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ABSTRACT

A novel NO, type ligand has been synthesized from 9, 10- Riterenequinone and L-tryptophan and complexed
with Mn(lll) and Fe(lll) metal ions. The synthesizégand and its complexes were characterized bgoua
spectral techniques such as FT-IR, UV-visible, NMR, EPR, El-Mass, elemental analysis, magnesceptibility
and molar conductivity measurements. The metal torap exhibit octahedral geometry. The thermalistudf the
complexes were also carried out. The interactiotheke synthesized metal complexes with BovinerSéloumin
(BSA) has been studied using emission and absarpgichniques. The Stern-Volmer quenching const@ts
number of binding sites (n) and binding energy eatulated. It has been found that the metal corgdecould
bind to the hydrophobic pocket of BSA in sub-domi@inThe energy transfer between the BSA and cexaplhave
been studied using FRET and the donor acceptoaniigt was found to be less than 8 nm. The interactidhese
metal complexes with BSA has been further suppbstadolecular docking studies.

Keywords: 9, 10- Phenanthrenequinone, L-tryptophan, BSAZFRnolecular docking.

INTRODUCTION

Coordination chemistry plays a vital role in scoodsbiological reactions. Many ligands have beesigleed to
mimic the function of natural carriers recognizimgd transporting specific metal ions, anions ortraunolecules
and in understanding and reproducing the catadyitvity of metallo-enzymes and proteins [1].

Proteins are the most abundant macromoleculedlsaral are crucial in maintaining normal cell ftinos. Bovine
serum albumin (BSA), one of the major componentglasma protein, plays an important role in tramspg and
metabolizing of many endogenous and exogenous comngsoin metabolism. In this work, BSA was choseraas
target protein molecule for studying the interattibecause of its medical significance, unusuanégbinding
properties, availability, and structural homologghahuman serum albumin (HSA) [2].

Serum albumin has been one of the most extensétetiied proteins for many years. It is the mostnalamt protein

in blood plasma with a typical concentration ofgdl and functions as a transport protein for nurasrendogenous
and exogenous substances. It also plays an impodbnin regulating the colloid osmotic pressufebtood. It
provides about 80% of the osmotic pressure anesigansible for the pH maintenance in blobae serum albumin

is a versatile protein, principally characterizegl its remarkable ability of binding a wide range iosoluble
endogenous and exogenous compound. Since the sellimin was considered to be nonantigenic and
biodegradable, and was readily available, the albums been used as a bio-material, such as diugmeand
novel hydrophilic carriers.
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Binding of metal complexes with the most abundatier proteins (serum albumins) have also beembgest of
interest as such drug-protein binding greatly iaflces absorption, drug transport, storage, metabohlnd
excretion properties of typical drugs in vertebsd@.

The most outstanding property of albumins is thitity to bind reversibly a large variety of ligds[4]. Reagents
that react with protein chains are extremely usifdhemistry and biology [5, 6]. BSA is made uptlufee linearly
arranged, structurally homologous domains (I-lhdaeach domain in turn is the product of two sumdims (A,
B). It has two tryptophan residues that possesséit fluorescence: Trp-134, which is located ba surface of
sub-domain IB, and trp-212, locating within the tgghobic binding pocket of sub-domain IIA [7]. Teére
fluorescence technique can be considered as dleasethod for the measurements. Because of itsdagsitivity,
rapidity and simpleness [8], fluorescence technifae been widely used drug-protein studies [9-Iri]silico,
molecular docking simulations predict the bindiitgson BSA.

Although studies have been performed on the intermof metal complexes [12] and metal ions [13;1with
albumins, there is a lack of information about thieeraction of amino acid complexes and albuminndée we
report the interaction of Mn(lll) and Fe(lll) congxes of tryptophan based ligand with Bovine Seruliouin
using emission, absorption and docking studies.

