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Abstract: There is an urgent need to develop new antibattagants because of multidrug

resistance by bacteria and fungi. Schiff basesfslde or ketone-like compounds) exhibit intense
antibacterial characteristics, and are thereforempsing candidates as antibacterial agents. To
investigate the mechanism of action of newly desigmenzaldehyde Schiff bases, a series of
high-yielding benzaldehyde Schiff bases were sysitieel, and their structures determined by NMR
and MS spectra data. The structure—microbicidalviactrelationship of the derivatives was

investigated, and the antibacterial mechanisms weestigated by gene assays for the expression of

functional genesn vitro using Escherichia coli Staphylococcus aureuandBacillus subtilis The
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active compounds were selective for certain agnaeips. The polar substitution of the gtoup of

the amino acids in the Schiff bases, affected thidacterial activity againdt. coliand S. aureus
specific active group at thesR®r R, groups of the acylhydrazone Schiff bases couldravg their
inhibitory activity against these three tested argas. The antibacterial mechanism of the active
benzaldehyde Schiff bases appeared to regulatexiiression of metabolism-associated gends. in
coli, hemolysis-associated genes Bn subtilis, and key virulence genes i8. aureus.Some
benzaldehyde Schiff bases were bactericidal tdhallthree strains and appeared to regulate gene
expression associated with metabolism, hemolysid, \drulence,in vitro. The newly designed
benzaldehyde Schiff bases possessed unique artilhetctivity and might be potentially useful for
prophylactic or therapeutic intervention of baakmfections.

Keywords: Antibacterial activity; Benzaldehyde Schiff baSgnthesis; Regulating gene expression

1. Introduction

Currently, multidrug resistance in several bactesiane of the major causes of increasing rate
of mortality associated with infectious diseaseBumans [1]. The main reason behind this problem
is lack of effective methods and drugs for treatir[@A3], and hence, there is an urgent need of
developing new antibacterial agents with novel arade efficient mechanisms of action [4]. Schiff
bases, named after Hugo Schiff, exhibit a broageanf physicochemical and biological activities
[5]. Structurally, they are aldehyde or ketone-ld@mpounds in which the carbonyl group (C=0) is
replaced by an imine or azomethine group; theyf@med by the reaction of primary amines with
aldehydes or ketones under specific conditionssi®us studies have established that the presence of
imine or azomethine subunits in various naturatura-derived, and non-natural compounds was
critical to their biological activities [6-8]. Mangpchiff bases also reversibly bind with oxygen,
catalyze the hydrogenation of olefins, coordinatthvand show fluorescent variability with some
toxic metals [9-11]. In addition, some Schiff baséso exhibit a broad range of biological actigtie

such as antifungal, antibacterial, antimalarialfipaaliferative, anti-inflammatory, antiviral, and
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antipyretic properties [12-13].

In recent years, hydrazone derivatives have redeateention due to their various biological
properties and their wide application in medicirtdlemistry. The biological activity of these
compounds was attributed to the presence of th®ORHN=CH-) moiety. Some studies have
successfully identified that several hydrazide-laygdne derivatives exhibited broad spectrum of
biological activities such as anticonvulsant [1atjtidepressant [15], antimicrobial [16-17], antitum
[18-19], analgesic, and anti-inflammatory [20] aities. Our aim was to confirm whether Schiff
bases, derived from benzaldehyde, possessed dntibhproperty involved regulating genes related
to metabolism, hemolysis and virulence expressitierefore, we designed and synthesized a series
of benzaldehyde Schiff bases based on the acylhgdeastructure, and assessed their antibacterial
activity againstEscherichia coli(E. coli), Staphylococcus aurey$. aureul andBacillus subtilis
(B.subtilig). In addition, the expression of some genes aatatiwith metabolism, hemolysis and
virulence was determined at the transcriptionakllem bacteria treated with selected derivatives,
using quantitative real-time reverse transcripS® (RT-PCR). The results presented here validate
the antibacterial efficacy and structure—actividationships of benzaldehyde Schiff basewitro
and also supported the development of these Sdaifles and related systemic antibacterial
benzaldehyde Schiff bases as potential antibattayents, targeting genes that regulate metabolism,
hemolysis, and virulence.

2. Results and discussion
2.1. Chemistry

Benzaldehyde Schiff bases were produced when tieogen of amino acids was ground with
2-hydroxybenzaldehyde, in the presence of an al2dl]. The synthetic pathway and chemical
structures of benzaldehyde Schiff baG@smpounddsla-1c) were outlined in Scheme 1. The starting
compounds of benzaldehyde Schiff basephenylalanine, ttyrosine,and L-phenylalanine methyl

ester are commercially available. The target comgsicould be generated by grinding the mixture



of amino acid and KOH, which was followed by grimglithe mixture with 2-hydroxybenzaldehyde
over a period of 30 minutes. The synthesis of adrdfzone Schiff bases (compourftis-2t) were
described in Scheme 2. The starting materials, thowgphenylacetic acid or 4-chlorophenylacetic
acid were suspended in methanol, into which thiambride (SOG)) was added to generate methyl
esterl, which was then hydrazinolysized to produce acylaydle Il [22, 23]. Isoniazide and
salicylhydrazide are commercially available. Twentyylhnydrazone Schiff bases were synthesized
via condensation of the acylhydrazidlenith corresponding 2-hydroxybenzaldehyde by the/jous
strategy [21, 24]. The structures of compoufdslc and 2a-2t were determined on the basis of
NMR and ESI-MS data.
2.2. Antibacterial activity of benzaldehyde Sdbif§es

Preliminary evaluation of the antibacterial acywtas performed by assessing the anti-growth
activity of 100 umol/L purified benzaldehyde Schiff bases (resutls summarized in Fig. 1 and
Table 1). Compounds which could inhib$0% bacterial growth at a concentration of 100 inol
were chose for further analysis. It could be obsérhat compoundtb, 2c,and2q exhibited better
activity against. coli; especiallylb and2c possessed similar antibacterial activity to tHfatamtrol.
Similar inhibitory activity was observed for compuals 2p and2r againstB. subtilis.In addition, it
was also found that five compounds, 2d, 2f, 2h,and2t, could selectively suppress the growth of
S. aureusand similar anti-growth activity could be obseatvier 1c, 2d and2t on the tested strain.
However, further studies are required to confirra #mtibacterial activity of these compounds by
determining their MBC values.

The bacteria were incubated in LB medium contairmompounds of varied concentrations for
8 hours at 37 °C, with shaking, to determine whetti® screened compounds demonstrated
antibacterial activity of the compounds at a cotr@ion of <100umol/L. The optical density was
measured at 450 nm after 8 hours of incubatiorakoutate the inhibitory activity and MBC value of

every compound. The MBC value of each screened oantpfor each bacterium was defined as the

4



lowest concentration of the compound that reduaeaviln by 1% as compared to the inoculum
control seeded with normal strains [25, 26]. By ¢tbacentration inhibited curves (Fig. 2) and MBC
(Table 2) values, it can be concluded that thereewsome benzaldehyde Schiff bases, which
inhibited the growth of three bacteria in a concaidn-dependent manner. Nevertheless, the
inhibitory activity of compounddb and 2c againstE. coli had no evident difference at different
concentrations. In addition, a moderate differemas seen in the MBC values 1, 2c, and control,
which indicated thaflb and 2c exhibited an inhibitory effect on the growth Bf coli, similar to
ampicillin, which is routinely used in clinical ptice. Likewise, compoun@p showed a closed
inhibitory activity for B. subtilis and two compound2d and 2t displayed a perfect antibacterial
activity for S. aureuswhen compared with that of streptomycin.
2.3. Analysis on structure—activity relationships

Firstly, the potent inhibitory action of compoud8 on the growth ofE. coli suggested that
higher polar substitution at,Rnight improve the antibacterial activity for thenimo acid-containing
Schiff bases. Meanwhile, the substitution gty less polar groupsl¢) might improve their
inhibitory activity onS. aureus

Secondly, in case of acylhydrazone Schiff baseesgtheir inhibitory activity against the
growth of E. coli was improved by thenetasubstitution of a bromine-group a.R'he substitution
of chloride(s) at both the JRand R positions might improve their inhibitory activiiggainst the
growth of B. subtilis As far as the antibacterial activity agaiSstaureuss concerned, compounds
2d and 2t were found to be the most active ones, which indatathat the presence of
electron-deficient aromatic rings, such as pyritlimy para-chloro-phenyl groups at jJRand
electron-donating groups (lipophilic as well), swch 3,5-ditert-butyl or 3,4-benzyl on the phenyl
ring of Ry might be potential pharmacophores for the inhigitactivity againstS. aureusof the

acylhydrazone Schiff base.



