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1. Experimental section 

1.1 Materials

All reagents were of analytical grade and used as received without prior purification. The metal salts and 3,3'-diaminobenzidine, 1,2-bis(bromomethyl)benzene, ethane-1,2-diamine, 2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide (XTT), phosphate buffer saline (PBS), human serum albumin (A1887), menadione and 2,2-diphenyl-1-picryl hydrazyl (DPPH) were procured from Sigma-Aldrich. Culture media Luria agar and Luria broth were obtained from Hi-media (India). Bacterial strains were procured from Microbial Type Culture Collection (MTCC), (IMTECH) (India). 

2. Characterizations

2.1 Physical measurements 

Elemental analysis (C, H and N) was obtained using Perkin Elmer elemental analyzer. The FTIR spectra (prepared as KBr pellets) were recorded on a Perkin Elmer-2400 spectrometer in the range of 4000-400 cm-1. The NMR spectrum (1H and 13C) were measured in appropriate solvent (DMSO-d6) using TMS as internal standard on Bruker Avance II 400 NMR spectrometer. The mass spectra were obtained using WATERS Q-TOF premier mass spectrometer. The electronic spectra in DMSO (1 ×10-3 M) were obtained by UV-vis spectrometer Lambda -25 with quartz cuvettes (path length = 1 cm) while the conductivity measurements were carried out on freshly prepared (10-3 M) in DMSO solutions at room temperature on a Systronic type 302 conductivity bridge equilibrated at 25±0.01 ˚C. Magnetic susceptibility measurement was done at room temperature using magnetic susceptibility balance, Sherwood scientific Cambridge U.K. The EPR spectrum of Cu(II) complex was quantified using DPPH as standard (g = 2.0036) at 9.167 GHz on a ES-DVT4 Spectrometer. Thermal analyses of the complexes were measured under N2 atmosphere with heating rate of 20 ˚C/ minute on a Schimadzu Thermal using alumina as reference. The DPPH radical was evaluated using a UV-visible spectrophotometer (UV 1601; Shimadzu, Japan) at 517 nm. SEM images of the macrocyclic compounds at 3000 magnification (voltage 15 and 20 KV) were taken using Scanning Electron Microscope JEOL-JAPAN, equipped with an energy dispersive X-Ray spectroscope EDAX with 20 kV accelerating voltage. 

2.2 Antioxidant activity 
The bleaching ability of complexes for the stable radical DPPH is important factor for the quantitative estimation of the free radical scavenging activity. Briefly, varying concentrations (50-450 µg/mL) of compounds were taken and added to methanolic solution of DPPH (3 mL) with final concentration 0.1 mM. As positive control, ascorbic acid was used. The reaction mixture was stirred and kept for about 30 minutes under dark conditions. Thereafter, calculation of DPPH radical reduction was made by UV-visible spectrophotometer (517 nm). The methanolic solution of DPPH without the sample served as a control. 

For the calculation of % inhibition following equation was used: 

%Inhibition = [image: image2.png]


 × 100
      … (1)

where 

Acontrol = the absorbance of DPPH* in methanol.

Asample = the absorbance of DPPH* in presence of an antioxidant. 