MATERIALS AND METHODS

The chemicals involved in this work were of AnalgRde and the solvents used were of 99% purity.liflaads
employed in our present investigation, viz. 9,1@nthrenequinone (Aldrich) and L-tryptophan (Ldlzemie)
were purchased in pure form and used as such. B@&énum Albumin (BSA) was purchased from Sigma Bl
Buffer was purchased from HI MEDIA.

The elemental analysis (C, H and N) data were aedlysing Carlo Erba 1108 model elemental analyzee*C
NMR spectrum was recorded on a Bruker Advance DRX BT-NMR spectrometer in CDgXolution using TMS
as standard. El mass spectrum was recorded on & IBGB03 El mass spectrometer. FT-IR spectra of the
synthesized ligand and its complexes were recootied JASCO FT IR / 4100 Spectrometer, in the wavaber
region of 4000-400 cih The electronic spectra of the complexes were enepin 200-800 nm wavelength range
on a Perkin Elmer Lambda 35 spectrophotometer BM§O as the solvent. Magnetic susceptibility measents
were computed on a modified Hertz SG8-5HJ modelyGuoagnetic balance using Cu$8H,O as the calibrant.
Molar conductivity of the complexes was measurediging a Elico model SX 80 conductivity-bridge iMSO as
solvent. EPR spectrum was recorded at liquid né@notemperature using a JEOL TES 100 EPR spectrorgte
means of DPPH as the g-marker. TG/DTG analysisi@fcomplexes was performed on SIINT 6300 instrunment
air.

2.1 Synthesis of ligand (L)

About 10 mmol of 9,10-Phenanthrenequinone (2.0&ay taken in a two-neck flat bottomed flask coritgjrt0 ml

of ethanol. To this, 20 mmol of L-Tryptophan (4 §Bdissolved in 20 mmol of sodium hydroxide wasexidrhe
reaction mixture was stirred for 10 hours to givieright yellow colored precipitate. The precipitatas repeatedly
washed with water and diethyl ether. It was théadin vacuumover anhydrous calcium chloride. (Scheme 1) The
product obtained was characterized by IR, EI-MS48eNMR spectroscopy.

Yield: 65%, m.p: 198C, Anal. Found.(%): C, 74.39; H, 4.79; N, 9.57; €aC, 74.4; H, 4.8; N, 9.6; EI-MS: m/z,
580.21; IR (KBr, crit): vc=n), 1673 €N, Vasycooy 1590 €N, veycooy 1447 it Vingoiecnry 3460;°C NMR @,
ppm in CDC}) 163.68 (C=N), 180.44 (COD

2.2 Synthesis of metal complexes

Finely powdered ligand (1 mmol; 0.58 g) is dissdlwe 20 ml ethanol. To this, 20 ml ethanolic sajatiof 1 mmol
metal salts (manganese(lll) acetate-0.27 g andlltpehloride- 0.40 g) were added drop wise. Thbha mixture
was stirred and refluxed at 5 for 12 hours. The resulting solution was therwbloevaporated at room
temperature and the product obtained was washestadetimes with ethanol and dried vacuoover anhydrous
calcium chloride. (Scheme 1)

MnL: Yield: 50%; Brown colour; Anal. Found.(%): C, 64,38, 4.47; N, 8.33 and Mn, 8.72; Calc.: C, 64.64t5;
N, 8.4; IR (KBr, cn): v(c=ny, 1659 cn, Vasycooy 1583 Crit, vsycooy 1439 cmi; viwoy, 530;vouny, 430;Am (Smol
o) 51.35; e (BM) 4.94; UV-Vis. in DMSO, nm (transition): 30QMCT), 580 and 730 (d-d).
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FeL: Yield: 68%; Green colour; Anal. Found.(%): C, 64.#1 4.46; N, 8.24 and Fe, 8.74; Calc.: C, 6454.5;
N, 8.3; IR (KBr, cn): v(c=ny, 1663 cnl, Vasycooy 1576 Crit, vsycooy 1402 cmi; viwoy, 531;vouny, 439;Am (Smol
Ten?) 51.95; 1 (BM) 5.76; UV-Vis. in DMSO, nm (transition): 30QMCT), 700 (d-d).

