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ABSTRACT
	A novel class of Mn(III)/Fe(III) complexes of L-Tyrosine based ligand has been synthesized and characterized through various analytical and spectral techniques. These complexes were found to exhibit efficient binding property with the biomolecules viz., Calf thymus DNA and BSA. The ability of complexes to bind with such biomolecules has been explored through absorption, emission and viscosity measurements. The spectral techniques conclude that the complexes could bind to DNA via, intercalation. It is observed that these complexes could cleave pBR322 DNA in Gel-electrophoresis technique through oxidative mechanism. The BSA was quenched by the complexes around 340 nm adopting a mechanism of static mode. The binding constants, thermodynamic parameters and the donor to acceptor distance were calculated. Besides, molecular docking simulations were carried out for the complexes with Human DNA Topoisomerase and BSA protein. The docked poses are visualized to provide supportive evidence to the interaction of the synthesized complexes with DNA/BSA.
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1. INTRODUCTION
[bookmark: _GoBack]A bio-molecule such as a protein or nucleic acid is particularly chosen as the target since they act as the key molecule in the metabolic pathway associated with a specific disease.1 A drug is a molecule designed in order to obstruct the target function in the particular disease modifying pathway. The transition metal complexes containing multidentate aromatic ligands play important role in different biological processes which eventually helps to develop different structural and more importantly functional model systems.2-4 DNA is known to be an important cellular receptor. Interactions of small metal complexes with DNA and proteins are the key research areas of current years as there are enough potentials of development of new therapeutic agent particularly showing antitumor properties and possibility of the transportation of these molecules throughout the physiological system via protein binding.5-8 The metal complexes - nucleic acid interaction has gained the attention of researchers due to their excellent biological activity. The activity of the complexes is described based on their mode and affinity of binding with DNA.9-11 Generally, DNA has been considered as a target molecule for a wide range of disease therapies such as anticancer and antiviral. Any disorder in gene expression may cause diseases and plays a secondary role in the outcome and severity of human diseases.12 Therefore, various metal based drugs have been opted with improved pharmacological properties and aimed at different targets. Proteins play fundamental roles in sustaining life and are an integral part of origin, evolution, and metabolism. Being one of the most abundant proteins in blood constituent, Serum albumin aids in the transportation of various molecules (ligands) including fatty acids, steroids and metal ions.13 Hence the binding of these molecules serum albumins is taken under consideration in various fields.14 The homology in structures between Bovine serum albumin (BSA) and the serum albumin of humans (HSA) up to a percent of 76 makes it a unique one for the researchers to be studied more comprehensively.15 Serum albumins are model globular proteins found abundant in plasma. Serum albumins exhibit a character of reversible binding with various molecules through hydrophobic, hydrophilic and electrostatic interactions. The binding of metal complexes with BSA can be detected by the decrease in intensity of the fluorescence emitted by one of the amino acid residues called tryptophan 212, which is exposed outwards. It is expected that the ligand could bind into the two binding sites of BSA marked as site I and site II are located in the hydrophobic cavities of subdomains IIA and IIIA respectively. The binding of drug molecules to BSA on a particular site can be probed through various selective site markers.16 Serum albumin also binds metal ions, predominantly soft/intermediate metal ions at one or more of at least four proposed specific sites. Albumin binds hard metals in chelate form. For example, albumin scavenges hemin, the ferric state of heme, to avoid the formation of reactive oxygen species. Albumin binding affects the pharmacokinetics, trafficking, and efficacy of metal-based therapeutics.17 Amino acids are small molecules capable of metal complexation via amino and carboxylate groups.18 It has been reported that transition metal complexes of amino acids could possess better fungicidal, anti-bacterial, antiviral and anti-tubercular activities.19 Hence we herein report the synthesis of Mn(III) and Fe(III) complexes of L-Tyrosine based ligand and their interaction with CT-DNA/BSA using various spectral methods.
