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Blood serum albumins of mammals, to begin with the most
studied representatives such as human serum albumin (HSA),
bovine serum albumin (BSA) etc. (with a molecular mass of
ca. 66 500 Da), earned much research attention since they are
most abundant and multi-functional water-soluble monomer
globular proteins in serum plasma [12,13,16], and their physi-
ological function encompasses maintenance of osmotic pres-
sure in serum, transporting of fatty acids, amino acids and
metal ions, including Cu*, as well as scavenging of oxidants
and reductants, including complex metal ions and drugs [2-
4,10,13,17,19]. Among other functions of serum albumins the
binding, transportation and regulation of doubly charged metal
ions such as Cu?* should be mentioned. It is natural that because
of the extremely multifunctional physiological role of this class of
proteins, exhaustive studies of a respective human prototype, HSA,
play an outstanding role within the biomedical disciplines. Among
other issues, investigation of the interaction of copper (II) with se-
rum albumins, evaluation of binding amplitude and mechanism of
interaction, have gained increased interest due to their application
for numerous biomedical and bioanalytical issues, as well as for
the design of metal-based drugs [1-3,5,7,8,11-14]. It should also be
noted that the structural and functional similarity of HSA (the un-
doubtedly most studied representative of this protein family) with
most of its mammalian analogs, such as BSA, e.g. [3,13] (includ-
ing occurrence of a high-affinity site for the Cu*" capturing and
transportation), provides a good basis for a many-sided modeling
of HSA by its respective analogs. Indeed, this outstanding similarity
makes BSA a perfect alternative for HSA in material-consuming
laboratory studies with biomedical targeting owing to the relatively
low cost and wide availability of BSA.
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Fig. 1. (a) Structural alignment and comparative aspect for
HSA and BSA, represented in blue and red colors, respectively.
The Cu?* (depicted by the yellow sphere) binding site is indicat-
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ed by the bright green rectangle. (b) Model of suggested bind-
ing site for the “first” Cu’" ion in BSA; within the “N-terminal”
sequence of: Asp-Thr-His- (according to Ref. [3,13])

As a clarifying illustration, Fig. 1, panel (a) depicts the com-
parative tertiary structures of BSA and HSA, and panel (b) de-
picts the location of a Cu* ion within its binding site — so called
N-terminal site in it [3,13].

In the present work, taking into the account the importance
of understanding of metal binding properties of serum albumins
from one side and an exceptional ability of copper ions to form
extremely versatile series of coordinated complexes, often with
very unusual, even odd hence novel thermodynamic and/or ki-
netic patterns of electron transfer (exchange) from another side
[9,18], in the present work we studied interaction/complexation
of copper ions (Cu?*) with a representative globular protein,
BSA, using combined voltammetric and thermodynamic exami-
nations. Voltammetric measurements [9,18] are of exceptional
interest since offers opportunity of the direct instrumental de-
tection of a current signal for the electron exchange between
Cu?* and the electrode. The combined voltammetric and ther-
modynamic (differential scanning calorimetry, DSC) examina-
tions of target proteins in the presence and absence of Cu** ions,
gives possibility to investigate the correlated impact of differ-
ent factors on the stability and redox activity of BSA (HSA)-
Cu**complexes which, in turn, will provide information on the
role of conformational flexibility (dynamic properties), which,
beyond the applied biomedical purpose, has the essential fun-
damental importance from the physiological and biophysical
standpoints, as well.

Material and methods. Bovin Serum Albumin (BSA), cop-
per oxide (CuCl, - 2 H,0), potassium Chloride (KCI) were pur-
chased from Sigma and were used without further purification.
All solutions were prepared using MilliQ water.

Electrochemical experiments were performed with conven-
tional three-electrode system. 2 mm @ Glassy Carbon disc
sealed in Teflon cylinders (BAS)was used as working electrode,
platinum wire and Ag/AgCl/3M NaCl were used as the counter
and the reference electrodes, respectively [9,18]. The working
electrode was sequentially polished with 0.5 and 0.05pum Alu-
mina water slurry and washed with water.

