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Interactions proteins-metalic ions are a majorceon in various emerging fields like
bionanotchnology and material sciences.Nickel isvkmto be an essential element for the
living organisms those deficiences cause allergactions, dermatitis, asthma, and also can
induce carcinogenesis. Although it is known thatlb to albumin, his physiological role is
not complete established. Certainly, this role nagstonnected to the intimate physical and
electrochemical features of the binding process.piésent any new results concerning the
binding process of Ki on BSA, according to the UV absorbance spectruncsire of the

[BSA:Ni*][1:1]M system, with concentration(0.01 = 1) X 10™*M, in buffer
phosphate solution having pH-value neighbourirgphysiological values.
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1. Introduction

Living organisms grow, differentiate, reproduced aespond to their environment via
specific and integrated interactions between biesuks, as those between an enzyme and its
substrate or inhibitor, a hormon or growth factod dts receptor, an antibody and its antigen, or,
indeed, the binding of effector molecules or ofsioRor proteins case, the last two interactions act
as denaturants because induce the changes o&dbadary (short-range folding) and tertiary
(long-range folding) structure, so that occur thwadrtant functionality changes. The common
parameters that assist an understanding and a reeabuhe biochemical effect of the any
interactions are the binding affinity, binding siietty, number of binding sites per molecule , as
well as the enthalpic and entropic contributionth®binding energy.

Serum albumin (bovine serum albumin-BSA and hemmduomologue , human serum
albumin-HSA) is the one of the most important bl@odteins, with a concentration of about 0.63
mM, and is a versatil carrier protein, active aghtia variety of exogen agents with widely
differing properties, as small hydrophobic or hyahilic molecule, positive or negative ions,
normal or transition metal ions, anionic or catoradicals, as well as drugs and xenobiotics [1].

The reactivity of the tranzition metals depends adlguon the ligands, coordination
geometry and oxidation state of the metal. Biolabisystems have taken advantage of the
transition metals’reactivity by coordinating thetade  in the framework of a protein structure
that controls the reactivity and oxidation statethe metal.

Serum albumin possesses the capacity of reverdimlding of a great number of
substances, including bilirubin, hormones, drugs ians. Transition metal ions catalyze a variety
of biological reactions essential to sustain [ffee albumin-ion interactions might influence the
absorbtion, transport, metabolism and excretidorms [2].
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Physicochemical studies directed to the determinaif the tertiary structure and solution
conformation have been based on the interpretaifothe protein solution hydrodynamics at
neutral pH [3], the phosphorescence depolarizatewrcular dichroism (CD) and electronic
absorbtion spectroscopy (UV-VIS), FTIR, atomiccimicroscopy(AFM) [4,5]for both free and
binding albumin.

The conformation of a protein in water solutionsaape and sizes, is generally a function
of electrostatic, hydrogen-bonding, van der Waatsl hydrophobic interactions among the amino
acid residues that all specificaly favor unic canfation of protein in solution, termed the native
state, whereby the charged and polar (hydrophalajno acid groups are exterior and exposed to
water, while the nonpolar moieties (hydrophobicheyally reside in interior of folded structure,
protected from destabilizing solvent interactions.

The BSA macromolecule has a large number of chaageido acids on the surface, so
that has a net charge of (-18) at neutral conast{d].

The metalic ions bind strongly to protein througjbctrostatic interactions with surface
charged amino acids. The net charge of proteich@nged and as a result, the protein structure
addapte to a new equilibrium conformation, withestamino acids exposed to solvent.

Knowledge of the behaviour of the protein in a giveolvent, particularly in water
solution is the main goal of the research in tbgigh and delivery drugs.

Interactions proteins-metalic ions are a majorceom in various emerging fields like
bionanotchnology and material sciences. Thus, #re malachite (GOH),CO; ) nanoparticle
and BSA-malachite hanocomposite have been usedthéondsorbtion of a series of toxic and
precious metal ions from single- and multicomponaqtieous solution. The nanocomposites
obtained by the surface modification of the malechnanoparticles with BSA, have the
differentiate absorption behavior for the sameesefimetal ions [6].

Nickel is known to be an essential element forliviag organisms, but any deficiencies
induced in animals by dietary deprivation of Ncause allergic reactions, dermatitis, asthmal an
also can induced carcinogenesis [7].

In vivo, a substantial proportion of injected?Nby nourishment or medicine way, binds to
albumin, but his physiological réle is not complegtablished.