2. Experimental 
All the chemicals utilized in this research work are of AR grade and also 99% pure solvents are used. The ligands employed in our present investigation, viz. 9,10-Phenanthrenequinone (Aldrich) and L-Tyrosine (Loba Chemie) were purchased in pure form and used as such. CT-DNA was purchased from Bangalore Genei, India and pBR322 DNA was purchased from Merck Genei, Bengaluru, India. The protein Bovine Serum Albumin (BSA) used in this experiment was purchased from Sigma whereas Tris Buffer from HIMEDIA. Carlo Erba 1108 elemental analyzer was involved in analysing the elemental content (C, H, N) of the ligand as well as its Mn(III) and Fe(III) complexes. The percentage of metal ions in the complexes were estimated as per the procedure given in the book.20 Nuclear magnetic study was performed on  Bruker Advance DRX 300 FT-NMR spectrometer in CDCl3  solvent and the reference material taken was TMS. JEOL DX-303 EI mass spectrometer and Bruker-Daltonics micro TOF-Q II mass spectrometer were used to record EI mass spectrum of the ligand and electrospray ionization mass spectra (ESI) of the complexes respectively. Vibrational spectral analysis of the ligand and its manganese and iron complexes were carried out on JASCO FT-IR/4100 Spectrometer, involving KBr disc method. The UV-vis spectra of both the synthesised complexes were taken in 200-800 nm wavelength range on a Perkin Elmer Lambda 35 spectrophotometer using the solvent DMSO. Hertz SG8-5HJ model Gouy magnetic balance was employed to study the magnetic susceptibility measurements by taking CuSO4.5H2O as the calibrant. The molar conductivities of MnL and FeL were measured using Elico model SX 80 conductivity-bridge taking DMSO as solvent. 
2.1 Synthesis of ligand
About 2.08 g of 9,10-Phenanthrenequinone (10 mmol) dissolved in 50 ml of ethanol was taken in a in a two-neck flat bottomed flask. To this, 3.62 g of L-Tyrosine (20 mmol) dissolved in 20 mmol of sodium hydroxide was added. The reaction mixture was subjected to stirring for 10 hours to give a bright yellow colored precipitate of the Schiff base ligand (L). After washing the precipitate repeatedly with water and diethyl ether, it was then dried in vacuum over anhydrous calcium chloride. The dried product obtained (Scheme 1a) was then characterized using IR, EI-MS and 13C-NMR spectroscopic tools.
Yield: 75%, m.p: 178 0C, Anal. Found.(%): C, 71.84; H, 4.88; N, 5.20; Calc.: C, 71.90; H, 4.91; N, 5.22;EI-MS: m/z, 534.46;IR (KBr, cm-1): ν(C=N), 1673 cm-1,νasy(COO-), 1589 cm-1, νsy(COO-), 1450 cm-1,ν(OH), 3205 cm-1;13C NMR  (δ, ppm in CDCl3) 163.19 (C=N), 180.47 (COO-).
2.2 Synthesis of metal complexes
One mmol (0.58g) of finely powdered Schiff base ligand is dissolved in 20 ml ethanol. To this, 20 ml ethanolic solution of 1 mmol metal salts (manganese(III) acetate-0.27g / iron(III) chloride- 0.40 g) were added drop wise (Scheme 1b). Then the mixture was subjected to stirring as well as refluxing at 50 0C for 12 hours. The resulting homogenous solution was subjected to slow evaporation at room temperature and the product obtained was washed with ethanol and dried and stored in air tight container for further analysis. 
MnL: Yield: 57%; Brown colour; Anal. Found.(%): C, 61.57; H, 4.46; N, 4.82and Mn, 8.76 Calc.: C, 61.6; H, 4.5; N, 4.9and Mn, 8.81, ESI-MS: m/z, 624.25;IR (KBr, cm-1): ν(C=N), 1598 cm-1, νasy(COO-), 1512 cm-1, νsy(COO-), 1435 cm-1; ν(M-O), 547; ν(M-N), 423; ʌm(Smol-1cm2) 51.78; μeff (BM) 4.89;UV-Vis. in DMSO, nm (transition): 280 (LMCT), 530 and 720 (d-d).
FeL: Yield: 52%; Green colour; Anal. Found.(%): C, 61.46; H, 4.44; N, 4.47and Fe, 8.87  Calc.: C, 61.5; H, 4.5; N, 4.5and Fe, 8.94, ESI-MS: m/z, 625.91;IR (KBr, cm-1): ν(C=N), 1611 cm-1, νasy(COO-), 1513 cm-1, νsy(COO-), 1402 cm-1; ν(M-O), 528; ν(M-N), 435;ʌm(Smol-1cm2) 51.56; μeff (BM) 5.93;UV-Vis. in DMSO, nm (transition): 275 (LMCT), 525 and 670 (d-d).
3. RESULTS AND DISCUSSION
3.1 Scheme 
[image: Scheme 1a]The schematic representation of the Schiff Base ligand synthesised from the effective condensation of 9,10-Phenanthrenequinone and L-Tyrosine is shown in Scheme 1a and scheme 1b represents the complexation of the ligand with Mn(III)/Fe(III) ions. 