Finally, the most important point is that all thes#ive compounds showed good selectivity in
their action against the three different bactend ¢the selectivity was related to the presence of
specific active groups, which implied that they htigpossess different mechanisms of action on
different bacteria, respectively.

2.4. Effect of the compounds on the expressidmeofiénes related to metabolism in E. coli

The effect of mechanism of the screened compoundf® growth ofE. coli was determined
by measuring the expression of metabolism assacigenescysB acrA, tsh iroD, and the
housekeeping gengapA Real-time RT-PCR, (Fig. 3A) ansemi-quantitative RT-PCR (using
agarose gel, Fig. 3B) were used for determiningetiiression level of the above-mentioned genes.
Results showed that compoud® had significantly high R < 0.01) inhibitory effect2c had a
significant @ < 0.05) promotion, an@q displayed a slightR < 0.05) inhibitory effect for the
expression otysB(a structural gene of the transcriptional regul&gsB InE. colithat activates the
expression of the genes involved in the cysteimsyithetic pathway [27, 28]. The above findings
demonstrated that three benzaldehyde Schiff babésited the growth of bacteria (probably through
up or down regulation otysB, and further interfered with the genes involvedtie cysteine
biosynthetic pathway.

In order to evaluate the effects of the three s@decompounds on the membrane&otoli,
the expression level @fcrA at the transcriptional level was assayed by RT-PGRacrA gene maps
betweerproC andpurE at 10.5 min on th&. colichromosome, contributes to the integrityeofcoli
membranes [29], and is responsible for the sudméftito the basic dyes, detergents, and certain
antibiotics [30]. The results revealed that notrgvampound could affect the expressionaofA;
however, only the compourizt and 2q could significantly P < 0.01) promote and slightly inhibit
the expression of the gene, respectively companethe control geneggapA The up or down
regulation for the expression dE. coli membrane gene, suggests that Schiff bases might

differentially regulate a large number of membragenes and then change the integrity and



permeability, but not every compound can regullagegene expression, that might be linked with the
structural and chemical properties of the compoyagés30].

We analyzed theésh gene expression d&. coli following treatment with three Schiff bases
derivatives, because the limitation of the compeurid the virulence reflected directly the
pharmaceutical effect. Thsh gene encodes a temperature-sensitive hemaggli@hjrand resides
on transmissible R plasmids encoding aerobactincafidin V that is associated with avi&n coli
virulence [32-34]. The expression of theh gene was significantlyP( < 0.01) decreased upon
treatment with three compounds, and this reduatias not due to a significant decrease in bacterial
burden; this indicated that the three Schiff bagere involved in the down regulation of expression
of tsh gene, and in inhibiting the biosynthesis of terapane-sensitive hemagglutinin . col..
Similar results were found in the expressionroD gene as thésh gene inE. coli. ThelroD gene,
belongs to the salmochelin gene cluster that erscadgytoplasmic esterase with hydrolytic activity
that preferentially cleaves iron-free enterobaf3#)]. IroD protein can hydrolyze the ester bonds of
both enterobactin and drug molecules, such as sakefia, which is required for subsequent iron
release from the contained iron drugs [36, 37]. @@ suggested that the three Schiff bases had
antimicrobial activity againgt. coliin vitro and may be related with the reduced expressidroDf
to limit the hydrolytic activity of cytoplasmic estase.

2.5. Effect of the compounds on the expressioemblysis-associated genes in B. subtilis

The pathogenicity of the bacteria was closely eelawvith hemolysis vitality because of the
hemolysin as an important virulence factor of pathesis [38, 39]. There exists an increasing threat
to the human health with the wide application Bxf subtilis and the direct relationship of its
production with human life. The whole genome segirenof B. subtilishas been completed, and
the hemolysis-associated genes from the genomeatimmowereyqghC yhdP, yhdT, yghB yugS,and
YtjA [40]. Except for theytjA gene that was identified as hemolysis gend3.obubtilis[41], the

functions of the other several genes have not mrtified yet. The change in expression level of



yghGC yhdP, yhdT, yghB,andyugSgenes was assayed, compared to the control hoysegegene
16sRNA of the test strain after treatment with two commpds by RT-PCR (Fig. 4A) and
semi-quantitative RT-PCR methods (Fig. 4B). Resshitswed that the expressions of five hemolysis
genes were significantlyP(< 0.01) decreased when regulated by the treatmk@p and 2r,
suggesting that the hemolysis genes were strongbived in the inhibition oB. subtilis
2.6. Effect of the compounds on the expressioimwérce genes in S. aureus

In the results, it was found that the five Schiffsb compounds were obtained had a better
inhibitory action towards the growth &. aureusTo determine whether the screened compounds
had any influence on the expression of virulenotofg,S. aureusvere incubated with a sublethal
dose of the compounds (hénol/L) and 8 hours post-exposure transcript abuoelah keyS. aureus
virulence factorssaeR hla, sbi, and mecAwas measured (gyrB housekeeping gene as control) by
RT-PCR (Fig. 5A) andgemi-quantitative RT-PCR methods (Fig. 5B). Theailtssshowed that there
were significant differenced?(< 0.01) in the inhibitory action for the expressiof saeRgene by
compoundslc, 2d, 2f and2h. Transcript abundance seRgene, the regulatory gene component of
the global virulence regulatory system SaeR/S, Wwhie essential for the development of
staphylococcal skin lesions in mice [42], was upfatgd about two-fold higher with other
compounds as compared to the controBinaureus The transcript expression bfa gene, which
encodes fon-toxin, a virulence factor responsible for dermawnsis in mouse skin infections [43],
was up regulated by compountls 2d, 2f and 2t, and was markedly down regulated Bly. The
transcript expression &bi, a gene encoding an immunomodulatory protein hamportant in
antibody and complement evasion [44] was markeglyegulated bylc, 2h and2t. In addition, the
expression ofnecAgene that encodes an altered penicillin-bindindgano2a to confer resistance to
B-lactam antibiotics was analyzed using the saménoaist The transcript expression leveinoécA
[45] was upregulated byc with varying degreest was down regulated two-fold higher degree by

2d, 2h, and 2t than that in controls. The reduction in transcappression of virulence genes $f



aureus including the SaeR/S virulence regulatory systemnggests that the Schiff bases may
differentially regulate a considerably large numbgs. aureusvirulence genes, which may support
the hypothesis that the inhibitory effect of Schiofises td&. aureusmay correlate with the up- or
down regulation of the virulence gene expression.