We present any new results concerning the bindinggss of Ni* on BSA, according to
the UV absorbance spectrum structure of the [BSAINMi1]M system, with concentration

(0.01 + 1) X 107*M, in buffer phosphate solution having pH-valuegheouring the
physiological values.

2. Free and binding BSA structure

Bovine serum albumin (BSA) is a single-chain protiiat, in the folding (native) state,
has a tertiary structure characterized by an @enayranjament of three globular domains, LI,
each comprising two smaller subdomains A and Bilstad by an internal network of disulfide
bonds and each bearing a number of ionizable graugs opposite signs. Hydrodynamic
measurements of sedimentation coefficients andtioot relaxation time, low-angle X-ray
scattering and neutron scattering [8] indicate that BSA molecule in solution has a prolate
ellipsoidal shape with a molecular weight of 6®KkDa. BSA molecule is built from 583 amino
acid residues. For physiological value of pH (~7th$ BSA secondary structure consists to 67%

a-helix, 10% turn, and 23% extended chain (but Besheet) [9,10]. In solution, the multiple
binding sites on exposed surface of molecule,rassine exceptional ability of BSA to interact
with many organic and anorganic molecules, drugsici metals and radicals. All these
interactions induce configurational transitions aedondary structure changes, that, in reasonable
proportions, are reversible and give flexibilitydawersatility to function of protein.

Protein unfolding can be induced by o variety deexal conditions: pH-solution changes
produce the ionization of nonpolar residues, termpee variations controle the complex interplay
between caloric and structural effects, and chdmimaturant, as surfactants, ions, small
molecules interact preferential with the polar (bgtrongly to protein by electrostatic interactions
with oppositely charged amino acids) or non-polardfophobic interactions) amino acids. As a



1127

result, denaturant binding enhanced protein unfigldiy aggregation or coalescence via surface
coverage of new chemical complexes [11] or via exp® of the core protein hydrophobic amino
acids.

Albumins have a high affinity metal binding sitésit the effectiveness in binding metal
ions depends on the protein configuration becaash eetal ion has a preferential coordination
with the coordinating side- chain of amino acids proteins. Such, because any secondary
structural elements are reduced compared to natate, BSA exhibits a reverse preferential
binding capacity for All, Pd*, H*, Ag" (soft metal ions) compared to ¥rNi?*, zr**, CU*
(hard metal ions) then is denaturated by adsorlmiomalachite nanopatrticles [6].

Electronic spectrum of the Nicomplexes in solution shows that, as in solidtatisNi**
ion having the electronic structure [Ar] 8¢ ), forms the square-coplanar diamagnetic
complexes with donors ligands as nitrogen or oryde].

The NMR results [7] demonstrate thatNbinds at the N-terminal sites of both HSA and
BSA in solution. Any semnificative chemical shififatences between bound and free albumin
resonances have been observed, indicating a shioding that depends of Niconcentration.
On addition Ni* in solution, the end point for disappearence &ABresonances and the
appearence of BSA-Ni resonances is close to Ni:t4tio, while for HSA-Ni is close to [1:0.8]

M ratio. Thus, usingH-NMR spectroscopy is possible to probe the binddfigNi** to the N-
terminal of the Aspl, His3, Lys4 hydrophilic reseduand Ala2 (or Thr2) amphyphilic residue,

namely @N-terminal of Aspl and Alal(or Thr2§N-terminal from NH side-chain of Lys4 and
dN-terminal from imidazole side-chain of His3.

The stoichiometry for Ni as ligand binding to BSA as receptor, is clasflt1]M ratio,
consistent with a single binding site.

Experimental results about behaviours of interastibetween Ni ion and human and
bovine serum albumin for a [1:1]M system, showt tthee binding of the first Ni on protein
induce a slow conformational changes that aftersvéadorize cooperative binding processes [13].

3. Experimental results

3. 1. UV-spectra

We present an analysis of the UV-absorbance speofrathe 1 X 10™*M

[BSA:Ni*][1:1]M in phosphate buffer solution f¢200 <+ 350)nm range of
wavelength. BSA with electrophoretic purity wererghased from Sigma Laboratories
and for Nf* ligands were used nickel chlorate p.a. (Mi@om Reactivul Laboratories, Romania.
All samples were prepared with the phosphate bsibéutions containing 8 g NaCl, 0.2g
KCl, 1.44 g NaHPGQ, ,0.24g KHPQO, and distilled water for 1000chsolution. The pH-value has
been adjusted t67 <+ 7.4) with NaOH 0.1M solution. BSA (66.430 mg ) and NiG0.130 mg)

was been dissolved in 10 2of phosphate buffer solution fdr X 10™*M [BSA:Ni®][1:1]M
sample.

