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AHHOTaLHsg. MeTogaMH aTOMHO-CH/I0BOM MHKpockonuu (ACM) u cnekTpodpoToMmeTpun (CP) rccaenoBaH
3 deKT MHKybalMU pacTBopa Imepokcuaassl xpeHa (I1X) BOIK3HM 3aIICThs MAI[HMeHTa C CepAeuYH0-COCYIUCThIM
3aboneBanuem (CC3), a Takske BOIK3HU 3aIISICThSI 3M0POBOr0 OOPOBO/IbLIA Ha aICOPOLIMOHHBIE CBOMCTBA M AaKTUB-
HOCTB 3TOro pepMeHTa. ITocae MHKybaL MK BOIM3U 3amsICThs MaLueHTa ¢ CC3 Habniofganack afcopbius arpera-
ToB I1X Ha CBe>KeCKOIO0TOM C/II0fle Hapsily C MOHOMePHOM popmoii pepMmeHTa. B ci1ydae 30poBoro 106poBosibLia
afcopbuus arperaros I1X He Habnrofanach, Kak U B CIydyae KOHTPOJIbHOro o6pasia depmeHTa. IIpu sTOM dep-
MeHTaTHBHAas aKTUBHOCTb [1X OTHOCHTeIbHO KOHTPOJIBHOT0 06pa3iia Bo3pacTasa B oboux cinydasix. [[puHUMas
BO BHHMaHHe IMIMPOKOe HCIIoNb30BaHHUe [1X B MeJULIMHCKOM JUAarHOCTHKe, a TakKe BasKHOe 3HaueHHe I1epoK-
cuzas Kak 6romapkepoB CC3 oOHapy>KeHHBIe 3KCIIePUMeHTa IbHble PaKThI II0/I€3HO YUUTHIBATh IIPH pa3paboTke
HOBBIX CUCTeM AHMAaTHOCTUKHU 3ab60/IeBaHUH UesloBeKa, B ToM urcie CC3 1 BOCIA/IMTe/IbHBIX 3a00/1eBaHUI.
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COCYyAHCThIE 3aboneBaHUs
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Abstract. By atomic force microscopy (AFM) and spectrophotometry (SP), the effect of incubating a horseradish
peroxidase (HRP) solution near the wrist of a patient with cardiovascular disease (CVD), as well as near the wrist
of a healthy volunteer, on the adsorption properties and activity of this enzyme has been studied. After the incu-
bation, adsorption of HRP aggregates onto freshly cleaved mica, along with the monomeric form of the enzyme,
was observed near the wrist of the patient with CVD. No adsorption of HRP aggregates was observed in the case
of the healthy volunteer, nor with the control enzyme sample. However, the enzymatic activity of HRP relative to
the control sample increased in both cases. Given the wide use of HRP in medical diagnostics and the importance
of peroxidases as CVD biomarkers, these experimental findings may be useful in developing new diagnostic sys-
tems for human diseases, including CVD and inflammatory conditions.
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BBEJAEHUE

CepreuHo-cocynucThle 3abomeBanus (CC3) SBISIOTCS
[IPUYKHOM O0Jlee ITOJIOBUHBI BCeX CMepTeH B PoccuH,
nmocturas 57% [1]. Takum obpasom, CC3 sBISIOTCS He
TOJIPKO OCHOBHBIM GaKTOPOM CMEPTHOCTH B HallleH
CTpaHe [2], HO U JIO>RATCS TSIKEIBIM bpeMeHeM Ha 9KO0-
HOMHUKY [2, 3], mpencTaBiisis cobor OOHY K3 Bak-
HeHIIHX KOMIIJIEKCHBIX COI[MAaIbHO-3KOHOMMUE-
CKHUX U MeJUIIMHCKHUX IIpobiem [2]. B 3TOM CBS3H,
HeobxoguMa aKTHBHU3aLHs paboT 10 IMATrHOCTHKe

INTRODUCTION

Cardiovascular diseases (CVD) are responsible for more
than half of all deaths in Russia, reaching 57% [1.
Thus, CVD is not only the leading cause of death in our
country [2], but also places a heavy burden on economy
(2, 3], representing one of the most important com-
plex socio-economic and medical problems [2].In this
regard, it is necessary to intensify efforts to diagnose
and treat CVD [1]. In our work, we describe exper-
imental facts that may be useful in development
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1 neueHuto CC3 [1]. B Hamer paboTe Mbl ONIHCBIBaEM
3KCIIepHMeHTa/IbHble AKTBI, YUeT KOTOPBIX MOXKET
65ITH IOIe3eH B pa3paboTke JUATHOCTHYECKHUX
CHCTeM, BKJIFOYAs CHCTEMBI ISl AUarHocTuky CC3.

BroxuMu4Yeckye MpoIecchl B OPraHKU3Me Yesio-
BeKa pPerylupyoTcs epmeHTaMHu [4]. Tak, II€POKCH-
Ia3bl KATAJIU3HUPYIOT OKKCIIeHKe [IePOKCHUIOM BOZO-
pozra pasMHUYHBIX CyOCTPAaTOB, y4aCTBYS B TAKHUX
BASKHBIX IIpOlleccax, KaK 3allUTHbIe MeXaHHU3MBI,
HMMYHHBIN OTBeT U maToreHes [5]. Cpegu mmepok-
CHa3 MOKHO BBIZI@TUTDH I'eM-COoJepsKaljue MepoK-
CHZA3bl, TAKKe KaK MHeJIOIepPOKCHUIA3EI, JTaKTOoIIe-
POKCHAA3bl, TUPEOUAHYIO IIEPOKCHA3Y, 303UHO-
bunpHble IepoKkcuaasel U Ip. [5]. B 3Tou cBSA3HU clle-
IyeT OTMETHUTh 3HAUYUMYIO POJIb SH3MMOJIOTHUeCKHUX
HCC/IeJOBAHUH B JUATHOCTHUKE U IPOrHO3UPOBAHUH
s¢dekTa mevyeHU 3a60eBaHU [6], TAK KAK HEKOTO-
pble reM-cofiepsKallye IIepoKCHUAA3EL SIBISIOTCS 610-
MapkepaMH 3abo/leBaHHUH 4YeloBeKa, B TOM YHC/Ie
CC3. Tak, MHeJIONepoOKCHa3a SIBIseTcs broMapke-
POM BOCIIQJIMTE/bHBIX IIPOLIECCOB (B YaCTHOCTH, PeB-
MaTOHUAHOTrO0 apTpuTa) 1 CC3 (2 MMEeHHO, UIleMHYec-
Kol 60JIe3HH cepAlla U OCTPOr0 KOPOHAPHOTO CHH-
npoma) [7]. Do3uHOQHUIBHAS IIePOKCHIA3a MOKET
HCIIONIb30BaThCsl KaK OGMOMapKkep BOCIIATHTENb-
HBIX ITPOLIeCCOB IIPU PUHOCHHYCHUTe [8] u acTMme [9].
OTMeTHM, 4TO 3peJiasi MHeJIOIIepOKCHIa3a IIPeiCTaB-
JleHa B OPraHM3Me 4YejloBeKa B JUMepHou dopme [10].
TakuM o6pa3om, OJHOM M3 BasKHBIX 3a7a4 SH3UMO-
JIOTHH SIBJISIeTCSI UCCTIeIOBAHKe H3MeHeHUN QHU3UKOo-
XUMHYECKHX CBOMCTB reM-COAePsKAIUX IIePOKCHIA3
IIPH IIaTOJIOTMYeCKHX COCTOSIHUSIX, B YaCTHOCTH, IIPH
CC3.