2.3 Bacterial strains used for the evaluation of the complexes anti-bacterial potential
S. aureus (MTCC no. 3160), L. monocytogenes (MTCC no. 3906) Gram positive, E. coli (MTCC no. 1652), P. aeruginosa Gram negative (MTCC no. 4676) were used to study the antibacterial potentialities of macrocyclic complexes. S. aureus and L. monocytogenes were cultured in Brain Heart Infusion broth while E. coli and P. aeruginosa strains were cultured in Luria Bertani broth medium at 37 ˚C for 12-18 h. 
2.4 Antibacterial assessments
The complexes (1-4) were investigated for the evaluation of antibacterial potential. The complexes were tested using agar well diffusion method as reported previously.[1] The dilution of the overnight cultures was performed with the inoculum made with sterile normal saline to a 0.5 McFarland standard. The preparation of agar petri plates were done by spreading mature broth culture of specific bacterial strains in concentration the 1×108 CFU per 50 µL with a sterile glass rod and the well was punctured in each petri-plate with the help of gel puncture. Now, the stock solution of each compound formed at a concentration of 1 mg/mL, suspended in sterile PBS for the antibacterial assessment.  The experiment was done under sterile conditions using level-2 bio-safety hoods with overnight incubation at 37 ˚C. The susceptibility was determined depending on the inhibition zone developed for various pathogenic strains (S. aureus, L. monocytogenes, P. aeruginosa and E. coli). The antibacterial study was performed in duplicate and the mean value was calculated and compared with the reference drug vancomycin as a control. In parallel, antibacterial nature of synthesized samples was evaluated by means of the micro dilution method using 96 micro well plates, according to Clinical and Laboratory Standards Institute procedures against the aforementioned gram positive and gram negative bacterial strains pursuance to the previously developed protocols.[1]
2.5 E. coli and S. aureus viability assay using propidium iodide (PI) staining 
Fluorescence microscopic studies were made on a zeiss microscope for detection of ability of cell killing by the complexes (1-4). S. aureus and E. coli cultures were labeled with propidium iodide (PI). PI was used to estimate the dead cells as PI specifically stains only dead bacteria. The compound at their MICs was added to the overnight grown bacterial cultures and incubated at 37 ˚C for 120 minute.  From both of these bacterial strain cultures, after centrifuging at 2500 × g for 5 min, 1 mL volumes were harvested. The pellet was resuspended in 1 mL PBS buffer. Staining with PI was performed by adding 10 µL of PI to a desired concentration of 1 µg/mL. This solution was incubated for 3 h at 37 ˚C. Likewise a control of both bacterial strains (not treated with compounds) was grown under same conditions. A drop of the above prepared samples was then placed on a glass slide and mounted with the cover slip then cells were examined under a fluorescence microscope.[2]
2.6 Transmission electron microscopy of bacterial cells 
E. coli and S. aureus cultured in the modified-LB medium were exposed to all the synthesized complexes for 1 h with constant agitation at 37 ˚C at 200 rpm. The cell suspension was washed several times in modified-LB medium and followed by washing with PBS to remove unbound or loosely associated particles of synthesized compound. The bacterial suspension (approximately 108 CFU) that interacted with synthesized compounds at stipulated time interval, were prepared and imaged using TEM. Briefly, the bacteria, (~109 CFU) were fixed with 1% glutaraldehyde in PBS and subsequently exposed to 1% osmium tetraoxide in water, for 24 hours each. The sample was transferred onto a 0.22 µm pore size filter (Millipore) and substituted with acetone, and then with liquid CO2 in a critical point drying apparatus (SPI, USA). Filter paper sections were metalized with gold, by sputter coating and imaged with a JEOL JSM-6390 LV.[3]
2.7 XTT Biofilm assay 

To evaluate the antibiofilm activity of synthesized compounds, the XTT based biofilm assay was executed.[4] Briefly, the S. aureus was allowed to form their mature biofilms on a 96 well plate for 48 h and the plates were washed with sterile PBS to remove non adherent cells. The mature biofilms were treated with varying concentration of different formulations and placed at 37 ˚C for 48 h. After stipulated incubation period, 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-([phenylamino] carbonyl)-2H-tetrazolium hydroxide (XTT) solution in PBS, was added at a final concentration of 250 mg/mL. The obtained solution was filtered and sterilized using a 0.22-mm pore-size filter and stored at -80 ˚C until required. Menadione solution (0.4 mM) was made followed by immediate filtration, just before the commencement of each assay. Adherent cells were washed with PBS (200 µL), and XTT was added, with addition of 2 µL of menadione to each well. After incubating in the dark for 4 h at 37 ˚C, the solution was transferred to a new plate and the colorimetric change in the solution was assessed using a microtiter plate reader (BIORAD Microplate reader at 490 nm). Experiments were performed in duplicate. 
2.8 HSA binding experiments 

2.8a Sample preparation of stock solutions 

For the preparation of 20 mM phosphate buffer (pH = 7.4), double distilled water was used. By dissolving the desired amount of HSA in 20 mM phosphate buffer (pH = 7.4), a stock solution of HSA was made. The HSA stock solution was stored at 4 ˚C in the dark and used within 2 h. Its concentration was evaluated on a Perkin-Elmer lambda-25 spectrometer using the molar absorption coefficient using 
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 of 5.3 at 280 nm.[5] Drug solution of 2 mM concentration was made in 20 mM phosphate buffer (pH = 7.4) and diluted to desired concentrations in the same buffer. 

