
7a 47.26+x3.16  40.28+0.43 39.12+2.8 43.24+1.48
7b 48.97+2.96  32.01+1.23 43.72+¥1.21 42.41+1.47
7c 43.87+5.72  20.01+2.02 58.21+0.98  39.66+2.06
8a 45.08+6.55  18.82+065 36.2+1.12 36.47+1.21
8b 51.0946.02 24.926+1.16 45.91+0.54  36.95+1.01
8c 43.13+3.91  15.37+3.96 53.16+0.46  43.76+2.62
9a 93.39+0.31 34.62+0.21 33.2+0.62 42.8+2.24
9b 50.22+2.34  43.42+0.67 40.91+1.71  44.65+1.22
9c 47.25+1.58 23.65+2.96 51.66+0.54 43.69+2.05

Table 3



Ki values of potent MetAP inhibitors

Compound

2a
2b
2c
3a
3b
4a
4b
S5a
5b
6b
6C
7b
7/c
8b
8c
9a
9b
9c

Ki value (in pM)
HsMetAP1b  EfMetAPla MtMetAPlc  SpMetAPla
19.75£1.75 10.79+1.42 18.16+2.17 68.241+4.62
74.31+4.9 ND 36.74+109 98.49+8.94
56.1+2.8 ND 39.5+£3.23 62.61+3.1
32.7242.53 17.67+1.9 26.28+2.3 27.47+1.24
73.815.44 62.56+3.96 37.54+1.67 87.5£7.77
22.14+2.2 10.42+1.09 17.59+1.45 8.78+0.89
112.82+6.86  60.35+7.8 32.62+1 51.91+3.17
22.1+1.06 11.89+1.34 9.89+0.66 28.32+1.8
54+2.72 63.96+4.89 ND 59.87+7.55
122.58+7.98 ND ND ND
160.43+£10.16 ND 152.15%+4.9 ND
103.92+6.62 ND ND ND
ND ND 71.81+8.31 ND
136.7+£10.35 ND ND ND
ND ND 134.31£9.83 ND
3.11+0.4 ND ND ND
86.85x4.7 ND ND ND
ND ND 94.6246.02 ND

2.4. Docking Sudies

Glide XP docking of the compoundda(and 5a) within the active site of different
targets show variations in the glide score, moderges and glide energies. The penalty of
buried ligands in the cavity makes a very smalltgbation in all the docking conditions.
Among all the energy parameters the largest caritab of the energy comes from
electrostatic and van der Waals interactions.

XP docking within the binding site of methionineiaopeptidase Type 1c from.
tuberculosis (PDB ID: 1YJ3) indicates the better binding capgbbf compound4a within
the binding site compared ta. The model energies of the binding of ligands hbeen
found to be -47.513 and -41.015 kcal/mol respelgtivEhe various non-covalent interactions
with the ligands in the binding site of 1YJ3 haweeb shown irFig. 3. It has been observed
that the residues LYS98, HIS212 and THR203 form N-® type hydrogen bonding
interactions with both ligandéa and5a. Hydrophobic and other polar interactions are also
similar in both types of ligands. Residues TYRORPR55, ILE250, PHE202, MET240 form
a hydrophobic enclosure to the ligands. Polar augons are exhibited by HIS114, HIS212,
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HIS205 and THR203 residues while ASP201 and GLUZ%8dues show charge negative
interactions.

Docking of ligands within the binding site & faecalis Methionine aminopeptidase
(PDB ID:3TB5) also exhibit the better binding cajtidb of 4a with Glide score and model
energy -5.391 and -58.622 kcal/mol compare8davith Glide score and Glide energy of -
5.056 and -46.471 kcal/mol respectively. The cobotion of van der Waal and Coulomb
energies play significant roles in the bindingighhds.Fig. 3 depicts the interactions of the
ligands within the binding site. It can be dedudieat several hydrogen bonding and other
noncovalent interactions stabilize the compoundbiwithe binding site of 3TB5. N-H...O
type hydrogen bonding interactions involves ressd@® U201, GLN57, and VALI166.
GLU201 also exhibits classical strong O-H.O hydrogend formation in the case of binding
with 4a. n-n stacking interactions are displayed by a PHE1&idue with the aromatic
moiety of the ligands. Hydrophobic interactions sinewn within the binding site by residues
TRP218, PHE165, VAL166, CYS96, TYR60, ILE174, andEM 78. Residues HIS168,
HIS77, GLN57, HIS175, THR199, and GLN230 displayaponteractions whereas residues
ASP164, ASP94, GLU232, ASP105 and GLU201 exhilgittebstatic interactions.

The Glide score and model energies of #eand 5a as obtained through extra
precision docking within binding site of methionimeninopeptidase frons. pneumoniae
(PDB ID: 4KM3) were found to be -4.620 and -51.&¢al/mol; -4.579 and -41.922 kcal/mol
respectively. The non-covalent interactions areiletdd in Fig. 3. Residues HIS199,
VAL197 and ASP195 form N-H...O hydrogen bonding iatgions with both the ligands.
Interestingly, His252 residue exhibit C-Ht.weak hydrogen bonding interaction in the case
of both ligands. Additionally, aromatic-n interactions are also shown in the best docking
pose of5a involving TRP250 and an aromatic moiety of the poomd. The hydrophobic
enclosure is formed by the residues PRO203, ALABRP250, LEU196, VAL197, and
TYR214. HIS252, THR244, and HIS199 are involvedha polar interactions. ASP195 also
exhibit electrostatic interactions within the bingisite.

4a

5a
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Fig. 3. Docking studies of compounda and5a with MetAPs fromM. tuberculosis (PDB ID: 1YJ3),
E. faecalis (PDB ID: 3TB5) andS pneumoniae (PDB ID:4KM3) showing their interaction with key
residues.

2.5. Invitro antibacterial activity

Eleven compounds were selected on the basis of Mlathibition studies for further
evaluation of their antibacterial potential agairfidt aeruginosa, S typhimurium, S
pneumoniae, E. faecalis, K. pneumoniae andE. coli. The results in terms of minimum
inhibitory concentration (MIC) are presentedTiable 4. The results showed an irregular
pattern in the antibacterial activity of the compds. The benzofuran based diketo e2ay (
showed a moderate inhibitory effect against Gramsitp@ S. pneumoniae andE. faecalis and
Gram-negativeE. coli with MIC value of 250 pg/mL, although its activiiggainstP.
aeruginosa and S. typhimurium was very poor. The corresponding acd@ showed better
activity as it was found active against four badelerstrains viz. P. aeruginosa, S
typhimurium, S pneumoniae and E. faecalis with MIC values of 62.5-500 pg/mL. The 2-
methylphenyl diketo estel) and its acid3b exhibited moderate effect dh pneumoniae,

E. faecalis andE. coli with MIC ranging from 250-500 pg/mL. Similarly-alanine methyl
ester conjugate of 2-methylphenyl based diketor ddte@and its corresponding aciflb were
found more active against Gram-positive bact8rigneumoniae andE. faecalis with good to
moderate antibacterial activity (MIC ranges betwd&@5-500 pg/mL) while no significant
inhibition was observed in the case of Gram-negabiacterial straingo-Chlorophenyl diketo
acid, 2c and benzofuran isoxazole based alanine deriva@i@exhibited good to moderate
inhibition ranging from 125-500 pg/mL against diettested strains exceldt pneumoniae.
Benzofuran-L-alanine methyl ester conjugata) (and its corresponding acicgd) emerged
as potent inhibitors among these selected synt@msierivatives as they showed better
inhibitory activity against all the bacterial straiused in the study. Both these compounds
exhibited equal potency with MIC values of 500, p@2.5 and 62.5 pg/mL againSt
typhimurium, K. pneumoniae, S. pneumoniae and E. coli, respectively. However, compound
4awasfound tobe a better inhibitor than compoubd againstP. aeruginosa andE. faecalis

in terms of MIC values.