B mpencTaBieHHOM paboTe B KaueCTBe MOZEIBbHOI0
depMeHTa UCIIONb30BaHA II€POKCHA3a U3 KOpHeH
xpeHa (I1X). ITa rem-comepskalnas IeporkCUIa3a Bce-
CTOPOHHEe OXapaKTepH30BaHa B JIUTepaType U Ipef-
CTaBiIseT CO6OM ITTUKOIPOTEHUH C MOJIEKYJISIPHOM Mac-
cor 40-44 x[a (11, 12], Bk/Irouarouiek ot 18 1o 27% yrie-
BOIHBIX LleIlel, CTabHIHN3UPYIOIIHUX CTPYKTYPY dep-
meHTa [12, 13]. OTMeTuM, 4TO IIX IHUPOKO HUCIIONB-
3yeTcsi B KaueCTBe peropTepHOro pepMeHTa B CHCTe-
Max OJIg MeJUIIMHCKOM JUATrHOCTUKH [14], B yacTHO-
CTH, B CUCTeMax /I JUATHOCTUKU HHPEKIITMOHHBIX
3aboneBanui [14] u CC3 [15, 16]. 9To 06CTOATEIBCTBO
TaK>Ke IIOBbIIIaeT BaXKHOCTb UCCIeI0BAHHUS BIUSHHUS
BO3/IeHICTBUM BHEIIHUX GAKTOPOB HAa QU3UKO-XUMHU-
Jeckue cBoucTBa I1X.

B HamMX 3KCIepUMeHTax MeToJaMH aTOMHO-
CHJIOBOM MHKpockonuu (ACM) u criekTpodoToMeT-
pun (CP) nccnenoBaHO BIUSHUE HHKYDAIMU pacT-
BOpa reM-coepykalien nepoxkcuaassel - I[1X, Ucmnons-
30BAaHHOM B Ka4eCTBe MOMe/NIbHOro 06beKTa BOIU3H
3aICThs MALIUEHTA C CepA,euHO-COCYIUCTHIM 3aboite-
BaHUeM (CC3), a TaksKe BOIHU3HU 3aISICThS 3L0POBOLO
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of diagnostic systems, including systems for diagnos-
ing CVD.

Biochemical processes in a human body are reg-
ulated by enzymes [4]. For example, peroxidases
catalyse oxidation of various substrates by hydro-
gen peroxide, participating in such important pro-
cesses as defence mechanisms, immune response
and pathogenesis [5]. Among peroxidases, haem-
containing peroxidases can be distinguished, such
as myeloperoxidases, lactoperoxidases, thyroid
peroxidase, eosinophilic peroxidases, etc. [5]. In
this regard, it is worth noting the significant role
of enzymological studies in the diagnosis and prog-
nosis of the effect of treatment of diseases [6], since
some haem-containing peroxidases are biomarkers
of human diseases, including CVD. For example,
myeloperoxidase is a biomarker of inflammatory
processes (in particular, rheumatoid arthritis)
and CVD (namely, ischaemic heart disease and
acute coronary syndrome) [7]. Eosinophilic peroxi-
dase can be used as a biomarker of inflammatory
processes in rhinosinusitis [8] and asthma [9].
It should be noted that mature myeloperoxidase
is present in a human body in dimeric form [10].
Thus, one of the important tasks of enzymology is
to study changes in the physicochemical proper-
ties of haem-containing peroxidases in pathologi-
cal conditions, in particular, in CVD.

In this study, horseradish root peroxidase (HRP)
was used as a model enzyme. This haem-containing
peroxidase has been comprehensively characterised
in the literature and is a glycoprotein with a molec-
ular weight of 40-44 kDa [11, 12], containing 18 to
27% carbohydrate chains that stabilise the enzyme
structure [12, 13]. It should be noted that HRP is
widely used as a reporter enzyme in medical diag-
nostic systems [14], in particular, in systems for
the diagnosis of infectious diseases [14] and CVD
(15, 16]. This circumstance also increases impor-
tance of studying the external factors influence on
the physicochemical properties of HRP.

In our experiments, using atomic force micros-
copy (AFM) and spectrophotometry (SP), we studied
the effect of incubating a solution of haem-contain-
ing peroxidase - HRP, used as a model object - near
the wrist of a patient with cardiovascular disease
(CVD) and near the wrist of a healthy volunteer
on its adsorption properties and enzymatic activ-
ity. It was found that from the HR solution incu-
bated near the wrist of a patient with an artificial
mitral valve, the enzyme was adsorbed onto freshly
crushed mica in the form of a mixture of monomers
and aggregates. In contrast, in the case of the HRP
solution incubated near the wrist of a healthy vol-
unteer, HRP was adsorbed onto mica in the form
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nobpoBobIIa Ha ee aicOPOLIMOHHBIE CBOMCTBA U dep-
MeHTAaTHUBHYI0 aKTUBHOCTb. BbI7I0 06HaApY>KeHO, UTO
u3 pactBopa IIX, HHKybHupoBaHHOrO BOIHU3HU 3ams-
CThS IALIMeHTa C UCKYCCTBeHHBIM MUTPAJIbHBIM KJIa-
IaHoM, GepMeHT acOpOUPOBaJICS Ha CBESKECKOJIO-
TYIO CJIFOJY B BUJle CMeCH MOHOMEPOB U arperaTos.
Hampotus, B ciydae pacTBopa IIX, HHKyOHpoBaH-
HOro BOIM3H 3aIISICThs 300poBoro fobposonsna, I1X
azcopbrpoBaack Ha CIOLY B BULe MOHOMEPOB — KaK
U B CJly4ae KOHTPOJIbHOro obpasia epMeHTa, HHKY-
OMpPOBAHHOIO B M30JIMPOBAHHOM IIOMeNleHUH. [Ipu
3TOoM pepMeHTAaTHBHAs aKTUBHOCTD [I1X B peakLiuHu
OKHCIeHUs 2,2-a3uH0-6uc(3-3Tu10eH30THa30/IUH-6-
cynpdonara) (ABTC) mepoKCHI0M BOJOPOZA IIOBBIIIA-
JIach OTHOCHTEJIBHO KOHTPOJIBHOI0 06pa3iia KaK B 9KC-
IepUMeHTe C YYaCTHEeM 3/I0pOBOro no6poBOJIbIIA,
TaK U B 3KCIIePUMeHTe C yyacThueM IanueHTa ¢ CC3.
[Tony4yeHHBIe B paboTe pe3yabTaThl II0JI€3HO UCIIOTb
30BaTh B pa3paboTKe HOBBIX CUCTEM AHUATHOCTUKH
3abojieBaHUM YesoBeKka, B ToM uucie CC3 ¥ BoCIIaau-
TeJIbHBIX 3a60/IeBaHUMH.

