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AHHoOTanMs. HAHOTeXHOJIOTHH ~ 9TO TeXHOJIOTHH, KOTOpble MAHUIYTHPYIOT C 06beKTaMU, HMEIOUIMMHU XapaK-
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B0 MOKa3aHO, YTO IPHU A03e obaydeHUs 25 KI'p aKTUBHOCTb 3TOT0 pepMeHTa CHU>KAIach NPaKTUYeCKHU
1o Hynsl. [ToyueHHBIe pe3y/IbTaThl He0OX04 MO yUHUTHIBATh B Pa3paboTke MeTOMO0B CTEPHIM3aLIMU IPOAYKTOB
MUTAHUS U YIIaKOBOUHBIX MAaTePHA/IOB AJISI MHIeBOM U MeIULIMHCKOM POAYKIIHH.
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Abstract. Nanotechnology manipulates objects with characteristic dimensions of less than 100 nm. In this work,
molecules of horseradish peroxidase (HRP) enzyme with dimensions of the order of 5 nm are used as objects, and
the device for their inactivation is an electron accelerator, which allows us to obtain electron beam with energy
of 9.7 MeV. We demonstrate that upon an irradiation dose of 25 kGy, the activity of the enzyme decreased virtually
to zero. The results obtained must be taken into account in the development of methods for sterilization of food

and packaging materials for food and medical products.
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BBE/JLEHUE

B HacTosIIee BpeMs BAasKHOM 3afjauell HCCIeJOBaHHUH,
OpPHEHTHPOBAHHBIX Ha Pa3BUTHe IIHILEBbIX TeXHOJIO-
rui, 6MOTeXHOJIOTUU 1 6LOMeUILINHBI, SIB/ISeTCS pas-
paboTKa MeTOoI0B MHAKTHBALIM U I1aTOTeHHBIX MHUKPO-
OpraHmu3MoB (TaKHUX KaK bakTepuu [l] u BUpyCHBIe
4YacTULH [2, 3]) B IPOOyKTaxX MUTAHUS [2-6], a TakKe
CTepUIH3alMU MeJULIMHCKUX YCTPOMCTB U MarTe-
puasos [7]. OnybauKoBaHHbBIE HCC/IeJOBAHUS ITOKa~
3a/I4 [epCIeKTUBHOCTD MCIIONAb30BAHUS [J/Is BbIIIe-
YKa3aHHBIX Lienel obnydeHUs obpabaTeiBaeMBIX
cpen (Bk/IIOYasl yIakOBOUHBIe MaTepHaJbl) yCKOPeH-
HBIMU 3/1eKTPOHaMHU [5, 6]. Pa3paboTaHHbIe K HACTOsI-
IeMy BpeMeHH YCTPOMCTBa 151 06paboTKK MaTepHa-
JIOB yCKOPeHHBIMH /IeKTPOHAMU I103BOJISIOT JOCTH-
raTh SHePrUH 3JIEKTPOHOB mopsAKa 1-10 MaB. B yact-
HOCTH, yCcTporcTBO TT1000 (Benbrusi) o3BossieT MOy-
4aTh 371eKTPOHHBIE IIy4YKH C SHepruel 3J1eKTPOHOB
Ha ypoBHe 7 M3B [8], a ycTpoliCTBO 0Te€4eCTBEHHOI0
npou3sBoacTBa TEOCORTEX (Poccus) - maske 10 Ma3B [9].
Takue yCTPOMCTBA BIIOJIHE MOIYT HCIIOb30BaThCS
17151 06pabOTKH [TOBEPXHOCTEH C LIeJIbI0 UX CTePU/IH3a-
uuu [10]. 9TH yCTaHOBKH yno6Hee B HICIIOJIb30BaHUU,