3. Experimental sections

3.1. General

Varian Inova-400 spectrometer (USA) was employedrdocord the NMR spectra with
tetramethylsilane as an internal standard, and M8ies were carried out on a HP1100-MSD
spectrometer (ESI-MS mode) (USA). Column chromaphy was performed using silica gel
(200-300 & 300-400 mesh, Qingdao Marine Chemicall@h, Qingdao, P R China).

Chemicals used in all the experiments performethduhe study were of the analytical reagent
grade (AR). Organic solvents (spectroscopicallyeduwm Acros, USA) used in biological screening
included ethyl alcohol, diethylether, and dimetbyhamide (DMF). Deionization of water was done
entirely in glass equipments and this water wasnadly used in all preparations. Luria-Bertani (LB)
brothgrowth media was purchased from Oxoid (Basingstolk®; ampicillin and streptomycin were
obtained from SigmaEscherichia coli(E. col) ATCC 25922,Staphylococcus aureu$. aureuy
ATCC 25923, andBacillus subtilis (B. subtili ATCC 6051 were obtained from the National
Institute for the Control of Pharmaceutical andl8gical Products (Beijing, PR China).

3.2. General procedure for synthesis of amino acidtaining Schiff bases

Compoundla was synthesized according to the method deschipethonget al [46]. In brief,
L-phenylalanine (1.0 g, 6.1 mmol) and potassium twde (KOH) (0.406 g, 7.3 mmol) were
ground together in an agate mortar to obtain aousanixture; 2-hydroxybenzaldehyde (0.8 mL, 7.3
mmol) was added drop-by-drop to the mixture, whi@s ground for 30 minutes prior to addition of
50 mL methanol to dissolve it homogenously; thetorix was then transferred to another reaction

vessel. Next, diethylether (30 mL) was added slamg this mixture until a yellow precipitate was



formed, which was filtered and washed with diethyde to obtain the new compouféd
3.2.1.Potassium-(S)-2-(2-hydroxybenzylideneamino)-3-plpenyanoic (la)

Yellow solid; yield: 95.4%; IR (KBr)vmac3418, 3025, 1632, 1487, 1375, 1144, 1082'cm
'H-NMR (CD;OD, 400 MHz)s (ppm): 3.03 (m, 1H, 3-K), 3.36 (m, 1H, 3-), 4.05 (m, 1H, 2-CH),
6.66 (m, 1H, 5H), 6.77 (m, 1H, 3H), 6.96 (m, 1H, 5-H), 7.05 (m, 1H, 7-H), 7.13 (&H, 9-H),
7.17-7.25 (m, 4H, 6, 8, 46-H), 7.86 (m, 1H, -N=CH)*C-NMR (CD;OD, 125 MHz)J (ppm): 36.1,
77.8, 116.9, 120.6, 123.6, 124.9, 127.7, 128.6,31.3386.9, 160.8, 161.1, 175.4; ESI-MB/z292.0
[M+Na]".

3.2.2. Potassium-(S)-2-(2-hydroxybenzylideneana@)-hydroxy)-phenylpropanoidlf)

The title compound was obtained by condengirtgrosine with salicylaldehyde, as a brown
solid with yield of 44.6%. IR (KBrymac3421, 2925, 1636, 1484, 1376, 1150, 1105 cthl-NMR
(CD3OD, 400 MHz)d (ppm): 2.86 (m, 1H, 3-§, 3.48 (m, 1H, 3-K), 3.99 (M, 1H, 2-CH), 6.57 (m,
2H, 8-H), 6.64 (d, 1HJ = 8.0 Hz, 3H), 6.73 (d, 1H,J = 8.0 Hz, 6H), 6.89 (d, 2H,) = 8.4 Hz, 5,
9-H), 7.01 (m, 1H, 4H), 7.23 (m, 1H, 5H), 7.69 (s, 1H, -N=CH)**C-NMR (CD;0D, 125 MHz)s
(ppm): 37.1, 75.8, 114.3, 116.9, 120.6, 123.6, 42828.7, 132.1, 155.1, 159.2, 159.7, 176.4;
ESI-MS:m/z308.0 [M+Na.

3.2.3. (S)-2-(2-hydroxybenzylideneamino)-3-pheganoic acid methyl estétc)

The title compound was obtained by condensinghenylalanine methyl ester with
salicylaldehyde, as yellow oil with yield of 84.4%R (KBr) vmax2926, 1743, 1630, 1493, 1458,
1230, 1202 cr; *H-NMR (CDsOD, 400 MHz)s (ppm): 3.12 (m, 1H, 3-§, 3.36 (m, 1H, 3-B),
3.75 (s, 3H, 1-OCH), 4.16 (m, 1H, 2-CH), 6.83 (m, 1H!-H), 6.96 (d, 1H, =8.2, 3-H), 7.09 (m,
1H, 7-H), 7.14 (d, 2H) =8.6, 5, 9-H), 7.19 (m, 1H,/4H), 7.24 (d, 2H,) =8.6, 6, 8-H), 7.32 (d, 1H,
=8.2, 8-H), 7.96 (s, 1H, -N=CH)*C-NMR (CD;0OD, 125 MHz)s (ppm): 37.5, 50.3, 72.9, 116.4,
120.7, 123.6, 124.9, 126.4, 127.5, 130.1, 136.9,81358.4, 172.7; ESI-M$1/2306.1 [M+Na].

3.3. General synthetic procedure for acylhydraz8nohiff bases
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An esterification procedure devised by Patkal was used to synthesize methyl eater | [22], as
follows: 4-methoxy benzene acetic acid (10.0 gp6@imol) was suspended in methanol (100 mL)
and thionyl chloride (26 mL, 361.1 mmol) was addetb the solution placed over an ice bath

(-10 °C). The reaction mixture was refluxed at @D for 3 hours under argon, and then excess
methanol and thionyl chloride were evaporated. Ghugle product was purified by crystallization

(methanol/ethylacetate) and 4-methoxy benzene rhattetate (9.84 g), with a yield of 90%, was

obtained.

Further, 4-methoxy benzene methyl acetate (9.84gnmol) and hydrazine hydrate (27 mL,
300 mmol) were dissolved in methanol (100 mL). Phieture was refluxed at 80°C for 5 hours.
After cooling down to room temperature, the whitgstal was filtered and washed with cold
methanol. 4-methoxy phenylacetyl hydrazine (4.66wgbh yield of 43.0% was obtained as a white
crystal by crystallization using methanol. Anotltempound named 4-chlorobenzene oxygen acetyl
hydrazine (white needle like crystals) was synthessiby the same procedure with a final yield of
73.1%.

Twenty acylhydrazone Schiff bases were synthesasediescribed previously [21, 24]. Under an
argon atmosphere, a solution of 2-hydroxybenzaldel{$ mmol) in 20 mL anhydrous ethanol was
added in acylhydrazine Il (5 mmol; suspended imB0anhydrous ethanol). The mixture was then
refluxed for 4-8 h at 80°C and monitored by TLCeTiesulting solid was filtered and washed with
cold ethanol after cooling down to room temperat&ecrystallization in ethanol provided the final
derivatives2a-2t.

