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ABSTRACT

A novel Schiff base ligand (PQ-phe) derived fromO9henanthrenequinone and L-phenylalanine haven bee
synthesized and complexed with Mn(lll) and Fe(fhigtal ions. They were characterized. The interactb the
synthesized Schiff base complexes with Bovine S&lwmin (BSA) was investigated by fluorescenceldvieVIS
spectroscopic techniques. It was found that theréiscence quenching of BSA by Schiff base metapleres
occurs as a result of complex formation betweerBtBA and the metal complexes ie., static quencfiimg.number

of binding sites and binding energy were calculated

Keywords. 9,10-Phenanthrenequinone, L-phenylalanine, SchBEbBSA, Static quenching.

INTRODUCTION

Schiff bases have been playing an important rolééndevelopment of co-ordination chemistry. Mamhif base
ligands have been designed to mimic the functiomaifiral carriers recognizing and transporting gigemetal
ions, anions or neutral molecules and in underagndnd reproducing the catalytic activity of meisdnzymes
and protein§! Aimost all transition metal complexes of Schifsea show good antibacterial, antiviral, antimalaria
and antitubercular activitf:? Amino acid based Schiff base complexes have riceateived considerable
attention due to their biological importaride.

Proteins are the most abundant macromoleculedlmar® are crucial to maintaining normal cell ftions. Bovine
serum albumin (BSA), one of the major componentglasma protein, plays an significant role in torsing and
metabolizing of many endogenous and exogenous canasoin metabolism. Since the serum albumin has bee
considered to be non-antigenic and biodegradabld,aso readily available, the albumin has beemnl @sea bio-
material, such as drug delivery and novel hydroptahrriers. Recently, the Schiff bases conjugatias been
proved to be an effective method to improve thédabtivity® Binding of Schiff base metal complexes with the
most abundant carrier proteins (serum albuminsg teso been a subject of interest as such drugiprbinding
greatly influences absorption, drug transport, ager metabolism and excretion properties of typiraigs in
vertebrates. Due to the scarcity of the informatregarding the interaction of amino acid based f6diase
complexes with BSA, we have decided to synthesizhiffS base metal complexes derived from 9,10-
Phenanthrenequinone and L-phenylalanine and tg shedr interaction with BSA using fluorescence and-VIS
spectroscopic techniques. The quenching mechabisiting sites and binding energy were also caledlat
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MATERIALSAND METHODS

1.1Materials and methods

All chemicals and solvents used were of analytieglgent grade. 9,10-Phenanthrenequinone, BSA andiMn
acetate were purchased from Sigma and L-phenytaarkierric chloride and tris-buffer from HIMEDIA08ium
chloride and hydrochloric acid were purchased ftddBA and were used to prepare Tris-HCI buffer of pH#.

The IR spectra were recorded on Perkin Elmer F§g&ctrometer with samples prepared as KBr peff#@sNMR
spectra were recorded in CR@y using TMS as an internal standard on a BRUKBER ihstrument. El mass
spectra were recorded on a JEOL DX-303 El masstrepeeter. UV-visible spectra were recorded usirgeskin
Elmer Lambda 35 spectrophotometer. The emissiontgpavere recorded on Perkin-Elmer LS-45 Fluoreseen
spectrometer.

1.2Synthesis of the Schiff base ligand

To 1mmol of 9,10-Phenanthrenequinone in dichlordraet (40ml), 2mmol of L-phenylalanine (0.16g) wedex..
The solution was stirred for 8h, reduced in voluane the precipitate filtered, washed with wateethjl ether and
dried invacuo.(Scheme.1)

Scheme. 1 Preparation and structure of the Schiff base ligand
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1.3Synthesis of the Schiff base ligand

To 1 mmol of the ligand in 25 ml of methanol, auimn of metal(lll) (1 mmol) in 25 ml of methanolas added
drop wise with constant stirringhe pH was maintained around 9. The reaction mixtuais stirred under reflux for
8 h and the volume was reduced to half of theahitiolume under reduced pressure. The precipitaiethl
complex was filtered, washed several times withhgieether and then dried wracuo.(Scheme.2)
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Scheme. 2 Preparation and structur e of the Schiff base complexes
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1.4Preparation of stock solutions

The concentrations of the stock solutions of BSAgC- 2 x 10° molL™) in Tris buffer (0.05 molt* Tris, 0.15
molL™ NaCl and the pH is maintained at 7.4 using corel)re determined from absorption spectroscopg Th
concentration is calculated by dividing absorbaat@80 nm by the molar extinction coefficients &M (exg0 =
44,300 M*cm ™). The stock solutions of metal complexes were prephyedissolving them in DMSO and diluting
them to a final concentration of 10 x 4folL™.

1.5BSA binding studies

1.5.1Absorption studies

The absorption spectra of BSA and BSA-metal comglestem were recorded in the range of 250-310 rime. T
concentration of BSA and metal complex was 2 X aIL™.