Scheme 1a: Synthesis of Schiff Base ligand
[image: Scheme 1b]





Scheme 1b: Synthesis of Mn(III)/Fe(III) complexes
3.2 FTIR spectra
The FTIR spectrum of the ligand L (Fig. S1a) exhibit the imine stretching ν(-C=N) vibration at 1673 cm-1. The peaks due to (COO-) asymmetric stretching and (COO-) symmetric stretching vibration of the carboxylic acid group are observed in the regions of 1589 cm-1 and 1450 cm-1 respectively. The band at 3205 cm-1 is ascribed to ν(-OH) stretching vibration. In the vibrational spectra of complexes (Fig S1b and S1c), the imino (C=N) stretching frequency has been shifted to lower frequency regions 1598 and 1611      cm-1 respectively, when compared to the imino stretching frequency of ligand (1673 cm-1). This indicates the coordination of nitrogens in the imino group to the metal ions.21 Moreover, the asymmetric stretching and the symmetric stretching vibrations of COO- group has been shifted down to 1512 cm-1, 1513 cm-1 and 1435 cm-1, 1402 cm-1respectively, which confirms the bonding of the metal ions by the carboxylato oxygen atom.22 This is further supported by the presence of Mn-N, Fe-N and Mn-O, Fe-O bands at 423 cm-1, 435 cm-1 and 547 cm-1, 528 cm-1 respectively.23 The –OH stretching vibrations exhibits broad band at 3423 cm-1and 3200 cm-1for the MnL and FeL complexes respectively.
3.3 13C NMR spectra
The 13C-NMR spectrum of the ligand L (Fig S2) shows a signal at δ 155.98 is assigned to two -OH attached carbons. The signals in the range δ 114.12-136.16 are due to aromatic carbon atoms. The signal at δ 163.19 corresponds to the two azomethine carbons. The signal at δ 180.47 is due to the two carboxylate carbons.
3.4 Mass spectra
The EI mass spectrum of ligand L (Fig S3a) posses a molecular ion (M+) peak at    m/z = 534 which is meant to the molecular weight of the ligand. The peaks at m/z = 485, 440, 383, 305, 253, 236, 204, 181, 154, 136, 108, 78 and 58 corresponds to various fragments C31H23N2O4, C26H20N2O5, C20H18N2O6, C18H13N2O3, C16H13NO2, C15H9NO2, C14H8N2, C12H9NO, C12H10, C7H6NO2, C7H7O, C6H4 and C2H2O2 respectively which confirms the structure of the ligand. The structure of the complexes was corroborated with ESI‐MS studies. The ESI mass spectra of the complexes exhibit the molecular ion peak which is in correct accordance with their molecular weights. The various other peaks in the spectra correspond to different fragments of the complexes. In the spectrum of MnL (Fig S3b), the molecular ion peak is observed at m/z = 624.25 and for the complex FeL (Fig S3c), the molecular ion peak is obtained at m/z = 625.91 which are in correct coherency with the molecular weight of the complexes. Therefore, the mass spectral analysis substantiates well with the proposed chemical structure of the complexes MnL and FeL.
3.5 Electronic spectra, molar conductance, and magnetic measurements
The UV-Vis spectrum of MnL (Fig 1a) exhibit ligand field absorption at 280 nm and two d-d bands at 530 nm and 720 nm corresponding to 5B1g→5Eg and 5B1g→5B2g transitions respectively. Normally these two weak transitions are expected for tetragonally distorted octahedral MnL complex. The electronic spectra of FeL (Fig 1b) complex show three absorption maxima at 670 nm, 525 nm, and 275 nm. The transitions corresponding to the aforesaid absorption bands are 6A1g(S)→4T1g(G), 6A1g(S)→4T2g(G) and 6A1g(S)→4Eg respectively, suggesting the octahedral geometry for FeL complex.24 The magnetic moment values of 4.86 BM and 5.91 BM for MnL and FeL respectively further confirms the octahedral geometry.25 The values obtained for molar conductance (51.78 and 51.56) of MnL and FeL complexes respectively reveals that the complexes are 1:1 electrolytes.26
[image: Fig 1a & 1b]








