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поширення різновидів ґрунтів, різними глибинами залягання ґрунтових 

вод, поширенням рослинних угруповань та ін.  

8. Природні особливості екомережі пов’язані перш за все з 

обов’язковою умовою її формування – в межах відносно непорушених 

ділянок географічного простору. Відносна їх збереженість пояснюється 

відсутністю зручностей антропогенного природокористування, тобто їх 

господарське використання незручне і потребує додаткових витрат або 

дуже ускладнене. Такими на теперішній час є схили річкових долин та 

балок, приморські схили, затоплювані пониззя річкових заплав, 

підтоплювані солончаки, місця близького залягання кристалічних порід 

та місця їх виходів на денну поверхню. 

На географічному змісті екомережі наголошував у свій час 

видатний український географ-ландшафтознавець В.М. Пащенко, 

наголошуючи на гуманістичній її складовій. Так само багато провідних 

українських географів (П.Г. Шищенко, М.Д. Гродзинський, 

В.М. Самойленко, Г.І. Денисик, В.П. Воровка, О.П. Гавриленко, 

Ю.В. Яцентюк та інші) активно досліджували складові екомережі 

України упродовж останніх кількох десятиліть. 

Таким чином, екомережа у повній мірі є географічним об’єктом, 

який характеризується територіальністю-просторовістю та, законо- 

мірно, чіткими географічними характеристиками залежно від їх місця у 

географічному просторі. 
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HAPTEN EFFECTS OF NICKEL AND COPPER IONS  

AS AN INTEGRAL PART OF THEIR TOXICITY:  

IN VITRO MODELING 

 

The consequences of technogenic load on the environment cause the 

increased interest in the mechanisms of toxic action of certain pollutants. 

Among the latter, a special place belongs to heavy metals, in particular – to 

Nickel and Copper. Widespread use of nickel and its alloys has led to the 
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development of allergic contact dermatitis, which to some extent is 

characteristic of 9.7 to 32.1 % of the population of developed countries [1]. 

It’s belived that this is due to the hapten properties of Nickel ions formed by 

contact of the metal with human skin under the influence of acidic 

environment of sweat (pH 3.8-6.2). The interaction of Nickel ions with body 

proteins leads to denaturation with the subsequent development of an 

unbalanced immune response. Instead, neither for Copper, nor for its alloys 

such effects are not typical. It is also known that the consequences of 

poisoning by Nickel ions are much more severe than those of Copper ones. 

This is more surprising because the stability of the complexes of Copper ions 

with amines is not only interior, but even exceeds those of Nickel ions: 

constants of instability of complex ions [Cu(NH3)4]
2+

 and [Ni(NH3)6]
2+

 are 

2.1×10
-13

 and 1.8×10
-9

, respectively. It was of interest to model the processes 

of interaction of Nickel and Copper ions with structurally different proteins 

under the influence of the destabilizing effect of temperature and weakly 

acidic pH values. Particular attention was paid to the formation of condensed 

β-structures, which are the kind of «energy bottom» of the conformational 

states of protein molecules [2].  

The aim of this study was to investigate the dependence of the nature of 

the interaction of Nickel and Copper ions on the structure of the studied 

proteins at different values of pH, temperature and ion concentration.  

Human serum albumin (HSA), egg ovalbumin (OvA) and gelatin (Gt) 

were selected as test proteins on the reasons of their structure. The molecule 

of HSA (66.6 kDa) consists almost entirely of α-helices. OvA (45 kDa) 

contains approximately equally α-helical regions and β-folded structures and 

with increasing temperature is almost completely rebuilt into β-folded 

structures. Gt is a product of collagen degradation and consists of a wide 

range of denatured protein fragments with an average molecular weight of 

about 40 kDa. The final protein concentration in the samples was 10 mg / ml 

in 0.9 % NaCl solution with 0.1 % NaN3 and adjusting to the desired pH 

value with 2 n HCl or NaOH solutions. The pH range from 7.0 to 5.0 was 

studied as the one that best corresponds to the values of human sweat. 

The range of concentrations of metal ions ranged from 10
-3

 to 10
-9

 M. 

To destabilize the starting structure of proteins, a stepwise increase in 

temperature from 40°C to 60°C with a ten-degree interval and two-day 

incubation for each of the temperature values was used. Changes in the 

physical state of the studied proteins were observed visually and by use of 

light microscopy and polarization one with specific to β-folded structures 

dye Congo red [3].  

Stepwise heating of protein solutions was accompanied by different, 

depending on the nature of the protein, aggregation effects. Both ovalbumin 

and serum albumin formed aggregates that showed optical activity. When the 
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Congo was stained red, the aggregated proteins turned red under a light 

microscope and bright red with the inclusion of green in the polarizing one 

(Fig. 1). The appearance of intense red color may be a consequence of the 

fluorescence of Congo red complexes with β-structured aggregates, while 

green color is a generally accepted criterion for determining the 

manifestation of birefringence. The following difference is noteworthy.  

OvA preparations were aggregated regardless of pH values and the presence 

of Ni
2 + 

or Cu
2 + 

ions in the system, whereas in the case of HSA the formation 

of aggregates was observed only in metal-containing samples.  

 

 

Fig. 1. Typical samples of protein aggregates, ×200:  

A – without staining the drug in a light microscope; B is the same sample in a 

polarized microscope; C – stained Congo red drug in a light microscope;  

D is the same drug in a polarized microscope 

 

Unlike HSA and OvA, Gt preparations did not aggregate under the 

conditions of heat treatment. This did not come as a surprise, as gelatin is a 

product of thermal destruction of collagen. However, the absence of visible 

sediment does not mean the absence of an aggregation process. The 

association of protein molecules inevitably goes through the stage of 

formation of a nano-sized aggregate. According to Abbe’s constraint, objects 

less than 0.61 wavelengths remain invisible. With respect to the visible light 

range (400-600 nm) and the bond length in the β-structured protein aggregate, 

this means the invisibility of a supramolecular object of the order of 

70 million kDa. In recent years, the methods of obtaining and properties of 

such compositions, called nanofluids or hydrogels, are intensively studied in 

various research centers. Similar systems are formed in a living organism. 
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Thus, recently in our laboratory experimentally proved that they belong to the 

Bence-Jones protein, which is formed by a number of pathological processes 

[4]. It is known that due to the high affinity of β-structured protein aggregates 

to Congo red, the latter is able to precipitate a suspension of artificial  

β-structured protein aggregates [3]. Therefore, the excess of 0.5% aqueous 

solution of Congo red was added to the studied Gt preparations. The formation 

of precipitates was observed, which at observation under a polarizing 

microscope gave a picture typical of β-structured aggregates (Fig. 2). 

 

 

Fig. 2. Polarization microscopy of gelatin samples deposited with Congo red  

after incubation with Ni
2+

 ions (left) and Cu
2+

 (right), ×200.  

The pH of the incubation system was 5.0, the concentration of metal ions 10
-9

 M 

 

Significant differences in the aggregation capacity of Copper and Nickel 

ions were revealed. It was found that the rate and intensity of deposition 

increases with the concentration of metal ions and decreases with pH 

increasing. At pH 7.0 even at a metal ion concentration of 10
-3

 M the 

precipitation occurred with the participation of Ni
2+

 ions only, while samples 

with Cu
2+

 remained transparent. In other words, at close to physiological pH 

levels, the hapten function of Copper ions is significantly inferior to that of 

Nickel ones. The obtained data allow to explain the allergenic effect of 

Nickel and the absence of such in Copper. 
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