3.3.1. N'-(2-hydroxybenzylidene)-isoniaz(@ae)

The title compoun@a was synthesized by condensing isoniazide with @&dwybenzaldehyde.
Light green crystals; yield: 53.2%; IR (KBrhax3454, 3183, 3005, 1683, 1617, 1490, 1408, 1291,
1160 cn; *H-NMR (DMSO-ds, 400 MHz)d (ppm): 6.81 (d, 1HJ = 9.2 Hz, 3H), 6.93 (m, 1H,

5'-H), 7.30 (m, 1H, 4H), 7.59 (d, 1H,) = 6.0 Hz, 6H), 7.82 (d, 1H,J = 6.0 Hz, 3-H), 7.83 (d, 1H,

11



= 6.0 Hz, 5-H), 8.66 (s, 1H, CH=N), 8.77 (d, 1H= 6.0 Hz, 2-H), 8.78 (d, 1H} = 6.0 Hz, 6-H);
3C-.NMR (DMSO4ds, 125 MHz)4 (ppm):116.6, 118.8, 119.6, 121.7, 129.4, 131.9).1,4149.1,
150.5, 157.6, 161.5; ESI-M#&/z264.0 [M+Na].

3.3.2. N'-(2-hydroxy-5-nitrobenzylidene)-isoniaz{die)

The title compound 2b was synthesized by condensing isoniazide with
2-hydroxy-5-nitrobenzaldehyde. Orange powder; yi€d.1%; IR (KBr) vmax3454, 3230, 3071,
1658, 1549, 1483, 1439, 1298, 1081 ¢rtH-NMR (DMSO-ds, 400 MHz)s (ppm): 7.09 (d, 1HJ =
9.2 Hz, 3H), 7.81 (d, 1H,) = 6.0 Hz, 3-H), 7.83 (d, 1H}, = 6.0 Hz, 5-H), 8.15 (m, 1H,4H), 8.57
(s, 1H, 6-H), 8.72 (s, 1H, CH=N), 8.77 (d, 1H,= 5.2 Hz, 2-H), 8.78 (d, 1H] = 5.2 Hz, 6-H);
¥C-.NMR (DMSO4ds, 125 MHz)6 (ppm):117.3, 120.2, 121.7, 123.6, 127.1, 140.1).1,4145.2,
150.5, 161.9, 162.7; ESI-M®1/2309.0 [M+Na].

3.3.3. N'-(5-bromo-2-hydroxybenzylidene)-isoniaZittg

The title compound 2c was synthesized by condensing isoniazide with
5-bromo-2-hydroxybenzaldehyde. Light green crystaisld: 76.5%; IR (KBr)vmax3454, 3175,
3001, 1676, 1618, 1475, 1410, 1285, 1066 cti-NMR (DMSO-ds, 400 MHz)5 (ppm): 6.92 (d,
1H, J = 8.4 Hz, 3H), 7.46 (m, 1H, 4H), 7.84 (d, 1HJ = 6.0 Hz, 3-H), 7.85 (d, 1H] = 6.0 Hz,
5-H), 7.86 (s, 1H, BH), 8.66 (s, 1H, CH=N), 8.80 (d, 1H,= 6.0 Hz, 6-H), 8.81 (d, 1H, = 6.0 Hz,
2-H); *C-NMR (DMSOds, 125 MHz) ¢ (ppm):110.7, 118.8, 121.4, 121.6, 130.2, 134.0,.0,40
140.1, 146.4, 150.5, 156.5, 161.6; ESI-M82342.0 [M+Na].

3.3.4. N'-(3,5-di-tert-butyl-2-hydroxybenzylidensjniazide(2d)

The title compound was obtained as solid white tatgsby condensing isoniazide with
3,5-di-tert-butyl-2-hydroxybenzaldehyde. Yield: 3%; IR (KBr) vimax3441, 3191, 2960, 2866, 1656,
1611, 1436, 1361, 1250, 1067 ¢mH-NMR (DMSO-ds, 400 MHz)s (ppm): 1.27 (s, 9H,'3-Bu),
1.39 (s, 9H, 5t-Bu), 7.21 (s, 1H, 4H), 7.31 (s, 1H, 6H), 7.82 (d, 1H, = 6.0 Hz, 3-H), 7.83 (d, 1H,

J = 6.0 Hz, 5-H), 8.56 (s, 1H, CH=N), 8.78 (d, 1Hs 6.0 Hz, 2-H), 8.79 (d, 1H, = 6.0 Hz, 6-H);

12



13C-NMR (DMSOds, 125 MHz)s (ppm): 31.8, 34.7, 115.6, 120.6, 121.9, 126.3,4,3638.2, 147.0,
150.2, 153.5, 161.6; ESI-M$1/z376.1 [M+Nal].
3.3.5. N'-(2-hydroxybenzylidene)-salicylhydrazige)

The title compound 2e was obtained by condensing salicylhnydrazide with
2-hydroxybenzaldehyde. White powder; yield: 82.8R0{KBr) vnax: 3454, 3100, 1620, 1559, 1454,
1376, 1231, 1158 c *H-NMR (DMSO-ds, 400 MHz)4 (ppm): 6.89 (m, 1H, 3-H), 6.93 (m, 1H,
3-H), 6.96 (m, 1H, 5H), 6.99 (m, 1H, 5-H), 7.30 (m, 1H-#), 7.44 (m, 1H, 4-H), 7.55 (d, 1H,=
9.6 Hz, 6-H), 7.88 (d, 1H,J = 9.2 Hz, 6-H), 8.67 (s, 1H, CH=N)’C-NMR (DMSO-<ds, 125 MHz)é
(ppm):115.7, 116.5, 117.3, 118.7, 119.1, 119.5,7,289.5, 131.7, 134.0, 149.0, 157.6, 159.0, 164.5
ESI-MS:m/z279.0 [M+Nal.

3.3.6. N'-(5-bromine-2-hydroxybenzylidene)-saligditazide 2f)

The title compound 2f was synthesized by condensing salicylhydrazide h wit
5-bromo-2-hydroxybenzaldehyde in yield of 82.6%.i#&Ipowder; IR (KBr)vmax3442, 3087, 1629,
1527, 1459, 1338, 1237, 1103 ¢mH-NMR (DMSO-ds, 400 MHz)6 (ppm): 6.92 (d, 1H) = 8.4
Hz, 3-H), 6.96 (d, 1H) = 8.8 Hz, 3H), 6.99 (m, 1H, 5-H), 7.44 (m, 1H-4), 7.48 (m, 1H, 4-H),
7.80 (s, 1H, 6H), 7.88 (d, 1HJ = 9.2 Hz, 6-H), 8.64 (s, 1H, CH=N}*C-NMR (DMSO<ds, 125
MHz) ¢ (ppm):115.8, 117.2, 117.4, 119.9, 123.9, 126.8.8,2134.2, 140.0, 145.2, 159.0, 162.7,
164.9; ESI-MSm/z357.0 [M+Nal.

