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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 Cu2+, 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 Cu2+ 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 Cu2+ 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.

Fig. 1. (a) structural alignment and comparative aspect for 
Hsa and Bsa, represented in blue and red colors, respectively. 
The cu2+ (depicted by the yellow sphere) binding site is indicat-

ed by the bright green rectangle. (b) Model of suggested bind-
ing site for the “first” Cu2+ 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 Cu2+ 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 (Cu2+) 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 
Cu2+ and the electrode. The combined voltammetric and ther-
modynamic (differential scanning calorimetry, DSC) examina-
tions of target proteins in the presence and absence of Cu2+ ions, 
gives possibility to investigate the correlated impact of differ-
ent factors on the stability and redox activity of BSA (HSA)-
Cu2+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 (CuCl2 · 2 H2O), potassium Chloride (KCl) 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 Ø 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 0.05µm 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 (NOVA1.11). Mikrocallorimetric mea-
surements were performed with DSC instrument DASM-4A 
connecting to PC via the Interface unit PCI.

Results and discussion. Fig. 2, displays cyclic voltam-
perometric data, which demonstrate the reduction and oxida-
tion (redox) behavior of Cu2+ ions in (1.8 x 10-3) M CuCl2 in 
0.2 M KCl (pH was adjusted to 6.2, withou t using any buffer, 
to avoid the uncontrollable extra complexation of Cu2+ with the 
buffer components). Curve 1 clearly showing two pairs of redox 
peaks belonging to the Cu2+/Cu+ at midwave potential E0 = 0.16 
V (Epk = 0.12V; Epa= 0.2V) and Cu+/Cu0 at E0 = −0.2V (Epk= 
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−0.37V; Epa= −0.035V) electronic transformations [5,6]. Ad-
dition of equal amount of BSA (1.8x10-3) M to the solution 
containing (1.8x10-3) M CuCl2 results that two pairs of redox 
peaks (belonging to the Cu2+/Cu+ and Cu+/Cu redox transfor-
mations) disappear and a new weak single reductive peak, at 
Epk = −0,55V (curve 2) attributable to the Cu2+/Cu+ transition 
is shown. Very dramatic shift of Cu2+ reduction process to 
much more negative potentials (for ca. 0.5 Volts (!)) is pre-
sumably due to the strong 1:1 BSA-Cu2+ complex formation. 
To our best knowledge, this is the first direct voltammetric 
(electrochemical) signal detection of complex formation be-
tween albumin and (Cu2+). 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(I) has linear 
geometry [15].

In the process of BSA-Cu2+ complex formation the “N-
terminal” sequence of: Asp- Thr-His- (see Fig. 1 (b)) is pre-
sumably forms the chelating environment for the entrapped 
Cu2+ ion. There is some published work [8] reporting that 
Cu2+ 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 Cu2+. 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]. 

Fig 2. cV for cu2+ 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-Cu2+ complexation for solutions containing the 
equal (1.8x10-3) M concentrations of both, BSA and CuCl2. It 
is clearly visible that there is small but distinct stabilization re-
garding the transition temperature, Tm, viz., 67.4±0.5 oC for the 
BSA-Cu2+complex (curve 2), versus 65.2±0.5 oC 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), ∆T, decreased from 
8.0 to 6.6 oC, indicative of more cooperative character of the 

transition. Relatively minor stabilization caused by the BSA-
Cu2+ 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 (Tm, ∆T) thermodynamic param-
eters associated to the protein’s thermal denaturation (melting).

Fig. 3. dsc data for: the Bsa alone (curve 1) and the Bsa-
cu2+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 Cu2+ ions in solutions (containing in 
our case equal (1.8 x 10-3) M concentrations of both, BSA and 
CuCl2). In addition, the CV method allowed for a direct detec-
tion of blocking the “normal” redox activity of Cu2+ ions when 
presumably captured by the chelating site near the N-terminal 
group of BSA (HSA).