INTRODUCTION

Nowadays, an important task of research aimed at the
food technology development, biotechnology and bio-
medicine is the development of methods for inactiva-
tion of pathogenic microorganisms (such as bacteria [1]
and viral particles [2, 3]) in food [2-6] and sterilisation
of medical devices and materials [7]. Published studies
have shown the promising use of irradiation of treated
media (including packaging materials) with accelerated
electrons for the above purposes [5, 6]. The devices devel-
oped to date for processing materials with accelerated
electrons allow achieving electron energies of the order
of 1-10 MeV. In particular, the device TT1000 (Belgium)
allows to obtain electron beams with electron energy at
the level of 7 MeV [8], and the device of domestic produc-
tion TEOCORTEX (Russia) - even 10 MeV [9]. Such devices
may be used for surface treatment for sterilisation [10].
These units are more convenient to use than chemi-
cal sterilisation units, as the electron accelerator-based
units are much easier to operate. At the same time, fur-
ther detailed study of the effect of radiation doses on the
treated materials and microorganisms to be inactivated
isnecessary. In connection with the latter circumstance,
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YeM YCTAaHOBKH XMMHYECKOM CTePUIH3aLlH, TaK KaK
YCTaHOBKU Ha 0a3e 3/IeKTPOHHBIX YCKOPHUTeJIek ropaszio
Ipolle B yIIpaBleHUU. B To ke BpeMsi, He06X0oHMO
JasbHelllllee JeTaAbHOe U3y4yeHHe BIUSHUS 103 U3/Ty-
yeHUs Ha obpabaTbiBaeMble MaTepHalbl U MUKPO-
OpraHW3MBbl, II0JJIesKallllie MHAaKTUBALMU. B cBA3U
C IIoC/IefHUM 06CTOSITeIbCTBOM, HEOOXOAMMO OTMe-
THUTh, YTO IIPOLICCHL B KUBBIX CHCTeMaX, BK/IKOYas
[IaTOreHHble MUKPOOPTaHU3MbI, PeryJIHupyroTCcs dpep-
MEeHTHBIMU CHcTeMaMH [11]. COOTBETCTBEHHO, BaXKHBIM
HallpaB/IeHHeM KCC/IeIOBAHUU SIBJISIeTCA H3ydeHHe
BJIMSTHUS BO3/IeHCTBUS IIyYKOB YCKOPEHHBIX 3JIeKTPO-
HOB Ha QYHKIIMOHHPOBaHKe GePMeHTHBIX CUCTEM.

B Hamel1 paboTe 6bI710 IPOBeJEHO HCC/IeOBAaHHE
MHaKTHBaLUW MOJEILHOI0 pepMeHTa ~ IIePOKCH 3B
XPeHa B pe3y/bTaTe 00/1ydyeHHs ero pacTBopa IIy4KoM
YCKOPEHHBIX 3/IeKTPOHOB C BbICOKOH SHepruel (~10 M3B).
®epMmeHT I1X 6B BBIOpPAaH B KaueCTBe MOJEIBHOI0 06
eKTa MCXOJs M3 ero M3y4eHHOCTH [12]: Tak, oXxapakTe-
PH30BaHBI €0 XUMHUYeCKHUI cocTaB [13] ¥ mpocTpaH-
CTBeHHas CTPYKTypa [14]. DToT depMeHT IpeacTaBs-
nsieT U3 cebsl TTUKOMPOTEUH C MOJIEKYJISIPHOM Mac-
com 40-44 x1a [13, 15].

B xauecTBe MeTo[a oIlpefeaeHUI HHAKTUBALKMH [1X
B pe3yJIbTaTe BO3[,eUCTBHS ITy4Ka YCKOPEHHEBIX 3/IeKTPO-
HOB Ha PacTBOP pepMeHTa KCII0Ib30Ba/IH CIIeKTPOPOTO-
MeTPHIO, KOTOPas I103B0JIsIeT IIPOBOAKTD aHA/IM3 AKTHUB-
HOCTH $pepMeHTa I10CjIe BO3/IeHCTBHS Ha Hero pasind-
HBIMU QH3UKO-XHUMUYECKHMU MeTogaMu [16-18].

Bb1/10 TIOKa3aHO, YTO f03a 06/1y4deHus 25 KI'p IpHBO-
JOUT K IPaKTHYeCKH IIOTHOM IIoTepe GepMeHTOM aKTHB-
HOCTH B PeaKI[MH OKHCIeHHU ero cybcrparta - 2,2-a3uHO-
6ruc(3-aTunbeH30THA30MHUH-6-CynbdoHATA)
(ABTC) - B IIpUCYTCTBHH IIepoKcHua Bogopoaa (H,0,).

