Evaluation of in vitro antibacterial, DNA binding, DNA damage, DFT and antioxidant studies of aminobenzaldehyde based heterocyclic Schiff base derivatives
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Short Title

Synthesis and biological activities of heterocyclic derivatives.

Materials and Metods

DNA Binding Studies
Absorption Measurements

Interaction of the test compounds and Ct-DNA was investigated in 0.1 M tris-HCl buffer (pH = 7.2). Concentration of Ct-DNA was determined by absorption spectroscopy (ε260 = 6600 L mol−1 cm-1). The absorbance ratio,was calculated at A260/A280 and found to be 1.9:1 which indicate that DNA was free from protein contamination. Absorption spectra were recorded at a fixed concentration of the test compounds with varying the concentration of Ct-DNA. The equal amount Ct-DNA was used in the test samples and blank to eliminate the absorbance of Ct-DNA itself and after the incubation of 10 min, absorption spectra were recorded [1-3]. The binding affinity was calculated as Kb by using the equation:



In above equation, [DNA] represents the concentration of DNA. Apparent extinction coefficient εa, εf and εb corresponds Aobs/[Compound], extinction coefficient of free compound and compound in fully bounded form. The curve between [DNA]/ [εa–εf] vs. [DNA] gave a value of Kb as a slope to intercept ratio.

Viscosity Measurements

Ostwald capillary viscometer was used for the hydrodynamic measurements of the compounds maintained at constant temperature (25.0±0.5 °C). The flow time was recorded with a digital stop-watch and mean values were used for the calculation the viscosity (η). Viscosity was measured in presence of increasing amount of test compounds with fix concentration of Ct- DNA from the observed flow time of Ct-DNA and test samples corrected from the flow time of buffer alone [4-6]. The data were reported as (η/ηo)1/3 versus [Complex] /[DNA], where η and ηo are the specific viscosities of Ct-DNA in the presence and absence of the compound. The relative viscosity values of DNA in the presence and absence of test compounds were calculated from the following equation: 

η = (t – to)/ to 




(ii)

Where to is the observed flow time of the buffer alone while t is the flow time of the DNA-test compound. 

Emission Titrations

Emission titrations were performed to illustrate the effect of Ct-DNA interaction on the test compounds. Increasing amount of DNA is mixed with fixed amount of test compound and titrated in tris-HCl/NaCl buffer. Before recording the fluorescence spectra in the range of 280–700 nm with an excitation wavelength, stir the solution and allow to equilibrate it. The slit widths were maintained to 10 nm for both emission and excitation [7-10].

Cyclic Voltammetry

Cyclic voltammeteric measurements were carried out to understand the redox reaction of synthesized compounds and DNA in presence and absence of DNA. 1 mM tris-HCl/NaCl buffer (pH = 7.1) as supporting electrolyte, a gold coated copper was used as reference and counter electrode and film of compound was used as working electrode. Cyclic voltammetry is performed by cycling the potential of a working electrode and measuring the resulting current. All the experiments of stock solutions of the compounds were done in triplicate at a scan rate of 50 mVs−1 in the potential range +1.0 to -1.0 V at room temperature [11-13].

Circular Dichroism Study


Circular dichroism is other beneficial tools to investigate the morphological changes occur during compound and DNA interaction. Circular dichroism spectra were carried out using Jasco J-815 spectrometer using a 1 cm path length rectangular quartz cell in the presence and absence of test compounds at room temperature. All the experiments were performed in 5 mM Tris-HCl buffer at 200–320 nm range and all the spectra were recorded three times at a scan speed of 50 nm/min [14-15].
Molecular Docking Study

Autodock 4.1 software was used to study the molecular docking. It is an interactive molecular graphics programme to study the docking modes of protein, different types of enzymes and DNA. ChemSketch (http://www.acdlabs.com) was used to draw the structure of compounds, smiles of compounds were collected from mole inspiration (http://www.molinspiration.com/) and ligand in PDB format was obtained from smile converter software (https://cactus.nci.nih.gov/translate/). From the protein data bank (http://www.rcsb.org./pdb), the crystal structure of B-DNA dodecamer d(CGCGAATTCGCG) (PDB ID: 1BNA) was downloaded. PyMol (http://pymol.sourceforget.net/) molecular graphics program was used to visualize the docked pictures.

In vitro Antibacterial Susceptibility Assay
The Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Staphylococcus aureus strains were tested according to standard NCCLS protocol as per our previous work. The experiment was performed in triplicate under strict aseptic conditions. The antibacterial activity for the synthesized Schiff bases (3a-3h) was expressed in terms of the average of the diameter of zone of inhibition (in mm) produced by the respective compound.
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Fig. S1. 1H and 13C NMR spectra of the compounds 3a-3h.
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Fig. S2. Mass spectra of the compounds 3a-3h.
	Compound 


	%  ABS 
	Volume (A3) 
	TPSA (A2) 
	NROTB
	n-ON acceptor
	n-OHNH  donors
	miLog P
	MW 
	Lipinski’s violations

	3a
	83.35
	243.80
	74.32
	4
	6
	0
	2.58
	270.29
	0

	3b
	92.19
	228.48
	48.72
	3
	4
	1
	2.41
	241.29
	0

	3c
	99.72
	243.38
	41.39
	3
	4
	0
	3.79
	295.17
	0

	3d
	99.17
	237.02
	28.49
	3
	3
	0
	3.07
	239.32
	0

	3e
	87.74
	241.98
	61.61
	3
	5
	0
	2.61
	274.35
	0

	3f
	89.27
	218.95
	57.18
	3
	5
	1
	2.06
	247.33
	0

	3g
	94.72
	207.02
	41.39
	3
	4
	0
	2.29
	232.31
	0

	3h
	92.19
	272.47
	48.72
	3
	4
	1
	3.56
	291.35
	0

	Rule
	-
	-
	-
	-
	<10
	<5
	≤5
	< 500
	≤1


Table S1.  Pharmacokinetic parameters important for good oral bioavailability of heterocyclic Schiff base derivatives (3a-3h).
% ABS, percentage of absorption; TPSA, topological polar surface area; NROTB, number of rotatable bonds; n-ON, number of hydrogen bond acceptors; n-OHNH, number of hydrogen bond donors; miLogP, logarithm of compound partition coefficient between n-octanol and water; MW = molecular weight

Table S2: Antibacterial activity of heterocyclic Schiff base derivatives (3a-3h)

	Control
	S. aureus plastic plate (mm)
	E. coli

plastic plate (mm)
	P. aeruginosa plastic plate (mm)
	K. pneumoniae plastic plate (mm)
	E. coli

glass plate (mm)

	3a
	10
	8
	8
	-
	11

	3b
	9
	11
	8
	-
	9

	3c
	20
	10
	6
	23
	7

	3d
	8
	6
	9
	-
	8

	3e
	11
	

8
	6
	-
	8

	3f
	20
	6
	8
	-
	7

	3g
	8
	7
	7
	23
	7

	3h
	10
	10
	7
	-
	12

	Cefixime
	32
	32
	24
	-
	28
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