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BADANIE WPLYWU WARUNKOW ZEWN ETRZNYCH
NA STABILNO $C POTENCJALNEGO KOMPONENTU BIOSENSOROW

Abstract: The analysis of UV-VIS spectrum was used for tesithanges through 36 days and the impact of
external conditions (reduced temperature (R), mwere radiation (M) and normal conditions (NC) for
comparisons) on the stability of: BSA and BSA“Feomplexes after different treating procedure. Hoeease of
BSA absorption with increasing concentration of Feas observed. Increased absorption of BSA, and-BEA
with time, related probably to conformational chesigresent in the protein and changes in electiosgactions
within the BSA-F&" complexes. Examination of the impact of an exteiarztor on stabilization of the protein and
complexes showed a tendency to keep the stabilielureduced temperature and a trend with acceteabtein
and complex aging under microwave radiation. Theeoled tendencies to changes under the influeneetemal
factors became more significant in time. Thesectffevere most probably related to changes of tlogejor
structure and time, while the observed trend oklerating the changes was impacted by the apphetreal
factors.
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Introduction

At the present time, environmental protection iseesial due to human health and
well-being. Care for the quality of water, eartldair has become very important for many
reasons including protecting the ozone layer, pvirsg potable water and human food
chain. Pollution monitoring, pathogenic detectiod @nalysis can provide an important aid
in the choice of the strategy to control the lewd#l possibly dangerous elements.
The procedures conventionally use techniques gh:erformance liquid chromatography
(HPLC), fluorimetric or calorimetric immunoassay dariiquid chromatography mass
spectroscopy (LC-MS), electrophoresis, multispéditreage processing [1], solid-phase
adsorption toxin tracking (SPATT) and also veryeofused in medicine: flow cytometry,
cytogenetic analysis genetic analysis and qualgatknalysis [2]. Unfortunately, the
methods do not allow an easy, rapid measurementtdueomplex analytical steps,
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expensive laboratory equipment, well trained pemsband in some cases increasing time
of analysis. The environmental protection needsblé analytical methods for process and
quality control. Methods that are rapid, reliablpecific and cost effective in their
provision of information about physical and cherhid@aracteristics. Good proposal in this
issue are biosensors and sensor network [3].

According to the definition byinternational Union of Pure Applied Chemistry
(IUPAC), a biosensor is: a self-contained integtatievice capable of proving specific
guantitative analytical information using elementgained in direct spatial contact with
transduction elements [4].

Biosensor structure is based on the receptor lagdrtransducer [5, 6]. The receptor
layer is a sensitive, selective matrix, containimgbiological element. On its surface
(according to the lock-fit mechanism) there is g@talke of a substance called an analyte.
There is a lot of biosensor type, depending onsilifestance placed in the uptake center,
e.g. enzymatic biosensors, protein biosensors prunosensors. Stability of receptor layer
is related to the useful life of such sensor tyfle [

In the transducer layer, there is a transformatibthe result of the biological impact
(between the molecules of receptor and analytés)aimeasurable signal.

Each of biosensor types have advantages and lionisatbased on the intended
application, and the parameters that are requaedgdtimal performance.

The choice of biosensor design must consider factach as the ligand specificity,
sensitivity, dynamic range, functional range, mofleutput, time of activation, ease of use,
and ease of engineering [8].

Biosensor limitation are associated with:

loosing activity of capture center during immolaliion

irreversible interaction (i.e. antibody-antigen)

binding capacity (i.e. antibody) which is extremelgpend on surrounding condition

(pH, temperature)
= expensive (i.e. high cost of the source, extraciswlating, purifying) [9]

A wide range of applications makes biosensors attnactive for economic reasons.
Based on the report of Markets and Markets Comdany2017 [10], the value of the
biosensor market in 11.39 billion USD and it isirasted to reach 27.06 billion USD in
2022. Therefore, the recent years show increagecest in development of such devices,
both with respect to research and constructions@isors are extensively used in:
= environment protection [11-14] where they are d toodetect water contaminants,

harmful gases and various odorants
= food industry [15-22] where they are used to depesticides examination of product

freshness, harmful toxins contained in food, asseas of fungal contamination in
grain and detection of specific odorant molecutesaurishment

defense industry, where they are used to detedamgaagents [22]

in medicine, where they are extensively used fagdostics [23-28] to detect markers

in cancerous processes, concentration of sugapadpdetect bacteria and viruses or

early identification of diseases, infections andabelic disorders [29].