Table 4
In vitro antibacterial activity of diketo acids and theioisbsteres

Compounds Minimum Inhibitory Concentration (pg/mL)
P. S. S. E. K. E.
aeruginosa typhimurium pneumoniae faecalis pneumoniae coli

2a 1000 1000 250 250 500 250
2b 1000 1000 250 250 1000 250
2c 500 500 500 250 >1000 500
3a 125 500 62.5 62.5 1000 1000
3b 1000 1000 500 500 1000 250
4a 125 500 62.5 31.25 500 62.5
4b 1000 1000 125 500 1000 1000
5a 250 500 62.5 125 500 62.5
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5b 1000 1000 500 500 1000 1000

6C 500 >1000 1000 500 1000 500
9a 1000 500 250 125 >1000 500
CIP 0.25 0.0156 0.312 0.0625 0.25 0.125

Based on the results obtained on sensitive bacgtraans, compoundéa and5a were
selected for further assessment of their antib@ttactivity on eight multidrug resistaii.
coli strains. It was observed that compoladat a concentration of 512 pg/mL exhibited
almost 100% inhibition ofe. coli MRA11, MRC17, MRC24, MRAE32, and MROB11
strains while at the same concentration compatacaused only 65%, 60%, 76%, 88% and
87% inhibition of the respective strains. Therefatempound5a was found to be more
effective than compounda against MDRE. coli strains. Even at a concentration of 1024
pg/mL, compounda exhibitedmoreefficacy than compoundla and showed more than 95%
inhibition of E. coli MRAE26 and MRAESS3 strains while compoudd was able to inhibit
these strains only by 54% and 50%, respectivelyvéver, at a concentration of 1024 pg/mL
both these compounds were found to be almost gooalent againgE. coli MRAE44 strain

(Fig. 4).

120 -
100 { . 63.3 517 63.3 512 1875 1024 3975 512 63.3 1924 7.9 10623.3 512 1,975
512 10 512

80 o 512
3
5 512 E4a

512

E 60 o 1024 m5a
£ 512
=S mCiP

40 4

20 H

o -
All C17 C24 E26 E32 E33 E44 0OB11

Fig. 4. In vitro antibacterial activity ofla, 5aand ciprofloxacin (ug/mL) against multidrug-resistant
E. coli strains: MRA11, MRC17, MRC24, MRAE26, MRAE32, MRBE MRAE44 and MROB11.
The numbers written above the respective columngesgponds to the concentrationsdaf 5a and
CIP at which maximum inhibition was observed, respe&dyiv

These compounds were further evaluated for theinitro synergistic effect in
combination with ciprofloxacin again& coli MRA11, MRC17 and MRAE33 strains. The
results showed that the antibacterial efficacyhaglse compounds against the selected strains
MRA11 and MRC17 was not affected in combinationhwtiprofloxacin while a minor
increase in activity was observed against MRAE3$ Tractional inhibitory concentration
index (FICI) values of compoundta and 5a suggested that these compounds showed no
significant synergy in combination with ciprofloxa@gainst any of the tested straifialfle
5and®6).
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Table 5

In vitro synergistic antibacterial activity df.

MDR E. coli | MIC alone (pg/mL) | MIC in | FICI* Mode of
strains combination interaction
(ng/mL)
4a CIP 4a CIP
MRA11 1024 128 1024 128 2.0 Indifferent
MRC17 1024 128 1024 64 1.5 Indifferent
MRAE33 1024 2 16 2 1.0156 Indifferent
Table 6
In vitro synergistic antibacterial activity 6&
Multidrug MIC alone (pg/mL) | MIC in | FICI* Mode of
resistant E. combination interaction
coli strains (ug/mL)
5a CIP 5a CIP
MRA11 512 128 512 16 1.125 Indifferent
MRC17 512 128 512 64 1.5 Indifferent
MRAE33 1024 2 16 2 1.0156 Indifferent

2.6. Cytotoxicity assessment of lead inhibitors by MTT assay

Cytotoxicity of selected compounds and 5a was determined by cell proliferation assay
(MTT) on Chinese hamster ovary (CHO) cell line. Bhedy revealed that compoungsand
5a were found to be non-toxic at a concentration @fug/mL to CHO cells. However, on
increasing the concentration of compounds to 100mugcompound4a exhibited more
toxicity compared to compoungia on CHO cells with only 50% cell viability while tier

displayed more than 70% cell viability. The cekhility was further decreased on increasing

the concentration of these compounds to 300 pg/mdicated toxic nature of these
compounds at high concentration. Compoadcan be considered non-toxic at its MIC
values thus selected for further biological evabrafFig. 5).
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Fig. 5. Cytotoxicity of compounds determined by MTT aseayCHO cell line.

2.7. Growth kinetic studies

Based on the MetAP inhibition as well as the amiéaal effect on sensitive/resistant
bacterial strains, compoui was evaluated for its effect on the growtiPoheruginosa, E.
coli, S pneumoniae and E. faecalis bacterial strainsThe results showed théka exerted
significant effect on the growth pattern of thetaias and completely inhibited the growth
of S. pneumoniae andE. faecalis even at sub-MIC values with a continuous lag-plasa4

h. Furthermore, at MIC and 2MIC values no growtlsweéserved in case & aeruginosa
andE. coli even after 24 h of incubation. However, at sub-M#Dcentration very negligible
growth of E. coli was observed after 22 h while significant growthPoaeruginosa was
observed after 10 h. Therefore, it can be conclutiati5a is bacteriostatic in nature and

effectively arrests the bacterial growtfid. 6).
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Fig. 6. The effect ofdifferent concentrations of compouBd on the growth kinetic studies.
2.8. Assessment of biofilm formation

To see the effect of lead inhibitdsg) on biofilm formation, XTT assay was also perfodne
on P. aeruginosa, E. coli, K. pneumoniae andE. faecalis strains. Compoun&a exhibited
significant anti-biofilm activity ork. coli andP. aeruginosa with 1Cso values of 0.404 and
1.69 pg/mL, respectively. However, this compouncbvedd moderate efficacy ol.
pneumoniae andE. faecalis with ICso values of 113.21and 1243.08 pg/mL, respectively
(Table 7).

Table7
Anti-biofilm activity of compoundba; ICso values g/mL).
Strain IC 50 (ug/mL)
P. aeruginosa 1.69+0.084
E. coli 0.404+0.02
K. pneumoniae 113.21+5.66
E. faecalis 1243.08+62.15

SEM analysis was also performed to visualize thecefof 5a on biofilm formation
usingE. coli strain. Significant inhibition of biofilm developent was observed i. coli on
treatment with 2MIC concentration of compouba Clustering of cells which signifies the
formation of biofilm was observed in untreated skspvhile scattered cells with poor cell
density were observed in treated cells. So, it lbarconcluded that thBa may have the
potential to be an anti-biofilm agent as well asaatibacterial agen&{g. 7).

Untreated Treated (5a)

EHT=20.00kV Signal A= SE1 Date :22 Mar 2017
WD = 11.0 mm Photo No. = 15 Mag= 1500KX

EHT=20.00kV Signal A= SE1 Date :22 Mar 2017
WD = 11.0 mm Photo No. = 4 Mag= 1500KX

Fig. 7. Scanning electron microscopy of biofilm: (a) Uitied, (b) treated with 2MIC concentration
of compoundba.

2.9. Transmission electron microscopic (TEM) analysis
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Structural changes induced Bw on E. coli and S pneumoniae were characterized using
TEM micrographs. The control cells and cells trdateth MIC value of5a were used for
TEM analysis. The untreated cells were observeti wiirmal cell morphology with intact
cell membrane and uniform cell density while treatells showed significant cell damage
with several deformations. Distorted cell membravith leakage of cell cytoplasm was
observed irba treated cell micrographs. These results confirthedcell damaging effect of
5aon both bacterial straing=ig. 8).