Electrochemical measurements were carried out with an Au-
tolab PGSTATI2SN from Metrohm Autolab B.V., equipped with
software for Windows (NOVAL.11). Mikrocallorimetric mea-
surements were performed with DSC instrument DASM-4A
connecting to PC via the Interface unit PCIL.

Results and discussion. Fig. 2, displays cyclic voltam-
perometric data, which demonstrate the reduction and oxida-
tion (redox) behavior of Cu** ions in (1.8 x 10?) M CuCl, in
0.2 M KCI (pH was adjusted to 6.2, withou t using any buffer,
to avoid the uncontrollable extra complexation of Cu?* with the
buffer components) Curve 1 clearly showing two pairs of redox
peaks belonging to the Cu**/Cu” at midwave potential E = 0.16
V (Ep, = 0.12V; Ep,= 0.2V) and Cu*/Cu’ at E = -0.2V (Ep,=
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-0.37V; Ep_ = —0.035V) electronic transformations [5,6]. Ad-
dition of equal amount of BSA (1.8x103) M to the solution
containing (1.8x107) M CuCl, results that two pairs of redox
peaks (belonging to the Cu*’Cu* and Cu*/Cu redox transfor-
mations) disappear and a new weak single reductive peak, at
Ep, = —0,55V (curve 2) attributable to the Cu*"/Cu" transition
is shown. Very dramatic shift of Cu?" reduction process to
much more negative potentials (for ca. 0.5 Volts (!)) is pre-
sumably due to the strong 1:1 BSA-Cu?" complex formation.
To our best knowledge, this is the first direct voltammetric
(electrochemical) signal detection of complex formation be-
tween albumin and (Cu?). According to spectroscopic data
[15] in the presence of electron donor (ascorbic acid or ac-
robat), the albumin-Cu2+complex square planar geometry
is distorted and the albumin connected to Cu(l) has linear
geometry [15].

In the process of BSA-Cu*" complex formation the “N-
terminal” sequence of: Asp- Thr-His- (see Fig. 1 (b)) is pre-
sumably forms the chelating environment for the entrapped
Cu?" ion. There is some published work [8] reporting that
Cu?"ions entrapped inside BSA (or HSA) lose their ability
to exchange electrons with their proposed redox partners. It
has been proposed [8] that the sulfuric group of the albumin’s
Cys-34 residue that resides near the “N-terminal” site, having
sufficient conformational flexibility, may provide additional
ligation through the stabilizing electronic configuration that
implies the partial charge-transfer to Cu?". This action may
“lock™ the copper ion in a redox inactive condition (hinder
it’s redox activity), unless the sulfur group is not oxidized by
adding of some strong oxidant into the solution [8].
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Fig 2. CV for Cu’* alone (curve 1) clearly showing two pairs
of redox peaks (belonging to the Cu2+/Cu+ and Cu+/Cu) elec-
tronic transformations) disappear upon the 1:1 complexation
with BSA as indicated above (curve 2)

Fig. 3 displays the DSC data which additionally confirm the
nearly 1:1 BSA-Cu?" complexation for solutions containing the
equal (1.8x107) M concentrations of both, BSA and CuCl,. It
is clearly visible that there is small but distinct stabilization re-
garding the transition temperature, 7m, viz., 67.4%0.5 °C for the
BSA-Cu*complex (curve 2), versus 65.2+0.5 °C for the BSA
alone (curve 1); the over-all melting enthalpy, DHcal, also in-
creased distinctly from 0.89 to 1.17 (given in arbitrary units),
whereas the peak width (at the half height), A7, decreased from
8.0 to 6.6 °C, indicative of more cooperative character of the
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transition. Relatively minor stabilization caused by the BSA-
Cu?" complexation can be explained by the copper binding at
the peripheral sight (see Fig. 1, panels (a) and (b)) that is remote
from the central area connecting two largest domains of BSA
(HSA). Indeed, the global thermodynamic stability is proposed
to be determined by the interaction of these two largest domains
(under certain pH conditions the global cooperativity of melting
may be lost that shows up in splitting of a DSC peak). On the
other hand, one can see that there exists some global conforma-
tional flexibility inside the protein matrix that is correlated with
a global stability of the protein, both showing up through the ex-
tensive (DHcal) and intensive (7m, AT) thermodynamic param-
eters associated to the protein’s thermal denaturation (melting).
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Fig. 3. DSC data for: the BSA alone (curve 1) and the BSA-
Cu?*complex (cuve 2)