Despite the extensive applications of biosensdreret are continuous attempts to
improve the existing devices and develop a newgtioa of sensors.

Considering the latest trends in the developmentbioSensors, a few research
directions with works in progress can be distingacs miniaturization the existing sensors,
application of graphene, multi-analyte detecti@search works on wireless biosensors, the
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use of nonotechnology achievements and the lataestrials in the design of biosensors
enhancement of the existing sensors by improviagsisivity, selectivity, reproducibility,
accuracy. Among them, the studies on the receayer Istability [30] could be distinguish.

Stability of receptor layer related to the activitiybiosensor matrix components during
biosensor use and determine the usable life od¢véece.

Therefore, in the present study, taking into act@xmsting problems associated with
biosensor receptor layer stability, the effect nfluence external conditions (reduced
temperature (R), microwave radiation (M) and norroahditions (NC) on BSA-Fé
complexes) was investigated.

Bovine Serum Albumin (BSA) is protein of 550 restduand molecular weight,
MW = 66 kDa [30, 31]. The protein is widely used the biosensors construction.
The protein found application in amperometric eneymased biosensor for immobilization.
Different immobilization methods for enhancement operational stability of the
immobilized enzyme electrode are use. Among testegthods of immobilization,
cross-linking method with bovine serum albuminuperior to the other methods in terms
of sensitivity, limit of detection, response timand operating and thermal stability [32].
BSA is a commonly used target to analyse when dagignew immunochemical assays
[33, 34]. It also states common protein standard,sarfactant-coated glass substrates
embedded with indium-tin-oxide (ITO) electrodes ][3Buring last decade grown of
interest for use metal ions in biosensor study lbean noticed [36, 37]. Metal ions are
known to enhance the biological activity. Positwetharged metal complexes show
tremendous affinity towards the negatively chardgo-molecules like ATP, proteins,
nucleic acids etc. under physiological conditioB8][ Previous research under BSA¥Fe
complexes has proved that binding of the completh wiio-molecules may induce
considerable changes in the conformation of BSA].[3Btudy on the binding of
chloroamphenicol (CPC) with bovine serum albumioved that the metal ions EaNi®*,
Mg%, Fé* and CG" affect the binding constant between CPC and B4 [® our study
Fe* ions was considered as a factor affecting theeprot

Material and methods

BSA in a solid state (crystallized and lyophilizedwder (minimum purity of 99%)),
essentially globulin free BSA (lot: SLBK3063V) arfe’* (sulfate heptahydrate: lot:
SLBL6319V) were obtained from Sigma - Aldrich.

Using the double beam UV-VIS (Halo DB-20R) spectrmjometer by Dynamica,
absorption spectra of the following water solutiowsre examined: BSA, Ee and
BSA + Fé" mixtures. The experiment covered two stages.

The first stage classified as initial was performeéd determine correct
concentrations of P& The absorption spectra (190-400 nm) were use@xamine:
BSA(2 mglcn)+Fe*(0.5; 1; 1.5; 2; 4 mglcthh The UV-VIS spectra of
(BSA + Fé") have been recorded for all¥eoncentrations.

The selected concentration of BSA 2 mglamas based on the earlier tests. The tests
have been conducted with the use double bean UVapktrophotometer. Absorption
spectra were taken for BSA in different concenorat{0.25, 0.5, 1, 2, 3, 4) mg/ém
The results was published by Klos-Witkowska ef40].