METO/Abl UCCNEAOBAHNA

Hcronp3oBaHHbIE peaKTHBbBI. AHAJIOTHYHO paboTe [18],
B HacTosiler paboTe ucronb3oBanu 6enok I1X, Bblze-
JIeHHBIH U3 xpeHa (Sigma, Cat. #6782). 2,2"-a3uHo0-6mc(3-
3TUA0eH30THA30MHH-6-CyIbdoHaT) (ABTC) 6BL1T TaKKe
nprobpeTeH B Sigma (Cat. #A-1888). Ilepokcu Bomopoaa
(H,0,, 4.A.a.), TMMOHHAsI KUCI0TA (0C.4.) ¥ OJlHO3aMe-
meHHbIN docdar Hatpus (Na,HPO,, 4.n.a.) ObLIH IIpH-
obpetensl B "Peaxum’ (MockBa). 2 MM docdatHO-cose-
BoM 6ydep B Mogudukranmuu [ynsbexko (PCB-II) roro-
BUJIH IIyTeM PacTBOPeHH I TOTOBOK CMecH cosiel (Pierce,
CIIIA) B yIBTPAYHCTON [eMOHHU3NPOBAHHOM Bozie. Bce
PacTBOPHI, UCII0Ib30BAHHBIE B 9KCIIEPUMEHTaX, TOTO-
BHJIH, UCIIONB3YS YABTPAYUCTYIO BoAy (18,2 MOM:-cm),
OYMIIEHHYIO C IIOMOIIbI0 ycTaHOBKHU Simplicity UV
(Millipore, ®pannus).

IKCIepUMEHThl Ha 3JIeKTPOHHOM YCKOpPHTele.
[nsi uccnefoBaHUS BO3LEHCTBUS 371eKTPOHHOTO
nyuka Ha epmeHT I1X 1 M1 107 M pacTBopa dpepmeHTa
B 2 MM ®CB-/l ¢ pH 7.4 moMemanyu B 0O4HOPa30BYIO

HAHO MHAVCTPUA Tom 17 Ne5 2024

it should be noted that processes in living systems,
including pathogenic microorganisms, are regulated
by enzyme systems [11]. Accordingly, an important area
of research is the study of influence of the accelerated
electron beams impact on the functioning of enzyme
systems.

In our work, we studied inactivation of a model
enzyme, horseradish peroxidase, as a result of irradia-
tion of its solution with a beam of accelerated electrons
with high energy (~10 MeV). The enzyme HP was chosen
as a model object on the basis of its studied [12]: thus,
its chemical composition [13] and spatial structure [14]
have been characterised. This enzyme is a glycoprotein
with a molecular mass of 40-44 kDa [13, 15].

Spectrophotometry was used as a method to deter-
mine HP inactivation as a result of exposure of the
enzyme solution to an accelerated electron beam,
which allows the analysis of enzyme activity after
exposure to various physicochemical methods [16-18].

It was shown that an irradiation dose of 25 kGy
resulted in an almost complete loss of enzyme activ-
ity in the oxidation reaction of its substrate, 2,2"-azino-
bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS), in the
presence of hydrogen peroxide (H,0,).

RESEARCH METHODS

Reagents used. Similar to [18], the present work used
a HP protein isolated from horseradish (Sigma, Cat.
1#6782). 2,2"-azino-bis(3-ethylbenzothiazoline-6-sul-
fonate) (ABTS) was also purchased from Sigma (Cat.
1tA-1888). Hydrogen peroxide (H,0,, h.p.a.), citric acid
(0.p.h.) and single-substituted sodium phosphate
(Na,HPO,, h.p.a.) were purchased from Reachim
(Moscow). 2 mM phosphate-salt buffer in Dulbecco’s
modification (PSB-D) was prepared by dissolving a
ready-made salt mixture (Pierce, USA) in ultrapure
deionised water. All solutions used in the experiments
were prepared using ultrapure water (18.2 mOsm - cm)
purified using a Simplicity UV unit (Millipore, France).

Electron accelerator experiments. To study the effect
of electron beam on the enzyme PC, 1 ml of 107 M
enzyme solution in 2 mM FSB-D with pH 7.4 was placed
in a disposable polypropylene tube with protein solu-
tion with a nominal volume of 1.7 ml. The tube was
placed in the electron beam zone of the electron acceler-
ator manufactured by "Theocortex". The temperature of
the medium was maintained at T e, =20 °C. The radi-
ation dose absorbed by the HP sample irradiated in the
electron accelerator was 25 kGy.