2.8b Fluorescence quenching measurement of HSA 

Fluorescence measurements were done on F-2700 Fluorescence spectrophotometer (HITACHI). 

In fluorescence quenching experiments, HSA (5 µM) was titrated using varying concentration of compounds (0-45 µM) in 20 mM of phosphate buffer at pH 7.4. The fluorescence emission spectra were recorded between 300 and 500 nm with a quartz cuvette of 1.0 cm path length after setting slit width of both excitation and emission at 10 nm. To minimize the effect of tyrosine residues in the emission signal, all the samples were excited at 295 nm. For correction of fluorescence background, appropriate blanks corresponding to the buffer were subtracted. In each experiment, after addition of the complexes, the mixture was allowed to incubate for 2 min. The intensity at 340 nm (tryptophan) was used to determine the binding Stern-Volmer constant (Ksv). 
2.8c Calculations of energy transfer

The efficiency of energy transfer (E) can be used to measure the distance between the fluorophores in the protein (donor) and metal complex (acceptor). According to Föster's non-radiative energy transfer theory, there are few factors on which the energy transfer depends, namely, (i) the donor (protein) should have fluorescence light (ii) the fluorescence emission spectrum of the donor and the UV absorption spectrum of the acceptor should have overlap with each other and (iii) the average distance between the donor and the acceptor pair should be below 8 nm. 
2.8d Investigation of HSA conformational changes using circular dichroism (CD) spectra 
The circular dichroism measurements were made on a JASCO spectrometer (J-815) with a thermostatically controlled cell holder attached to a peltier device having water circulator. All measurements were carried out at 298 K keeping the HSA concentration constant (5 µM) while varying concentration of complexes (1-4). The molar ratio of protein-complex was taken as 1:0, 1:2, 1:4 and 1:6. The spectra were scanned in range of 200-250 nm using cuvette of a 0.1 cm path length. The band-width was kept at 1 nm with a scanning speed of 100 nm/min and response time of 1 sec. Each spectrum was baseline corrected and the final plot was taken as an average of the two accumulated scans. 

2.9 Molecular docking 

In order to investigate more binding details, we performed molecular docking using HEX 8.0.0 software[6] which is defined as an interactive molecular graphics program for calculating and displaying feasible docking modes of pairs of protein, DNA molecule and enzymes. The CHEMSKETCH (http://www.acdlabs.com) was use to draw the structure of compounds and converted to pdb format from mol using OPENBABEL (http://www.vcclab.org/lab/babel/). The three dimensional crystal structure of HSA was downloaded from RCSB Protein Data Bank in pdb format [PDB: 1AO6] utilized as a template. All the water molecules surrounding of HSA were removed to avoid hindrance in docking process.[7] All other docking parameters were kept as default. PyMol (http://pymol.sourceforget.net/) and CHIMERA (www.cgl.ucsf.edu/chimera) were used for visualization purpose. The docked conformation with the lowest energy was selected for analysis. 
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Figure S1. 1H NMR (a) and 13C NMR (b) spectrum of macrocyclic complex of Zn(II), 4.
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Figure S2. Mass spectra of complexes 1 (a), complex 2 (b), complex 3 (c) and complex 4 (d).
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Figure S3.  X band EPR spectrum of Cu(II) complex.
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Figure S4. The solution state UV-vis spectra of complexes (1-3) in DMSO, 1 × 10-3 M with path length 1 cm.
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Figure S5. TGA/DTA curves of complexes 1-4 (a-d).
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Figure S6.  SEM micrograph of macrocyclic complexes (1-4) (a-d).

Table S1. Magnetic moment and electronic transitions of the complexes (1-3) with their band assignments.

	Complexes
	Magnetic moment

(B.M)
	Band positions

(cm-1)
	Band assignments
	Ɛ

(M-1cm-1)

	(1)
	4.58
	13623

18214

28653

38610
	4A2g(F)←4T1g(F)

4T1g(P)←4T1g(F)

n→π*

π→ π*
	849

945

1320

1704

	(2)
	3.12
	13661

20790

27777

35714
	3T1g(F)←3A2g(F) 

3T1g(P)←3A2g(F) 

n→π*

π→ π*
	673

770

1114

1533

	(3)
	1.71


	16977 

21691

26525

37593
	2B2g←2B1g 

2Eg←2B1g 

n→π*

π→ π*
	525

592

806

1021
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