Conclusions. A compbination of two independent physical
methods, the CV (electrochemistry) and DSC (microcalorim-
etry), was applied for the first time to directly confirm the for-
merly proposed hypothesis about the strong 1:1 complexation of
blood serum albumins with Cu?*"ions in solutions (containing in
our case equal (1.8 x 10%) M concentrations of both, BSA and
CuCl,). In addition, the CV method allowed for a direct detec-
tion of blocking the “normal” redox activity of Cu>* ions when
presumably captured by the chelating site near the N-terminal
group of BSA (HSA).
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Structural organization of serum albumins — the most
abundant globular proteins in serum plasma — gives rise to
their extraordinary binding and functional capacity. Various
classes of ligands, including the metal ions can be captured
and transported by albumins. Metal binding to human serum
albumin, HSA, that is an essential multipurpose target for the
modern biomedicine, to its bovine equivalent, BSA, and oth-
er mammalian analogs have been extensively explored in the
context of metabolism of essential metal ions, like Cu?*. Tak-
ing into account structural similarity of human and bovine
serum albumins, the later was selected as a relevant model in
laboratory studies due to its low cost and wide availability.
In the present work metal binding properties of BSA with
copper ions (Cu?*) were explored using combined voltammet-
ric and thermodynamic examinations. According to voltam-
metric data, addition of equal amount of BSA (1.8x10*)M
to the solution (0.2 M KClI) containing (1.8x 10~%) M CuCl,
results that two pairs of redox peaks belonging to the Cu?*
/Cu* (E;= 0,16 V) and Cu*/Cu’ (E,= -0.2 V) electronic
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transformations disappear and a new weak single reductive
peak, at Ep =—0,55V attributable to the Cu**/Cu” transition
is shown. BSA- Cu*" complex formation is presumably re-
sponsible for this dramatic shift of Cu?* reduction process to
much more negative potential. The chelating environment of
“N-terminal” sequence of: Asp-Thr-His- of BSA, assisted by
direct participation of the sulfuric group of a Cys-34 residue,
is presumably responsible for the entrapment and “locking”
the copper ion, in an “abnormal”, redox inactive condition
(showing virtually no voltammetric activity). Our DSC data
confirmed the complex formation process in the solutions
containing the equal (1.8x107%) M concentrations of both,
BSA and CuCl, and clearly shows small but distinct confor-
mational stabilization with respect of two thermodynamic pa-
rameters, the melting temperature and melting enthalpy.

Keywords: Serum albumins, interaction with copper (II)

ions, voltammetry, redox properties, differential scanning calo-
rimetry.
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PE3IOME

HOBBIE ACIIEKTBI BBAUMOJAENCTBUSA HOHOB ME/IHU (II) C CBIBOPOTOYHBIM AJIbBY MUHOM:
BOJIBTAMIIEPOMETPUYECKHUE U MUKPOKAJIOPUMETPUYECKHE UCCIIENJOBAHUSA

Moamaze T. 0., 'Maxapanze M.Jk., 'Yuanenmsuiau C.J., 2ZHuopaaze H.3., Jlanuamsuian JI.H.