1.5.2Fluorescence studies

In a typical fluorescence measurement, 2 ml BSA agded to quartz cell (1.0 x 1.0 cm). Fluorescenenching
spectra were recorded in the range of 320-400 rira.Width of the excitation and emission slit waisteel5 and 4
nm respectively. An excitation wavelength of 285 was chosen. The BSA was titrated by successiviiaus of
2 x 10° molL™* metal complex solutions. Titrations were done nadlgby using micro-injector.

1.5.3Fluorescence quenching mechanism

The decrease in fluorescence intensity of BSA Iffgdint molecular interactions is called quenchifigiorescence
guenching could proceed via different mechanismallys classified as dynamic quenching and statienghing.
Dynamic quenching is caused by diffusion and stgtienching is caused by formation of non-fluoresgeaund-
state comple®! The fluorescence quenching is described by thexStetmer relatiorf?!

Fo/F = 1+ Ky[Q] = 1+ Kyzo[Q]

Where, yand F represent the fluorescence intensity in bser@ce and presence of quencher respectivglys &
linear Stern-Volmer quenching constant and [Qhis ¢oncentration of quencher, I the quenching rate constant
andry is the fluorescence lifetime of the protein in #iesence of quencher. In the case of fluorescemerching of
BSA, a linear plot of §F against [Q] was obtained and from the slopg Was calculated. The value ofyK
represent a single quenching mechanism, eithéc statlynamid®

2.5.4 Analysis of binding sites
Number of binding sites can be calculated fromrissence titration data using the following equsfit

log [(Fo-F)/F] = log K, + n'log [Q]

Ky, and n are the binding constants and binding sitesetal complexes. The correspondingafd n values were
evaluated from the slopes and intercepts of thealifiitting plots of log [(5F)/F] vs. log [Q].

2.5.5 Analysis of binding energy
The Gibbs free energy changess) can be calculated by Van't Hoff equatibfl.

AG = -RT InK

Where K is analogous to the effective binding cantt K, at the corresponding temperature and R is the gas
constant. The negativeG value confirms the spontaneity of binding.

RESULTSAND DISCUSSION

1.6Structural characterization of ligand
The structure of the ligand has been confirmechieyfdllowing spectral data.
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3.1.1 FT IR spectra

The IR spectrum (Fig 1) of the Schiff base ligahdws an important intense peak at 1673 ciue to the imine(-
C=N) vibration. The intense peak at 1589 cim due to (COQ asymmetric stretching and the peak at 1409 ism
due to (COQ symmetric stretching vibration of carboxylic agicbup.
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Fig 1: FT-IR spectrum of the Schiff base ligand(PQ-phe)
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Fig 2: *C NMR spectrum of the Schiff base ligand (PQ-phe)

3.1.2"%C-NMR spectra

3C-NMR Spectrum (Fig. 2) of the ligand shows sigrialshe ranged 123.98-139.98 which are due to aromatic
carbons. The signal @& 163.04 corresponds to the two azomethine carl®igaal atd 180.32 is due to the two
carboxylate carbons.

3.1.3El mass spectra

The El mass spectrum (Fig 3) of the ligand shovesrtiolecular ion(M) peak at m/z =502 corresponding to the
molecular weight of the ligand. The peaks at mé72, 293, 250, 234, 207, 179, 151, 104 and 75 spomds to
various fragments £H»¢N-O,, CigH1gN2O5, CigH1aNO,, CigH1aNO, CiaHigN,, CigHgNO,, GoHyO,, CgHg and GHs
respectively.
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Fig 3: El Mass spectrum of the Schiff base ligand(PQ-phe)

3.2 Structural characterization of metal complexes

3.2.1 FT-IR spectra

The FT-IR spectra of both the Mn(lll) and Fe(llpraplexes of PQ-phe showed a shifting in C=N stiatgho a
lower frequencies (1642 chrand 1648 ci) when compared to that of the free ligand (1673 crfthis indicates
the coordination of imino nitrogen to the metaldfil The bands at 532 ¢m530 cni* and 438 cm, 430 cntt
corresponds to M-O and M-N bands of Mn(lll) andIFe€omplexes respectively.
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Fig 4a: FT-IR spectra of Mn(l11)-PQ-phe Fig 4b: FT-IR spectra of Fe(111)-PQ-phe

3.2.2 Electronic spectra and molar conductance

The molar conductance values of %84and 195° Q'mollcn? for Mn(ll)-PQ-phe and Fe(lll)-PQ-phe
respectively suggests the 1:3 electrolytic natdrthe metal complexes. The electronic spectra oflN)iPQ-phe
shows three transition bands at 750 nm, 575 nm 36@ nm corresponding t8B,g—"A.g, °B.g—"B,g and
°B,g—°Eg transitions respectively, confirming the octalaédeometry for the compld¥! The electronic spectra of
Fe(l11)-PQ-phe exhibits three bands at 750 nm, B@0and 325 nm, due fé.g(S)— “T19(G), *A19(S) — “T.g(G)
and®A.g(S) — °A.19(S)— “Eg transitions respectively, which demonstrateatuetral geometry for the compleX.