LS 9,
* Reflux, 10h
C 0 1O 0 % /
J /

HN HN
o “om HO 0
MX, EtOH Lo\
Reflux, 12h 5 Ve
] ] b 4 /
HN HN /b‘\ = HN

M = Mn(I1I), Fe(III)
X =CH;C00, CI

Scheme 1: Synthesis of the ligand (L) and its metabmplexes (ML)

2.3 BSA hinding experiments

2.3.1 Preparation of stock solutions

The concentrations of the stock solutions of BSAg(G- 2 x 10° molL™) in tris buffer (0.05 molt* Tris, 0.15
molL™ NaCl and the pH is maintained at 7.4 using con)HE& determined from absorption spectroscopy. The
concentration is calculated by dividing absorbaaic280 nm by molar extinction coefficients of BS#g= 44,300

M cm™) [18]. The stock solutions of metal complexes wemepared by dissolving them in DMF and dilutingrth

to a final concentration of 1 x FanolL™.

2.3.2 Fluorescence Spectroscopy

In a typical fluorescence measurement, 2 ml BSA added to quartz cell (1.0 x 1.0 cm). Fluorescenganching
spectra were recorded at 250-450 nm. The widthhef éxcitation and emission slit was set to 15 anan%
respectively. The excitation wavelength of BSA W&% nm. The BSA was titrated by successive additmin? x
10° molL™* metal complex solutions. Titrations were done nadlgby using micro-injector.

2.3.3 UV-Vis Spectroscopy
The absorption spectra of BSA and BSA-metal complgstem were recorded in the range of 240-350 rime. T
concentration of BSA and metal complex was 2 R fi@IL ™.

2.3.4 Molecular docking studies

Molecular docking technique is useful in understagdhe ligand-protein interactions which give amdial support
to our experimental results. The structures ofcitvaplexes were sketched by CHEMSKETCH and were exted
from mol format to pdb format by OPENBABEL. Theuwtture of BSA was obtained from protein data bardb(
id: 3V03). The molecular docking studies were peried by using HEX 6.0 software. The docked posese we
visualized by PyMOL.

RESULTS AND DISCUSSION

The ligandL was synthesized by the condensation of 9,10-Phierarequinone and L-Tryptophan, and its
complexes with Mn(lll) and Fe(lll) were also prepdrscheme 1) The ligand is stable in air and soluble in
common organic solvents like chloroform, ethanal partially soluble in methanol. Its complexes stable in air,
and soluble in DMF & DMSO etc but insoluble in commorganic solvents. Several attempts failed t@ioba
single crystal suitable for X-ray crystallograpkjowever, the analytical, spectroscopic and magniztia enable us
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to predict the possible structure of the synthesizemplexes. All the synthesized compounds givesfaatory
elementary analysis results.

3.1 Vibrational spectroscopy

The FT-IR spectra of ligand (L) and its metal coaxgls (MnL and Fel) are shown in supplementary(kig. S1,
Fig. S2 & Fig. S3) respectively. The IR spectrdigind (Fig. S1) shows an intense peak at 1673 wich is

assigned to the imine (-C=N) stretching. The intep@ak at 1590 cMcorresponds to (COY asymmetric
stretching and the peak at 1447 tim due to (COQ symmetric stretching vibration of carboxylic agjcbup. But
in the IR spectra of complexes (Fig S2 and S3),iino (C=N) stretching frequency has been shitedower
frequency regions 1659 and 1663 tnespectively, compared to that of the free liggbgi73 cn'). This indicates
the coordination of imino nitrogens to the metalsd19]. This is further supported by the presesfckl-N bands
(430 and 439 cil). Moreover, the absorption band due to the asymiengtretching vibrations of COQ@roup has
been shifted from 1583 to 1576 ¢mand the symmetrical stretching band is shiftednfrl439 to 1402 cih which

confirms the bonding of the metal ions by the cagtemto oxygen atom [20]. This is also confirmed the

formation of M-O bands at 530 and 531 tfor MnL and Fel complexes respectively.