Fig. 1 (a) Electronic spectra of MnL complex (b) FeL complex


3.6 DNA binding studies
3.6.1 Absorption spectral studies
The binding ability of the MnL and FeL complexes in DMSO solutions with CT-NA were studied by measuring their effects on the absorption spectral method. In this method, the titrations were done at fixed complex concentration against different concentrations of DNA. If only could the complexes bind intercalatively to DNA helix, it shows hypochromism and also bathochromism. Since there exists a stacking interaction of an aromatic chromophore between the base pairs of nucleic acid, hypochromism arises27 whereas the bathochromic shift is a characteristic of coupling of π* orbital of the complexes with the π orbital of the DNA nucleotide pairs which in turn causes decrease of the π→π* transition energy.28 Hypochromism is generally a measure of the extend of intercalative mode of binding.29 An aqueous solution of the complexes showed intra-ligand charge transition bands at 276 nm (MnL) and 264 nm (FeL) which resulted in hypochromism on addition of increasing concentration of CT-DNA (Fig S4a and S4b) from which the binding constants Kb of the complexes were evaluated. The intrinsic equilibrium binding constant Kb was found to be 1.22 x 105 M-1and 1.56 x 105 M-1 for MnL and FeL complexes respectively which is in compliance with the observed trend in hypochromism. These experimentations conclude that both the complexes could interact through intercalation with DNA. 
3.6.2 EB fluorescence displacement assay
 	A competitive binding titrations using ethidium bromide has been performed to substantiate the above results. Being a non-fluorescent compound in Tris-buffer, Ethidium Bromide (EB) shows fluorescence when combined with DNA, because of its strong intercalation between the nucleotides of DNA.30 It is reported that the emission of DNA pretreated with EB is being quenched by some complexes resulting in the reduction of emission intensity. On addition of the complexes MnL and FeL to EB-DNA, the fluorescence intensity at 615 nm was decreased with increasing the concentration of the complexes without any shift in the position of emission maxima31 as seen in (Fig 2a and 2b). From the classical Stern–Volmer equation, the apparent binding constant values (Kapp) for the complexes MnL and FeL were calculated and it is found to be 4.8 x 106 M-1 and 12.3 x 106  M-1. From the observed results, it may be concluded that both the complexes interact with CT-DNA via intercalative mode.
[image: G:\Research\Publication\Under Process\RBB AOC Wiley\Supp Tiff figures\S4a & S4b.tif]Fig 2: Emission spectrum of EB bound to DNA in the presence of complexes ([EB] = 3.3 μM, [DNA] = 40 μM, [complex] = 0-30 μM, λex= 430 nm). Inset shows the plots of emission intensity Io / I vs [DNA] / [complex]. (a) Emission spectra of MnL complex (b) Emission spectra of FeL complex
3.6.3 Viscosity experiments
[image: ]Viscosity experiments provide additional information regarding the intercalative nature of complexes between the nucleotide pairs of CT-DNA (Fig 3). The increase in complex concentration enhances the DNA viscosity as the base pairs of DNA get separated at its intercalation sites causing increase in the overall DNA length.32 The viscosity of the DNA increases gradually with increase in complex concentration. These results indicate that both the complexes under study can intercalate the adjacent DNA base pairs, causing an expansion in the helix, and thus enhance the viscosity of DNA. Thus, the intercalative binding of the complexes to CT-DNA is determined as established through absorption and fluorescence measurements.









