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ABSTRACT

Tyrosine is indirectly involved in nerve transdoatiin CNS (Central Nervous System) and behavesoad g
chelating agent for many metal ions, because oftitscture. This prompted us to carry investigasiaf several
mixed ligand complexes forming equilibria involvitygosine as one of the ligand with nutrient angi¢anetal ions.
Present piece of work describes investigation ofaey systems of Tyrosine with alanine, phenylalaniGlycine,
valine, leucine and cadmium at 3%€l at three different ionic strengths in aqueous ioned The values of proton
dissociation constants of ligands and formation stants of complexes were calculated by algebraithouk of
Chaberek and Martell as modified by Dey et. al. pEtric data was subjected to SCOGS computer program
Thermodynamic formation constants were obtainedxtsapolating the values to zero ionic strengtloig 8 vs+/u
curve. Finally, all the systems are explained om thasis of speciation of species in entire pH ranfiehe
experiment.
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INTRODUCTION

Tyrosine (Tyr) is enzymatically produced from L-plyalanine. It plays a key role in signal transdtgtl].
Physiologically, tyrosine is involved in synthesis(3,4-dihydroxyphenyl)alanine (DOPA) which isepursor to
nurotransmetters[2]. All the other selected ligaads also structurally and biologically relatedeimch other and
physiologically active.

In the series of various studies[3iByestigations were carried out for several meataki such as Ni(ll), Co(ll),
Cd(ll) and organometallic compounds etc[6-12]. Enéspaper describes the results of studies on Oyt
Ala/Gly/Val/Lue/Phe biligand systems at 38€latu =0.05M,0.10M and 0.15M(NaN{in aqueous medium in
equimolar conditions (Where, Tyr = Tyrosine, AlaAknine, Gly = Glycine, Val = Valine, Lue = Leugrand Phe
= Phenylalanine).
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These studies are helpful in understanding intenfee of cadmium in Central Nervous System (CNS) and
therapeutic approach to cadmium toxicity.

MATERIALS AND METHODS

All the reagents used were of highest purity Mgpoducts. Solutions were prepared in e doubly distilled
water (pH 6.8). Proton-ligand, monoligand and lifidequilibria were investigated by pH-metric metlisthg an
Elico digital pH-meter model LI-127 with ATC prolaend combined electrode type (CL-51B- Glass Bodygea0-

14 pH unit; 0-100°C Automatic/Manual) with accurat.01. Titration mixtures were prepared as describ
elsewheré at 35+PC andp = 0.05M, 0.10M and 0.15M (NaN{pin aqueous medium and titrated against 0.1M
NaOH :

Titration curves obtained by plotting pH against (where, @ is the moles of alkali added per mole of
metal/ligand). Representative curves are showigirif

RESULTS AND DISCUSSION

The qualitative analysis of proton-ligand, metalroligand and metal-biligandequilibria were doneelsgmination
of titration curves (Fig. 1). This examination raigethat Cd(ll) ion coordinates simultaneously witith the ligands
tyrosine and ligand ‘B’ forming MAH, MA, MB type mmligand and MABH and MAB type biligand complexes
(where, Ligand ‘A’ = Tyrosine and Ligand ‘B’ = Alame/Glycine /Valine /Leucine /Phenylalanine). Theotpn
dissociation constants of ligands and formationstamts of monoligand and biligand complexes weterdgned
by using algebraic method of Chaberek& Martell[43,4s modified by Dest. A[15]. (Table 1 and2). These values
were refined by SCOGS (Stability Constants of Galiwed Species) computer program[16-18]. [fogalues were
plotted against/u and extrapolated to zero ionic strength in ordestitain thermodynamic formation constants.

The order of formation constants was found to bfok@ws :
Cd(I)-Tyr-Ala>Cd(Il)-Tyr-Gly>Cd(ll)-Tyr-Val >Cd(ll)-Tyr-Leu>Cd(ll)-Tyr-Phe

Higher value of alanine complexes is due to +l @ffef — CH; group. Further, the stability of valine and lewcin
complexes is justified on the basis of vibratiogffi¢cts and starichindrence of side groups.