3.3.7. N'-(2-hydroxy-5-nitrobenzylidene)-salicylhgzide @Q)

The title compound 2g was synthesized by condensing salicylhydrazide h wit
2-hydroxy-5-nitrobenzaldehyde in yield of 82.1%gli yellow powder; IR (KBrymax3418, 3195,
1716, 1614, 1483, 1456, 1232, 1091 tiH-NMR (DMSO-ds, 400 MHz)5 (ppm): 6.94 (d, 1H) =
8.4 Hz, 3-H), 6.97 (m, 1H, 5-H), 7.10 (d, 1Hs 8.4 Hz, 3H), 7.44 (m, 1H, 4-H), 7.86 (s, 1H/-H),
8.15 (d, 1H,J = 8.4 Hz, 4H), 8.55 (s, 1H, 6-H), 8.72 (s, 1H, CH=NJC-NMR (DMSO-ds, 125

MHz) § (ppm):110.6, 115.8, 117.4, 118.8, 119.2, 121.8.8,2130.5, 133.9, 134.1, 146.4, 156.6,
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160.0, 164.8; ESI-MSn/z324.0 [M+Na].
3.3.8. N'-(3,5-Di-tert-butyl-2-hydroxybenzylidersa}icylhydrazide Zh)

The title compound 2h was synthesized by condensing salicylhnydrazide h wit
3,5-di-tert-butyl-2-hydroxybenzaldehyde in yield &f7.6%. White lumpy crystals; IR (KBr)
Vmax 3236, 3074, 2956, 2907, 1796, 1641, 1233, 1098 ¢a-NMR (DMSO-ds, 400 MHz)d (ppm):
1.27 (s, 9H, 3t-Bu), 1.40 (s, 9H, 5t-Bu), 6.96 (d, 1H,) = 7.6 Hz, 3-H), 6.99 (m, 1H, 5-H), 7.23 (s,
1H, 6-H), 7.31(s, 1H, 4H), 7.45 (m, 1H, 4-H), 7.86 (d, 1H,= 9.2 Hz, 6-H), 8.61 (s, 1H, N=CH);
13C-NMR (DMSO4dg, 125 MHz)5 (ppm):31.6, 34.9, 116.2, 117.0, 119.7, 121.7,32626.9, 131.5,
135.4, 138.2, 144.0, 152.5, 157.4, 161.2; ESI-M&391.1 [M+Na].

3.3.9. N'-(2-hydroxybenzylidene)-2-(4-chloropheowyd)-acetyl hydrazide()

The title compoun@i was synthesized by condensing 2-(4-chlorophenyl}eacetyl hydrazide
with 2-hydroxybenzaldehyde with yield of 92%. Whdaeild; IR (KBr) vimax 3443, 2924, 1680, 1641
cm™; 'H-NMR (DMSO-ds, 400 MHz)& (ppm): 4.68 (s, 2H, 2-Ch), 6.83 (d, 1HJ = 8.6 Hz, 5-H),
6.85 (d, 1H,J = 8.6 Hz, 9-H), 6.93 (m, 1H,4), 7.02 (d, 1H,) = 6.4 Hz, 3H), 7.29 (d, 1HJ = 8.8
Hz, 6-H), 7.35 (d, 1HJ = 8.8 Hz, 8-H), 7.51 (m, 1H/4H), 7.69 (d, 1H,) = 7.2 Hz, 6H), 8.53 (s, 1H,
N=CH); *C-NMR (DMSO-ds, 125 MHz)$§ (ppm): 69.0, 116.2, 116.8, 117.5, 120.4, 125.%5.9,2
128.9, 130.4, 144.0, 154.2, 155.2, 169.0; ESI-M&328.1 [M+Nal].

3.3.10. N'-(2-hydroxy-5-nitrobenzylidene)-2-(4-noetyphenyl)-acetyl hydrazidgjj

The title compound®j was synthesized by condensing 2-(4-methoxypherod}yl hydrazide
with 2-hydroxybenzaldehyde with yield of 90%. Yellgolid; IR (KBr)vmax3442, 3302, 2931, 1653,
1607 cnt; *H-NMR (DMSO-ds, 400 MHz)s (ppm): 3.69 (s, 3H, 6-OCH) 3.88 (s, 2H, 2-Cb), 6.86
(d, 1H,J = 9.2 Hz, 5-H), 6.88 (d, 1H, = 8.4 Hz, 7-H), 7.05 (d, 1H] = 9.2 Hz, 4-H), 7.06 (d, 1H]
= 8.4 Hz, 8-H), 7.22 (d, 1H,= 9.2 Hz, 3H), 8.14 (d, 1H,) = 8.4 Hz, 4H), 8.24 (s, 1H, 6H), 8.47
(s, 1H, N=CH);®*C-NMR (DMSOds, 125 MHz)s (ppm): 42.2, 55.4, 114.2, 116.7, 119.3, 125.3,

127.7,128.4, 130.3, 140.2, 146.0, 159.2, 167.2,& ESI-MS:m/z352.0 [M+Na].
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3.3.11. N'-(5-bromo-2-hydroxybenzylidene)-2-(4-ragyfphenyl)-acetyl hydrazidgk)

The title compoun@k was obtained by condensing 2-(4-methoxyphenyljyhbgdrazide with
5-bromo-2-hydroxybenzaldehyde with yield of 43%. iW¥tsolid; IR (KBr) vnax3668, 3200, 3059,
1667, 1610 cm; ‘H-NMR (DMSO-ds, 400 MHz)4 (ppm): 3.71 (s, 3H, 6-OCGH 3.86 (s, 2H,
2-CHy), 6.85 (d, 1H,J = 8.8 Hz, 5-H), 6.88 (d, 1H, = 8.8 Hz, 7-H), 6.94 (d, 1H, = 8.8 Hz, 3H),
7.17 (d, 1HJ = 8.8 Hz, 4-H), 7.19 (d, 1H} = 8.8 Hz, 8-H), 7.51 (d, 1H = 8.8 Hz, 4H), 7.88 (s,
1H, 6-H), 8.34 (s, 1H, N=CH)*C-NMR (DMSOds, 125 MHz)6 (ppm): 42.4, 55.7, 110.4, 114.6,
119.2, 120.6, 127.7, 130.6, 132.0, 135.3, 146.9,5,960.1, 169.7; ESI-M$1/z385.0 [M+Na].
3.3.12. N'-(5-chloro-2-hydroxybenzylidene)-2-(44moat/phenyl)-acetyl hydrazidal}

The title compoun@l| was obtained by condensing 2-(4-methoxyphenyl}yatgdrazide with
5-chloro-2-hydroxybenzaldehyde with yield of 84%hité crystals; IR (KBrymax3454, 3199, 3059,
1668, 1612 cit;, *H-NMR (DMSO-ds, 400 MHz) 6 (ppm): 3.69 (s, 2H, 2-CH, 3.70 (s, 3H,
6-OCH), 3.86 (s, 1H, 2CH,), 6.85 (d, 1HJ = 8.8 Hz, 5-H), 6.87 (d, 1Hl = 8.8 Hz, 7-H), 6.91 (d,
1H, J = 8.8 Hz, 3H), 7.17 (d, 1H, = 8.8 Hz, 4-H), 7.19 (d, 1H}, = 8.8 Hz, 8-H), 7.20 (d, 1H}, =
8.8 Hz, 4H), 7.27 (s, 1H, BH), 8.35 (s, 1H, N=CH)**C-NMR (DMSOds, 125 MHz)é (ppm):
40.2, 55.2, 113.9, 118.2, 120.7, 123.1, 127.3, 2.3030.4, 130.8, 144.8, 157.9, 158.2, 167.1;
ESI-MS:m/z341.0 [M+Na].