The concentration of BSA 2 mg/éas been chosen because it seems to be optimal
for our experiment.
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The second stage of the experiment involved stahliisting by tracking absorption
changes in time and under the influence of extefabrs, such as: temperature (4 °C),
microwave radiation and for comparisons room cooét (room temperature, separation
from sunlight). For stage Il, only 3 (Feconcentrations) were selected for further
experiments. The criterion was the readability péctra, which was better for samples
(05 Fe and 4 Fe) and sample (1.5 mdjcrthan for (1 F& and 2 F&).
Therefore, finally, it was decided to use conceitrs of F&" such as
(0.5: 1.5; 4 mg/cry). Considering the results of the first stage, fdiilowing concentrations
were selected: BSA(2 mg/émFeé*(0.5 mg/cni), BSA(2 mg/cm)+Fe*(1.5 mg/cn),
BSA(2 mglcm)+Feé*(4 mglcmi). The UV-VIS were examined for the range of
220-350 nm, to observe changes occurring in thk pEapprox. 280 nm resulting from the
aromatic residues such as tryptophan (Trp), tyeo§ityr) and phenylalanine (Phe) present
in the protein [25]. An additional experiment wasde to verify the stability of E&at
different concentrations: Ee(0.5: 1.5: 4 mg/cr) in time, for samples kept in room
conditions. For water solutions of ¥g absorption spectra were gathered within
190-1100 nm. Examinations of the second stage wertormed at seven-day intervals:
On days: 1, 8, 15, 22, 29, 36. In the first day tbé second-stage experiment,
BSA(2 mglcm)+Fe*(0.5; 1.5; 4) solutions were prepared. Absorptigrectra were
measured at 220-350 nm. Next, the solutions welig ispo 3 groups: The first group
included solutions kept in normal conditions, isteded place, marked as (NC).

The second group was made by solutions kept incestitemperature (4 °C) (R), and
the third group included solutions exposed to mi@ree radiation and placed in the 4 °C
after 30 minutes. Group 3 was marked as (M).

The experiments were made in three test batchesY31S3) in order to exclude
accidental results. In further analysing, averaggogption, standard deviation and aligned
trend lines (with an exponential function) werecatdted based on the results for three
batches

Results and discussion

Figure 1 presents UV-VIS spectra for pure BSA (2/ang) and BSA complexes
(2 mg/cm)+Fe*(0.5;1; 1.5; 2; 4 mg/ ciin the first day sample. UV-visible absorption
measurement is a very simple method and applidabéxplore the structural change and
formation of a complex.

The 250-310 nm spectrum shows a 277 nm peak thaltsédrom aromatic amino acid
residues such as tryptophan (Trp), tyrosine (Tyig phenylalanine (Phe) present in the
protein. Increased absorption of the sample aeasing F&€ concentration can be seen.
This effect is related to changing sizes of theiglaras F&" ions are added and complex
formation. A similar mechanism was described by mtpat al for Cé" ions[34] and by
Zhang et al [39] for chloroamphenicol (CPC)

Figure 2 presents UV-VIS spectra for pure BSA*Rend BSA-F&complex in the
190-350 nm wavelength range. The pure BSA specta)irshows an absorption peak
at 277 nm, which has been assigned tarther transition of aromatic amino acid residues
(Trp, Tyr and Phe). The c) curve of the BSA“Feomplex shows a non-obvious shift of the
277 nm absorption peak and significant enhanceuofeatisorption before 280 nm, which is
related to multiple binding sites for ancluding -NH, COOH, -SH, -OH groups present
in the protein. The complex formation is associatéith interaction forces between small
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molecules and biomolecules. The forces may inclelgetrostatic interactions, van der
Waals interactions, multiple hydrogen bonds andrdwiobic interaction. The b) curve
presents broad absorbance within 190-260 nm fof" Ekssolved in water. This

phenomenon is related to overlapping of absordtimmds resulting from different energies
of nanocrystals having disparate sizes. The chamgdsorption intensity is correlated to
the particle size of the examined substance.

Absorbance [arb.U]

Al nm]
Fig. 1. UV-VIS spectra for: a - pure BSA (2 mgRnand BSA complexes in the first day sample;
b - BSAQ2 mg/lcM+Fe€'(0.5 mg/cm); ¢ - BSA(2 mg/lcm)+F&' (1 mg/cn);
d - BSA(2 mglcM+Fe*'(1.5 mglcm); e - BSA( mglc+Fe' (2 mglem);

f - BSA (2 mg/cn)+Feé*(4 mg/cm)

Absorbancearb.l]

T
peauln)

A[nm]
Fig. 2. UV-VIS spectra of: a - BSA(2 mg/@nb - Fé'(4 mg/cr), ¢ - BSA(2 mg/cm)+Fe&*(4 mg/cn)

In the further phase of the experiment, the impgEcexternal factors on BSA and
BSA-Fe complexes was examined to address the questi whether application of
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external factors on the component of the recepdgerl being BSA and the analyte
cross-linked within the matrix can extend matrixtslity.