METO/Abl UCCIEAOBAHUA

Mcnonb3oBaHHble peaKTuBbl

depMeHT - MepoKCcHa3a U3 KOPHeH XpeHa (Sigma
Cat. # P6782) - u ero cybcrpar ABTC (Sigma Cat. #
A-1888) 6b11u 3aKkymieHsl y dupmMel Sigma (CIIA).
Cnrona st ACM-3KCIIepUMeHTOB 6blyia 3aKyIIIeHa
y dupmbl SPI (CIIA). 2 MM pochaTHO-coneBoi bydep-
HBIN pacTBOp B Monudukanuu Jynrsberko (OCB-[;
pPH 7,4) nnsa H3MepeHUHN MeTogoM ACM roToBHUIMN
IyTeM PacTBOPeHMS CMeCH COJIeH, 3aKyIJIeHHOM
y dupmel Pierce (CIIA), B yIbTPAaYUCTON IeHOHU-
3upoBaHHOM Boje. PocdaT-LUTpPaTHEI OypepHBIi
pactBop (51 MM Na,HPO,, 24 MM JTHMOHHOM KHC-
noTsl, pH 5,0) A5 u3mepeHuN MetonoM CO roToBUIH
C MCII0Ib30BaHHEM PeakTHUBOB, HMEIOIIUX KBaTuU-
KallMIo He HHUKe Y.[l.a., KOTOpble OBIIM 3aKyII/IeHb
y dupmer "Peaxum” (Poccus). Ileporcup Bomopona
(H,0,; 30%, 4.A.a.) TakKe ObII 3aKyIlJIeH y GUPMBI
"PeaxuM" (Poccus). Bce pacTBOPBL TOTOBHIIH, UCIIOIb-
3ysl YABTPAUKCTYI0 BoAy (18.2 MOMXCM), KOTOPYIO
MOJIy4Yaau C IMOMOIIbI0 ycTaHOBKHU Simplicity UV
(Millipore, ®panius).

MeTopuKa 3kcnepumeHTa

B skcriepuMeHTaX MCIIo/ab30Baau 0,1 MKM pacTBop
[1X B 2 MM ®CB-/I. Hccienyemsele ob6pasLibl pacTBOpa
[1X 06beMoM 1 MJI IUIIETUPOBAIHU B IOTHUIIPOIILIIE-
HOBBIE ITPOOUPKYU THIIA "INIeH10pd" HOMHUHAIBHBIM
obbemom 1,7 mi1. IIpobUPKU C HcCaelyeMbIMU 06pas-
LIaMU pacTBopa GepMeHTa pasMelialu Clelyou UM
obpasom: Ha J1eBOM pPyKe Ha Jly4eBOH KOCTH BOIH3HU
3aMsCThs MallMeHTa C UCKYCCTBEHHBIM MHUTPAb-
HBIM KjamaHoM (pabouwni obpaser A); Ha 1eBoH

of monomers, as in the case of the control enzyme
sample incubated in an isolated room. At the same
time, the enzymatic activity of HRP in oxida-
tion reaction of 2,2’-azino-bis(3-ethylbenzothia-
zoline-6-sulfonate) (ABTS) with hydrogen perox-
ide increased relative to the control sample both
in the experiment with a healthy volunteer and in
the experiment with a patient with CVD. The results
obtained in this study are useful in development
of new diagnostic systems for human diseases,
including CVD and inflammatory diseases.

RESEARCH METHODS

Reagents used

The enzyme (peroxidase from horseradish roots
(Sigma Cat. #f P6782)) and its substrate ABTS
(Sigma Cat. # A-1888) were purchased from Sigma
(USA). Mica for ACM experiments was purchased
from SPI (USA). The 2 mM Dulbecco's modified phos-
phate-saline buffer solution (PBS-D; pH 7.4) for
AFM measurements was prepared by dissolving
a mixture of salts purchased from Pierce (USA) in
ultrapure deionised water. The phosphate-citrate
buffer solution (51 mM Na,HPO,, 24 mM citric acid,
pH 5.0) for SP measurements was prepared using
reagents of at least analytical grade purchased
from Reakhim (Russia). Hydrogen peroxide (H,0,;
30%, analytical grade) was also purchased from
Reakhim (Russia). All solutions were prepared
using ultrapure water (18.2 MQxcm), which was
obtained using a Simplicity UV system (Millipore,
France).

Experimental methodology

The experiments used a 0.1 pM solution
of HRP in 2 mM PBS-D. The test samples
of the HRP solution, with a volume of 1 ml, were
pipetted into polypropylene Eppendorf tubes with a
nominal volume of 1.7 ml. The tubes with the enzyme
solution samples were placed as follows: on the left
arm on the radius near the wrist of a patient with an
artificial mitral valve (working sample A); on the left
arm on the radius near the wrist of a healthy per-
son (working sample B); in an isolated room for
control measurements at a distance of 10 m from
the incubation point of the working samples (control
sample). The incubation time of the enzyme solution
under these conditions was 30 minutes.

In addition to the above samples, a sample
of the HRP solution incubated near a GSM standard
mobile phone (Nokia 105 model) switched on to call
a subscriber for 30 seconds (working sample T) was
also examined. The enzyme solution samples were
then transferred for analysis using AFM and SP
methods.

Vor.19No.1 2026 NANO INDUSTRY
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PyKe Ha JIy4eBOK KOCTH BOJIM3M 3amSICThSI 3/10PO-
BOTO 4YesnoBeKa (pabounit obpaser B); B N30IHpOBaH-
HOM KOMHATe 711 KOHTPOJIbHBIX U3MePeHHUH Ha pac-
cTOossHUHM 10 M OT TOYKH HHKybanuu pabouux obpas-
110B (KOHTPO/JIBHBIN 0b6pasel]). Bpems nHKybanuu
pacTBOopa pepMeHTa B YKa3aHHBIX YCIOBUSIX COCTaB-
75110 30 MHH.

[ToMHMO yKa3aHHBIX 00pa3loB, TaKxkKe HCCTIe-
noBanu obpasern pactBopa IIX, HHKYOHPOBAaHHBII
BOIH3H COTOBOrO TeedoHa crapgapTa GSM (Momesnb
Nokia 105), BK/IFOUeHHOTr0 Ha BbI30B abOHeHTa, B Teue-
Hue 30 ¢ (paboumnii obpaser T). [Jamee 06pasiisl pacT-
Bopa dpepMeHTa IepefaBaayd Ha aHAIHU3 MeTOJaMU
ACM u CO.

ACM-u3mepenus

ACM-H3MepeHUS [IPOBOLMIIH 110 MEeTOAKUKe, OITHCAH-
HOM B HAIlIUX IpeAbIAyLIINX Hy6JII/IKaLLI/IHX [17-19].
KopoTKo: MCII0b30BAIKN METOM, HelloCpeCTBeHHOH
ancopbuum depMeHTA U3 KCC/IeyeMbIX 00pa3siioB Ha
MIOJIJIO’KKH M3 CBEXKeCKOIOTO CIIofbl. ITOAIOKKY pas-
MepoM 7x15 MM IIOMeIaly B IPobUPKY C HCCIenye-
MBIM 06pa3noM U HHKYOHPOBalH B TedeHHe 10 MUH
Bo BcTpsixuBatene Thermomixer Comfort (Eppendorf,
OPT) npy1 KOMHATHOM TeMIlepartype 1 600 06./MuH.

ACM-u3MepeHUs NPOBOAKIH Ha mpubope NTECRA
Prima (NT-MDT, 3eneHorpan, Poccus) B pesxume
IIPephIBUCTOTO KOHTAKTa C HMCIIO/Ib30BAHHUEM KaH-
TuneBepoB NSG10 ("TipsNano", 9cToHUS; paguyc
Urabl 10 HM; pe3soHaHCHas yacToTa oT 47 mo 150 I,
cuoBas MmocTossHHasg oT 0,35 mo 6,1 H/M). 1 KasK-
noro obpasia rmony4danay He MeHee 25 CKAaHOB pa3me-
POM 2X2 MKM B Pa3HBIX y4aCTKaX IIOBePXHOCTH II0f-
NOKKH. Kamu6poBKYy MUKPOCKOIIA 10 BBICOTE IIPOBO-
OUIH 110 KanubpoBouHoil pemerke TCZ1 (HT-MAT,
Poccus, BbicoTa miara 21,4+1,5 um) [17].