Control experiments. Control experiments were per-
formed with a sample of HP kept in an isolated room.
A 1 mL control sample of 107 M enzyme solution in
2mM FBS-D buffer with pH 7.4 was also placed in a dis-
posable polypropylene tube containing protein solution
with a nominal volume of 1.7 mL, which was placed in
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IIOJIUIIPOIIM/IEHOBYI0 IIPO6UPKY € pacTBopoM 6eynKka
HOMHHQIBHBIM obbeMoM 1,7 mi1. IIpobUpKy pasme-
IIQJIK B 30HE BO3/I€HCTBUSI 37IeKTPOHHOIO ITyIKa YCKOPH-
Tesst 371eKTpoHoB OO0 "TeokopTeKc'. IIpH 3TOM TeMIle-
paTypa cpefibl IOAAeP>KKUBATH Ha YpoBHE T oy, =20 °C.
ITornomeHHas obpasuom I1X, 061ydeHHBIM B YyCKOPH-
TeJie 3JIeKTPOHOB, 103a U3/1y4YeHus cocTaBuaa 25 KIp.
ObnyueHHBIN 0bpa3er I1X miepefaBaiu Ha CIIeKTPOdO-
TOMeTPHYeCKHUH aHa/IH3.

KoHTposibHbIE 3KCIIEPHMEHTHI. KOHTPOIbHbIE 3KCIIe-
PHMEHTBI BBIIIOTHSIN € 06pasiiom I1X, BblIepsKaHHOM
B M30/IMPOBAaHHOM IOMellleHU . KOHTPOIbHBIH 06pa-
3er1 107 M pacTtBopa depmeHTa B 2 MM OCB-] bydepe
cpH74 06beMoM 1 MJI TaK>Ke IIOMeIlla/In B O HOPas30-
BYIO [TOJIMITPOIIM/IEHOBYIO ITIPOOHPKY C pacTBOPOM besika
HOMMHAJIPHBIM 00eMOM 1,7 MJI, KOTOPYIO pasMellasim
B M30/IMPOBAHHOM IIOMEILeHHH C YPOBHEM POHOBOIO
H3/1y4eHHUs], Pa3pelleHHOro ObmeIpUHSITEIMU CAHHU-
TapHBIMH HOPMaMHU. I1ocjie 3TOro KOHTPOIBHBIH 06pa-
3el] pacTBopa pepMeHTa TaKyKe IepeaBajiy Ha CIIeK-
TPoPOTOMeTpPHUUECKHUH aHAJIH3.

CnekTpodoToMeTpHUYeCKHE H3IMepeHHS.
CrnexTpodpoToMeTpHUYLCKOe OIlpeieieHHe aKTUBHOCTH
depmeHTa I1X IPOBOAMIH COITTACHO MeToAMKe Sanders
etal. [19], kaKk onKcaHO B HALTKX IIPebIAYIIUX Ty6IH-
Kanuax [16-18]. A MMeHHO, IPU MOMOIIH CIIeKTpodo-
ToMeTpa Mozenu 8453 (Agilent Deutschland CmbH,
BanbnbpoHH, TepMaHUsI) perUCTPHPOBAIH 3aBUCHMO-
cTu nortomeHus 10° M pactBopa I1X 0T BpeMeHH IIpU
OavHe BOIHEI 405 HM B TedeHHe 5 MUH. M3MepeHU S
MIPOBOJM/IN B KBapLieBbIX KIOBETaX C JIMHOH OIITH-
yeckoro nyTtu 1 cm (Agilent Deutschland GCmbH,
BanpnbponH, epmaHus). M3mepeHUs NPOBOLUIIHU
B pocdaTHO-IUTPAaTHOM bydepe, comepsrammem 51 MM
Na,HPO,, 24 MM 1HMMOHHOH KUCI0THL, pH 5 [19], B KOTO-
PBIE Tak>Ke OBLI IIpeABapUTebHO 106aBieH cybcTpaT
ABTC B koHLIeHTpanyu 0,3 MM. [l/1s IpoBeieH U 3Me-
peruit 30 M1 0,1 MxM (107 M) uccienyeMoro pac-
TBOpa I[1X m06aBsiIu B KBapLieBYIO KIOBETY, CofepsKa-
1Yo 2,95 MJI BBIIIEOIIHCAHHOI'O 6ycpepa, cofiepsKallero
cyberpar ABTC, U TIIaTe/lbHO [lepeMelINBaIN. 3aTeM
B KIoBeTy 106aBsiu 8 MKII 3% (Macc./Macc.) pacTBopa
IIePOKCHA BOLOPOAA U Cpa3y ke HaUYMHa/IH PerucTpa-
LIMI0 3aBUCHMMOCTH IIOIJIOLIeHHS PacTBOpa B KIOBETe
IIpY /1K He BOJIHBI 405 HM OT BpeMeHH.