Taking into account earlier tests related to tirharges both for BSA and BSA¥e
complexes, it can be seen that absorption increaghgime (Fig. 3), i.e. stability of the
sample is reduced. This effect is most probablgteel to the BSA conformational changes
and changing force of electrostatic interactionshia BSA-F& complex. Also the slow
Fe(ll) oxidation to Fe(lll) might occurred. Thisag particular importance in the long term
experiment of “BSA stability” (36 days) - Figure Bable 1.
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Fig. 3. UV-VIS spectra showing changes occurrintirite (on the 8 day - dotted line and on th& day
straight line) for complexes with different conaatibns of F& ions kept in the 4 °C;
a) BSA(2 mg/cm)+Fe&"*(4 mg/en), b) BSA(2 mg/c)+Fe*(0.5 mg/cn)

Table 1
Comparison the surface area under the curve off'ttlay and 8, 18", 22", 29" 36" day
Sample Relative increase in area under the curveXd]
8" day | 18" day | 279day | 29" day | 36" day
BSA(2 mg/cm)+F&7(0.5 mg/c) 42 47 58 65 71
BSA(2 mg/cm)+Fe*(1.5 mg/cm) 50 62 72 87 92
BSA(2 mg/cm)+F&*(4 mg/cni) 62 74 85 92 96

Fragmentation and aggregation of investigated pratéght occur with time. Distance
in the polypeptide chain could be changed, amdsitilts in a strength change. Over time,
denaturation of protein is occur. During this mes, a 3-fold structure of the protein is
disrupted, resulting in loss of biological activdfthe protein.

Conformational changes of BSA were labeled as falcE - expanded, F - fast-highly
changed state, N - normal, 55 % - helix struct&e,basic and A - aged unfolded state.
The N-F conformational transition is characteribgyda sudden opening of the molecule.
The process is very violent and it means 100 mscamderns the spreading of the third
domain. F form is characterized by much lower sitityband decreased helix structure.
E form is a form of stretched protein, which decosgs into a helix | domain that is joined
to the helix Il domain. Another known conformatisnthe conformation B from which the
next isomerization progresses to the ageing forrfg A
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During the denaturation process electrostatic autton could be changed.
Electrostatic interactions play an important rote stabilizing the spatial structure of
macromolecules. Taking into account the range ofs thmpact, short-range
(<5 A; 1 A (angstrom) = 0.1 nm) and far-range (Apare distinguished. Long-range
electrostatic interactions include ion-ion typeenaictions (salt bridge) or dipol-ion.
These interactions belong to relatively strong ratéons, the strength is from
40-400 kJ/mol [41].

The effects of the close range are also called d@n Waals interactions. These
interactions are weaker than the long-range interac Examples of short-range
interactions in the protein molecule are both muadtaction forces and mutual repulsive
forces.

Due to the fact that the tests are carried outgueaus solutions, the hydrophobic
interaction are also very important for the confation of the tested protein.

Hydrophobic interactions occur between amino aegldues containing the aromatic
system, among (Phe, Tyr, Trp).

It also was found that the exposition to microwasaiation caused sample
destabilization to accelerate. This effect was iokth for complexes in all Bé
concentrations. As time passed, samples that vwegeik a dark place in normal conditions
were also destabilized, however, the aging proeess slower here than in the case with
radiation exposure. The performed experiment shdves presence of Eeions also
impacts the changes of BSA conformation occurmmtjme and the stability of sample.

Figure 3 presents changes occurring in time (on8thelay and on the1day) for
complexes with different concentrations of Fens.

The gathered UV-VIS spectra in the range of 250-8t® wavelength show the
increase in complex absorption in time. It couldcb@nected to fact that binding constant
slightly decreased with time and the complex waslypaecomposed. Similar effect was
observe for BSA-chromate complex at higher tempeeaf42]. Kboudin et al. [43]
observed the interaction of novel aminophosphiréads with BSA. They found that
polarity around the Trp residues increased andhyldeophobicity decreased. Change of the
hydrophobic microenvironment caused the chang&Séf conformation [44]. In our study
similar effect concerning BSA+Fecomplexes have been found. The increase in complex
absorption in time is faster for samples with highencentration of P& ions. Analysis
base on area under curve calculation has beermusgotving changes in absorption over
time depending on Beconcentration. Area under curve method involvesddiculation of
integrated value of absorbance with respect to whaeelength between two selected
wavelengths such a&l andA2 [45, 46]. The area under curve betwéénandi2 were
calculated by UV Solution 2.2 software. Comparisbthe surface area under the curve on
the ' day is presented in Table 1. It also confornt, iherease in absorbance is faster for
samples with higher concentration ofFions. The same trend has been obtained for other
time intervals.