B X0/0CTBIX OMBITaX, BBHIIIOJTHEHHBIX C HCIIOIb30-
BaHHeM uHncToro 2 MM ®CE-I, He comepsKaluero ¢ep-
MEHT, Ha [TI0BePXHOCTH II0JJIOKeK He Habmoganu 06b-
€KTOB C BbIcOTaMU >0,5 HM.

AHanus naHHbpX ACM OPOBOAMIIU II0 METOLHUKE,
OMMCAaHHOHU B [17]. OTHOCHUTe/IbHOE pacIipe/ie/ieHHe
BH3YaJIU3UPOBAHHBIX MeToLoM ACM 06BEKTOB I10
BeIcOTaM p(h) pacCYMTHIBAIM COINIACHO COOTHOIIEHHS
(17-19]:

p(h) = (N,/N) x 100%,
rage Nh — HHCJIO BU3Yd/IN3MPOBAHHBIX Ha II0JIOJKKE
00BbeKTOB ¢ BbicOTOM h, a N - obiiee KoJIHM4YeCTBO
BH3Ya/IN3HMPOBAHHBIX Ha ITO[JJIOKKE YaCTHIL.
CO-nsmepenus

ARTHUBHOCTH I[IX B HCCIeZOBaHHBIX obOpa3smax
OLleHUBAJIU I10 MeTOLUKe, IIpeJJIoKeHHON CaHmepc

HAHO MHAVCTPUA Tom 19 N1 2026

AFM measurements

AFM measurements were performed using the method
described in our previous publications [17-19]. Briefly,
we used the method of direct adsorption of the enzyme
from the test samples onto substrates made of freshly
crushed mica. A 7x15 mm substrate was placed
in a test tube with the test sample and incubated
for 10 minutes in a Thermomixer Comfort shaker
(Eppendorf, Cermany) at room temperature and
600 rpm.

AFM measurements were performed on an NTEGRA
Prima device (NT-MDT, Zelenograd, Russia) in inter-
mittent contact mode using NSG10 cantilevers
(TipsNano, Estonia; needle radius 10 nm; resonance
frequency from 47 to 150 kHz, force constant from
0.35 to 6.1 N/m). For each sample, at least 25 scans
measuring 2°2 pm were obtained in different areas
of the substrate surface. The microscope was calibrated
in height using a TGZ1 calibration grid (NT-MDT,
Russia, step height 21.4 + 1.5 nm) [17].

In blank experiments performed using pure
2 mM FSB-D without enzyme, no objects with heights
>0.5 nm were observed on the surface of the substrates.

The AFM data analysis was performed using
the method described in [17]. The relative distribution
of objects visualised by the AFM method by height p(h)
was calculated according to the ratio [17-19]:

p(h) = (N,/N) x 100%,

where N, - number of objects visualised on
the substrate with a height h, and N - total number
of particles visualised on the substrate.

SP measurements

The activity of HRP in the samples studied was assessed
using the method proposed by Sanders et al. [20] and
described in our previous works [17-19]. In short, we deter-
mined the dependence of light absorption A of the reaction
mixture on time t. This mixture contained 30 pl
of the studied 0.1 pM HRP solution in 3 ml of phosphate-
citrate buffer solution (pH 5.0), i.e., the final enzyme con-
centration in the reaction mixture was 1 nM. The reaction
mixture also contained 0.3 mM ABTS and 2.5 mM H,0, [17-
20]. A(t) measurements were performed at a wavelength of
405 nm in a quartz cuvette with an optical path length of
1 cm. The activity of HRP in the studied samples was cal-
culated as described in [17, 21] and expressed in relative
units per 1 ml of enzyme solution [21].

RESULTS

Results of measurements using the AFM method

Figure 1 shows typical AFM images of the surface
of substrates incubated in the studied samples of HRP
solution.
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c coTp. [20] ¥ OMMCAaHHOMN B HAIIUX NPeABIAYIIHX
paboTax [17-19]. KopoTKko: onpefensiiv 3aBUCKMOCTh
CBeTONIOI/JIOMeHHs A PeaKIHOHHOH CMeCH
OT BpeMeHHU t. ITa cMecChb cogepskasa 30 MK
uccnenyemoro 0,1 MKM pactsopa IIX B 3 M1 pocdart-
nuTpaTHoro 6ydepuoro pacrteopa (pH 5,0), To ecTs
KOHe4YHas KOHLIeHTpalus GepMeHTa B peaKIIMOHHOU
cMmecHu 6p11a 1 HM. PeaKIIMOHHAs CMeCh TaKKe
comepxkana 0,3 mM ABTC u 2,5 MM H,0, [17-20].
H3mepenus A(t) IpoBOAUIK IPH [JIKMHE BOTHBI
405 HM B KBaplieBOM KIOBeTe C IJIMHOM OIITHUYeCKOro
nyTu 1 cM. AKTUBHOCTb IIX B MCClIeZOBaHHBIX
obpaslax paccUMUTHIBAAM, KakK OIHCAHO B (17, 21] u
BBIpa>kajau B OTH. ef. Ha 1 MJI pacTBopa pepMeHTa
(21].

PE3Y/IbTATDI

Pe3ynbTatbl U3MepeHuit metogom ACM

Ha pwuc.1 mpepcraBiedHb TUOHYHBIe ACM-
K300paskeHU s IOBEPXHOCTH I10/JIOKEK, HHKYOHPO-
BAaHHBIX B UCC/IeyeMbIX o6pasiax pacTBopa I1X.

IIpencTaBaeHHBle Ha puc.l ACM-u3o6paskeHUs
HUJUIIOCTPUPYIOT GaKT TOrO, YTO B BBHIIIEOIIHMCAHHBIX
3KcrepuMeHTax IIX agcopbupoBanachk Ha IOBEpX-
HOCTb CBeKeCKOJIOTOH CIIOfABl B BUJe KOMIIAKTHBIX
00beKTOB. JIJ1s1 TOUHOTO aHaIM3a a,/:[cop6u1/11/1 I1X Ha
CII0Jle UCII0b30BaIM OTHOCHUTE/IbHbBIE pacIpesesne-
HUS BU3yaJTH3UPOBAaHHBIX MeTogoM ACM 06beKTOB
o BeicotaM p(h), monyueHHBIe 4151 KaSKOOT0 HCCIen0-
BaHHOro obpasua pactBopa I[IX. [TonydyeHHBbIe IyTeM
aHanu3a AaHHBX ACM-Tpaduku dyukuu pth) mpen-
CTaBJIeHbI Ha PHC.2.

W3 nipeacTaBIeHHBIX Ha PHC.2 JaHHBIX BUJHO, UYTO
B KOHTPOJIbHBIX 3KCIIepUMeHTaX (UepHasi KpuBas)
MakcuMyM ¢yHKIuH p(h) cooTBeTcTBOBaT BRICOTAM
obbvexToB h ., =1,0+0,2 HM. Kak paHee 6bII0 ITOKa-
3aHO B [18], B ciay4ae anc0p6u1/11/1 I1X Ha cBe>kecKoJ10-
TYIO C/II0Jy TaKHe BhICOTHI ACM-BH3ya/IM3UPOBAHHBIX
KOMIIaKTHBIX 00beKTOB COOTBETCTBYIOT MOHOMe-
pam IIX. AHa/JorMYHas CUTyallus Habmomanach st
obpasma I1X, MHKY6HPOBAaHHOIO Ha Jy4eBOM KOCTH
BO/IM3H 3aIICThs 3,0POBOro L06POBOJIbLIA: ISl TOTO
obpasma makcumyMm ¢yHkiuu p(h) Takke cooTBeT-
crBoBas h,,, =1,0+0,2 HM (pHC.2, CHUHSS KPHUBAsi).