3.3.13. N'-(3,5-di-tert-butyl-2-hydroxybenzylide2ej4d-methoxyphenyl)-acetyl hydraziden)

The title compoun®m was obtained by condensing 2-(4-methoxyphenyl}yhdeydrazide
with 3,5-di-tert-2-hydroxybenzaldehyde with yieltl5®%. White crystals; IR (KBrymax 3454, 3199,
2957, 1650, 1613 cth 'H-NMR (DMSO-ds, 400 MHz)4 (ppm): 1.25 (s, 9H,’3-Bu), 1.36 (s, 9H,
5'-t-Bu), 3.48 (s, 2H, 2-C}), 3.71 (s, 3H, 6-OC¥), 6.85 (d, 1HJ = 8.8 Hz, 5-H), 6.88 (d, 1H =
8.8 Hz, 7-H), 7.16 (s, 1H,-H), 7.21 (d, 1H,) = 8.0 Hz, 4-H), 7.23 (d, 1H,= 8.0 Hz, 8-H), 7.26 (s,
1H, 6-H), 8.32 (s, 1H, N=CH)»*C-NMR (DMSO4ds, 125 MHz)s (ppm): 31.3, 34.4, 40.5, 55.8,

114.6, 117.5, 123.6, 127.5, 128.2, 130.2, 137.5.A4153.7, 159.5, 169.1; ESI-M%/z 419.2
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[M+Na]".
3.3.14. N'-(2-hydroxybenzylidene)-2-(4-methoxypheoetyl hydrazideZn)

The title compoun@n was obtained by condensing 2-(4-methoxyphenyljyhbgdrazide with
2-hydroxybenzaldehyde with yield of 74%. White ¢a&Js; IR (KBr) vnax3500, 3166, 3036, 1662,
1614 cni;*H-NMR (DMSO-ds, 400 MHz)d (ppm): 3.70 (s, 3H, 6-OG#) 3.85 (s, 2H, 2-Ch), 6.84
(d, 1H,J = 8.8 Hz, 5-H), 6.89 (d, 1H} = 8.8 Hz, 7-H), 7.18 (d, 1H), = 8.8 Hz, 3H), 7.20 (m, 1H,
5-H), 7.22 (d, 1H, = 8.4 Hz, 4-H), 7.26 (d, 1H,= 8.4 Hz, 8-H), 7.49 (m, 1H,4#), 7.66 (d, 1H,
= 9.2 Hz, 6H), 8.37 (s, 1H, N=CH)**C-NMR (DMSOds, 125 MHz)J (ppm): 42.3, 55.6, 113.5,
116.8, 118.5, 120.4, 126.6, 127.2, 128.6, 131.4.(04156.2, 158.5, 170.1; ESI-M#&/z 307.1
[M+Na]".

3.3.15. N'-(3,4-di-benzyloxy-benzylidene)-2-(4-roegphenyl)-acetyl hydrazid@d)

The title compoun@o was obtained by condensing 2-(4-methoxyphenyljyhbsgdrazide with
3,4-di-benzyloxy-benzaldehyde with yield of 82%. M&tcrystals; IR (KBrvmax3669, 3216, 3007,
1725, 1663 cm; *H-NMR (DMSO-ds, 400 MHz) 4 (ppm): 3.70 (s, 3H, 6-OCGH 3.84 (s, 2H,
2-CH,), 5.16 (s, 2H, BOCH,Ph), 5.18 (s, 2H, 4DCH.Ph), 6.82 (d, 1HJ = 8.4 Hz, 5-H), 6.86 (d,
1H,J=8.4 Hz, 7-H), 7.11 (d, 1H, = 9.6 Hz, 5H), 7.15 (d, 1HJ = 8.4 Hz, 4-H), 7.18 (d, 1H, =
8.4 Hz, 8-H), 7.21(d, 1H] = 9.6 Hz, 6H), 7.28-7.40 (m, 10H,'34-OCH,Ph), 7.43 (s, 1H, 2H),
8.08 (s, 1H, N=CH)**C-NMR (DMSOds, 125 MHz)s (ppm): 41.6, 54.8, 71.1, 111.8, 114.5, 122.5,
127.1, 127.9, 128.9, 130.4, 130.6, 136.6, 146.3.714151.9, 159.2, 170.8; ESI-M#&/z 503.1
[M+Na]".

3.3.16. N'-(2-hydroxy-5-nitrobenzylidene)-2-(4-ablohenyl-oxyl)-acetyl hydrazid@)

The title compoun®p was obtained by condensing 2-(4-chlorophenyl-cagtyl hydrazide
with 2-hydroxy-5-nitrobenzaldehyde with yield of%®1 Yellow powder; IR (KBrvmax3284, 3071,
1721, 1660 cit; *H-NMR (DMSO-ds, 400 MHz)é (ppm): 4.68 (s, 2H, 2-CH, 7.09 (d, 1H) = 7.6

Hz, 5-H), 7.11 (d, 1HJ = 7.6 Hz, 9-H), 7.35 (d, 1H), = 8.4 Hz, 3H), 7.60 (d, 1H, = 7.6 Hz, 6-H),
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7.61 (d, 1H,J = 7.6 Hz, 8-H), 7.94 (d, 1H,= 8.4 Hz, 4H), 8.40 (s, 1H, 6H), 8.79 (s, 1H, N=CH);
13C-NMR (DMSOds, 125 MHz)d (ppm): 68.6, 116.7, 117.3, 119.2, 125.3, 126.38.6,2130.9,
140.6, 146.2, 156.2, 167.2, 171.3; ESI-M8z372.0 [M+Na].

3.3.17. N'-(5-bromo-2-hydroxybenzylidene)-2-(4-otypdenyl-oxyl)-acetyl hydrazid@d)

The title compound was obtained by condensing @x{drophenyl-oxyl)-acetyl hydrazide with
5-bromo-2-hydroxybenzaldehyde with yield of 78%. iW¥tsolid; IR (KBr) vnax3645, 2978, 1683,
1630 cn'; *H-NMR (DMSO-ds, 400 MHz)6 (ppm): 4.68 (s, 2H, 2-CHji 6.85 (d, 1H,J = 8.4 Hz,
3-H), 6.93 (d, 1HJ = 9.6 Hz, 5-H), 7.02 (d, 1H] = 9.6 Hz, 9-H), 7.30 (d, 1H] = 8.4 Hz, 4H),
7.37 (d, 1HJ = 9.6 Hz, 6-H), 7.41 (d, 1H,= 9.6 Hz, 8-H), 7.73 (s, 1H!-61), 8.49 (s, 1H, N=CH);
13C-NMR (DMSO«ds, 125 MHz)§ (ppm): 69.0, 110.5, 117.1, 118.0, 119.8, 125.8.9) 130.6,
134.4, 146.2, 154.7, 165.1, 171.0; ESI-M8z405.0 [M+Na].

3.3.18. N'-(5-chloro-2-hydroxy-benzylidene)-2-(decbphenyl-oxyl)-acetyl hydrazider)

The title compound was obtainbg condensing 2-(4-chlorophenyl-oxyl)-acetyl hyddazwith
5-chloro-2-hydroxybenzaldehyde in yield of 78%. Wéhsolid; IR (KBr) vnax 3732, 2982, 1683,
1610 cn’; *H-NMR (DMSO-ds, 400 MHz)6 (ppm): 4.67 (s, 2H, 2-CHji 6.89 (d, 1H,J = 6.8 Hz,
3-H), 6.93 (d, 1H,J = 8.0 Hz, 5-H), 7.00 (d, 1H] = 8.0 Hz, 9-H), 7.25 (d, 1H] = 6.8 Hz, 4H),
7.30 (d, 1H,J = 10.0 Hz, 6-H), 7.34 (d, 1H] = 10.0 Hz, 8-H), 7.60 (s, 1H,-6), 8.48 (s, 1H,
N=CH); *C-NMR (DMSOds, 125 MHz)J (ppm): 68.7, 117.4, 118.2, 119.6, 123.4, 126.8.6,3
131.7, 133.5, 146.0, 156.3, 158.9, 171.0; ESI-M&361.0 [M+Nal].