Control Treated

E. coli

S. pneumoniae

Fig. 8. TEM images showing cellular alteration & coli and S pneumoniae treated with MIC
concentration oba.

2.10. In vivo toxicity evaluation of 5a on Galleria mellonella larvae

It has been reported previously ti@&tmellonella larvae may be utilized as amvivo model

for the assessment of toxicity of novel antimicedbagents due to remarkable similarities
between the innate immune responses of insectsmamdmals. Therefore. mellonella
larvae were chosen to determine itheivo toxicity of the lead compound. The results clearly
indicated the non-toxic behavior of the compo&aclp to the concentration of 2.5 mg/mL.
Moreover, the hemocyte (immune cell) density of ldnwae was not affected at the same
concentration indicating the lack of an immune ocese Fig. 9).
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Fig. 9. Effect of (A) DMSO and (Bba on the percentage viability @. mellonella; (D) Haemocyte
densities of larvae.

Overall, the study reveals that compoualwhich isp-diketo acid-alanine conjugate
derived from benzofuran ketone conjugated WHhlaninemethyl acid was evolved as potent
antibacterial agent validated by biochemical arfteopharmacological assays. As the metal
chelating property of-diketo functionality disrupt the biological funoti of MetAPs,
compound5a significantly inhibited the activity of bacteridetAPs. Conversion of diketo
moiety into a constrained isoxazole ring led tordase in MetAP inhibition potential, which
further confirms diketo moiety is endowed with meathelating property and essential for
MetAP inhibition. Moreover, the selectivity of comynds towards various MetAPs was also
determined. Repeated attempts to determine thememmyhibitor complexes with the lead
compound and all enzymes in this study did not sedavhich limited our ability to pinpoint
the exact molecular basis for this observed seigeti The study on multidrug resistance
(MDR) strains ofE. coli as well as cytotoxicity data support the candigatf compounda
as the lead inhibitor. Further pharmacological expents were in favour of preliminary
biological results which indicatea as potent antibacterial agent.

3. Conclusion

To summarize, a series of diketo esters and thmiisosteres were designed as
methionine aminopeptidase (MetAP) inhibitors andleated for their antibacterial potential
against a panel of Gram-negative and Gram-poditacteria. Among all, compounds and
5a exhibited more than 85% inhibition againspMetAP, MtMetAP, EfMetAP and
HsMetAP, at 100 uM. Moreover, these compounds digulagonsiderable potency against
several Gram-positive as well as Gram-negativedbiattstrains. The considerable efficacy
and non-toxic nature of compoursh encouraged us to investigate its pharmacological
potential. Compoundba also inhibited the growth of various bacterialasis at different
concentrations as signified by growth kinetics gtu@ompound5a also inhibited the
formation of biofilm inE. coli as seen in SEM micrographs. TEM micrographs shawad
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compound5a exhibited significant membrane disruption and-eelll damage in bacterial
cells & pneumoniae and E. coli). Besides, this compound did not cause alteration
hemocyte density . mellonella larvae and was non-toxic up to a concentratior?.6f
mg/mL. Furthermore, efforts in modifying these and othead structures with the aim of
improving potency as well as specificity are ingness.

4. Experimental Section
4.1. Chemical synthesis

All the reagents and solvents (analytical gradeyewprocured from Sigma-Aldrich,
USA. Reactions were monitored by thin-layer chragedphic analysis on pre-coated Merck
silica gel 60 Es4 TLC aluminum sheets. Infrared spectra were recbadeAgilent Cary 630
FT-IR spectrometer; wave numbers are given iff.ctd and**C NMR spectra were obtained
on BrukerSpectrospin DPX-300 spectrometer at 300zMHd 75 MHz, respectively or a
BrukerAvance Il 400 spectrometer at 400 Mi4.and**C NMR chemical shiftsd) values
are reported in parts per million (ppm) relativerésidual solvent CDGJl¢é 7.26 and 77.16;
DMSO-ds, 0 2.54 and 39.5, respectively with tetramethylsilaffé1S) as an internal
standard. Splitting patterns are designated aswvisltl s (singlet), d (doublet), t (triplet), q
(quartet), m (multiplet) or brs (broad) and cougloonstantsJ) are expressed in Hertz (Hz).
Mass spectra were recorded on Agilent RRLC MS 6@20trap spectrometer fitted with
electrospray ionization (ESI) interface or Watei® Bingle Quadrupole Detector (SQD)
electron spray ionization mass spectrometer. Uadormance liquid chromatography was
performed on API 2000 triple quadrupole detectoQD) mass spectrometer (UPLC-
MS/MS). Melting points were recorded on a digitalcBi melting point apparatus (M-560)
and are uncorrected. Purification of the compoum@s carried out by flash column
chromatography (silica gel, 230-400 mesh size, Kleggermany) with the indicated solvent.

4.1.1. Synthesis of benzofuran ketone (1a)

To the stirred solution of 1-(5-bromo-2-hydroxypkbethanone (5.0 g, 23.25 mmol,
1.0 eq) in DMF (2mL/mmol) was added®O; (9.62 g, 69.76 mmol, 3.0 eq) and the mixture
was stirred at room temperature for 30 min. Chloetane (2.0 eq) was added and the
reaction mixture was refluxed at 80 °C for 4 h.ekftompletion of reaction (monitored by
TLC), the reaction mixture was cooled, quenchedh wiaiter and extracted with diethyl ether.
The combined organic layers were washed with soletion, dried over anhydrous &0,
filtered and concentrated undescuo. The crude was purified by column chromatography
over 230-400 silica gel eluting with 10% ethyl atetin hexane to afford off white
benzofuran ketone [22].

4.1.1.1. 1-(5-bromo-3-methylbenzofuran-2-yl) ethanone (1a). Off white solid, yield: 66%, mp
115-117 °C, R(hexane: ethyl acetate = 7:3): 0.84, NMR (400 MHz, DMSO#ds) (5, ppm):
8.09 (s, 1H, ArH), 7.68 (s, 2H, AH), 2.56 (s, 3H, El3), 2.53 (s, 3H, E3). °C NMR (75
MHz, CDCk) (6, ppm): 191.16, 152.57, 148.96, 131.29, 131.06,2A24123.23, 116.32,
113.68, 27.83, 9.37. LC-M3n(2): 253.08 [M + HJ. IR (neat): 1687, 1577, 1361, 1272tm

4.1.2. General synthesis of diketo esters (2a-c)

A solution of ketone J@a-¢ (1.0 eq) in anhydrous THF (5 mL/ mmol) was added
dropwise to a solution of LIHMDS (1 M solution irHF) (2.5 eq) at -50 °C and the reaction
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mixture was stirred at the same temperature fanB0 A solution of diethyl oxalate (1.1 eq)
in THF (1 mL/ mmol) was added and the reaction orixtwas stirred at O °C for 1 h. After
completion of reaction, the reaction mixture wasmghed by adding water, acidified with 1
N HCI up to pH 2~3 and extracted with ethyl acet@®e100 mL). The combined organic
layers were washed with brine, dried over anhyd:Sip, filtered and concentrated under
vacuo. The crude was purified by column chromatograpisr @30-400 silica gel eluted with
10% ethyl acetate in hexane to afford diketo eg3p

4.1.2.1. (2)-ethyl 4-(5-bromo-3-methylbenzofuran-2-yl)-2-hydroxy-4-oxobut-2-enoate (2a).