B ciyqae ke obpasiia, MHKYOHPOBAaHHOIO Ha J1yde-
BOM KOCTH BO/IM3H 3aIISICThsI AI[HMeHTa C UCKYCCTBEH-
HBIM MHUTPaJIBHBIM K/IAaIIaHOM, Ha KPUBOK COOTBeT-
cTBytomen ¢pyakuuu p(h) Hapsay ¢ MaKCUMyMoM

h . =1,2£0,2 HM, COOTBETCTBYIOUIMM MOHOMEPAM
I1X (18], Habnrogaauck MakcUMyMbL h ., =1,8 HM U
h .. =3,8 HM (puc.2, kpacHas KpuBasi). Kak obcysk-

IeHo paHee, 06'beKTEL C BLICOTAMHU > 1,8 HM COOTBET-
CTBYIOT arperarHsiM ¢popmam I1X [18].

OTMeTHM, YTO B C/ly4yae aHaJMu3a obpasla pacT-
Bopa IIX, mofABeprHyTOro KOPpOTKOM (30-ceKyHAHOM)

The AFM images shown in Fig.1 illustrate the fact
that in the above-described experiments, HRP was
adsorbed onto the surface of freshly cleaved mica in
the form of compact objects. For an accurate analy-
sis of HRP adsorption on mica, the relative distri-
butions of objects visualised by the AFM method
according to heights p(h) obtained for each stud-
ied HRP solution sample were used. The graphs
of the p(h) functions obtained by analysing the AFM
data are shown in Fig.2.

The data presented in Fig.2 show that in
the control experiments (black curve), the maximum
of the function p(h) corresponded to object heights
h.,=1.0£0.2 nm. As previously shown in [18], in
the case of HRP adsorption on freshly cut mica,
such heights of AFM-visualised compact objects cor-
respond to HRP monomers. A similar situation was
observed for a HRP sample incubated on the radius
bone near the wrist of a healthy volunteer: for this
sample, the maximum of the p(h) function also cor-
responded to h,,, =1.0+0.2 nm (Fig.2, blue curve).

In the case of a sample incubated on the radius
bone near the wrist of a patient with an artificial
mitral valve, the curve of the corresponding func-
tion p(h) showed a maximum h,,,; =1.2+0.2 nm cor-
responding to HRP monomers [18], maxima h,,,, =
1.8 nm and h,,,; = 3.8 nm were observed (Fig.2, red
curve). As discussed earlier, objects with heights >
1.8 nm correspond to aggregate forms of HRP [18].

It should be noted that in the case of analysis of a
sample of HRP solution subjected to short (30-sec-
ond) incubation near a mobile phone switched on
to call a subscriber, objects with different heights
were observed on the mica surface: enzyme: along
with HRP monomers, a significant number of HRP
aggregates with maximum heights of 2.4; 3.4; 4.8;
7.0 and 9.4 nm were observed.

Results of measurements using the SP method
Figure 3 shows the curves of dependencies A(t)
obtained for each of the studied HRP samples.

The curves shown in Fig.3 indicate that
the enzymatic activity of HRP in the ABTS oxidation
reaction increased in all working samples of HRP
relative to the control sample of the enzyme solu-
tion. The data obtained by the SP method are sum-
marised in Table 1.

The data presented in Table 1 show that in
the case of the HRP sample incubated near the wrist
of a patient with an artificial mitral valve (working
sample A), HRP activity increased by 19% relative
to the control sample. In the case of the HRP sam-
ple incubated near the wrist of a healthy volunteer,
the increase in activity was slightly less significant
(11%).
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Puc.1. TunuuHbie ACM-u306pa>keHust NnogepxHOCMU N00A0XKeK U3 C8eXKeckoAomoll cAObl, UHKYOUPOBAHHbIX 8 UCCAED08AHHbIX
06pazuax pacmaopa MX. Obpasuybl MX 8pidep>kusanu Ha Aol pyke 86AU3U 3aNICMbs NAUUEHMA € UCKYCCMBEHHbIM MUMpPAanb-
HbIM KnanaHom (pa6oyuli o6paseu A, a), Ha Aesoli pyke Ha Ay4yesoli Kocmu 86AU3U 3ansIcmbs 300p08020 Yenosekd (paboyuli 06pa-
3ey b, b), 8 u30AuposaHHoli KoMHame 845 KOHMPOAbHbIX U3MepeHUl Ha paccmosiHuu 10 M om moyku UHKy6auuu pa6o4ux o6pas-
408 (KoHMpoAbHbIl 06pad3el, ¢) UAU 86AU3LU COM08020 meAepoHa cmaHdapma GSM, 8KAHeHHO020 Ha 8bi308 a6oHeHma (pabouyull
o6pazey T, d). SkcnepumeHmanbHble ycaoaus: 0,1 MkM X 8 2 mM ®CB-/1, pH - 7,4, epems uHky6auyuu — 30 muH (a—c) uau 30 c (d).
Pa3mep kaxo0020 ckaHa 2 x 2 MKm.

Fig.1. Typical AFM images of the surface of freshly cleaved mica substrates incubated in the studied samples of HRP solution. The HRP
samples were kept on the left hand near the wrist of a patient with an artificial mitral valve (working sample A, a), on the left hand on
the radius near the wrist of a healthy volunteer (working sample B, b), in an isolated room for control measurements at a distance of 10 m
from the incubation point of the working samples (control sample, c) or near a GSM cell phone turned on for a subscriber (working sample
T, d). Experimental conditions: 0,1 pyM HRP in 2 mM PBS-D, pH - 7.4, incubation time — 30 min (a—c) or 30 sec (d). The size of each scan
is2x2pum.

WHKybanuy B6IU3M coTOBOro TenedoHa, BRKIIOUEH-
HOI0 Ha BBI30B ab0HEHTAa, Ha IIOBePXHOCTH CJIIOJBI
Hab104aMuCch 06BEKTHL C PAa3JIMYHBIMI BBICOTAMHU:
depmeHTa: Hapsany ¢ MoHOMepaMu [1X Habmionanock
3HAUHMTe/IbHOE KOJIMYeCTBO arperaTtos [1X ¢ MakCUMY-
MaMH BBICOT 2,4; 3,4; 4,8; 7,0 1 9,4 HM.

HAHO MHAVCTPHA Tom 19 N21 2026

DUSCUSSION

In the experiments described, we found
a significant change in the adsorption properties
of HRP on freshly crushed mica after incubating
a sample of this enzyme near the wrist of a patient
with an artificial mitral valve, namely, adsorption
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PesynbTaThl U3MepeHnit metogom CO

Ha puc.3 npezncTaBieHbl KpHBble 3aBUCHUMOCTE! A(t),
IOy YeHHBIe 1JIsI KasKI0T0 U3 HCCeJoBaHHBIX 06pas-
1oB I1X.

IIpencTaBaeHHbIe HA PUC.3 KPUBbIe IIOKA3BIBAIOT,
uTo GpepMeHTAaTHBHAsI aKTUBHOCTD [1X B peakIUHU
oxkucneHust ABTC Bo Bcex pabounx obpasmax I1X Bo3-
pacTaja OTHOCHUTEeIbHO KOHTPOJIBHOr0 06pasia pact-
Bopa depmeHTa. [lonyueHHble MeTomoM CP naHHBIe
CYMMHUPOBaHBI B Tab.1.