3.2"3C NMR spectra

The **C-NMR spectrum of the ligand (L) is shown in Fig. 34e signals obtained in the range 101.71-136g6 p
are due to aromatic carbon atoms. The signal a6863pom corresponds to the azomethine carbonshendignal
exhibited at 180.44 ppm is due to the carboxylatbans.

3.3 Mass spectra

The El mass spectrum (Fig S5) of ligand shows tlweaular ion(M) peak at m/z =580 corresponding to the
molecular weight of the ligand. The peaks at mi&58, 408, 376, 247, 230, 203, 175, 143, 125 ancortesponds
to various fragments 4gH26N4O,, CeH1gN30,, CosHigN3O, CigHioNO,, CisHiiNp, CiaHigN2O,, CigHg, CroHoN,
CsHeN,O, and GH,NO, respectively which confirms the structure of tigahd.

3.4 Electronic spectra, molar conductance and magtie measurements

The electronic spectra of the complexes are giwefig 1a and 1b. The UV-Vis spectrum of MnL comgsigwo

absorption regions. On the basis of their energies intensities, the band in the first region a 8@ should be
ligand field absorptions. The less intense andihrd-d bands in the second region around 580 nm7@fAdhm

correspond to:'Blg—FEg andSBlg—>SBzg transitions respectively. It confirms the tetragiy distorted octahedral
geometry for the MnL complex [21]. The electronpestra of FeL complex show two absorption band&atnm

and 300 nm. These bands can be assigned respgdiiveA,;(S)—*T:((G) and®A;(S)—"E, transitions of the
Fe(lll) ion in the octahedral environment [22]. Bbheaare further confirmed by the magnetic momentesa#.94 BM

and 5.76 BM [21] for MnL and FeL respectively sugiijeg the octahedral geometry.

The molar conductance values of MnL and FeL conmgdein DMF are 51.35 and 51.95 suggesting the 1:1
electrolytic nature of the complexes [23].

3.5 EPR Spectral Studies

The solid state X-band EPR spectrum of the FeL dexnin liquid nitrogen temperature (LNT) is illuated in Fig
2. The spectrum shows six hyperfine lines, indigatihe presence of five free electrons in the cemplhis
observation agrees well with magnetic moment valliee g, value of 2.0confirms the distorted octahedral
geometry for the complex [24, 25].
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Fig 2: Solid state X-band EPR spectrum of FeL compk
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3.6 Thermal studies

The thermograms of MnL and FeL complexes are iaiset in Fig 3a and 3b. The sample was heatedadinl
pressure with a heating rate of 4D min™ and a temperature range of 20—70Din air. The thermogram of the
MnL exhibits decomposition between 250-3@with a weight loss of 5%. This is assigned torémmoval of two
coordinated water molecules. The sharp loss of hteif)83% between 375-428 corresponds to decomposition of
organic moiety.

In FeL complex the decomposition between 250 8D@ith 5.5% weight loss is associated with the reahof two
coordinated water molecules. The sharp loss of hteifj83% between 450-528 in the TGA curve represents the
decomposition of organic moietfturther horizontal constant curve in both the caxes may be due to the
presence of metal oxides residue in the remainarty[@6].
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Fig 3a: TG/DTG curve of MnL
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Fig 3b: TG/DTG curve of FeL
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3.7 BSA binding studies

3.7.1 Fluorescence spectroscopy

On excitation of BSA at 285 nm, it emits fluorescerat 340 nm. The fluorescence behavior of BSAuEs t the
presence of three fluorescent amino acid resideestiyptophan, tyrosine and phenylalanine. Onatidition of
metal complexes, the quenching of BSA fluorescemoars.

The quenching of BSA fluorescence by metal com@epeoceeds via dynamic/static quenching. Dynamic
guenching arises due to diffusion and the formatidnnon-fluorescent ground-state complex leads tadics
guenchind27]. The fluorescence quenching is described byStern-Volmer relation [28].