3.3.19. N'-(3,5-di-tert-butyl-2-hydroxy-benzylidg2e(4-chlorophenyl-oxyl)-acetyl hydrazides)

The title compound was obtainbg condensing 2-(4-chlorophenyl-oxyl)-acetyl hyddazwith
3,5-di-tert-butyl-2-hydroxybenzaldehyde in yield 80%. White solid; IR (KBrjvmax3680, 3004,
1726, 1661 cil; 'H-NMR (DMSO-ds, 400 MHz) 6 (ppm): 1.25 (s, 9H, 'd-Bu), 1.37 (s, 3H,
5-t-Bu), 4.72 (s, 2H, 2-Cp), 7.02 (d, 1HJ = 9.2 Hz, 5-H), 7.03 (d, 1H} = 9.2 Hz, 9-H), 7.19 (s,

1H, 6-H), 7.29 (s, 1H, 4H), 7.35 (d, 1H,) = 8.8 Hz, 6-H), 7.37 (d, 1H},= 8.8 Hz, 8-H), 8.47 (s, 1H,
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N=CH); *C-NMR (DMSO-ds, 125 MHz)é (ppm): 32.7, 34.4, 69.0, 117.4, 117.7, 122.8,42628.3,
129.7, 137.9, 146.0, 153.5, 156.2, 171.2; ESI-M&439.3 [M+Nal].
3.3.20. N'-(3,4-di-benzyloxy-benzylidene)-2-(4-ohydenyl-oxyl)-acetyl hydrazid@t]

The title compound was obtainbg condensing 2-(4-chlorophenyl-oxyl)-acetyl hyddazwith
3,4-di-benzyloxy-benzaldehyde in yield of 79%. Vétsolid; IR (KBr)vmax3668, 3216, 3007, 1708,
1512 cnt; 'H-NMR (DMSO-ds, 400 MHz)d (ppm): 4.63 (s, 2H, 2-CH, 5.15 (s, 2H, 30CH-,Ph),
5.16 (s, 2H, 40CH,Ph), 6.92 (d, 1HJ = 9.2 Hz, 5H), 6.99 (d, 1H,) = 8.4 Hz, 9-H), 7.09 (d, 1H,
= 8.4 Hz, 5-H), 7.13 (d, 1H] = 8.0 Hz, 6-H), 7.19 (d, 1H = 8.0 Hz, 8-H), 7.27-7.43 (m, 10H/, 3
4'-OCH,Ph), 7.44 (d, 1HJ = 9.2 Hz, 6H), 7.86 (s, 1H, 2H), 8.19 (s, 1H, N=CH)**C-NMR
(DMSO<ds, 125 MHz)4 (ppm): 68.1, 70.6, 111.8, 116.2, 121.4, 125.4,1,2728.9, 130.6, 130.9,
136.7, 146.8, 149.5, 152.1, 156.2, 171.0; ESI-M&523.0 [M+Nal].

3.4. Turbidimetry test

The antibacterial activity of the test compoundsenassessenh vitro by turbidimetric assays
[47-48]. Test compounds were prepared in 0.1 m&MSO and diluted with LB, the final
concentration of DMSO was maintaineca®b (v/v). The bacteria were seeded at a concenrtrafi
1 x 1¢ CFU/mL in 96-well microculture plates (9L/well) containing LB; thereafter, the solutions
of prepared compounds were added to each well taiola final concentration of 10(0M.
Thereatfter, the microplates were vigorously shasera vibrating platform for 20 hours at 37°C.
Further, the plates were then examined in an ELpb&e reader at 450 nm for absorbance, to
determine the growth inhibitory activity. Resultene expressed as the mean values of the three
independent variables.

Inhibitory activity = [(ODyye ~ ODsamd/ ODzomror] X 100%

ontrol

ODcontrol Was the optical density of bacteria suspensiore@dtle vehicleODsampiewas the optical

density of bacteria suspension treated with testeapounds.

The MBC values were measured by broth microdilutioethod in the 96-well microculture
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plates [49]. The bacteria were seeded in 96-wetir@culture plates at the concentration of 1%10
CFU/mL in LB, in a series of different concentraisoof tested compounds and incubated for 20
hours at 37°C. The minimum bactericidal concerdgratvas the lowest concentration of compound
whose absorbance by ELISA was parallel to the obmirthree independent experiments.
3.5. In vitro gene expression

Bacteria (2 x 10CFU/mL) were resuspended in LB containingg®ol/L compounds or in LB
alone. Samples were incubated for 8 hours at 3&nt{; the total RNA was harvested and confirmed
by TagMan real-time reverse transcriptase polyneecasin reaction (RT-PCR), as described by the
report [42]. The relative quantification of genesswdetermined by changes in expression of
transcripts relative to their expression in unedabacteria. Samples were normalized to the
housekeeping gerngapA of E. coli, 16sRNAgene ofB. subtilis,andgyrB gene ofS. aureusData
were analyzed as change in transcript level afeeatinent with the screened compounds. The
sequences of the primers used for analysis aeglliatTable 3.
3.6. Statistical analysis

The data were expressed as mean + SD of the nuphleperiments indicated, and analyzed
using the SPSS 19.0 Windows Students version sHtwW&PSS Inc., Chicago, USA). The
comparisons between multiple treatments were matteamalysis of variance (ANOVA). One-way
ANOVA followed by a student’s t-test was performeal assess the statistical significance of
difference between control and chemotherapeutintagé&reated for all the measurements. A
difference ofP < 0.05 was considered statistically significant.
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Appendix A. Supplementary data.

These data include NMR spectra of all new deriestiv
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Figure captions

Fig. 1. The inhibition of series of benzaldehyde Schifisém on the growth of three bactenm vitro. The
compounds were added into 96-well microculture gsatontaining the bacteria at a concentration df01x
CFU/mL in LB. The plates were analyzed in an ELIBlAte reader at 450 nm after cultures were shakea o
vibrating platform for 8 h at 37°C. The concenwatiof the compounds was 1Qfol/L. Data were pooled from

three independent experiments, same as the betmlise

Fig. 2. The concentration inhibited curves of the screeoeshpounds against three bacterial stramsitro.
Different concentration of tested compounds wemeddo 96-well microculture plates containing (Ag E. coli
(B) B. subtilisand (C)S. aureusstrains at concentration of 1*1GFU/mL in LB, respectively. The plates were
measured in an ELISA plate reader at 450 nm aftktures were shaken on a vibrating platform for 8t187°C.

The inhibition rate (%) was calculated with theulesof the turbidimetry test (as described in Mekh section).

Fig.3. The screened compounds altered gene expressi@ obli in vitro. (A) Change in the folds of four
metabolism genes were analyzed by real-time RT-P@R.The expression of four genes was assayed used

semi-quantitative RT-PCR. The 2 x"TTFU/mL E. coliwas incubated with the §0nol/L compounds for 8 h. Data
23



were normalized to the transcript abundancgagA gene, and fold change was relativeEtocoli incubated in

medium alone (time matched).

Fig. 4. The screened compounds altered the expressioerbliisis-associated gene Bn subtilisin vitro. (A)

Changes in the folds of five hemolysis genes wadyaed by real-time RT-PCR. (B) The transcript resgion
level of five genes was assayed used semi-quavgitRIT-PCR. The 2 x T0CFU/mL B. subtiliswas incubated
with 50 umol/L compounds for 8 h. Data were normalized ® tifanscript abundance d6sRNAgene, and fold
change was relative tB. subtilisincubated in medium alone (time matched). Dataewmvoled from three

experiments.

Fig. 5. The screened compounds altered the expressi@n afireusvirulence geneg vitro. (A) Changes in the
folds of four virulence genes were analyzed by-tisaé RT-PCR. (B) The transcript expression levidioor genes
was assayed used semi-quantitative RT-PCR. Thel®'>CFU/mL S. aureuswas incubated with 5@mol/L
compounds for 8 h. Data were normalized to thestapt abundance @fyrB gene, and fold change was relative to

S. aureusncubated in medium alone (time matched). Dataevweoled from three experiments.

Table 1.Anti-bacterial activity of compounds against these strains at concentration of 100

umol/L in vitro.