The difference absorbance spectra between I'MIBSA:Ni*][1:1]M sample cell and 1
x 10*M [BSA] reference cell, were recorded using a Redmer Lambda 35 Spectrofotometer

in (190 < 1100)nm spectral range. All samples were characterizecoain temperature
under ambient conditions.
The changes of spectrum of the [BSA|il:1]M system compared to the free BSA,

depend on [Nfi] in solution, but any significant changes apgeaiNi*] ~1 X 10™*M. The
Fig.1 shows the absorbance spectra oflthx 107°M [BSA] (1), 1 X 10™*M [BSA] (2)
andl X 10™*M [BSA: Ni#[1:1]M (3).
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Fig.1. Normal absorbance spectra: (1) 1 X 107 ®M [BSAJ/air: (2) 1 X 10~ *M [BSA/air: (3)
1 X 10™*M [BSA: Ni**] [1:1]/air

For the identification of the relevant absorbaneaks, in Fig.2 we show the second

derivative spectra both ol X 10™*M [BSA] and 1 X 10™*M [BSA: Ni?* J[L:1]M
systems. The second derivative spectroscopy isiluseifce peaks and shoulders of the original
absorbance spectra are transformed into negatialesgeaving the minima centered at the same
wavelength. Thus any minor spectral features atecti with an extremely low or neglijable
error [14].
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Fig.2. Second derivatives of spectra shownin Fig.1: (dash) 1 X 10™*M [BsAJ/air; (solid) 1T X
10™*M M[BSA: Ni**][L: 1M /air.

3.2. UV-absor ption mechanisms of protein
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It is known that the proteins absorb UV light witho distinct peaks. The peak centered
onA = 278 nm is result of absorbance by aromatic ring portibtheir structure (tryptophan,
tyrosine, phenylalanine hydrophobic amino acidshilev the peak at lower wavelength

A~230 nm is caused by absorbance of peptide and carboagiit moieties in the compounds
(N-terminal peptide as -NH-CHR-COOH and C-termipaptide as NHCHR-CO-). In peptides,
the chromophore which interacts with light is timeide group (Fig.3(a)) that possess a conjugated
system spread over the O,C and N atoms, consistingplecular orbitals occupied by delocalized
electrons. Thus, amide group absorbs by'nﬂs»TC* andiT—7T " electronic transitions.
UV-absorbance spectrum of free BSA in phosphatéebgblution having concentration
and pH- value neighbouring the physiological vajushows two bands, one weak as a should
centered onA = 278 nm and one intense and large, betweed~240nm and

A~200 nm. The same spectrum but for the BSA aggregatedibitian of a salt and exposing
their hydrophobic patches to water, shows hypochwnil5].

Since a typical polypeptide has hundreds of amidmugs one could expect optical
transitions to have very broad absorption bandgoAa crystal, it is possible to chose a strudtura
unit, with a smaller number of chromophores thall wenerate the whole array by simple
translation.

The unit cell of a isolated-helix contains maximum two amide bonds, while tthese of
a,[)’-pleated sheet conformation, parallel or antipakattontains four amide bonds. So that, the

theoretical electronic transition far-helix can be split in maximum two transitions did [5-
sheet in maximum four transitions. In order folecwonic transition to occur it is necessary that
charge moves, or that a dipole be created. Thérefec transition is forbidden if a dipole cannot
be created. Thus, the optical transitions obsearedhose that are in phase with each other, and
the induced total dipole moment of the unit celhd@m-zero.

The induced dipole moment is defined b§ = e(X;X;, X Vi, 2i2;) and the
transition dipole momerD is defined by

Dpm = f‘/);d’\lpmdfz = <1/)n|cz|l/)m)

and represents the oscillator strenght for thecap@bsorption between initial state and final
staten of molecule. The direction d) in the molecular space defines the direction arfigition
polarization. Because is an odd function, the tranzition dipole momddy,, is the even
function (allowed) if the initial staten and finaln differ by their parity, e.g., one is eveg~(
symmetry) and other is odti{symmetry).