FolF = 1+ K[Q] = 1+ Kizo[Q]

Where, yand F represent the fluorescence intensity in Bserace and presence of quencher respectivglys &
linear Stern-Volmer guenching constant, [Q] is tbacentration of quencher ks the quenching rate constant and
1o is the fluorescence lifetime of the protein in #igsence of quencher. In the case of fluoresceneaching of
BSA, a linear plot of fF against [Q] was obtained and from the slopgwas calculatedyis the average life-time
of BSA and is found to be T0s [29]. The apparent bimolecular quenching ratestant K, which is equal to K/,
represents whether the quenching of BSA by complexeceed through static or dynamic mechanisms [30]

The successive additions of different concentrat@dnmetal complex solutions to BSA could decreatse i
fluorescence intensity at 340 nm but the emissiaimum was not shifted to shorter or longer wavgllenThis is
illustrated in Fig 4a and 4b. The addition of mataimplexes could alter the fluorophore environmanBSA by
interacting with it, but the local dielectric enmirment of BSA was not changed. Thg &nd K, values calculated at
different temperatures are given in Table 1.

The Stern-Volmer quenching constants Were found to decrease with increase in temperaindethe K values
were found to be larger than 2.0 X40mol™s™ reported [31] for the maximum diffusion quenchiage constant of
various quenchers with biopolymers. This indicabeg the quenching of BSA by the metal complexestatic and
not dynamic quenching.

Table 1: Ks, and Kq values of MnL and FeL complexes

Complex T(K) Kg(x10°Lmol?) K, (x 107 Lmol’s?)

298 5.62 5.62
MnL 304 5.54 5.54
310 5.38 5.38
298 6.79 6.79
FeL 304 6.21 6.21
310 5.94 5.94

400

300

200 -

Intensity (a.u)

D000 DOGNOOT  CO00004 OOCDOGE  OTKO0H  0GD00TO
120

100 —

T T T T T T 1
300 325 350 375 400 425 450
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Fig 4a: Emission spectra of BSA in the presence wérious concentration of MnL (T=298K), c(BSA)=2.0 x10® molL™, ¢(MnL) = 2, 4, 6, 8,
10 x 10° molL™. Insert: Stern-Volmer plot for quenching of BSA byMnL
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Fig 4b: Emission spectra of BSA in the presence whrious concentration of FeL (T=298K), c(BSA)= 2.& 10° molL™, c(FeL) = 2, 4, 6, 8,
10 x 10° molL™. Insert: Stern-Volmer plot for quenching of BSA byFelL

3.7.2 Absorption spectroscopy

In order to confirm the quenching mechanism, the\W¥ absorption spectra of BSA and metal compldutimns
were also recorded. As shown in Fig 5a and Sbabs®rption intensity of BSA at 285 nm was sligtshjfted to a
longer wavelength upon addition of metal complelutsons. This confirms that the quenching mechani$rBSA
by metal complexes arises as a result of statinching i.e., due to complex formation between thdecules of
BSA and metal complexes.
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0.80

0.75

Absorbance

0.70

0.65

0.60

T T T T T
240 260 280 300 320 340

Wavelength (nm)
Fig 5a: UV-Vis absorption spectra of BSA and BSA-Mh solutions: ¢(BSA) = ¢(MnL) = 2 x 1¢ molL™
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Fig 5b: UV-Vis absorption spectra of BSA and BSA-Fe solutions: ¢(BSA) = ¢(FeL) = 2 x 16 molL™*

3.7.3 Analysis of binding constants, binding sitegnd binding energy
For static quenching, when the metal complexes wnBISA, the binding constant {Kand the number of binding
sites (n) can be obtained from the following equa{B32],

Fy—F
log (0T> = log K, + nlog[Q]

Where K and F represent the fluorescence intensities énathsence and presence of quencher and [Q] is the
concentration of the quencher. The values paKd n are obtained from the linear fitting plotdogy [(Fo-F)/F] vs.