The intensity of absorption peaks both for compéesEBSA and pure BSA increases
in time.

Considering the impact of external conditions (euemperature and microwave
radiation) on the stability of both BSA( mg/dm and complexes of
BSA(2 mg/cm)+Fe(0.5; 1.5; 4 mg/cr).

The analysis of impact of the reduced temperataceraom conditions on the stability
of BSA(2 mg/cm) and complexes of BSA(2 mg/émFe(0.5; 1.5; 4 mg/crl) in time
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were performed. Analysis was based on alternatibpeak intensity. Figure 4 presents the
characteristics of obtained changes for BSA(2 mdfeRe (0.5 mg/cm) kept in 4 °C and
room conditions for 36 days.

5 _
y = 1.65807
R2 =0.91 aR
4
y = 1.62812¢ NG
R2=092 _ »
3] y=1.7281 am

R2 =0.95 >

Absorbance [arb.l

1 8 15 22 29 36

Time interval

Fig. 4. Changes in absorption of BSA(2 mgiprfe* (0.5 mg/cmi) vs. time for samples kept in 4 °C
(R), normal conditions (NC) and microwave irradibfer 36 days (M)

The presented diagram shows the increase in abmorptensity in time, which is
much more intensified for complexes after microwaxposition and samples kept in the
normal conditions than in 4 °C. This effect is mpsibably related to BSA conformational
changes occurring faster after radiation and inmabrconditions than under reduced
temperature. A trend with sample stabilization edluced temperature can be noticed.
A similar nature of changes was observed for puBA® mg/cri) and complexes of
BSA+FE*(1.5; 4 mg/cr).

Fitting the obtained curves with the

y=¢e”
the a parameter as the factor standing for change dywnii can be said that this
parameter was higher for irradiated solution amdpas kept in normal conditions than for
samples kept in 4 °C.

Hence, it can be concluded that the reduced tempersdhas a more beneficial
influence on the stability of samples than nornmaiditions and radiation.

The analysis of influence of microwave radiatiorowh trend to accelerate aging of
BSA and BSA+F& complexes. Under microwave radiation two type aftgin damage
might be happen: fragmentation and aggregation.iffhdiation could cause break down
of the polypeptide chain resulting in the formatiohlow molecular weight molecules.
Also exposition of BSA solution on microwave radat could result in disruption of
ordered structure, degradation, aggregation of paptide chains because of oxygen
radicals generated in water radiolysis [47, 48]ilsimeffect has been observed under
radiation. Generally, radiation causes irreversitii@nges at the molecular level by the
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breakage of the covalent bonds of polypeptide chalixposure of proteins to oxygen
radicals results in non-random and random fragntients The protein fragmentation in
aqueous solutions was affected by the local cordtiom of a particular amino acid in the
protein, its accessibility to water radiolysis puots, and the primary amino acid sequence
[49]. Considering the dependency on concentratiolgre dynamic changes were
observed for the complexes of BSA(2 mgleAre?(1.5; 4 mg/cr) than for
BSA(2 mg/cm)+Fe*(0.5 mg/cm). Therefore, it can be concluded that the presenée
ions impacts the stability of the protein as w&le higher the concentration of ions, the
worse stability of samples.

Conclusions

To recapitulate, the performed tests showed: ane@se in BSA(2 mg/cijrFe*
absorption with increasing concentration of F&his effect is related to changing sizes of
the particle as Péions are added. Similar effect has been desctilyeduang et al. for
CW?* ions[34] and by Zhang et al. [39] for chloroampheni¢@PC).

Examination of the impact of an external factor stabilization of the protein and
complexes of BSA(2 mg/ch+Fe*(0.5;1.5:4 mg/cr)) showed a tendency to retain the
stability under reduced temperature and a trendct®lerate protein and complex aging
under microwave radiation.

Relating the obtained results to tests with biosensllows us to conclude that
external conditions impact the stability of BSA atite concentration of examined
substances is also important for the stability bfasensor.
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