In the geometry oft-helix conformation, the transition moment vectofshe unit cell lie
approximately along the sides of a square inclifredn the helix by the dihedral specific
constraints. The total transition moment has twmponents, parallel and perpendicular to helix.

In the [-pleated sheet conformation, the transition monvestors are placed into an array and
the total transition moment has two componentslf@gmand perpendicular to sheet.

The stabilization of the final molecule structure assured by the dipole -dipole interaction
between pair of chromophores that has known form:

_ 1 |d:]1d;]
dmege R}

ij [6;- & —3@u-é)(i-é)]

where &y is the vacuum permittivityg is the medium permittivityd; is the transition dipole
moment of sitd, U is the unit vector of thRij distance between the centers of dipoles in sites

andj, andgi is the unit vector of the transition moment oégitIn a-helix the transition dipole
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moment of Amide | group has the intensity of 0.l makes an angle of’ldway from the CO
bond and in the direction of the CN bond [16,17].
The dipol-dipol interaction depends on the relatiientation of the pair chromophore moments;

when the chromophores are aligned side by siden(ashelix conformation), the dipole-dipole
interaction reduces the energy of transition andessilt the absorbance spectrum will show
hypochromism for this transition. Then the chrommels are aligned tail to tail, the dipole-dipole
interaction increases the transition energy andtiserbance will show hyperchromism.

The transition intensity of the amide groupdnhelix conformation of the molecule is

grater than then this group is infl pleated sheet conformation and the absorbandepmesition
shifts to red in the same conditions.

Electronic transitions in [BSA: Ki] system induce the specific dipole moments those
complex-dipole — complex-dipole interaction one tpaiomplex-dipole —chromophore-dipole
interaction on the other hand, will stabilize a reuilibrium conformation for protein.

3.3. UV-gpectrum structure

Main features of the absorbance behaviour that affkiEom the above UV spectra show
that the absorbance of the [BSA”N[il:1]M system is significantlly modified from 1NBSA]

for all wavelength range. Thus, i) far> 250 nm, the absorbance of the [BSA:*Nj1:1]M
system decreases in relation to 1M [BSA], whileAo< 250 nm the behavior reverses, Fig.1.
For the same solvent, the binding"Nio protein induces hypochromic effect #br> 250 nm
and produces an increase and the appearence oflmsaptions fod < 250 nm ; ii) the
absorbance peak of the free proteidlat= 238 nm, slowly blue shifts tol = 236 nm for
the absorbance of [BSA: Nj[1:1]M system; iii) the new three peaks appear ihe [BSA:
Ni**][1:1]M spectrum, namely, one relative intensedat= 210 nm, and two weak afl =
222nm and A = 228 nm, Fig.2, all placed in the spectral range of & —>m* and
TT—TT *transitions of the amide group.

The significative quantitative changes of the abaoce in thel < 250 nm range,
indicate that the binding of the Nito BSA induces important changes in the excitates of
protein.

The high intensity of the peak centered b= 236 nm indicates that one may be
assigned to a transition that is electric dipoleve¢d, but is not d-d transition [12].

Despite their comparative weakness, the last thesks atl < 236 nm, can't be

assigned to d-d transitions that lie 4t> 350 nm for all square-planar, tetrahedral and
octahedral Ni'-complexes in solutions [23].

All these observations suggest that the main okseatbsorbance bands releve the spectral
behaviour of any Ni-complexes and may be assiged to any charge-ératrsisitions which
involve both the Ni* and the complexed ligands. Electronic excitationsolecules involving the
charge transfer usually occasion changes in bamgtHe and frequently in molecular symmetry.
Then an electron is excited from a weakly anti-bogdor non-bonding) orbital to a strongly
antibonding orbital, results in a significant chamg molecular dimensions, with consequences for
their dynamics.

4. Model

To discuss the source and energy positions of lsereed absorbance bands, we propose
a model for binding the Ni complexes with BSA in solution starting from synirgetheory
considerations and energy arguments from the mialeotbital formalism.
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Starting from the above NMR results [7], we propdskbowing model for a square-
coplanar diamagnetic complex f,], those four N-terminal ligands are twiN, one €N and
one ON.