Light yellow solid, mp 169-171 °C, yield: 59%; Ehexane: ethyl acetate = 7:3): 0.1/,
NMR (400 MHz, DMSOedg) (6, ppm): 8.14 (s, 1H, AH), 7.73 (s, 2H, A, =CH), 6.98 (s,
1H, Ar-H), 4.33 (g, 2H,J = 7.05, ®1,), 2.62 (s, 3H, €3), 1.31 (t, 3H,J = 7.1, H,). °C

NMR (75 MHz, CDC}) (5, ppm): 183.55, 167.74, 161.99, 153.35, 146.76,6831131.41,
126.07, 124.11, 116.69, 113.70, 99.85, 62.68, 14HB1. x LC-MS (V2): 352.9 [M+HT. IR

(neat): 1726, 1570, 1145 €m

4.1.2.2. (2)-ethyl 2-hydroxy-4-oxo-4-(2-methyl phenyl)-but-2-enoate (2b). Yellow oil, yield:
65%, R (hexane: ethyl acetate = 7:3): 0.6, NMR (300 MHz, DMSOd) (5, ppm): 12.79
(brs, 1H, QH), 7.62 (d, 1H,) = 7.6 Hz, ArH), 7.41 (t, 1HJ = 7.0 Hz, ArH), 7.30-7.25 (m,
2H, Ar-H), 6.82 (s, 1H, Ai), 4.38 (q, 2HJ = 7.2, tH,), 2.54 (s, 3H, Ch), 1.39 (t, 3HJ =
7.2 Hz, (H3). LC-MS: m/z[M +H]* 235.5. IR (neat): 2985, 1734, 1611, 1261, 1019.cm

4.1.2.3. (2)-ethyl 4-(4-chlorophenyl)-2-hydroxy-4-oxobut-2-enoate (2c¢). Yellow solid, mp
189-191 °C, vield: 63%, Rhexane: ethyl acetate = 7:3): 0.68, NMR (300 MHz, DMSO-
ds) (0, ppm): 14.79 (brs, 1H, @), 8.09 (d, 2HJ = 7.4 Hz, ArH), 7.64 (d, 2HJ = 7.8 Hz,
Ar-H), 7.12 (s, 1H, Ai), 4.32 (g, 2H,J = 6.9, tH,), 1.31 (t, 3HJ = 7.1 Hz, G3). LC-MS
(m/2): 255.3 [M+HT]. IR (neat): 1734, 1592, 1261 ¢m

4.1.3. General synthesis of diketo acids (DKA) (3a-b)

To the stirred solution of diketoester (1.0 eq)the mixture of THF and water (3:1,
5mL/mmol) was added lithium hydroxide (2.2 eq) d@hd reaction mixture was stirred at
room temperature for 4 h. The reaction mixture wascentrated underacuo, water was
added, acidified with 1 N HCI up to pH-2~3 and exted with ethyl acetate. The combined
organic layers were washed with brine solutionedirover anhyd. N&Q,, filtered and
concentrated undemacuo to afford pure diketo acid [24].

4.1.3.1. (2)-4-(5-bromo-3-methylbenzofuran-2-yl)-2-hydroxy-4-oxobut-2-enoic acid (3a).
Yellow solid, mp 189-191 °C (decomposed), yield%86R: (hexane: ethyl acetate = 7:3):
0.0,'H NMR (400 MHz, DMSOsd) (d, ppm): 8.11 (s, 1H, AH), 7.70 (s, 2H, A, =CH),
6.87 (s, 1H, ArH), 2.60 (s, 3H, El3). **C NMR (75 MHz, CDCJ) (5, ppm): 183.26, 167.94,
163.18, 152.79, 146.41, 131.07, 130.93, 125.25,512316.09, 113.24, 99.41, 9.10. LC-MS
(m/2): 323.2 [M-2H]. IR (neat): 1741, 1719, 1577, 1249, 1089'cm

4.1.3.2. (Z)-2-hydroxy-4-oxo-4-(2-methyl phenyl)-but-2-enoic acid (3b). Yellow solid, mp
108-110°C, yield: 84%, Rhexane: ethyl acetate = 7:3): 0'H, NMR (300 MHz, CDC}) (4,
ppm): 7.66 (d, 1HJ = 7.5 Hz, ArH), 7.44 (d, 1HJ = 6.9 Hz, ArH), 7.31-7.26 (m, 1H, Ar-
H), 6.93 (s, 1H, =@), 6.09 (s, 1H, @), 2.57 (s, 3H, €3). LC-MS (/2): 206.9 [M+H]. IR
(neat): 1711, 1633, 1275, 1037 tm
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4.1.4. General synthesis of coupling of diketo acid with L-alanine methyl ester (L-Ala-OCHs)
(4a-b)

To the stirred solution of diketo acid (1.0 eqYny THF (5 mL/mmol) was added,N-
diisopropylethylamine (DIPEA) (2 eq) and HATU (1€8)) and the reaction mixture was
stirred at room temperature for 20 minralanine methyl ester (1.1 eq) was added and the
reaction mixture was stirred at room temperaturel® h. After completion, the reaction
mixture was quenched with water and extracted withyl acetate. The combined organic
layers were washed with brine solution, dried causinyd. NaSQ,, filtered and concentrated
undervacuo. The crude obtained was purified with column chatwgraphy eluted with 20%
ethyl acetate in hexane to afford the title compiuf25].

4.1.4.1. (R,Z2)-methyl 2-(4-(5-bromo-3-methyl benzofur an-2-yl)-2-hydr oxy-4-oxobut-2-
enamido)propanoate (4a). Off white solid, mp 163-165 °C, yield: 67%,; fhexane: ethyl
acetate = 7:3): 0.17H NMR (400 MHz, DMSOds) (6, ppm): 9.21 (d, 1HJ = 7.2 Hz, M),
8.13 (s, 1H, AH), 7.74 (s, 2H, A, =CH), 6.98 (s, 1H, Ai), 4.46 (g, 1HJ = 6.76 Hz,
CH), 3.65 (s, 3H, O83), 2.62 (s, 3H, Ar-Els), 1.39 (d, 3H,J = 7.2 Hz, ®3). *C-NMR (75
MHz, CDCk) (¢, ppm): 179.63, 175.49, 172.53, 160.62, 153.51,11146131.43, 125.46,
124.37, 123.87, 116.58, 113.62, 96.26, 52.67, 48822, 9.58. LC-MSn¥2): 411.9 [M +
H]*. IR (neat): 3432,1756, 1633, 1208, 1138, 1086.cm

4.1.4.2 (Z)-methyl 2-(2-hydroxy-4-oxo-4-(2-methylphenyl)-but-2-enamido) propanoate (4b).
Yellow oil, yield: 59%, R (hexane: ethyl acetate = 7:3): 0.56:NMR (400 MHz, DMSO-
ds) (6, ppm): 9.19 (d, 1HJ = 6.6 Hz, NH), 7.68 (d, 1H,) = 7.4 Hz, ArH), 7.49-7.48 (m, 1H,
Ar-H), 7.37-7.35 (m, 2H, AH), 6.72 (s, 1H, =@l), 4.47-4.41 (m, 1H, B), 3.64 (s, 3H,
OCHs), 2.43 (s, 3H, €l3), 1.38 (d, 3H,J = 7.2 Hz, ®&3). *C-NMR (75 MHz, CDC}) (J,
ppm): 162.51, 143.24, 136.12, 134.88, 129.73, ®9128.71, 127.99, 125.98, 121.44,
117.76, 57.61, 31.69, 28.75, 21.42. LC-M8Z: 292.4 [M + HJ. IR (neat): 3346, 2959,
1745, 1685, 1514, 1454 ¢€m

4.1.5. General hydrolysis of diketo acid-L-alanine methyl ester (DKA-Ala-OCH3) conjugates
(5a-b)

To the stirred solution of DKA-Ala-OCH(1.0 eq) in the mixture of THF and water
(3:1, 5mL/mmol) was added lithium hydroxide (2.2 egd the reaction mixture was stirred
at room temperature for 4 h. The reaction mixtues woncentrated undescuo, water was
added, acidified with 1 N HCI up to pH-2~3 and agted with ethyl acetate (3 x 100 mL).
The combined organic layers were washed with bsilation, dried over anhyd. hN&aO;,
filtered and concentrated undexcuo to afford desired compounds [24].