Fig 3: Effect of increasing amounts of MnL and FeL on the relative viscosities of          CT-DNA at room temperature in 5mM Tris-HCl buffer
3.7 DNA Cleavage analysis
[image: C:\Users\USER\Desktop\Cleavage.tif]The cleavage efficiency of the complexes was studied on pBR322 plasmid DNA using agarose gel electrophoresis so as to identify the conformational changes of the DNA. When electrophoresis is performed on circular plasmid pBR322 DNA (Fig. 4), there occurs a rapid migration for the supercoiled SC form (Form I). The super coiled form of the DNA was relaxed to slow moving open circular OC form (Form II) in the presence of oxidant H2O2 which indicates that one strand is being cleaved.33 Both the MnL and FeL complexes possess the tendency to cleave the DNA from SC form to OC form on various concentrations (10, 20 & 30 μg). From the figure 4, it is observed that no cleavage occurred in the case of control DNA(lane 1) and control DNA/H2O2 (lane 2). The complex MnL shows no cleavage at 10µg (lane 3) but partial cleavage is observed at 20 µg (lane 4) and 30 µg (lane 5) from SC form (Form I) to OC (Form II) in the presence of H2O2. Similarly, the complex FeL does not cleave the DNA at 10µg (lane 6) but in the presence of the oxidant, it exhibits partial cleavage from SC form (Form I) to OC (Form II) at 20 µg (lane 7) and 30 µg (lane 8). An effective cleavage is visualised as the concentration of the complexes increases. Both the MnL and FeL complexes could cleave DNA more effectively in the presence of an oxidant (H2O2) which may be attributed to the involvement of hydroxyl free radicals. In oxidative cleavage, the hydroxyl free radicals formed oxidize the deoxyribose moiety and further hydrolytic cleavage of sugar phosphate back bone occurs.34






Fig 4: DNA cleavage analysis. 1st well- Control only pBR322;  2nd well- pBR322+H2O2 and Buffer; 3rd well- Sample (MnL)-10µg; 4th well- Sample (MnL)-20µg; 5th well-sample (MnL)-30µg; 6th well- sample (FeL)-10µg; 7th well- sample (FeL)-20µg; 8th well- sample (FeL)-30µg
3.8 BSA binding studies
3.8.1 Fluorescence spectroscopy
The intrinsic BSA fluorescence at 340 nm due to tryptophan moiety35 is quenched on addition of drug molecules. The mechanistic process involved in quenching is categorized to be static or dynamic. The molecular collisions results in dynamic quenching while static quenching arises a result of complex formation in ground-state between the protein and the quencher. Dynamic quenching values are found to increase along with temperature whereas the static quenching constants decrease with temperature.36 This quenching mechanism can be explored from Stern-Volmer equation.37
	 = 1+ Ksv[Q]= 1+ Kqτ0[Q]
[image: G:\Research\Publication\Under Process\RBB AOC Wiley\Tiff figures\Fig 6a & 6b.tif]The emission maxima in-absentia and presence of quencher molecules are denoted as F0 and F respectively. Ksv being Stern-Volmer quenching constant and the quencher concentration is designated as [Q] with τ0, the mean life time of protein and for BSA it is found to be 10-8 s.38 Kq is the quenching rate constant of the protein and it is equal to Ksv/τ0. The Ksv values are obtained from the slope of linear fitting plots F0/F vs[Q]. The Stern-Volmer plots for MnL & FeL complexes at three different temperatures 298 K, 304 K and 310 K are provided in Fig. 5a & 5b, S5a, S5b, S6a, S6b and their Kq values are presented in Table 1. The results conclude that Stern-Volmer quenching constants (Ksv) decreases with increasing temperature. Also, it was found that the Kq values are greater than 2.0 x 1010 Lmol-1s-1 and this value is attributed to the maximum scattering collision quenching constant of various quenchers for dynamic quenching.39 This exposes that the BSA quenching by MnL and FeL is due to ground-state complex formation i.e., static and not dynamic quenching. 

Fig 5: Emission spectra of BSA in the presence of various concentrations of metal complexes in DMSO (T=298K), c(BSA)=2.0 x 10-6 molL-1, c(Metal complex) = 2, 4, 6, 8, 10 x 10-6 molL-1. Insert: Stern-Volmer plot for quenching of BSA by metal complexes (a) Emission spectra of BSA with MnL complex (b) Emission spectra of BSA with FeL complex
Table 1: Ksv and Kq values of MnL and FeL complexes
	Complexes
	T(K)
	Ksv(x 104 Lmol-1)
	Kq(x 1012 Lmol-1s-1)

	
MnL
	298
304
310
	2.10
1.39
1.07
	2.10
1.39
1.07

	
FeL
	298
304
310
	3.53
2.69
2.29
	3.53
2.69
2.29



3.8.2 Absorption spectroscopy
Ground state interaction of MnL and FeL with BSA is further proved by UV-vis absorption spectra. The absorption spectra were recorded both for the BSA and BSA-MnL/FeL system in the range of 200-350 nm (Fig 6a & 6b). A bathochromic shift occurs at the absorption maxima compared to that of BSA which confirms the static quenching mechanism.40
[image: G:\Research\Publication\Under Process\RBB AOC Wiley\Tiff figures\Fig 7a & 7b.tif]Fig 6: UV-Vis absorption spectra of BSA and BSA-Metal complex solutions: c(BSA) = c(Metal complex) = 2 x 10-6 molL-1.(a) BSA-MnL solution  (b) BSA-FeL solutions