IIpescTaBieHHble B Tab/1.1 JaHHbBIe IOKA3bIBAIOT,
4To B ciydae obpasua I1X, mHKyOMPOBAaHHOTO BOIH3H
3aMSCThs MallMeHTa C UCKYCCTBEHHBIM MHUTPAb-
HBIM Ki1anaHoM (paboumnit o6paser; A), aKTUBHOCTb
I1X Bo3pacTana Ha 19% OTHOCHTE/NIBHO KOHTPOIb-
Horo obpasia. B ciaydae obpasina I1X, nHKyOHpoBaH-
HOTo BOJIM3H 3aMSICThs 3/[0pPOBOr0 N06pOBOIBIIA, POCT
AKTUBHOCTH OBI/T HECKOJIBKO MeHee 3HAUYHTeTbHbIM
(11%).

OBCY)XAEHUE

B onmmcaHHBIX 3KCIIePUMEHTaX HaMHU 06HapyskeHO
CyIleCTBeHHOe U3MeHeHHe aJCOPOLIMOHHBIX CBOMCTB
I1X Ha CBeXXeCKOJOTOM C/IIofie Iocje UHKybaluu
obpasua sToro dpepmeHTa BOIM3U 3aMACThS MALU-
€HTa C MCKYCCTBEHHBIM MUTPAJIbHBIM KjIallaHOM,
a IMEeHHO, a/icopbIi1s Ha C/TI0/ly OIMTOMEPHBIX POopM
depMmeHTa. BaskHO OTMETHUTD, YTO KaK U3 KOHTPOJIb™
Horo obpasia, Tak u u3 pabouero obpasua, HHKyb6U-
POBaHHOro B6/IM3H 3aMSICThS 3J,0POBOr0 106POBO/IBIIA,
[1X, HanpoTHUB, aAcopbupoBanach Ha C/IIOLY MPak-
THYeCKHU HCKIIYHTEebHO B MOHOMEPHOU popMme.
OTMeTHM TaK>Ke, YTO I10CjIe KPaTKOBpeMeHHOM (30 ¢)
nHKyb6anuu obpasua I1X B61M3U COTOBOTO TenedpoHa

Tabauua 1. Pesyabmamsl usmepeHull pepmeHmMamusHol akmue-
Hocmu TM1X 8 uccnedosaHHblx 06pasyax

Table1. Results of measurements of the enzymatic activity of HRP
in the studied samples

90
— Pabouuni obpazeu A
801 Working sample A
By )}
=1 .
S 70 — Paﬁowmoﬁpaseus
G Working sample B
mLI\
T @
Y= 60 . Pabouniiobpazeu T
§ < Working sample T
2 507 —  KOHTponbHbIit 06paseL,
g5 Control sample
=
@ 4
22
QU
g% 30
o4 )}
I
5 20
A TR A
R
1 2 3 4 5 6 7 8 9 10
BbicoTa, HM | Height, nm

O6paseL, A, oTH. ep./mn A/A uroniane
Sample A, r.u./mL oGpasuar 20
A control sample? %

Pabo4nmn obpaser, A 49,36+0,34 119
Working sample A
Pabouynn obpasel, b 46,07+1,06 m
Working sample B
KOHTPOJIbHbLIV 41,60+0,45 100
obpaszeL,
Control sample
Pabouynin obpasew, T 48,08+0,22 N6
Working sample T

Puc.2. Tpaguku pacnpedeaeHull 0OMHOCUMeAbHO20 KoAUuYecm-
80 8U3YAAU3UPOBAHHbIX 06BeKmos no sbicomam p(h), noayueH-
Hble 05 UCcCcAedo8aHHbIX 06pasu,oe pacmeopa MX. Obpasuei
[1X epbidepkusanu Ha aegoli pyKe 86AU3U 3aNICMbsl NAUUEH-
ma ¢ UckyccmeeHHbIM MUMpAaabHbiM KaanaHom (paboyuii 06-
paseu A, KpdcHas Kpugas), Ha nesoli pyke Ha Ay4yedoli Kocmu
86AU3U 3anscmbs 300p08020 Yeaoseka (paboyuli o6pasel, B,
CUHSS Kpueas), 8 U30AUPOBAHHOU KOMHAmMe Al KOHMPOAbHBIX
usmepeHul Ha paccmosiHuu 10 m om moyKu UHKy6auuu pabo-
yux 06pasuo8 (KOHMpoAbHbIl 06pasel, YepHAs Kpusas) uau
86Au3U comosozo menepoHa cmaHdapma GSM, 8KAOYEHHO-
20 Ha 8bi308 aboHeHma (paboyuli 06paseu T, 3eAeHas Kpugas).
SKcnepumeHmaAnbHbie ycaosus: 0,1 mkM MX 6 2 mM OCB-/,
pH - 7,4, 8pems uHKy6auuu - 30 muH (KOHMpPOoAbHbIl 06paszel
u pabouyue 06pasubl A, b) uau 30 ¢ (pabouuli o6pazeu, T)

Fig.2. Distribution plots of the relative number of visualized
objects by heights p(h), obtained for the studied samples of HRP
solution. The HRP samples were kept on the left hand near the
wrist of a patient with an artificial mitral valve (working sam-
ple A, red curve), on the left hand on the radius near the wrist of
a healthy volunteer (working sample B, blue curve), in an isolated
room for control measurements at a distance of 10 m from the
incubation point of the working samples (control sample, black
curve) or near a GSM cell phone turned on for a subscriber (work-
ing sample T, green curve). Experimental conditions: 0,1 yM HRP
in 2 mM PBS-D, pH - 7.4, incubation time - 30 min (control sam-
ple and working samples A and B) or 30 sec (working sample T)

of oligomeric forms of the enzyme onto mica. It is
important to note that both the control sample and
the working sample incubated near the wrist
of a healthy volunteer HRP, on the contrary, were
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craggapTa GSM, BKIIOYEHHOIO Ha BBI30B aboHeHTa,
[1X agcopbrpoBaach Ha C/II0AY IIperMyIleCTBeHHO
B GopMe arperaToB pa3JIMYHOIO IIOPSAAKA, BEICOTA
KOTOPBIX Ha C/Iofe mocturana 9,4 HMm. Takoe u3me-
HeHUe aJicopbLIMOHHBIX CBOMCTB I1X Ha C/1Iofie MoXKeT
06BSICHSITBHCS ee BBICOKOH BOCIIPUMMUHBOCTBIO K BO3-
JNeHCTBUIO 3IeKTPOMarHUTHOIO U3/1y4eHHUs, KOTO-
Pasi MOXKeT II03BOJIMTh MCII0/Ib30BaTh 3TOT pepMeHT B
KavyeCTBe UHIMKATOpa 3JIeKTPOMaTrHUTHOTO H3J/ly4e-
Hu4 [17]. Tak, paHee 6bI7I0 IIPOI€MOHCTPUPOBAHO, UTO
Bo3mercTBUe maske Mmanon (10712Bt/cM?2) IIJIOTHOCTHU
H3Jly4eHH s 3ay3/eHHOM TOIIOJIOIMH YacToTo 2,3 I'T1g
NPUBOAUT K MOBBIIIEHHOM a/cOpOLIMHM arperaTHBIX
dopm IIX Ha caroay [18]. PaKkT cymecTBeHHOro pas-
MUYHS aJCOPOLIMOHHBIX CBOMCTB I1X mocie nHKy6a-
LMY Ha Tejle IIallkMeHTa C MCKYCCTBeHHBIM MUTPAJb-
HBIM KJIAIIaHOM — I10 CPaBHEHHIO CO CJIydaeM HHKY-
OalKK Ha Teje 340POBOro Ao06pPOBOJIBIIA — MOXKET
CBUJETe/NbCTBOBATh O BO3JEHCTBUN Ha depMeHT
B [I€PBOM CJ1y4ae C1abpIX 371eKTPOMaTHUTHBIX I10JIeH,
06yCc/10B/IeHHBIX KPOBOTOKOM 4epe3 MCKYCCTBEeHHBIH
MHUTPaJbHBIHA KAalaH. BO3MOKXHOCTb IOSIBJIEHHUS
[IpU TeYeHUH BOJHBIX Cpel] 3JIeKTPOMAarHUTHBIX
mosieH, NpUBOASIIMX K arperanuu I1X, obcyskaanacey
pagee [19]. ITosly4yeHHble HAMHU JaHHEIE [TIOKA3EIBAIOT
Ba>KHOCTb UCCIe0BAaHUM reMOJHMHAMHKH Ha QyHK-
LHMOHMPOBaHHe GepMeHTOB B OpraHH3Me YejIoBeKa.