Acknowledgements. This work was supported by Shota 
Rustaveli National Science Foundation of Georgia, Grant FR 
17_570.

REFERENCES

1.Alhazmi H.A., FT-IR Spectroscopy for the Identification of 
Binding Sites and Measurements of the Binding Interactions 
of Important Metal Ions with Bovine Serum Albumin. // Sci. 
Pharm. 2019; 87(1): 5.
2. Anraku M., Chuang VT., Maruyama T., Otagiri M. Redox 
properties of serum albumin. // Biochim Biophys Acta. 2013; 
1830(12): 5465-72.
3. Bal W., Sokołowska M., Kurowska E., Faller P. Binding of 
transition metal ions to albumin: Sites, affinities and rates.// Bio-
chimica et Biophysica Acta (BBA) - General Subjects. 2013; 
1830; Issue 12: 5444-5455.
4. Carter D.C., Ho J.X. Structure of serum albumin.//Advances 
in Protein Chemistry. 1994; 45: 153–203.
5. Hureau C., Eury H., Guillot R., Bijani C., Sayen S., Solari P-L., 



 
GeorGian Medical news  
no 9 (318) 2021

© GMN 141 

Guillon E., Faller P., Dorlet P. X‐ray and Solution Structures of 
CuII GHK and CuII DAHK Complexes: Influence on Their Redox 
Properties.//Chem. Eur. J. 2011; 17: 10151-10160.
6. Jabbar M.A., Salahuddin S., Mannan R.J., Mahmood A.J. 
Electrochemical Evidences for the Enhancement of Heteroge-
neous Electron Transfer Rates of Riboflavin in the Presence of 
Copper. // Dhaka Univ. J. Sci. 2014; 62(2): 147-152. 
7. Jiang D., Zhang L., Grant G.P.G., Dudzik C.G., Chen S., 
Patel S.,  Hao Y., Millhauser G. L., Zhou F. The Elevated 
Copper Binding Strength of Amyloid-β Aggregates Enables 
Their Copper Sequestration from Albumin: a Pathway to 
Accumulation of Copper in Senile Plaques // Biochemistry. 
2013; 52: 547-556.
8. Kagan VE., Tyurin VA., Borisenko GG., Fabisiak JP., Hubel 
CA., Ness RB., Gandley R., McLaughlin MK., Roberts JM. 
Mishandling of copper by albumin: Role in redox-cycling and 
oxidative stress in preeclampsia plasma.// Hypertens. Pregn. 
2001; 20 (3):221-241.
9. Khoshtariya D.E., Dolidze T.D., Shushanyan M., Davis K.L., 
Waldeck D.H., Eldik R. van. Fundamental signatures of short- 
and long-range electron transfer for the blue copper protein 
azurin at Au/SAM junctions Proc. Natl. Acad. Sci. USA. 2010; 
107: 2757-2762.
10. Kragh-Hansen U. Human Serum Albumin: A Multifunc-
tional Protein. In: Otagiri M, Chuang VTG, editors. Albumin 
in medicine: pathological and clinical applications. Singapore: 
Springer Singapore. 2016; 1–24.
11. Matsura K., Sugumoto I. Absorption Spectral Analysis of 
Zn2+ or Cu2+ Coordination with Human Serum Albumin us-
ing Zircon. // Journal of Analytical & Bioanalytical Tech-
niques. 2014; 5(4).