4.1.Forming and structure of the Ni**-complexesin [BSA: Ni*]

The affinity of nickel for nitrogen ligands permitise NH group of protein to bind, but
any specific geometries of coordinations are faeati by solvent [18]. The formation of the
[Ni#N,] complex is due to the affinity of nickel for timitrogen lone pair electron. The 2Nion
as an electron defficient form of nickel atom iaids with nitrogen lone pair as donor, via
resonance interactions (bonding) or inductive atBons (splitting due to electrostatic field of
ligands). The amount of participation of the loraérmf N does depend critically on the geometry
at N atom [19].

O N
e
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| C H
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. | H
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Fig.3.Ligand groups of [ Ni** N, -square planar complex in [BSA: Ni*]: (a) N-terminal of
amide bond; (b) N-terminal of imidazole group; (c) N-terminal of amine group. The arrow
shows the sharing lone pair of nitrogen.

Amide group, (Fig.3(a)). In simplified molecular orbital theorthe 2P, orbitals of N
(28 2p%),C(2€ 2p9) and O (252p") atoms of this group (containing 6 electrons aadify the
plane of the peptide bond as there nodal plameg combined to form three orthogonal linear

combinations corresponding t@ bonding ( filled with 2 electronsﬂ'0 non-bonding (filled with
2 electrons) andr ™ antibonding (empty) states. The remaining twotebes fill the non-bonding

orbital 2P, of the oxygen atom [20].

The electronic transitions of the amide bond afect#d by solvent and environment.
Thus, therr© —* transition blue shifts in water compared with argasolvent, while the
TT—T™ transition red shifts in water because the exdtatk of this transition is more polar than
the ground state. THE—TT™ transition of amide bond is a charge transfer ftbenN to O atoms
(Fig.3a). The charged nitrogen forms a hydrogendbwith the aqueous solvent. Thus, the

stabilization of the excited state leads to tlfeatifve lowering of the ionization potential of the
amide. In unsaturated compound, as that above omatéd, in the frontier orbitals formalism, the
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HOMO - LUMO excitation is generally arr—m™ (or m° —T™) transition, that for aqueous

solution, occur in UV region, around~240 nm.

Imidazole group, (Fig.3(b)) The imidazole group is a cyclopentadiene aniorse¢hthe
HOMO's molecular orbitals are much higher in enettiggn those in neutral aromatic species such
as benzen, so that is more capable of coordinatingansition metals with available empty d-
orbitals. Absorption spectra of BSA in presencetloé imidazole, show an increase of the

absorbance and a blue shift the HOMOUMO excitation associated witht —7T “transition,
comparative to absence of the imidazole [21] .

Amine group, (Fig.3(c)). The T—m" transition responsable for the amine-bond
absorbance is placed arouda~208 nm (e,g., absorbance spectrum of poly-L-lysine) [22]

These remarks permet to suppose that both théaioie group (Fig.3b) and the
deprotonated N-terminal of lysine (Fig.3c), haveeager energies for th&™ antibonding
molecular orbital.

Although all the four ligands have same nature Hineling effects of Ni* on protein are
intimating differents, because th&N ligands are directly bind to the back-bone chaiprotein,
while the &N ligand is the side-chain deprotonated ;Meéfminal of a lysine residue (Lys4) and

ON ligand is the side-chain imidazole-terminal dfistidine residue (His3). Binding of Nito a-
nitrogen involves the change of their geometrynmide group and, consequently, change of the
structural parameters of the protein molecule ag tlipole moment, giration radius. As a result,
the binding of Ni* induces the conformational changes of proteinhaes dhanges of relative
proprtions ofa-helix, S-sheet, and disordered forms of BSA in solutionstaiming Nf* ions
[24,25].

Note that while the amide groups of the back-boherotein are fixed by dihedral
constrains, both side-chains imidazole and amineghave mobility each to other. Thus, while
the inter-protonic distance d(Ag&p Ala)~0.44nm remains the same, the inter-protonic dfLys

Hisd) may be considerable larger than of dEisd)~0.32nm determined from a model based
to crystal structure of system [25].

Taking into account these considerations, is moobable the trans-disposition than cis-
disposition of the twoaN ligands (along to diagonal) that preserves thaase planar
configuration of the complex. This structure rersatime same under the symmetry operations ( E,

CAx.y,2),0(xy, xz,yZz), i) of the Dy, point group.
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Fig. 4. Schematic structure of the square-coplanar [Ni%*N,] complexin [BSA: Ni**]: (a)

[Ni% - Aspa, Alat Lys€, His€] environment; (b) schematic geometry of [ Ni%*N,]
complex in the x,y,z coordinates system of the Dy, point group.