®epMeHTaTUBHYIO0 aKTUBHOCTH I1X B peaKIMK OKKC-
neHus cybcrpata ABTC pacCUHUTBHIBAIM 10 AHHBIM
Cr1eKTpoHOTOMETPUUECKHUX H3MepPeHHH COIVIACHO MeTO-
nuKe QUPMBI-TIPOM3BOAUTeN GepMeHTa U cybcTpaTa
(Sigma) [20].

PE3Y/IbTATbI U NX OBCY)XAEHUE

OKCIIepUMEeHTHI IIPOBOJAMI/IM B 1Ba Tamna. Ha mepsoM
3Talle IIPOBOAUIU 0b6/1ydeHHe pacTBopa dpepMeHTa
[I1X B 2JIeKTPOHHOM YyCKOpHTesIe. [l03a IIOT/IOIIeHHOr0

an isolation room with a background radiation level
allowed by generally accepted health regulations. After
that, a control sample of the enzyme solution was also
submitted for spectrophotometric analysis.

Spectrophotometric measurements.
Spectrophotometric determination of HP enzyme
activity was performed according to the method of
Sanders et al. [19] as described in our previous publica-
tions [16-18]. Specifically, the time-dependent absor-
bance of 107 M solution of HP was recorded at a wave-
length of 405 nm for 5 min using a spectrophotometer
model 8453 (Agilent Deutschland GmbH, Waldbronn,
Cermany). The measurements were carried out in
quartz cuvettes with an optical path length of 1 cm
(Agilent Deutschland CmbH, Waldbronn, Cermany).
Measurements were performed in phosphate-citrate
buffer containing 51 mM Na,HPO,, 24 mM citric acid,
pH 5 [19], to which ABTS substrate was also previously
added at a concentration of 0.3 mM. For measure-
ments, 30 pl of 0.1 M (107 M) of the tested HP solution
was added to a quartz cuvette containing 2.95 ml of the
above buffer containing the ABTS substrate and mixed
thoroughly. Then 8 pl of 3% (wt./mass) hydrogen per-
oxide solution was added to the cuvette, and the time
dependence of the absorbance of the solution in the
cuvette at 405 nm was immediately recorded.

The enzymatic activity of HP in reaction of substrate
oxidation by ABTS was calculated from spectrophoto-
metric measurements according to the method of the
enzyme and substrate manufacturer (Sigma) [20].

RESULTS AND DISCUSSION
The experiments were carried out in two stages. At the
first stage, irradiation of the solution of enzyme HP
in the electron accelerator was carried out. The dose
of radiation absorbed by this solution was 25 kGy. The
control sample of the enzyme solution was kept in an
isolated room, excluding its irradiation. At the second
stage, enzyme activity was determined in irradiated
and control samples of the enzyme solution by spec-
trophotometry based on the dependence of the prod-
uct production rate during the reaction of substrate oxi-
dation by ABTS catalysed by HP. For this purpose, the
product yield of the reaction was monitored from time
for 5 min. During this enzymatic reaction, absorbance
of the solution containing the reaction product produced
during 5 min at a wavelength of 405 nm and an opti-
cal path length of 1 cm was Ay =2.0 and Aggyyq = 0.06
for the control and 25 kGy irradiated enzyme samples,
respectively. Accordingly, the activity of the enzyme HP
relative to its substrate ABTS in the control and irradiated
samples was 111.67 units/ml and 3.35 units/ml, having
decreased as a result of irradiation by 33 times.