Speciation curves for these systems (Fig. 2.1 a@)l show that the concentrations of Cd(I)AH and(I0B
increase in solution up to pH 7.5. Simultaneously, Cd(lII)ABH is also come in stghce and its percentage
concentration increases up to pB.0. Nonprotonated ternary complex Cd(II)AB stantfiing near pH 7.5 and its
concentration increases appreciably above pH &@eid of curves indicate that Cd(II)AB is formey &ll the
monoligand and monoprotonatedbiligand species (8eh®), which is also supported by an inflectiondat~ 3.0
(pH = 9.8) in biligand titration curve. Formation of YA is found to be negligible.

Scheme 1 Complexation Equilibria for Cd(l1)-Tyr-Ala/Gly/Val/Leu/Phe (1:1:1)Systems
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Deg =
MAH+ B =————MAB + H

2< 53

MAHB MAB + H

Percentage concentration of nonprotonated Cd(lIgaBiplex is found to be low in case of Cd(ll)-TyrePsystem
as compared to Cd(ll)-Ligand A-Ligand B systemsisTi attributed to the repulsion between bulkyesidoups of

two ligands in the former system as well as hydotgpt nature of phenyl ring of phenylalanine, whése ligand
concentration increases at higher pH.

All the selected ligands are physiologically actared selected conditions are also biomimmimetimddepresent
work is helpful in understanding physiological anddicinal chemistry of cadmium.

Table 1 Thermodynamic Formation Constants of ProtorLigand and Monoligand(1:1) Complexes of Cadmium ad Dissociation
Constant of Protonated Complex at 35+4C

Parameter | Tyr | Ala | Gly | Val |Leu | Phe
Log By
log Bra 10.15| 9.93 | 9.65| 9.52 | 9.26 | 9.10
|Og BHZA 19.12 - - - - -
|Og BMAH 14.55 - - - - -
log Bua 5.02 | 488 | 4.71| 446 | 435| 4.18
log Kifae 4.37 - - - - -
PR 95 | - - - - -
Ala, Gly, Val, Leu, Phe become ligand ‘B’ in bilighsystems
PEuux = Dissociation Constant of Protonated Complex

Table 2 Thermodynamic Formation Constants for Cd(l)-Tyr-Ligand ‘B’ (1:1:1) Biligand Systems at 35+°C

Parameter ngand B
Ala Gl Val Leu Phe
LOg BP"O y
log Buask 19.44 19.18 18.73 18.54 18.11
log Buas 10.92 10.66 10.23 10.11 9.65
log Kilum 9.29 9.03 8.58 8.39 7.96
HIAH
log KA, 4.89 4.63 4.18 3.99 3.56
HE
log Kiiium 4.41 4.32 4.12 4.04 3.78
LA
log Kyis 5.58 5.34 4.93 4.79 433
HE
log Ksism 6.02 5.95 5.79 5.76 5.47
" 8.54
pKE 8.52 8.48 8.43 8.46
KX o
PS5 = Dissociation Constant of Protonated Complex
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pH ws. ‘a’ curves for Cd(Il)— Tyr —Ala I1::l:1]|

System at 35+1°C(p=0.15M (NaMOs))
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Fig 1.Representative pH vs. d' Curves
Curve 1 represents Ligand'‘(Tyr) Titration Curve
Curve 2 represents Ligand' {(Ala/Gly/Val/Lue/Phe) Titration Curve
Curve 3 represents Metal-Ligandl (1:1) Titration Curve
Curve 4 represents Metal-Ligang! {1:1) Titration Curve
Curve 5 represents Mixed-Ligand (1:1:1) Titrat©arve
Curve ‘T’ represents Theoretical Composite Curve

Representative speciation curve for Cd(Il)-Tyr-AlaGly/Val/Lue/Phe (1:1:1)Systems

Speciation Curves for Cd(Il)-Tyr-Ala Speciation Curves for Cd(Il)-Tyr-Phe
(1:1:1) System at 35+1 °C (p=0.15M (1:1:1) System at 35+1 °C (p = 0.15M
(NaNOy)) (NaNO,))
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Where, Curve 1: [M]; 2: [MB]; 3 : [MAH]; 4 : [MA]; 5 : [MABH];6 : [MAB]
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