Inhibition rate (%)

Compound ) .

E.coli B. subtilis S. aureut
la 22.72 +4.38 ND ND
1b 96.04 +8.35 438 +1.23 ND
1c 14.55 +1.32 4.21 £1.39 86.93 + 3.10
2a 6.81+1.16 ND ND
2b 41.82 +1.28 ND ND
2c 95.84 +7.24 ND ND
2d 13.43 +1.07 ND 95.55 + 4.36
2e 11.80 + 3.04 ND ND
2f 17.95 + 4.01 ND 81.92 +3.79
29 18.30 + 3.98 ND ND
2h 13.86 + 3.95 ND 70.9345.73
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2i 0.23+3.92 ND ND

2j 5.57 +3.89 ND ND

2k ND 1.01+£1.98 ND

2l ND ND ND

2m ND ND ND

2n ND ND ND

20 ND ND ND

2p ND 96.39 + 3.96 1.39+£1.36

2q 73.17 +4.32 15.95 £ 2.39 ND

2r 3.08 + 3.66 83.18 +2.38 ND

2s 10.48 + 3.63 19.71 £3.98 ND

2t 17.56 + 3.6 6.21 + 2.69 99.46 £ 4.39

Ampicillin 99.34 £ 3.26 - -

Streptomycin - 94.12 £ 6.56 97.05+4.24

Values were mean + standard deviation of threepeddent experiments. The bacteria were seeded-wmeB6
microculture plates at a concentration of 1%@FU/mL in LB. Test compounds and positive composahiition
were then added to the well to obtain the finalosmration of 10Qumol/L, respectively. The growth inhibitory
activity was measured in an ELISA plate reader5it Am after cultures were shaken on a vibratingfla at
37 °C for 8 h.'"P < 0.05 and P < 0.01 compared witthe control, respectively. ND: Antibacterial actjvinot

detected. Data were pooled from three independgrignents, same as the below results.

Table 2. MBC values of the tested compounds against theeteha straing vitro.

Bacteria Compound MBGuimol/L)
1b 1.6+0.3
. 2c 3.2+0.6
BRee! 2q 18.4+2.3
Ampicillin 1.8+0.7
2p 2.8+0.6
B. subtilis 2r 10.8+1.3
Streptomycin 21+0.5
1c 13.8+3.9
2d 3.1+ Og6
2f 16.6+1.
S. aureus 2h 19.0+1.3
2t 1.4+05
Streptomycin 1.3+£0.6

Values were mean * standard deviation of threepieddent experiments. Series of different conceatraif tested

compounds were added to a 96-well microcultureeptaintaining the bacteria culture at concentratibm x 10
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CFU/mL. The plates were analyzed by an ELISA ptatler at 450 nm after cultures were shaken obrating
platform for 8 h at 37°C.

" P < 0.01 compared witthe control.

Table 3.List of the primers used in this study.

Gene Primer
F: 5-GTCTAGAACTGCGTTATCTGGCCGATG-3
. R: 5-ACCCGGGTCCTTCCGCTGTTGATGA-3’
F: 5-CCACCATTACCACCACCATCAC-3’
acrA R: 5-ACCGCCGAACTTCAACACTC-3'
E coli sh F:5-TTATTCTCTTCGCTACAG-3
R: 5-GATGACAGGCTACCGACAG -3’
] F: 5-TCCTGGTTGGGTTGAATA-3’
rob R: 5-CAGCCAGAGGCCCACTA-3’
gapA F: 5-CAGAACATCATCCCGTCCTCTAC-3’

R: 5-TACCAGTCAGTTTGCCATTCAGTT-3'

F:5-GCGTGAGTGATGAAGGTTT-3
16sRNA

R:5-GCCGTGGCTTTCTGGTTA-3’

F: 5-TATTAGTGGAAAGAGGGCT-3'

ygxC
R: 5-GCCTTCCTGTCCCTCTCC-3’
5. subilis yhdp F: 5-GGCATTTTTCGTGGCATC-3’
R: 5-GGTCAATTAACACTTTTCC-3’
F: 5-GAATATTTATCAGCCTGTCA-3
yugs R: 5-GATTTCCCCGACAATTTC-3
F: 5-GCGTGCTCATTGCTTTAAC-3
&4 R: 5-CCTCAAGAATATCCTCTGTC-3
F: 5-GCTTTAGGACTGGGATGG-3’
yahs R: 5-CAGGCTCAGCGTCTATGT-3
F: 5-CAAATGATCACAGCTTTGGTACAG-3’
oyre R: 5-CGGCATCAGTCATAATGACGAT-3
saeR F: 55CTGCCAAAACACAAGAACATGATAC-3

S. aureus R: 5-ATTTACGCCTTAACTTTAGGTGCAGAT-3
F: 5-CAACAACACTATTGCTAGGTTCCATATT-3'
R:5-CCTGTTTTTACTGTAGTATTGCTTCCA-3
F: 5-ACTGATTAACCCAGTACAGATCCTTTC-3
R: 5-TCCAAACTTTGTTTTTCGTGTCTTT-3

hla

mecA
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F: 5-ATACATCAAAACATTACGCGAACAC-3

sbi
R: 5-CTGGGTTCTTGCTGTCTTTAAGTG-3’
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Fig. 3. The screened compounds alteEedcoli related gene expressiam vitro. (A) Change in the folds of four
metabolism genes were analyzed by real-time RT-P@R.The expression of four genes was assayed used
semi-quantitative RT-PCR. The 2 x’T0FU/mL E. coliwas incubated with the §nol/L compounds for 8 h. Data
were normalized to the transcript abundancgagA gene, and fold change was relativeEtocoli incubated in

medium alone (time matched).
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genes was assayed used semi-quantitative RT-PGR2 %10 CFU/mL B. subtiliswas incubated with 5emol/L
compounds for 8 h. Data were normalized to thestrapt abundance daf6sRNAgene, and fold change was

relative toB. subtilisincubated in medium alone (time matched). Dataeweoled from three experiments.
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Fig. 5. The screened compounds altered the expressi@n afireusvirulence geneg vitro. (A) Changes in the
folds of four virulence genes were analyzed by-tima¢ RT-PCR. (B) The transcript expression levidoor genes
was assayed used semi-quantitative RT-PCR. Thel®'>CFU/mL S. aureuswas incubated with 5@mol/L
compounds for 8 h. Data were normalized to thestapt abundance @fyrB gene, and fold change was relative to

S. aureusncubated in medium alone (time matched). Datavwweoled from three experiments.
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Highlights:

23 benzal dehyde Schiff bases were synthesized to evaluate antibacterial activity
Substitution at R, of amino acid-containing Schiff bases affected their activity
Aromatic ring at R; and R, acted as potential pharmacophore in acylhydrazone
Schiff base

The active compounds showed good selectivity against the different bacteria

Benzaldehyde Schiff bases regulated expression of related genes in bacteria
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S2. IR spectrum of compound 1b
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$4. BC-NMR (CDs0D, 125 MHz) spectrum of compound 1b
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S5. ESI- M S spectrum of compound 2b
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S7.'H-NMR (DM SO-ds, 400 MHz) spectrum of compound 2b

S8. 3C-NMR (DM SO-dg, 125 MHZ) spectrum of compound 2b
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$9. ESI- M S spectrum of compound 2f
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S11. *H-NMR (DM SO-ds, 400 MHz) spectrum of compound 2f

S12. ¥C-NMR (DM SO-ds, 125 MHz)spectrum of compound 2f