[ToMHMO M3MeHeHUM aJcOpOIIMOHHBIX CBOMCTB
I1X, BasKHO OTMETUTBH TaK>Ke HabaoaeMoe B HAMHUX
3KCIIePHUMEHTAaX H3MeHeHHe ee QepMeHTaTHB-
HOU aKTHBHOCTH B peaKIHHU okucIeHHsT ABTC.
HabnromaeMbli pocT pepMeHTAaTUBHOM aKTHBHOCTHU
I1X moce nHKy6anuu B6IM3HU Tena yeaoBeKa 06b-
SICHSIeTCSI, I0-BUAMMOMY, HarpeBoMm o6pasios dpep-
MeHTa B TeUeHHe BpeMeHH UHKYbaIUH 0 TeMIIepa-
TypHl, 61M3K0M K TeMIepatType Tena (36,6 °C). PaHee
Jlommem u coTp. [22] 06HAPY>KUIK 3HAYUTETBHBII
(mo 170%) pocT GepMeHTATHBHON aKTHBHOCTH [1X B
PeaxkuHuy OKHC/IeHHM s IBasSKO/Ia II0C/Ie yMePEeHHOro
(o1 30 o 45 °C) HarpeBa 06pa3IoB pepMeHTa B Teye-
HHe 4-6 4. CleyeT OTMETUTbH, YTO Harpes 7o 6omee
BBICOKH X TeMItepatTyp (50 u 60 °C), HAIIPOTUB, BBI3bI-
BaJl CHUKeHHe aKTUBHOCTH depMeHTa. CHHUKeHHe
AKTUBHOCTH IIX 5TH aBTOPEI Habnonanyu U rnocie
BBIIEPSKKH 06pasios I1X B CBY-peakTope (2450 M1,
30 1ub6o 60 BT) [22]. do u coTp. HabnwgaIU BO3pac-
TaHHe aKTHUBHOCTH IIX B peaKIIMH OKUCIeHUS I'Basi-
KoJa Ha 5-14% mocie KpaTKOBpeMeHHOTO (<5 MUH)
Harpesa o6pa3roB pepMeHTA U3TydeHHUeM PagHoO-
YaCTOTHOTO AHaIasoHa (27,12 MI'l, 6 kKBT) 1o TeM-
nepatypsl 50 °C [23]; HarpeB 0 6oJiee BBICOKHX TeM-
[epaTyp NPUBOLUJ K CHUKeHHUIO aKTHUBHOCTH dep-
MeHTAa. B HalMX >Ke SKCIIepuMeHTaX GepMeHTaTUB-
Hasl aKTUBHOCTB I1X B 06pasiax, MHKYOHPOBaHHBIX
Ha TeJle 30pOBOTo NobpoBobLIa, Bo3pacTana Ha 11%
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Puc.3. 3asucumocmu noznoweHus npu 405 HmM om epeme-
HU A(t), nonyueHHble s uccAedos8aHHbIX 06pa3L08 pacmeo-
pa MX. O6pa3uypl MNX ebidep>xusanu Ha Aesoll pyKe 86AU3U 3a-
NSCMbs NAUUEHMAa ¢ UCKYCCMBEHHbIM MUMPAAbHbIM KAana-
Hom (pabouyuli 06paseu A, KpacHds Kpugas), Ha Aesoli pyKe Ha
Ayyesoli Kocmu 86AU3U 3ansicmbsl 300p08020 Yenoseka (pabo-
yuli o6paseu B, CUHSS Kpugdsl), 8 U30AUPOB8AHHOL KOMHAMe dAsl
KOHMPOAbHbIX U3MepeHUl Ha paccmosiHuu 10 M om moyKuU UH-
Ky6auuu paboyux 06pasu,o8 (KOHMpPOAbHbIL 06pasel, YepHas
Kpueas) uau e6Au3u comosozo meaepoHa cmaHdapma GSM,
8KAOYEHHO020 Ha 8bI308 d6oHeHma (paboyuli o6paszel, T, 3e-
AeHas Kpugas). JKcnepuMeHmManbHble YCA08US: KOHUeHMpa-
uus MNX e CO kwweeme 1 HM, pH - 5,0, koHueHmpauust AGTC -
0,3 mM, KoHueHmpauusa H,O, - 2,5 mM, memnepamypa -
23 °C, 0nuHa onmuyeckozo nymu CO krosembl = 1 cm

Fig.3. Dependences of absorption at 405 nm on time A(t),
obtained for the studied samples of the HRP solution. The HRP
samples were kept on the left hand near the wrist of a patient
with an artificial mitral valve (working sample A, red curve), on
the left hand on the radius near the wrist of a healthy volunteer
(working sample B, blue curve), in an isolated room for control
measurements at a distance of 10 m from the incubation point of
the working samples (control sample, black curve) or near a GSM
cell phone turned on for a subscriber (working sample T, green
curve). Experimental conditions: the concentration of HRP in the
SP cell was 1 nM, pH - 5.0, ABTS concentration - 0.3 mM, H,0,
concentration - 2,5 mM, temperature - 23 °C, the optical path
length of the SP cell was -1 cm

adsorbed onto mica almost exclusively in mono-
meric form. It should also be noted that after a short
(30 seconds) incubation of the HRP sample near
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Ipu BpeMeHM HHKybanuu 30 MUH. B ciayuae ke
nHKyb6anuu obpasua I1X Ha Tesle MalKeHTa C UCKYC-
CTBEHHBIM MUTPAJIbHBIM KJIAIIAHOM POCT aKTHBHO-
cTu [1X 6511 emme 6o1ee 3HaUUTENBHEIM (19%).

VIHTepeCcHO OTMETHUTD, UTO B HALIKUX IKCIIePUMEH-
TaX KpaTKoBpeMeHHas (B TedeHHe 30 ¢) HHKybaI[ U
pactBopa I1X B61M3U coTOBOro TenepoHa CTAHAAPTA
GSM mpuBOOMIIA K BO3PACTAHUIO ee pepMeHTAaTHUB-
HOI aKTHBHOCTH Ha 16%. PaHee BapTepu U cotTp. [24]
OTMETHIJIH, YTO IpeiBapUTe/IbHOe BO3eHCTBHe Ha
I1X CBY-u3nydyeHHeM MOOUIBHOrO TenepoHa CTaH-
mapta GSM (900 MI'11) B TeueHHe 30 MUH IIPHUBOLUIIO
K BO3pPaCcTaHMUIO KaTaTUTHYECKOM KOHCTAHTHL K ,,
bepMmeHTa B peaKLIMH OKUCJIIeHU I'BasKoa Ha 9%;
IIPH 3TOM Bo3fencTBHe CBU-H3/1y4yeHHUs B IIpoliecce
bepMeHTaTUBHOM peaKL KU IIPUBOJKIIO K FOPa3zo
bosnee 3HAUMTeNbHOMY (B 2 pa3a) pocty k., I1X.