4.15.1. (R,2)-2-(4-(5-bromo-3-methyl benzofur an-2-yl)-2-hydr oxy-4-oxobut-2-enamido)
propanoic acid (5a). Off-white solid, mp 196-198 °C (decomposed), yiel8%, R (hexane:
ethyl acetate = 7:3): 0.0H NMR (400 MHz, DMSOds) (5, ppm): 12.05 (s, 1H, B), 9.01
(d, 1H,J = 7.5 Hz, M), 8.12 (s, 1H, Ai), 7.72 (s, 2H, A, =CH), 6.98 (s, 1H, AH),
4.39-4.36 (m, 1H, 8), 2.62 (s, 3H, Ar-B3), 1.39 (d, 3HJ = 7.2 Hz, ®3). *C NMR (75
MHz, CDCk) (0, ppm): 175.32, 173.22, 159.95, 152.47, 145.45,7430124.84, 123.25,
115.86, 113.02, 95.59, 47.62, 17.38, 8.95. LC-Mf¥) 397.7 [M + H[. IR (neat): 3335,
1722, 1659, 1536, 1086 ¢
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4.1.5.2. (R,Z)-2-(2-hydroxy-4-oxo-4-(2-methyl phenyl)-but-2-enamido) propanoic acid (5b).
Yellow solid, mp 101-103 °C, yield: 68%, Fhexane: ethyl acetate = 7:3): 0’6} NMR
(400 MHz, DMSO#) (5, ppm): 12.76 (brs, 1H, 1), 8.98 (d, 1H,) = 7.2 Hz, NH), 7.68 (d,
1H,J = 7.2 Hz, ArH), 7.49-7.47 (m, 1H, AH), 7.37-7.36 (m, 2H, AH), 6.72 (s, 1H, =€),
4.40-4.36 (m, 1H, 8), 2.41 (s, 3H, E3), 1.38 (d, 3H, = 7.2 Hz, G3). **C NMR (75 MHz,
CDCl3) (0, ppm): 192.07, 176.64, 175.37, 161.29, 138.20,734132.01, 131.87, 129.19,
126.04, 98.42, 48.15, 21.14, 17.88. LC-M8Z: 278.3 [M + HJ. IR (neat): 3335, 1741,
1659, 1532, 1197 ci

4.1.6. General method for synthesis of isoxazole methyl ester (6a-c)

To the stirred solution of diketo ester (1.0 eq)ethanol (5 mL/mmol) was added
hydroxylamine hydrochloride (3 eq) and the reactmixture was refluxed for 4 h. After
completion of the reaction, the reaction mixtureswaoled to room temperature. The solid
precipitate obtained was filtered over sinterednglnand washed with ethanol. The solid
product was dried undeacuo to afford isoxazole methyl ester [26].

4.1.6.1. Ethyl 3-(5-bromo-3-methylbenzofuran-2-yl) isoxazole-5-carboxylate (6a). Creamish
solid, mp 170-172 °C, yield: 74%; Ehexane: ethyl acetate = 7:3): 0.84,NMR (400 MHz,
DMSO-ds) (5, ppm): 8.07 (s, 1H, Ar-H), 7.67 (d, 18~ 8.4 Hz, ArH), 7.62 (d, 1H,) = 8.8
Hz, Ar-H), 7.34 (s, 1H, AH), 4.42 (q, 2HJ = 6.8 Hz, ®1,), 2.53 (s, 3H, E3), 1.35 (t, 3HJ

= 7.0 Hz, G5)."*C NMR (75 MHz, CDCJ) (5, ppm): 163.69, 159.60, 156.55, 153.39,
140.58, 131.46, 129.56, 123.16, 117.73, 116.45,061301.93, 62.42, 14.15, 8.62. LC-MS
(m/2): 352.2 [M + 2H]. IR (neat): 3093, 2985, 1726, 1618, 1443, 1261 .cm

4.1.6.2. Ethyl 3-(2-methyl phenyl)-isoxazol e-5-carboxylate (6b). Light yellow solid, mp 60-62
°C, yield: 70%, R(hexane: ethyl acetate = 7:3): 0.8d,NMR (300 MHz, CDCJ) (J, ppm):
7.74 (d, 1HJ = 8.4 Hz, ArH), 7.41-7.27 (m, 3H, AH), 6.84 (s, 1H, AH), 4.48 (q, 2HJ =
10.6 Hz, G1,), 2.52 (s, 3H, El3), 1.45 (t, 3HJ = 7.0 Hz, G3). *C-NMR (75 MHz, CDCI3)
(d, ppm): 168.54, 162.43, 157.87, 136.4, 130.3B.96, 128.65, 127.61, 125.92, 101.23,
60.41, 17.72, 14.59. LC-MS: m/z [M + 132.4. IR (neat): 2988, 1741, 1432, 1227'cm

4.1.6.3. Ethyl 3-(4-chlorophenyl) isoxazole-5-carboxylate (6¢). White solid, mp 62-64 °C,
yield: 74%, R (hexane: ethyl acetate = 7:3): 0.8, NMR (400 MHz, DMSOsdg) (5, ppm):
8.00 (d, 2HJ = 8.4 Hz, ArH), 7.64 (d, 2HJ = 8.4 Hz, ArH), 7.57 (s, 1H, AH), 4.40 (q,
2H,J = 7.1 Hz, ®&4,), 1.34 (t, 3H,J = 7.1 Hz, ®3). **C NMR (75 MHz, CDC)) (6, ppm):
170.56, 159.85, 157.06, 136.97, 129.50, 127.19,0829.00.24, 62.31, 14.15. LC-M8Vg):
252.23 [M + HJ. IR (neat): 3134, 2988, 1726, 1451tm

4.1.7. General method for the hydrolysis of isoxazole methyl ester (7a-c)

To the stirred solution of isoxazole methyl eqteO eq) in the mixture of THF and
water (3:1, 5mL/ mmol) was added lithium hydrox{@2 eq) and the reaction mixture was
allowed to stir at room temperature for 4 h. Atempletion of the reaction, the mixture was
concentrated undesacuo, added water, acidified with 1 N HCI upto pH-2~3daextracted
with ethyl acetate (3 x 100 mL). The combined orgdayers were washed with brine
solution, dried over anhydrous MO, filtered and concentrated undeacuo to afford
isoxazole acid [24].
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4.1.7.1. 3-(5-bromo-3-methylbenzofuran-2-yl) isoxazole-5-carboxylic acid (7a). Creamish
solid, mp 185-187 °C, yield: 82%; Fhexane: ethyl acetate = 7:3): 0‘A, NMR (300 MHz,
DMSO-dg) (6, ppm): 8.00 (s, 1H, AH), 7.59 (q, 2H,) = 8.9 Hz, ArH), 7.19 (s, 1H, A),
2.51 (s, 3H, El3)."*C-NMR (75 MHz, CDC}) (5, ppm): 164.29, 159.71, 155.85, 153.87,
141.08, 131.73, 130.86, 123.56, 117.45, 115.95,8614101.47, 8.72. LC-MS1{2): 276.0
[M -COOH]. IR (neat): 2880,1715, 1644, 1447tm

4.1.7.2. 3-(2-methyl phenyl)-isoxazole-5-carboxylic acid (7b). White solid, mp 148-150 °C,
yield: 86%, R (hexane: ethyl acetate = 7:3): 0", NMR (300 MHz, CDC}) (5, ppm): 7.76
(d, 1H,Jd = 8.7 Hz, ArH), 7.43-7.33 (m, 3H, AH), 6.91 (s, 1H, AtH), 5.68 (brs, 1H, @),
2.54 (s, 3H, El3). *C-NMR (75 MHz, CDCI3) (d, ppm): 167.84, 161.83, 1%7, 135.76,
131.02, 129.66, 127.95, 127.31, 125.82, 101.54/211.C-MS (W2): 204.2 [M + H[. IR
(neat): 2955, 2869, 1704, 1264tm