log [Q] (Fig 6a. and 6b) which are furnished in TeaB. The results suggest that there exist a stbamgjing force
between the BSA and the metal complexes. The hytap metal complexes can interact with BSA by ente

into the hydrophobic cavity present in it. The nembf binding sites for both the complexes is agpnated to 1
which suggests that the metal complexes can bipdaizin through only one binding site.
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0.3 ] &
L2
0.4 4 -0.6
w
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084 € o8
0.7 4
-0.9 4
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-0.9 4 T T T T T T T T
S i ) i ‘ . : . 58 -57 -56 55 54 53 -52 51 50 -49
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log [Q]
Fig 6a: Plot of log[(R-F)/F] vs log[Q] for Fig 6b: Plot of log[(F-F)/F] vslog[Q] for
BSA-MnL complex at 298 K BSA-FeL complex at 298 K

3.7.4 Thermodynamic parameters

The drug molecules interact with BSA through elestatic interactions, hydrogen bonds, hydrophobicds and
Vander Waals interactions [33]. In order to makeacl the interaction of the complexes with BSA, the
thermodynamic parameters, Gibbs free energy chang®s enthalpy changeal) and entropy changea$) were
calculated by Van't Hoff equation. The signs andgniades of the thermodynamic parametexsl (and AS)
explains the type of forces involved in the bindimgpcess. Consequently, the binding constant aethifferent
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temperatures i.e. 298 K, 304 K and 310 K were stlidAt these temperatures the BSA would not undargo
structural degradation. The thermodynamic pararsaetere calculated from the Van't Hoff equation:][34

—-AH  —AS
Ink =228, 248
RT R
AG = -RT InK
AS AH — AG
T
10.90 10.8
10.85 10.7 @
10.80 10.6 -
&
e =
10.75 10.5 L
10.70 10.4 4
T T T T T T T T o
0.00320 0.00322 0.00324 0.00326 0.00328 0.00330 0.00332 0.00334 0.00336 T T T T T T T T
s 0.00320 0.00322 0.00324 0.00326 0.00328 0.00330 0.00332 0.00334 0.00336
T (K) G oo
T (K)

Fig 7a: Van't Hoff plot for the interaction Fig 7b: Van't Hoff plot for the interaction
of BSA with MnL complex of BSA with FeL complex

From the above equation it seems that there egastd linear relationship between InK and 1/T. B¢ andAS
values are obtained from the slopes and ordinatite arigin of the fitted lines. (Fig 7a and 7b)

The positive enthalpy chang&H) and entropy change$) are linked with hydrophobic interactions. Thegatéve
values ofAH andAS are associated with hydrogen bonding and Vandsal$\Mnteractions whereas the very low
positive or negativdH and positiveAS values are characterized by electrostatic intierss

From the results obtained (Table 3) it is eviddmattthe metal complexes are bound to BSA by elsttic
interactions and also the negative valuea®@fshow the spontaneity of BSA-metal complex inteoac

Table 2: Binding constant(K,) and Binding site(n) values of MnL and FeL complegs

Binding constant

Complex T (K) (x 10°L mol ) Binding site
298 4.42 0.96
MnL 304 4.76 1.04
310 5.26 1.07
298 3.28 0.98
FeL 304 3.36 0.99
310 4.66 1.08

Table 3: Thermodynamic parameters of the binding iteraction of metal complexes with BSA

Complex T(K) AH(KJmol™) AS @mol'K™)  AG (KJmol™)

298 -26.51
MnL 304 -13.30 15.148 -27.23
310 -28.02
298 -25.76
FeL 304 -26.36 19.178 -26.35
310 -27.71

3.7.5 Energy transfer between the complexes and BSA

Fluorescence resonance energy transfer (FRET) depam the distance between the molecules in theites
states. Generally, FRET occurs when the emissiectspn of a donor overlaps with the absorption spet of
acceptor. The extent of energy transfer betweeffisbeophore and the drug molecule is determinedhfthe extent
of spectral overlap between emission spectrumefiinor and absorption spectra of the acceptor FF8ET is an
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important method for to study a wide range of bjidal process [36]. From the Forster’s theory, éffeciency of
energy transfer, E is calculated as follows, [37]