12. Penezić AZ., Aćimović JM,, Pavićević ID., Jovanović VB., 
Takić M., Mandić LM. The interplay between copper(II), human 
serum albumin, fatty acids, and carbonylating agent interferes 
with Cys 34 thiol reactivity and copper binding. // Journal of 
Biological Inorganic Chemistry : JBIC : 2018; 24(1): 61-70.
13. Peters T Jr. 2 - The Albumin Molecule: Its Structure and 
Chemical Properties. In: All About Albumin. San Diego: Aca-
demic Press. 1995; 9–II.
14. Rezaei Behbehani G., Barzegar L., Mohebbian M., Sab-
oury A.A. A Comparative Interaction between Copper Ions 
with Alzheimer’s β Amyloid Peptide and Human Serum Albu-
min. // Bioinorganic Chemistry and Applications. 2012; Article 
ID: 208641.
15. Sendzik M., Pushie M. J.,  Stefaniak E., Haas K.L. Structure 
and Affinity of Cu(I) Bound to Human Serum Albumin // Inorg. 
Chem. 2017; 56, 24: 15057–15065.
16. Singh N., Pagariya D.,Jain S., Naik S., Kishore N. Interac-
tion of copper (II) complexes by bovine serum albumin: spec-
troscopic and calorimetric insights.// Journal of Biomolecular 
Structure and Dynamics. 2018; issue 9; 36: 2449-2462.
17. Topala T., Bodoki A., Oprean L., Oprean R. Bovine Se-
rum Albumin Interactions with Metal Complexes // Clujul 
Med. 2014; 87(4): 215–219.
18. Waldeck D.H., Khoshtariya D.E. In: Modern Aspects of 
Electrochemistry. Applications of Electrochemistry and Nano-
technology in Biology and Medicine (N. Elias, Ed.) Springer, 
New York. 2011; 105–240.
19. Yang L., He L., Zhang J., An S., Zhang L. Exploring the 
copper(II)- aminotriazole complex-binding sites of human se-
rum albumin. // JBIC Journal of Biological Inorganic Chemis-
try. 2015; 20:1059–1068. 

SUMMARY

NEW ASPECTS OF THE INTERACTION OF COPPER (II) WITH SERUM ALBUMIN: 
VOLTAMMETRIC AND MICROCALORIMETRIC STUDIES
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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 Cu2+. 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 (Cu2+) were explored using combined voltammet-
ric and thermodynamic examinations. According to voltam-
metric data, addition of equal amount of BSA (1.8x10-3)M 
to the solution (0.2 M KCl) containing (1.8x 10-3) M CuCl2 
results that two pairs of redox peaks belonging to the Cu2+ 
/Cu+ (E0 = 0,16 V) and Cu+/Cu0 (E0 = −0.2 V) electronic 

transformations disappear and a new weak single reductive 
peak, at Epk=−0,55V attributable to the Cu2+/Cu+ transition 
is shown. BSA- Cu2+ complex formation is presumably re-
sponsible for this dramatic shift of Cu2+ 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 (1.8x10-3) M concentrations of both, 
BSA and CuCl2 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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РЕЗЮМЕ
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Сывороточный альбумин (человеческий – ЧСА, бычий - 
БСА) представляет собой самую большую фракцию белков 
плазмы крови. Благодаря стуктурным особенностям, сыво-
роточный альбумин связывает и транспортирует различные 
лиганды, лекарственные вещества, ионы металлов, в том 
числе ионы меди. Исследованию взаимодействия ионов 
металлов с альбумином, учитывая значимость проблемы, 
уделяется большое внимание. Исходя из того, что ЧСА 
и БСА имеют схожую структуру и учитывая широкую 
доступность и низкую цену последнего, БСА выбран в 
качестве модели для лабораторных исследований. Комби-
нированные вольтамперометрические и термодинамичес-
лие исследования проводились с целью изучения взаимо-
действия сывороточного альбумина с ионами меди (Cu2+). 
Согласно вольтамперометрическим данным при добавле-
нии в раствор хлористого калия (0.2M KCl), содержащего 
ионы меди (1.8×10-3) M CuCl2, равной концентрации БСА 