4.1.7.3. 3-(4-chlorophenyl) isoxazole-5-carboxylic acid (7c). White solid, mp 201-203 °C,
yield: 75%, R (hexane: ethyl acetate = 7:3): 0'B, NMR (400 MHz, DMSOds) (5, ppm):
14.11 (brs, 1H, -COB), 7.98 (d, 2H,) = 8.4 Hz, ArH), 7.64 (d, 2H,) = 8.5 Hz, ArH), 7.48

(s, 1H, ArH). **C-NMR (75 MHz, CDC}) (6, ppm): 170.15, 161.17, 158.37, 136.04, 129.88,
128.05, 125.55, 101.88. LC-M®&z): 178.1 [M - COOH], 222.1 [M - H]. IR (neat): 2858
1707, 1443, 1264 ch

4.1.8. General synthesis of coupling of isoxazole acid with L-Ala-OCHj; (8a-c)

To the stirred solution of isoxazole acid (1.0 egiry THF (5 mL/ mmol) was added
N,N-DIPEA (2 eq) and HATU (1.5 eq) and the reactionxtome was stirred at room
temperature for 20 min. L-alanine methyl ester gl was added to the reaction mixture and
was stirred at room temperature for 16 h. After ptation of reaction, the reaction mixture
was quenched with water and extracted with ethgtaie. The combined organic layers were
washed with brine solution, dried over anhyd,$@;, filtered and concentrated und&cuo.
The crude obtained was purified with column chrargeaphy with 20% ethyl acetate in
hexane to afford the title compound.

4.1.8.1. (2R)-Methyl 2-(3-(5-bromo-3-methyl benzofuran-2-yl)isoxazol e-5-
carboxamido)propanoate (8a). Brown solid, mp 160-162 °C, yield: 67%; Bexane: ethyl
acetate = 7:3): 0.63H-NMR (400 MHz, CDC}) (5, ppm): 7.73 (s, 1H, N), 7.49-7.47 (m,
1H, Ar-H), 7.39-7.34 (m, 2H, AH), 7.03 (s, 1H, AH), 4.83-4.76 (m, 1H, B), 3.79 (s, 3H,
OCHj3), 2.53 (s, 3H, E3), 1.55 (s, 3H, E3).*C-NMR (75 MHz, CDC}) (d, ppm): 172.55,
163.49, 158.25, 157.94, 153.38, 140.66, 131.41,5129123.08, 117.54, 116.42, 113.10,
101.20, 52.67, 48.25, 18.29, 8.62. LC-M&4): [M + 2H]'409.3. IR (neat): 3409, 2959,
1737, 1685, 1529, 1208 ¢m

4.1.8.2. (2R)-methyl 2-(3-o-tolylisoxazole-5-carboxamido) propanoate (8b). Creamish yellow
solid, mp 68-70 °C, yield: 59%,;Rhexane: ethyl acetate = 7:3): 0.64, NMR (400 MHz,
DMSO-dg) (5, ppm): 9.22 (d, 1HJ = 6.84 Hz, M), 7.76 (d, 1HJ = 7.36 Hz, ArH), 7.47-
7.37 (m, 3H, ArH), 7.14 (s, 1H, AH), 4.52 (g, 1HJ = 7.2 Hz, ®), 3.66 (s, 3H, O85),
2.49 (s, 3H, @©3), 1.42 (d, 3H,J = 7.2 Hz, Gi3). 13C NMR (75 MHz, CDCJ) (J, ppm):
172.63, 171.66, 158.59, 136.40, 131.48, 130.53482826.37, 102.19, 52.66, 48.17, 21.43,
18.31. LC-MS (v2): 289.3 [M + HJ. IR (neat): 3286, 3339, 1748, 1663'tm
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4.1.8.3. (R)-methyl 2-(3-(4-chlorophenyl) isoxazole-5-carboxamido) propanoate (8c). Off-
white solid, mp 144-146 °C, yield: 64%; Rexane: ethyl acetate = 7:3): 0.59,NMR (300
MHz, CDCL) (6, ppm): 7.73 (d, 2H) = 8.4 Hz, ArH), 7.47 (d, 2HJ = 8.4 Hz, ArH), 7.34

(s, 1H, NH), 6.94 (s, 1H, Am), 4.84-4.74 (m, 1H, B), 3.80 (s, 3H, E3), 1.55 (t, 3HJ =

7.2 Hz, GH3). **C NMR (75 MHz, CDGJ) (5, ppm): 171.60, 163.38, 161.54, 158.67, 135.24,
130.65, 129.65, 128.76, 101.88, 52.10, 49.5, II2MS: Mz [M + H]"309.2. IR (neat):
3312, 1745, 1447 ¢

4.1.9. General synthesis of hydrolysis of isoxazole-Ala-OCH3 (9a-c)

To the stirred solution of isoxazole-Ala-OgkD.48 mmol) in the mixture of THF (6
mL) and water (2mL) was added lithium hydroxide2(2g) and the reaction mixture was
stirred at room temperature for 4h. After completiaf reaction (monitored by TLC) the
reaction mixture was concentrated under reducedspre, added water, acidified with
INHCI up to pH-2~3 and extracted with ethyl acef@el00 mL). The combined organic
layer was washed with brine solution, dried overyalous NaSO,, filtered and
concentrated under reduced pressure to afford \&hite

4.1.9.1. (2R)-2-(3-(5-bromo-3-methylbenzofuran-2-yl) isoxazole-5-carboxamido) propanoic
acid (9a). White soild, mp 201-203 °C (decomposed), yield: 7&hexane: ethylacetate =
7: 3): 0.0,'H-NMR (300 MHz, DMSOds) (6, ppm): 12.74 (brs, 1H, -CQ4), 9.12 (d, 2H,J

= 6.9 Hz, NH), 8.01 (d, 2HJ = 7.8 Hz, ArH), 7.65-7.56 (m, 2H, AH), 7.32-7.27 (m, 2H,
Ar-H), 4.45 (q, 1HJ = 6.5 Hz, ®), 2.49 (s, 3H, B3),1.31 (s, 3H, Es). *C-NMR (75
MHz, CDCk) (6, ppm): 173.81, 162.07, 159.26, 158.21, 153.21,60{0131.55, 129.93,
123.92, 118.19, 116.40, 114.05, 102.05, 48.46,51B182. LC-MS:m/z [M + H]'393.4.IR
(neat): 3432, 1722, 1689, 1532, 1451tm

4.1.9.2. (R)-2-(3-(4-chlorophenyl) isoxazole-5-carboxamido) propanoic acid (9b). White

solid, mp177-179 °C (decomposed), vield: 70% (fiexane: ethylacetate = 7: 3): 0%6i-

NMR (300 MHz, DMSO+dg) (5, ppm): 12.79 (brs, 1H, -CQ4), 9.02 (d, 2HJ = 7.5 Hz,
NH), 7.98 (d, 2H,) = 8.4 Hz, ArH), 7.64 (d, 2H,) = 8.4 Hz, ArH), 7.45 (s, 1H, AH), 4.48
(q, 1H,J = 7.2 Hz, @), 1.35 (s, 3H, E3). *C-NMR (75 MHz, CDC)) (5, ppm): 173.81,
169.78, 159.84, 158.69, 136.01, 129.90, 128.07,6025.00.93, 48.37, 17.16.LC-M&vz