3.8.3 Analysis of binding constants and binding sites
From the binding of complexes MnL and FeL with BSA, the binding constants (Kb) and the binding sites (n) can be calculated from the following equation.41

[image: G:\Research\Publication\Under Process\RBB AOC Wiley\Tiff figures\Fig 9a & 9b.tif]The values of Kb and n are obtained (Table 2) from the intercepts and slopes of the linear fitting plots of log F0-F/F vs log [Q] at 298 K are displayed in Fig. 7a & 7b for MnL and FeL complexes respectively. Similarly the plots for BSA-MnL complex at 304 K & 310 K and for BSA-FeL complex at 304 K & 310 K are shown in S7a, S7b and S8a, S8b respectively. The binding site values approximated to 1 reveals the existence of only one binding site in BSA where the complexes could bind. The BSA molecule possess two tryptophan residues, ie., Trp-134 in sub-domain IA and Trp-212 in hydrophobic sub-domain IIA. Any molecules which bind to sub-domain IIA can result in conformational changes.42 This results confirms that the complexes could fit into the hydrophobic pocket in sub-domain IIA.








Fig 7: Double logarithm plot for BSA-metal complexes at 298 K (a) Double logarithm plot for BSA-MnL (b) Double logarithm plot for BSA-FeL
Table 2: Binding constant (Kb) and Binding site (n) values of MnL and FeL complexes
	Complexes
	T (K)
	Binding constant (x 104Lmol-1)
	Binding site

	
MnL
	298
304
310
	5.72
4.95
4.37
	1.31
1.16
1.06

	
FeL
	298
304
310
	5.17
4.71
4.66
	1.12
1.05
1.02


3.8.4 Thermodynamic parameters
The interactions between the complexes and BSA could be hydrophobic, hydrogen bonds, van der Waals forces and electrostatic interactions.43 It can be found out from the thermodynamic parameters such as enthalpy (∆H) and entropy (∆S). The thermodynamic parameters were investigated at 298 K, 303 K and 310 K and the result shows no structural degradation was observed in BSA. The values for ∆H and ∆S can be obtained from the following Van’t Hoff equation.
 + 
The free energy changes can be obtained from,
∆G = -RT lnK
[image: G:\Research\Publication\Under Process\RBB AOC Wiley\Tiff figures\Fig 8a & 8b.tif]The ∆H and ∆S values can be obtained from the slopes and ordinates of linear fitting plots of ln K vs 1/T (Fig.8a &8b). The positive values of ∆H and ∆S are attributed to hydrophobic interactions. The ∆H and ∆S values being negative shows the existence of hydrogen bonding and van der Waals forces, very low positive or negative ∆H value and positive ∆S values are attributed to electrostatic interactions.44 From the thermodynamic parameters (Table 3), the negative enthalpy (∆H) and positive entropy (∆S) values ascertains that electrostatic interactions played an important role between BSA and MnL/FeL. The negative ∆G values calculated, proves the spontaneous binding process.






Fig 8: Van’t Hoff plot for the interaction of BSA with (a) MnL complex (b) FeL complex



Table 3: Thermodynamic parameters of the binding interaction of metal complexes with BSA
	
Complexes
	
T (K)
	
∆H (KJmol-1)
	
∆S (Jmol-1K-1)
	
∆G (KJmol-1)