(1.8×10-3)M, пики, отражающие электронные переходы 
Cu2+/Cu+ (E0 = 0,16 V) и Cu+/Cu0 (E0 = −0.2 V) исчезают, 
вместо них при высоких отрицательных потенциалах (Epk 
=-0,55V) появляется слабо выраженный сигнал, соот-
ветствующий реакции Cu2+/Cu+. Исключительный сдвиг 
потенциала восстановления ионов меди (Cu2+), по всей ве-
роятности, связан с образованием комплекса сывороточно-
го альбумина с ионами двухвалентной меди (БСА-Cu2+). В 
процессе формирования данного комплекса, редокс актив-
ность иона меди(II), очевидно, “блокируется” совокупным 
эффектом его “захвата” N-терминальной хелатной группой 
Asp-Thr-His альбумина в купе с дополнительным взаимо-
дейстием с атомом серы группы Cys-34, переводя медь в 
частично восстановленное (неактивное) состояние. Данные 
калориметрических измерений подтверждают образование 
комплекса БСА-Cu2+ в растворах, содержащих равные кон-
центрации (1.8×10-3) M БСА и ионов меди.

reziume

orvalentiani spilenZis (II) ionebis da Sratis albuminis urTirTqmedebis axali aspeqtebi: 
voltamperuli da mikrokalorimetruli kvlevebi
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Sratis albumini (adamianis, xaris) sisxlis 
plazmaSi arsebuli cilebidan raodenobrivad 
yvelaze metia. Sratis albuminis struqturuli 
wyoba ganapirobebs mis gansakuTrebul Tvisebas 
daikavSiros sxvadasxva ligandebi, sasicocxlod 
mniSvnelovani metalTa ionebi, rogoricaa orva-
lentiani spilenZis ionebi (Cu2+) da moaxdinos 
maTi transportireba. albuminis da metalTa 
ionebis urTiereTqmedebis Seswavlas, misi mniS-
vnelobidan gamomdinare, didi yuradReba eTmoba. 
imis gaTvaliswinebiT, rom adamianis da xaris 
Sratis albuminis struqturebi Zalian axlosa 
aris erTmaneTTan, es ukanaskneli gamoyenebulia 
laboratoriuli kvlevebisaTvis, misi xelmisa-
wvdomobisa da dabali fasis gaTvaliswinebiT. 
voltamperuli da mikrokalorimetruli kvle-
vebis gamoyenebiT avtorebma Seiswavles albu-
minis urTierTqmedeba orvalentiani spilenZis 
ionebTan. miRebuli voltamperuli monacemebi 
cxadyofs, rom 0.2 M KCl + 1.8x10-3 M CuCl2-is xsnarSi 
igive koncentraciis albuminis (1.8x10-3)Mdamatebi-

sas Cu2+/Cu+ (E0=0.16 V) da Cu+/Cu0 (E0 = −0.2 V) redoqs 
reaqciebis Sesabamisi denis pikebi qreba da maT 
magivrad bevrad ufro uaryofoT potencialze 
(Epk = −0.55 V) aRmocendeba sustad gamoxatuli 
voltamperuli piki, romelic, savaraudo, miekuT-
vneba Cu2+/Cu+ gadasvlas. gamoTqmulia mosazreba, 
rom Sratis albuminis Cu2+-Tan kompleqsaciis 
dros, savaraudod, “N-terminalis” Asp-Thr-His- 
garemocvis pirobebSi da xelsayrel poziciaze 
ganlagebuli Cys-34-jgufis gogirdis atomis 
uSualo CarTulobiT xdeba spilenZis ionebis 
nawilobrivi “aRdgena”, anu misi normaluri Jang-
va-aRdgeniTi aqtivobis “blokireba”, ris gamoc 
Cu2+-is ionebis aRdgenis potenciali, rogorc Cans, 
bevrad ufro maRali uaryofiTi mniSvnelobebisa-
ken gadainacvlebs. mikrokalorimetruli kvlevebi 
adasturebs Sratis albuminis da Cu2+-is Tanabari 
koncentraciis (1.8x10-3) M Semcvel xsnarebSi kom-
pleqsaciis procesis arsebobas, rac, Tavis mxriv, 
aisaxeba Termuli lRobis temperaturis, aseve en-
talpiis mcire, magram mkveTrad gamoxatul zrdaSi.