On the other hand, the irreducible representafi@nB,, point group of the original Iy d-
orbitals, becomet; g = d,2, yg = dyz_y2,b1g = dyy, byg = dyy b3y > d
[12, Table 1].

In [Ni**N,] complex, Nf* has a low formal oxidation state, and N ligands donors.
There are two possible types of charge transfectispe) excitation of the lone pair electrons of
the donor N to higher unfilled levels, and ii) eation of filled d-orbital electrons to the empty
antibonding 7t *orbitals of the "N-ligands chromophores” (Fig.3)heT first transitions usually
occurs at much higher energies than the observedsbaositions, so that it is resonable to assign

the observed absorbance bandslas™ charge transfer transitions. This electronic fitars

consists into excitation of filled d-orbital elemtis to the empty antibondir(gz ™) orbitals of the
"N-ligands chromophore”.

To develope the molecular orbital of a complex roole, e.g. then a central atom is
bonded to several identical atoms, the group thearybe used to analyse the symmetry of the

orbitals of the non-central atoms, and then comkieen with appropriate orbitals of the central
atom.

vz

4.2. Molecular orbitals of the N-terminal ligands

The quantitative binding of Kii ion with a N-terminal can be defined by the resmea
integral between the d-orbitals of metal and tHgy@ad orbitals (which are part of a molecular
group) wave functions. It is suitable to assun@ th the complex configuration from Fig.4(b),
the twoaN atoms are equivalents (as terminals of amidepgpuand als&éN anddN atoms are
equivalents (as terminals of amine groups), Figl& valence bonds length of the two categories
of N-terminal ligands are different because theelgrair electron contribution to bonding is

different. So that, th& *antibonding orbital energy of the amine group isaginer than that of the
amide group. Molecular orbitals diagram for origiNa molecule is shown in Fig.5(a).
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Fig.5. The diagramm of the molecular orbitals: (a) (p - p) of the ground state [ N,N] -
molecular complex; (b) (d - p) of the ground state of the [ Ni%N,] complex obtained

mixing 3d-orbitals of Ni?* with Pp-orbitals of N; (c) the assignment of the observed
absorbance bands with the charge transfer transitions
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Thep-orbital of eacheN ligand,®,;and@,,,, is part of the antibonding *- molecular

orbital of the source amide group, while thatdf or SN ligand, is part of the antibonding’-
molecular orbital of the amine group or of the ia®dle group, respectively (Fig.3).

Thus, neglecting overlap of tlge,; and@,, antibonding orbitals orN-atoms, we may
obtain two empty antibondind7t*),, ligand molecular orbitals of thexN, aN] nitrogen
complex, described by two wave functioﬁd}aa)g out-of-phase combination (lower energy)

and(Yp4 ), in-phase combination (higher energy),
1
(waa)g = ﬁ (goal - Qoaz)
1
(Wpa)u = E (Pa1 + Paz)
Using the same procedure with the same considaegafar eN and SN ligands, one obtain the
wave functions (Y 4.5)g4 out-of-phase combination an@p,ss),, in-phase combination, of
other two empty antibondingt ™) .5 molecular orbitals of thegN, SN ] nitrogen complex,

1
(¢a£6)g = \/_E (@ — ¥s)

1
Wpadu = ﬁ (s + @5)
where, si g are parts of the™ antibonding molecular orbital of the amine sideiohysine
group and imidazole group, respectively. Rememhbat therr™ antibonding orbital of these
groups has higher energy than the same orbitaimideagroup. If we assume that all tvaiN-
atoms, and also tweN, dN-atoms, are equivalent in the RNl complex, P41 = @ g2,
Qs = @gs. Thus, the [Ni'N,] complex has two empty antibonding molecular @bit(77*) .5

with higher energy thar(t*),,, described by thp,),, and (Wpes)y respectively,
Fig.5(c).

4.3. Molecular orbitals of [Ni**N,]-complex

The [N#N, complex has four bonding molecular orbitals whiate mostly ligand
character. These orbitals are completely fillecdkash ligand contributes a (to) pair of electrons.
The filling of these orbitals is the source of ttability of the complex.