E=1-FIg=R’/ (RS +1°)

Where F is the fluorescent intensity of BSA, F is the flascent intensity of BSA on addition of the metal
complexes which is equal to the concentration oABS is the distance from the donor to the accemnd R is
the Forster critical distance where the efficiermfyenergy transfer is 50%.,Rcan be calculated from donor
emission and acceptor absorption spectra usingdrgter formula, [38]

Ry’ = 8.8 x 10°%k*n ™ J

K? is the orientation factor related to the geomefrthe dipoles of the donor and acceptor ahg (3 for random
orientation as in fluid solution; n is the averagé&active index of medium (n = 1.336 [399); is the fluorescence
guantum yield of the donor and for BSA it is 0.28]; J is the spectral overlap between the donassan and the
acceptor absorption and is calculated as follows} [

_ Ze() FO) A" AL
T IZFO) AL

F()) is the corrected fluorescence intensity of thaatan the wavelength range (1) is the molar absorptivity of
the acceptor at wavelength

The overlap of the fluorescence emission spectruBS# and the absorption spectrum of MnL and Fet strown
in Fig 8a and 8b. The energy transfer parameterhéinteraction of metal complexes with BSA aneeg in Table
4.
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Fig 8a: Spectral overlap of UV-Vis absorption spectm of MnL with the fluorescence emission spectrunof BSA. ¢(BSA) = c(MnL) = 2 x
10°molL™?, T =298 K
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Fig 8b: Spectral overlap of UV-Vis absorption spectm of FeL with the fluorescence emission spectruraf BSA. c(BSA) = c(FelL) =2 x
10°molL™, T =298 K

From the calculations, it was found that the dista(r) between the donor and acceptor is smaldr §hnm [42],
which indicates that there is high possibility &rergy transfer from BSA to metal complexes.

Table 4: Energy transfer parameters for the interat¢ion of metal complexes with BSA

complex J(10%cnrfLmol? Ry(hm) E  r(nm)
MnL 2.27 1.91 0.11 2.70
FeL 3.79 2.08 0.17 2.71

3.7.6 Molecular docking studies

From the 3-D structure of crystalline albumin itsMaund that BSA is made up of three homologousaios(l, I
and Il); | (residues 1-183), Il (residues 184-3#&®id Il (residues 377-583), each containing twbdsumains (A
and B) forming a heart shaped molecule, which passed into nine loops through 17 disulphide bpedsh one
formed by six helices. The secondary structure 8ABs dominated by-helix. It is suggested that the drug
molecules could bind to BSA through hydrophobicittes present in subdomains 1A and IlIA. The subyddn I1A
contains the tryptophan residue 212 (Trp-212) [43]e hydrophobic cavity present in subdomain llAaysl an
important role in absorption, metabolism and tramtgiion of BSA.

The minimum energy conformer showed that the corg@eMnL and FeL bind within the hydrophobic pockét
sub-domain 1A as shown in Fig 9a and 9b for Mnld &L complexes respectively.

Trp 212

Fig 9a: Molecular docked model of MnL located withh sub-domain IIA of BSA
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Fig 9b: Molecular docked model of FeL located with sub-domain 1A of BSA

CONCLUSION

In the present work a new tetradentate ligand &din(lll) and Fe(lll) metal complexes were syntlzed from
9,10-Phenanthrenequinone and L-tryptophan and ctesized using various analytical and spectrosctymts. The
electrochemical and thermal studies were alsoazhut. The interaction of these metal complexdb ®EA was
studied using emission and absorption spectraalt fsund that the metal complexes could quenchntnesic
fluorescence of BSA through static quenching. Ththapy change and entropy change reveal that thalm
complexes are bound to BSA by electrostatic intevas into the hydrophobic pocket of subdomain IbABSA
which is supported by the molecular docking studidee distance between the BSA and MnL & FelL wamébto
be 2.70 and 2.71 respectively which indicates ttenergy transfer occurs with high possibility.
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