[M + H]*295.4.IR (neat): 3417, 3398, 3123, 1715, 1678, 15461, 1097 cih

4.1.9.3. 2-(3-(2-methylphenyl)isoxazole-5-carboxamido) propanoic acid (9c). White solid,
M.pt.; 146 °C, yield: 74%, Rhexane: ethylacetate = 7: 3): 08;:NMR (400 MHz, DMSO-

ds) (5, ppm): 7.72 (d, 1H) = 5.7 Hz, NH), 7.39-7.38 (m, 2H, AH), 7.33-7.30 (m, 2H, Ar-
H), 6.88 (s, 1H, Ai), 4.38 (g, 1H,J = 8.1 Hz, ®&), 2.51 (s, 3H, E3), 1.61 (d, 3HJ =5.4
Hz, CH3). *C-NMR (75 MHz, CDC}) (5, ppm): 176.63, 171.85, 158.95, 158.22, 136.46,
131.49, 130.59, 128.51, 126.37, 102.29, 48.16,21.3.94. LC-MSm/z [M + H]*275.5. IR
(neat): 3361,3324, 1734, 1644, 1551, 1443, 1302cm

4.2. X-ray crystallographic analysis

The structure of isoxazole acidd) was established by X-ray crystallographic analysi
Single crystal of the compound was obtained througl slow evaporation of its
tetrahydrofuran solution. Suitable crystal was &el@ and analyzed on an APEX Il CCD
Bruker  diffractometer equipped with rotating anodenerator, the radiation was
monochromated with a Montel mirror (Cuxk 1.54178 A). Intensity data were collected at
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100 K usingf-scan method. No significant loss in intensitiessvadserved during data
collection. Multi-scan absorption corrections waygplied to the intensity data empirically
using SADABS [27]. Data collection, reduction amfimement were performed using APEX
Il [27] and SHELX [28] software. Crystal structure®re solved by direct methods using
SHELXS and refined with full-matrix least-squaresséd on £using SHELXL [28]. All
non-hydrogen atoms were refined anisotropicallydidgens were first located in the Fourier
difference map, then positioned geometrically alhalreed to ride on their respective parent
atoms. The molecular graphics and crystallograplhistrations were prepared usiP
[29].

4.3. Enzymatic inhibition assay

All compounds were dissolved in DMSO to a stockasmtration of 10 mM. Initially
the compounds were screened for inhibition withheat the four MetAP's HsMetAP1b,
MtMetAP1c,SpMetAPla, andEfMetAP1la). Expression, purification and biochem@ssays
are performed as reported previously. The enzyrsayasvere performed using Met-AMC as
substrate. % Inhibition were determined by usingigound concentration range of 1 uM to
120 uM. TheKi values were determined by Dixon method. The reaamixture contained
50 mM Hepes (pH-7.5 forpMetAPla, EfMetAPla, MtMetAP1lc and pH-8.0 for
HsMetAP1b), 150 mM KCI, CoCI2 (three molar equivakeof the enzyme concentration), 4
KM enzymes KIsMetAP1b, MtMetAP1c, pMetAP1la orEfMetAP1la) and 50, 100, 150 pM
concentrations of L-Met-AMC. All reactions were fmemed in triplicate. 2,2’-Bipyridine
was used as positive control [9,19].

4.4. Glide Docking

In order to perform structure-function studiescklng of compoundgla and5a was
carried out within the active sites of the methmeiaminopeptidaséom M. tuberculosis
(PDB ID: 1YJ3),E. faecalis (PDB ID:3TB5) andS. pneumoniae (PDB ID: 4KM3) utilizing
GLIDES.8 [30] in extra precision (XP) mode as impknted in the Schrddinger Suite.
During dockings, the receptors were kept rigid whijands were treated as flexible, which
enables to dock the ligand at the receptor’s bupdite.

The protein complexes were prepared using the iprpreparation wizard. Water
molecules were eliminated as no water bridges obdaen the complexes. After assignment
of bond orders, polar hydrogens and adding missesjdues, the whole systems were
optimized to an RMSD of 0.30 A. Subsequently, etectaffinity grids were generated for
each protein. Both the legand&a(and5a) were optimized and prepared using methods as
mentioned in our earlier reports [31]. After ligapaeparation, docking was performed using
extra precision mode of GLIDE. To improve the geomeoost-docking minimization of the
poses were accomplished.

4.5. In vitro antibacterial activity

The compounds which showed more than 60% enzyhiition (2a-c, 3a-b, 4a-b, 5a
b, 6c and 9a) were screened for antibacterial activity agai@tam-positive bacteria
including S. pneumoniae (MTCC 655),E. faecalis (MTCC 439) and Gram-negative bacteria
including P. aurogenosa (MTCC 2453),S. typhimurium (MTCC 3224),K. pneumoniae
(ATCC 700603),E. coli (ATCC 25922) and multidrug resistant strains &z coli MRA11
(GenBank Accession no. KJ957160), MRC17 (GenBang&easion no. KJ906623), MRC24
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(GenBank Accession no. KM822765), MRAE26 (GenBankcdssion no. KJ923014),
MRAE32 (GenBank Accession no. KJ923017), MRAE33 r(Bank Accession no.
KM822768), MRAE44 (GenBank Accession no. KJ9230H8}d MROB11 (GenBank
Accession no. KC963018) using broth dilution tecjuei according to standard protocol for
antibacterial assessment by NCCLS [32]. Ciproflixd€IP) was used as positive control.
DMSO was used as solvent with less than 4% corat@mtr in final volume used for the
assay. The test compounds were serially diluted1® 7.8pg/mL) in 96 well plate
containing (Tarson) 100 pL nutrient broth mediurackke well of plates was inoculated with
100 pL of fresh inoculums containing approximat2l§ x 16 cells/mL and incubated at 37
°C with constant stirring of 150 rpm for 24 h. Aft@cubation period, minimum inhibitory
concentration (MIC) was determined as the lowesteantration of compound/drug at which
no visible growth appeared.

However, in case of multi-drug resistant isolateaying concentrations (8 to 1024
pg/mL for4a and5a) and (0.49 to 63.3 pg/mL for ciprofloxacin) wernspmkensed into a 96-
well plate (Tarson) in luria broth medium. Thene timedium was inoculated with 10 pl of
1000 times diluted 0.1 Qg culture and incubated overnight at 37 °C. The OBsw
measured at 600 nm using a microplate reader (Thh&wcrentific MultiskanGo). Percentage
inhibition of these resistant isolates was cal@daising the formula:

Percentage inhibition =ha/ax100
Where a = pure culture reading — media reading
b = test reading — plain compound reading (if thepound is colored solution)
4.6. Synergistic study

Synergistic or antagonistic property of lead intioits 4a and 5a with standard drug
ciprofloxacin was determined as fractional inhibjtooncentration index (FICI) according to
the checkerboard method [33]. A concentration gmaidranging from 1024-16 pg/mL of
compounds4a and 5a were maintained in 96 well plate followed by thedi#ion of the
ciprofloxacin with concentration ranging from 12848/mL in 100uL of Mueller-Hinton
broth. Then, 10QL of a suspension of 5 x 1CFU/mL was added in each well as inoculums
incubated for 18 h at 37 °C. The fractional infobjt concentration (FIC) index is defined as
the sum of the MIC of each drug when used in coatimn divided by the MIC of the drug
used alone. Synergy and antagonism were define&IGy < 0.5 and > 4, respectively.
Partially synergistic was denoted by 0.5> FICI <ilev Indifferent was defined by 1 < FICI
<4 [34].

4.7. Cytotoxicity by MTT assay

MTT (3-(4,5-dimethyl-2-yl)-2,5-diphenyl tetrazohiu bromide), Dulbecco’s modified
Eagle’s medium (DMEM), 0.25% trypsin and a 0.02%TERDmixture were purchased from
Hi Media (Mumbai, India). Fetal bovine serum (FB8as obtained from Gibco (Grand
Island, NY). The human embryonic kidney (HEK293) tiee was procured from National
Centre for Cell Sciences (NCCS), Pune, India. Téles avere cultured and maintained as a
monolayer in DMEM supplemented with 10% FBS andbaéotics (100 units/mL penicillin
and 100 pg/mL streptomycin) at 37 °C in humidifegchosphere of 5% COn T-25 flasks.
The cells were subcultured twice in a week. A cellint of approximately 2 x 1@ells per
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well were seeded in 96-well plate (150 puL per waliyl incubated for 24 h before treatment.
The cells were then treated with varying conceiungt (10-400 pug/mL) of the test
compounds. After 48 h of incubation at 37 °C, tkbaeisted serum supplemented medium
was removed and serum free media (50 uL) was adiecach well. After that, 20 uL per
well of MTT at a concentration of 5 mg/mL in PBS svadded to each well and the plates
were incubated for 4 h at 37 °C. Formazan crystals,metabolized MTT product, were
solubilized in DMSO (150 pL per well) and were gtiéed by reading the absorbance at 570
nm after incubation of 10 min oiMark Microplate Reader (Bio-Rad, Hercules, CA). All
assays were performed in triplicate. Percent \itgbias taken as the relative absorbance of
treated versus untreated control cells [35].