[TosyueHHBIE B IpefCcTaBlIeHHON paboTe pe3yib-
TaThl I10JIe3HO KMCIIONb30BaTh TaKsKe IIPHU CO3TaHHUU
O1OCEeHCOPOB U APYTUX YCTPOUCTB AJIsI AUATHOCTUKHU
3aboyeBaHUH.

BbIBO/Lbl

Metomom ACM obHapyskeHa IOBBbIIIEHHAs! arpera-
uus [1X mpu ee aficopbLiK Ha CBEXKECKOJIOTYIO CIIIOAY
rocie uHKybanuu ee 0,1 MKM pacTBopa BOIH3H 3alIs-
CThs IALIMEHTA C UCKYCCTBEHHBIM MUTPAIbHBIM KJl1a-
naHoMm. @epMeHTaTUBHAsA AaKTUBHOCTSE IIX pu 3TOM
MOBBIIIAJIACH HA 19%. HanpoTuB, HHKY6aLI1s pacTBOpa
I[1X B6/1M3H 3aMsICThS 30POBOro N06POBO/IbIIA He IIPU-
BOJM/Ia K U3MEHEHUIO aIcOPOLIMOHHBIX CBOMCTB I1X
OTHOCHTEe/BbHO KOHTPO/IbHOr0 06pasiia pepmeHTa, a
MOBBbINIEHHEe aKTUBHOCTH I1X 6b1/10 MeHee 3HaUUTeNlb-
HeiM (11%). [IppHKMMas BO BHUMaHKe BasKHOe 3HaUe-
HUe reM-coJepskallux Mepokcua3s kak 6riomapKkepos
CC3, a TaKkKe MIMPOKOe HUCIIONb30BaHUe [IX B MeU-
LIMHCKOM JUaTrHOCTHKe, 0OHapysKeHHbIe SKCIIepHUMeH-
TajibHBIe GaKTHI I10JIE3HO YUUTHIBATh IIPU pPa3paboTke
HOBBIX CHICTeM JIMarHOCTUKU 3a00/7eBaHUH Ue/loBeKa,
B TOoM uHrcie CC3 ¥ BOCIIa/IMTe/IbHBIX 3a60/1eBaHUI.

B/IATOAAPHOCTH

V3MepeHH s aKTUBHOCTH QepMeHTa MeTOLOM CIIeK-
TPOPOTOMETPHUHU BBEIIIOJIHEHEl IIPU IOLLepsKKe
MuHHCTepCcTBa HayKU U BbICHIero 06pa3oBaHUS
Poccurickon Pemepanuu (focygapcTBeHHOe 3aJaHUe
Ne 075-00270-26-00). Mi3MepeHHUSsI CBOMCTB pepMeHTa
MmeTonoM ACM BBHIIIOHEHBI B paMKax [IporpaMmbel
byHOaMeHTa/JbHBIX HAay4YHBIX HCCIeJOBaHHU
B Poccurickon ®eepaliii Ha AOJITOCPOUHBIN IIEPUO],
(2021-2030 rr.) (N2122030100168-2).

WHOOPMALIMA O PELLEH3UPOBAHUU
Penakius 671arofapuT aHOHKMMHOTO peleH3eHTa
(pelleH3eHTOB) 33 UX BKJIAJ B peLleH3UPOBAHHE 3TOH

a GSM standard mobile phone switched on to call
a subscriber, HRP was adsorbed onto mica mainly
in the form of aggregates of various orders, the size
of which on mica reached 9.4 nm. This change in
HRP adsorption properties on mica can be explained
by its high sensitivity to electromagnetic radia-
tion, which may allow this enzyme to be used as
an indicator of electromagnetic radiation [18]. Thus,
it has been previously demonstrated that exposure
to even a low (1012 W/cm?) radiation density of a
knotted topology with a frequency of 2.3 GHz leads
to increased adsorption of aggregate forms of HRP on
mica [17]. The fact that there is a significant differ-
ence in the adsorption properties of HRP after incu-
bation in a patient with an artificial mitral valve,
compared to incubation in a healthy volunteer, may
indicate the effect of weak electromagnetic fields on
the enzyme in the first case, caused by blood flow
through the artificial mitral valve. The possibility
of electromagnetic fields appearing in flowing
water environments, leading to the aggregation
of HRP, has been discussed previously [19]. Our
data show the importance of haemodynamic studies
for the functioning of enzymes in the human body.

In addition to changes in the adsorption proper-
ties of HRP, it is also important to note the change
in its enzymatic activity in the ABTS oxidation
reaction observed in our experiments. The observed
increase in the enzymatic activity of HRP after
incubation near the human body is apparently
explained by the heating of the enzyme samples
during the incubation period to a temperature close
to body temperature (36.6 °C). Previously, Lopes et
al. [22] discovered a significant (up to 170%) increase
in the enzymatic activity of HRP in the guaiacol
oxidation reaction after moderate (from 30 to 45 °C)
heating of enzyme samples for 4-6 hours. It should
be noted that heating to higher temperatures
(50 and 60 °C), on the contrary, caused a decrease
in enzyme activity. These authors also observed
a decrease in HRP activity after exposing HRP
samples to a microwave reactor (2450 MHz, 30 or
60 W) [22]. Yao et al. observed an increase in HRP
activity in the guaiacol oxidation reaction by 5-14%
after brief (<5 min) heating of enzyme samples
with radiofrequency radiation (27.12 MHz, 6 kW)
to a temperature of 50 °C [23]; heating to higher
temperatures led to decreasing enzyme activity. In
our experiments, the enzymatic activity of HRP in
samples incubated on the body of a healthy volun-
teer increased by 11% with an incubation time of
30 minutes. In the case of incubation of the HRP
sample on the patient body with an artificial mitral
valve, the increase in HRP activity was even more
significant (19%).
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paboThl, a TakXKe 3a pa3MellleHHe CTaTell Ha CalTe
SKypHaJIa U Ilepefady Ux B 3JIeKTPOHHOM BHU e B HOB
eLIBRARY.RU.

Jekaapauus o KoHpAuKmMme uHmepecos. Asmopsl 3a38Aat0M 06
omcymcmauu KOHPAUKITO8 UHMepecos UAU AUYHBLX OMHOWEHU,
Komopble mMozAu bbl no8AUSMb HA pabory, npedcmasAeHHyto 8 daH-
Holl cmambe.
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It is interesting to note that in our experiments,
short-term (within 30 seconds) incubation of the HRP
solution near a GSM standard mobile phone led
to a 16% increase in its enzymatic activity. Earlier,
Barteri et al. [24] noted that preliminary expo-
sure of HRP to microwave radiation from a GSM
mobile phone (900 MHz) for 30 minutes also led
to a 9% increase in the catalytic constant k,,
of the enzyme in the guaiacol oxidation reaction;
while exposure to microwave radiation during
the enzymatic reaction led to a much more signifi-
cant (2-fold) increase in k.., of HRP.

The results obtained in this work are also useful
for the creation of biosensors and other devices for
disease diagnosis.

CONCLUSIONS

The AFM method detected increased aggrega-
tion of HRP when it was adsorbed onto freshly cut
mica after incubation of its 0.1 pM solution near
the wrist of a patient with an artificial mitral
valve. The enzymatic activity of HRP increased by
19%. In contrast, incubation of the HRP solution
near the wrist of a healthy volunteer did not lead
to a change in the HRP adsorption properties rela-
tive to the control enzyme sample, and the increase
in HRP activity was less significant (11%). Given
the importance of haem-containing peroxidases as
biomarkers of CVD, as well as the widespread use
of HRP in medical diagnostics, the experimental
findings are useful to consider when develop-
ing new diagnostic systems for human diseases,
including CVD and inflammatory diseases.
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