	
MnL
	298
304
310
	
-17.23
	
33.22
	-27.14
-27.33
-27.54

	
FeL
	298
304
310
	
-6.68
	
67.72
	-26.89
-27.20
-27.71



3.8.5 Energy transfer between metal complexes and BSA
The binding of metal complexes to BSA becomes effective only when there is considerable transfer of energy between the donor and the acceptor which can be calculated from Forster’s resonance energy transfer theory.45 For an effective energy transfer, the following conditions must be satisfied: a) the donor must be a fluorescent in nature b) there must be a spectral overlap between the emission of donor and the absorption of acceptor; c) the donor-acceptor distance should be less than 8 nm. From the following equation, the efficiency of energy transfer can be calculated.46
E = 1 -  =
Where ‘r’ is the donor-acceptor distance, ‘R0’ is the critical distance at which 50% energy transfer occurs and is given by,47
R06 = 8.8 x 10-25K2n-4ՓJ
K2 the orientation factor whose value is found to be 2/3 for random alignment in fluid medium; n being the average refractive index of the medium in the wavelength region of significant spectral overlap (n = 1.336); Փ is denoted for the quantum efficiency for emission of donor and for BSA it is 0.15;48 J is found to be the overlap integral amid the emission and absorbance spectra of donor/acceptor which is calculated as follows
F(λ) is represented for corrected donor fluorescence intensity in wavelength range λ, ε(λ) is the acceptor’s absorptivity at wavelength λ. The spectral overlap between the emission of BSA and absorption of MnL and FeL are shown in Fig. 9a and 9b along with the energy transfer parameters given in Table 4. The donor-acceptor distance (r) is calculated to be lesser than 8 nm,49 ascribing the occurrence of transfer energy from BSA to metal complexes with high possibility.
[image: G:\Research\Publication\Under Process\RBB AOC Wiley\Tiff figures\Fig 10a & 10b.tif]Fig 9: Spectral overlap of UV-Vis absorption spectrum of metal complexes with the fluorescence emission spectrum of BSA. c(BSA) = c(Metal complex) = 2 x 10-6 molL-1, T = 298 K (a) Spectral overlap of MnL (b) Spectral overlap of FeL
Table 4: Energy transfer parameters for the interaction of metal complexes with BSA

	Complexes
	J (cm3Lmol-1)
	R0 (nm)
	E
	r (nm)

	MnL
	6.47 x 10-14
	3.44
	0.037
	5.91

	FeL
	2.27 x 10-15
	1.96
	0.051
	3.20



3.9 Molecular docking studies of human DNA topoisomerase I & BSA 
The molecular docking system can add normal medication outline by putting a little particle into the coupling site of the DNA/BSA targets particularly in a non-covalent mode. The most suitable binding mode, binding site and possible interactions of the complexes with DNA/BSA could be probed using this study. By using X-ray structural pattern of the human DNA topoisomerase I and BSA (downloaded from RCSB PDB50) the molecular docking of the complexes were carried out. Interactions of the complexes with the receptors DNA-Topoisomerase I and BSA along with most preferable binding sites are given in Fig.10 (a-d) for MnL and Fig.11 (a-d) for FeL. The binding energies of the MnL and FeL complexes with DNA were found to be -11.8 and -11.7 Kcalmol-1 respectively. Also it was observed that the binding energies of the MnL and FeL complexes with BSA were -10.9 and -10.8 Kcalmol-1 respectively. The possible binding modes, bond distances and binding sites for both the [image: ]complexes are provided in tables S1-S4.
	







[image: ]Fig. 10: (a) Molecular docked model of MnL with DNA. (b) specific interaction of MnL with DNA(c) Molecular docked model of MnL with BSA. (d) specific interaction of MnL with BSA








Fig. 11: (a) Molecular docked model of FeL with DNA (b) specific interaction of FeL with DNA(c) Molecular docked model of FeL with BSA (d) specific interaction of FeL with BSA


4. CONCLUSION
A tetradentate Schiff base ligand involving L-tyrosine and 9,10-phenanthrenequinone along with its Mn(III)/Fe(III) complexes has been synthesized and characterized using various analytical and spectroscopic tools. The absorption and emission spectra and viscosity measurement provides information on intercalative mode of interaction of the metal complexes with CT-DNA. The interaction of the complexes with BSA was studied at three varying temperatures and observed that the fluorescence quenching process may be accomplished as static quenching. The changes in enthalpy and entropy are ascertained to electrostatic interaction between the Mn(III)/Fe(III) complexes and BSA. The distance between the BSA and MnL & FeL was found to be 5.91 and 3.20 respectively which indicates that the energy transfer occurs with high possibility. These results reveal that the synthesised Mn(III)/Fe(III) complexes could be promising compounds as target based drugs.
Supporting information summary
The experimental details of DNA/BSA binding and chemical nuclease activity, spectral techniques used such as FTIR, 13C NMR, Mass, absorption and emission titrations and tables for binding energy values of this work can be found in supplementary information.
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