4.8. Growth kinetics studies

On the basis of preliminary studies and cytotayxj@ompoundba was selected as lead
inhibitor and explored for further biological adties. Growth kinetics study ofS
pneumoniae and E. coli was determined in the presence of lead inhibit@salong with
standard drug ciprofloxacin. 50 mL of sterile nemtti broth medium was inoculated with
freshly prepared bacterial culture containing appr@x1( cells/mL. After addition of
different concentrations (2MIC, MIC and 2 MIC) afmapound5a, flasks were incubated at
37 °C and 160 rpm. Ciprofloxacin at a concentratdnlO pg/mL was used as positive
control. Aliquots (1 mL) of culture were removearin each test sample at time interval of
two hours {.e, time point of 0, 2, 4, 6, 8, 10, 12, 14, 16, 28,and 22 h) and growth was
measured turbidometrically at 600 nm using ThermaltiskanGo Spectrophotometer.
Optical density was recorded for each concentragainst time (h) [36].

4.9. Transmission electron microscopic (TEM) analysis

The morphology ofS. pneumoniae and E. coli cells were analysed using TEM
following the standard protocol [37riefly, the cells were harvested, standardizeghd A
0.1) and exposed to MIC conc. of test inhibBarfor 1 h. Then, the cells were washed thrice
with PBS to remove the residual medium and fixeéroight in 2.5% glutaraldehyde in
phosphate/magnesium buffer (40 mMHPOJ/KH,PQ,, pH 6.5, 0.5 mM MgG). The cells
were washed twice for 15 min in 0.1 M sodium phadplbuffer (pH 6.0) and post-fixed for
2 hin 2% osmium tetroxide. Again, the cells welgshed twice for 15 min in distilled water
and thenen bloc stained with 1% uranyl acetate (aqueous) for 3A. After two further
washes, cells were dehydrated in 95% and 100% @thdime cells were exposed to
propylene oxide for 2x10 min and infiltrated forhlin 1:1 propylene/epoxy embedding
material (Epon) mixture and then overnight in fr&gon. After polymerization for 48 h at 60
°C, ultrathin sections were cut using a microtorbeiqgaEM UCG6) and transferred onto a
copper grid. The samples were stained with uragtede (saturated solution of uranyl
acetate in 50% alcohol) followed by lead citratbe Tsamples were washed three times in
Milli-Q (MQ) water and dried by touching with Whasm filter paper. The sections were
examined with a Tecnai G2 20 high resolution trassion electron microscope (Feli
Company, The Netherlands) at 200 kV.

4.10. Anti-biofilm assessment

Biofilm formation is an important virulence factof most of the pathogenic micro-
organism which is an initial step to establish @fiection. Anti-biofilm activity of compound
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5a was determined by biochemical assay using XTT all s by scanning electron
microscopy (SEM).

4.10.1. Anti-biofilm activity by XTT assay

XTT (2, 3-bis (2-methoxy-4-nitro-5-sulphophenybphenylamino) carbonyl]-2H-
tetrazolium-hydroxide) reduction assay was useddétermine the metabolic activity of
biofilm formation in bacteria [38]. Compoursa was serially diluted with concentration
range from 1000 pg/mL to 7.8 pug/mL in microtitrafel having tryptic soy broth. Aliquots of
100 uL of tryptic soy broth containing bacterial inocois of approximately 5xP0CFU/mL
were added to each well and incubated at 37 °Q4dr under static conditions. The medium
was discarded and washed with phosphate buffates@fBS) to remove the non-adherent
bacteria. To each well 50 pL of prepared XTT saltison (HiMedia, INDIA) was added and
plates were incubated at 37 °C in dark for 90 rBiacterial dehydrogenase activity reduces
XTT tetrazolium salt to XTT formazan, resultingdalorimetric change (turns to orange) that
was correlated with cell viability. The colorimetri changes were measured
spectrophotometrically at 490 nm [39]. The inhidmtidata were interpreted from dose—
response curves, where aryd®@alue is defined as the concentration of the imdilrequired
to inhibit 50% of biofilm formation under the aboassay conditions.

4.10.2. Scanning electron microscopic (SEM) analysis for biofilm formation

Scanning electron microscopic (SEM) analysés performed to determine the biofilm
formation byE. coli. The fresh bacterial cultures were prepared anduiated into six-well
cell culture plates containing 3 mL of tryptic dopth (TSB) (containing 2.5 g/L of glucose).
Glass coverslips (8 mm dia.) were dispensed inth egell for biofilm formation on the
surface and incubated at 37 °C for 24 h. Post iatob, plates were removed and the test
compound was added to determine the anti-biofilf@cef Parafilm sealed plates were further
incubated for the next 24 h. Coverslips were rerdoaiter total incubation of 24 h and
washed with 0.1 M PBS. The biofilm that formed b toverslips were placed in fixative
(4%, vlv, formaldehyde in PBS) overnight. Samplesavagain washed with PBS and then
coverslips were left for drying and later examinedier scanning electron microscope [40].

4.11. In vivo toxicity evaluation of 5ain G. mellonella larvae

The larvae of the sixth developmental stag&ofnellonella were obtained from the
Meal Worm Company (Sheffield, England). The lared&. mellonella were stored in wood
shavings in the dark at 15 °C prior to use. Thedarthat were chosen for experiments
weighed on 0.21 g and were used within 3—4 weekscogipt. Ten healthy larvae were
placed in sterile 9 cm Petri dishes with Whatméterfipaper inserted inside. A culture ©f
coli was grown to the stationary phase (1-241Q) in nutrient broth at 30 °C and 200 rpm.
The cells were harvested by centrifugation (2,055 minutes on a Beckmann GS-6
bench centrifuge) washed in PBS and resuspendeBat a cell density 5 x 1per 20 pL.
The larvae were inoculated by injecting 20 uL tlglothe last left pro-leg into the haemocoel
using a Myjector syringe (Terumo Europe) and intcetbdor 1 h placed at 30 °C in the dark.
After the incubation period, the larvae were inated with test compoun®a at a
concentrations of 2.5 mg suspended in PBS, suppletevith 12.5% DMSO (v/v), through
the last right pro-leg. The larvae injected with 20 of PBS supplemented with 12.5%
DMSO (v/v) were used as controls. For assessmelatdl viability, the larvae were gently
probed with a needle and if no response was obdgtive larvae were considered to be dead.
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Three larvae were inoculated with 2D of the compounda solutions at concentration
of 1.25 or 2.5 mg/mL. The larvae were then incuthate30 °C, in the dark, for 24 h. The
haemocyte density in the larvae was ascertainegdidrging the backs of the anterior end
(‘head’) of the three larvae with a sterile needla collecting the yellow haemolymph
(‘blood’), ensuring no white floccular material wemmoved — this is the fat body and will
impede counting. Haemolymph was diluted to 1 inn6old PBS containing 0.37% (v/v) 2-
mercaptoethanol to reduce clotting and melanisatidre solution was mixed gently by
pipetting. Haemocytes were counted on a haemocyeam@®.0025 mrh BlauBrand,
Germany) and the density in the original larvae eadsulated [41]
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