'enmp sxenepumenmanvhotl buomeduyunot um. M. bepumaweunu, Tounucu, *Tourucckuii 20¢y0apcmeeHtblll YHUSEPCUMEm
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CeiBopoTounblid ansOymun (denoBedeckuit — YCA, Obrumid -
BCA) mpezncrasnsier co0oii camyro O0IbIIyI0 (Gppakiuio OEIKOB
IUIa3Mbl KpOBH. Brarogaps CTyKTYpHBIM OCOOCHHOCTSIM, CBHIBO-
POTOUHBIN aNbOYMUH CBSA3BIBACT M TPAHCHOPTUPYET PA3IUYHBIC
JIMTaH[Ibl, JICKAPCTBEHHBIC BEIIECTBA, MOHBI METAJUIOB, B TOM
4uciIe MOHBI MeaH. MIccle0BaHHIO B3aMMOACHCTBUS MOHOB
METAJJIOB C allbOYMHUHOM, yYUTBIBAs 3HAYUMOCTbH IIPOOIICMBI,
ynemnsiercs: Oonpmioe BHUMaHue. Mcexons u3 Toro, uto YCA
u BCA HMEIOT CXOXYI0 CTPYKTYPY M YYHUTBIBAs LIHPOKYIO
JIOCTYITHOCTh M HHU3KYIO LeHy mocienHero, bCA BeiOpaH B
Ka4eCcTBE MOJCIH It 1a00paTOpHBIX HccheaoBaHuil. KomOu-
HHPOBAHHBIC BOJBTAMIICPOMETPHUYCCKHE M TEPMOJIHHAMHUYEC-
JIHE MCCIIEI0BAHUS IPOBOIMINCE C LEJIbIO N3YUYCHHUS B3aUMO-
JICHCTBYSI CBIBOPOTOYHOTO anb0yMuHa ¢ nonamu meau (Cu?h).
CoracHO BOJIBTAMIEPOMETPUYECKUM JIAaHHBIM MpH jJ00aBIIe-
HUU B pacTBOp xaopuctoro kanus (0.2M KCl), comepxamero
uons! mezu (1.8x107%) M CuCl,, paBHoit konnenTpanun BCA

(1.8x10)M, nHKH, OTpaKarOUIME SJIECKTPOHHBIC MEPEXOJIbI
Cu*/Cu* (E;= 0,16 V) u Cu’/Cu’ (E;= —0.2 V) ucuesaior,
BMECTO HMX IPH BBICOKHMX OTPHIATENbHBIX NOTeHIManax (Ep,
=-0,55V) mnosiBngercs cinabo BBIPaKECHHBIA CHTHAJ, COOT-
BerctByromuii peakiun Cu*/Cu. UCKIIOUUTENbHBIN COBHUT
MOTEHIIMANA BOCCTaHOBIeH s noHOB Meau (Cu?), 1o Beeil Be-
POSITHOCTH, CBSI3aH ¢ 00pa30BaHUEM KOMILIEKCA CBIBOPOTOTHO-
ro anbOymuHa ¢ moHamu jaByxBaneHTHON Menau (BCA-Cu®). B
nponecce (GOpPMHUPOBAHHS JAHHOTO KOMILIEKCA, PEOKC aKTHB-
HocTh MoHa Menu(Il), oueBumHO, “OMOKHUpYETCS” COBOKYITHBIM
a¢dexroM ero “zaxsara” N-TepMUHAIBHOW XENIATHON TPyHIOi
Asp-Thr-His anpOymuHa B Kyle C JOIOJHHTEIFHBIM B3aUMO-
neiictieM ¢ atromMoM cepsl rpymmsl Cys-34, mepeBons Menb B
YaCTUYIHO BOCCTAHOBIEHHOE (HEaKTUBHOE) COCTOSIHUE. JlaHHbIe
KaJIOPHMETPUIECKUX M3MEPEHHUH MOATBEPKIAI0T 00pa3oBaHUe
komiuiekca BCA-Cu®* B pacTBopax, COIEp aIUX PaBHBIC KOH-
nentparuu (1.8x10%) M BCA u noHOB Me/u.
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