For the square-coplanar diamagn«di%complex it is of interes only filled d-orbitals,
namelyd,z_yz, dyy, dy,, d,,. Experimental results for the [P complexes [26] confirm

the theoretical energy order of these orbitals i &mmetry of the complexdxz_yz >
dyy > dyz, d,,,. This order is consistent with the formation of lewnlar orbitals fromd-

atomic orbitals of metal arg-atomic orbitals of ligandsd,2 forms a o-bonding orbital d,.,
and dyzform a 1-bonding orbital, andd z_yzand dxy form a newd-bonding (with large
character of anti-bonding) [27].

Molecular orbitals of the [NfN,] complex formed from3d-orbitas of Nf* combined
with the 3p-orbitals of N, arelo and 17t bonding orbitals, 16 new non-bonding orbital and

21 *and 20 *antibonding orbitals,Fig.5(b). The antibonding talsi will reside predominantly on
the atom with greather orbital energy (the lesstebnegative atom), namely i Thus, it is
plausible that the complexation of the N-termintinas induces any length bond changes at their
original group.
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The positions of the final antibonding orbitals toe [N#**N,] complex, (1t*).s and

(1) qq result by overlaping between tife-orbitals of the ligandsand(d — p)-orbitals of
metal ion with the same symmetry and their relaBwergy positions mai be evaluated by any

resonance integrals of forh= (d|H ), whereH is the appropriate hamiltonian.
Finally, the observed absorbance bands 1,2,3,4bywassigned to following tranzitions:

1) dxz' dyz - (lpba)u- (2) dxz' dyz - (lpb£6)u- 3) dzz - (lpba)u and (4)dz2 -
(Ypes)u (Fig5(c); the transitionsdyz_y2,dyy, = (Ype)y and dyz_y2,dyy,
(Ypes)u (not shown in figure) are electric dipole forbiddeecause the non-bondidgorbitals

(dy2_y2,dy,) does not overlap to antibondingypq ), and (Ypes),, orbitals. All these

transitions are excitations of the fil,] complex formed via a charge transfer from N-tievah
ligands to Ni*.
Taking into account symetry constraints, both the &nd (2) transitions are dipole

moment forbidden (dashed lines), but are placetiért — 7T *amide groups excitations range
that marke the interaction of the frontier molecwebitals, HOMO and LUMO, of the protein.
The blue shift of the intense band (1) of the carptomparing to the free protein, is more
probable due to any local conformational changescbynplexing of protein, so that the
chromophores of protein will differ in their envinments. The complex- dipole moment induced

by electron-transition froml-orbital of Nf* to 7T *-antibonding N-ligands preferential localised to
metal, makes an angle to the chromophore-dipolgrotein group and their dipole-dipole
interaction increases the transition energy. Thehawiour is supported by Woodward and
Hoffmann rules [28], which show that by examiniree tinteraction of the frontier molecular
orbitals both the local- and stereospecificity coloé accounted for.

The (3) and (4) transitions are dipole moment adldwcontinuous lines) those intensity
depends on formed [RN,] complex number. The spectral position of thesaditions depends
on the nature of side-chain amino acids ligandisntification,e.g. of a structural réle of a lysine
amino acid is of importance since Ni-albumin is ##igenic determinant recognised by an Ni-
specific antibody in nickel allergy.

The transition-dipole—chromophore-dipole interagtioduces any major configurational
changes of protein, but on the other hand, thelrnweta have a preferential coordination tendence
with the coordinating side chain of amino acidspitotein. We shall analyse the subsequent
evolution of the binding metal-protein using timeasning UV spectra.

5. Conclusions

The UV-absorbance of the X 10™*M [BSA: Ni*][1:1] system in phosphate buffer
solution is greather that of frek X 10_4M[BSA] and the second derivative shows new four
bands, al = 236 nm, 228 nm, 222 nm, 210 nm. We propose a model for square-
planar [NF'N,] complex of Nf* with four N-terminal, twoaN, €N, SN, providing by an Ala,
an Asp, an Lys and an His side chain amino acidB®A. Accomoding the symmetry of this
coordination with the symmetry of thd-orbitals of Nf, it is resonable to assign the observed
absorbance bands as—>T™* charge transfer transitions. This electronic fitéTs consists into

excitation of complex filledd-orbital electrons to the empty antibondiﬁg*) orbitals of the N-
ligands provided from N-terminals of the proteimaiophores.

The identification of a structural role of certaamino acids, as lysine or histidine, for
given binding conditions, is of importance for wpiNi-albumin system buth as diagnose and
treatment of specific diseases.
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