3.3 BSA binding studies

3.3.1 Fluorescence spectroscopy

The fluorescence intensity of BSA was quenched ratd850 nm on addition of increasing concentratibrthe
metal complexes but the emission band did not mmwvehorter or longer wavelength. BSA contains three
fluorophores namely, tryptophan, tyrosine and platagine. The intrinsic fluorescence of BSA is niaidue to
tryptophan, because phenylalanine has a very leamtgun yield and the fluorescence of tyrosine isoainotally
quenched if it is ionized, or is near an amino graucarbonyl group, or a tryptophan resififfe.
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Fig 5: Electronic spectra of Mn(l11)-PQ-phe and Fe(111)-PQ-phe

The decrease in fluorescence intensity of BSA atiteh of metal complexes is due to the interactidnhe metal
complexes with BSA. The effect of the metal compkewn BSA is shown in figures 6a and 6b. The queagcbf
BSA may be either dynamic or static. Dynamic quémglis caused due to collision. Static quenchinguog as a
result of complex formation between BSA and theahedmplexes. The quenching mechanism of metal tmmap
with BSA was probed by Stern-Volmer equation. Thg Walues obtained from the linear plot of Fvs. [Q] is
furnished in Table 1. The fluorescence lifetimeB&A in the absence of quenchey) (s 10° s. The quenching rate
constant Ig (= Ksv/1g)is calculated (Table 1).
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Fig 6a: Emission spectra and Stern-Volmer plot of BSA in the presence of various concentration of Mn(l11)-PQ-phe (T=298 K and A=280
nm), ¢(BSA)= 2.0 x 10° molL™?, c(Mn(l11)-PQ-phe) = 2, 4, 6, 8, 10 x 10° molL™
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Fig 6b: Emission spectra and Stern-Volmer plot of BSA in the presence of various concentration of Fe(l11)-PQ-phe (T=298 K and A=280
nm), ¢(BSA)= 2.0 x 10° molL™?, c(Fe(l11)-PQ-phe) = 2, 4, 6,8, 10 x 10° molL ™

Table 1: Stern-Volmer constanty(Ks,) and quenching rate constants(Kg)

complex Ko (x10° Lmol™) | Kq (x 10% Lmol™s?)
Mn(111)-PQ-phe 533 5.33
Fe(Il)-PQ-phe 5.49 5.49

According to literaturé” for dynamic quenching, the maximum scatter calisquenching constant of various
quenchers with the biopolymer is 2.0 X1Dmol™s™. The obtained values of #are greater than 2.0 x famol™s*
indicating that the quenching of BSA by the metahplexes is not dynamic. Therefore, the quenchieghanism
arises due to static quenching ie., due to formatiocomplex between BSA and metal complexes.

3.3.2 Absorption spectroscopy

This was further confirmed by absorption spectr&8f and BSA-metal complex solutions (Fig 7a anyl Tthe
absorption wavelength of BSA at 285 nm shiftedhtligto the right on addition of solution of me@dmplexes
indicating the complex formation between BSA andaheomplexes.
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Fig 7a: UV-vis absor ption spectra of BSA and BSA-Mn(l11)-PQ-phe solutions: ¢(BSA) = c(Mn(l11)-PQ-phe) = 2 x 10° molL*
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Fig 7b: UV-vis absor ption spectra of BSA and BSA-Fe(l11)-PQ-phe solutions: ¢(BSA) = c(Fe(I11)-PQ-phe) = 2 x 10° molL™
3.3.3 Analysis of binding constants and bindingssit

The linear fitting plots of log [(F)/F] vs. log [Q] (Fig 8a and 8b) gives the valeébinding constants and binding
sites which are furnished in table 2.
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Fig 8a: Double-log plot of Mn(I11)-PQ-phe quenching effect on BSA fluorescence at 298 K
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Fig 8b: Double-log plot of Fe(l11)-PQ-phe quenching effect on BSA fluor escence at 298 K

Table 2: Binding constants, Binding sitesand Binding ener gy values

Complex Binding constant (x 10°Lmol™) | Bindingsite | Binding energy(AG)
Mn(Il1)-PQ-phe 4.67 0.98 26.64
Fe(lll)-PQ-phe 418 0.88 26.36

These results suggest that there is a strong lgnfdirce between the BSA and the metal complexesrelis a
hydrophobic cavity in BSA which is favorable forethydrophobic metal complexes to enter into BSA iateracts
with it. The number of binding sites for both thenplexes is approximated to 1 which suggests ttexetis only

one binding site on the protein. The negati¢& values (Table 2) indicate the spontaneity of B8&tal complexes
binding process.

CONCLUSION

A new Schiff base ligand, PQ-phe, and its Mn(l8hd Fe(lll) complexes have been synthesized anchctesized
by IR, *C NMR, mass and electronic spectral analysis. Thtahions are six coordinate and the geometry @an b
described as octahedral. The molar conductancesakveal that all the complexes are 1:3 electmlgt nature.
BSA binding properties of the metal(lll) complexieave been investigated by UV-Vis spectra, and #soence
spectra. The mechanism of quenching of BSA by thetaltill) complexes was static quenching. The BSA-
metal(lll) complexes interactions were spontandzased on the values Afs.
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