The data obtained by us are in agreement with those
obtained earlier by Liu et al. [21]. These authors studied
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3THUM PacTBOPOM HM3JIyuyeHHs cocTaBuiaa 25 kIp.
KoHTponbHBIH 06pasel] pacTBOpa GepMeHTa BbIIEPKU-
BaJIY IIPH 3TO B U30JIMPOBAHHOM IIOMEILEeHUH, UCKIIIO-
yas ero obnydeHue. Ha BTOpoM 3Talle ompefensiaiu
aKTHBHOCTb GepMeHTa B 00/1y4eHHOM 1 B KOHTPOJIb-
HOM 06pasiax pacTBopa pepMeHTa METOIOM CIIeKTPO-
boTOMeTPHU HUCXOs U3 3aBUCUMOCTH CKOPOCTH Hapa-
OOTKU IIPOAYKTA B XOZle PeaKIMU OKHC/IeHHs CybcTpaTa
ABTC, kaTanusupyemoi I1X. C 3TOH Lie/Ibo IPOBOAUIH
MOHHTOPHUHT HapaboTKU MPOAYyKTa PeaKluH OT Bpe-
MeHHU B TedeHHe 5 MHH. B mpolecce 3Tox ¢pepMeHTa-
THBHOM PeaKILHH IOIJIOoLleHHe PacTBOPa, CoflepsKa-
1ero HapaboTaHHBIM B TeueHHe 5 MUH IIPOAYKT peak-
LIMH, IIPH JJIKHEe BOJHBL 405 HM U [IJIMHe O THYeCKOro
IyTH 1 CM COCTABHUIIO Ayoyrp = 2,0 B Aggyyy = 0,06 B CITy-
Yae KOHTPOJIBHOTO U 061y4eHHOro fo30u 25 KI'p obpas-
110B $epMeHTa, COOTBeTCTBeHHO. COOTBETCTBEHHO,
aKTHBHOCTb pepMeHTa [1X I10 OTHOLIEHHUIO K ero cyb-
cTpaty ABTC B KOHTPOJIIBHOM U 0671yueHHOM 06pasiax
coctaBuia 111,67 en./mi u 3,35 efi/MJ1, yMeHBIIUBIIHCh
B pe3ysIbTaTe 0b1ydeHMs B 33 pasa.

ITonyyeHHble HAMU JaHHBIE COIVIACYHOTCS C JaH-
HBIMH, TIOJTy4YeHHBIMU paHee Liu et al. [21]. 9Tu aBTOpEI
HCcClefoBaau BO3[EeHCTBHE 007ydeHUS 37eKTPOH-
HBIM IIYYKOM Ha aKTUBHOCTb pepMeHTOB IJHaHObaK-
Tepui Microcystis aeruginosa, obHapyskuiu ~10-Kpart-
HOe CHI>KeHHe aKTUBHOCTH IepoKcua3sl Microcystis
aeruginosa mocje o61yuyeHHUs 3JeKTPOHHBIM IydU-
KOM C 3Hepruem numsb 1 M3B npu go3ax obnydeHUs
naxke 5 KI'p. B HaIlleM ke c/ly4dae, SHeprus my4dka 6ei1a
B 10 pas3 BhIllle, a 03a 06/1yUeHHUs - B 5 pa3 BhIIIe, YeM
B 3KCIIepUMeHTax Liu et al. [21], uTo mpuBommIIO K ere
bonee CUJIBHOM Ae3aKTUBALIUU $pepMeHTa MePOKCH-
nassl. B Hamer paboTe 6pIIM ITpOBeeHBI HCCIENO-
BaHUS 110 BIUSHUIO 06/1yUeHHs 3/1eKTPOHHBIM I1y4-
KOM C 3Hepruel ~10 MaB Ha pepmeHT IIX. {14 3TOrO
HCII0/Ib30BAJICS CIIEKTPOPOTOMETPHYECKHUH METOJ] KOH-
TPOJS aKTUBHOCTH dpepmenTa [IX. HMcxonms U3 crex-
TPOHOTOMETPUUECKMX SAHHBIX IT0JIyY€HO, YTO AKTHUB-
HOCTh PepMeHTa 6e3 BO3[eHCTBHUS 001ydeHUs ObITa
B 33 pasa Bblllle, YeM I10CJ/Ie BO3/I€HCTBUS 061yUeHHU
no3011 25 KI'p. FI3BeCTHO, YTO aKTUBHOCTH GpepMeHTa CBS-
3aHa C ero NpoCTPaHCTBEHHOMN CTPYKTYPOH, BKJIIOYAs
CTPYKTYPY ero aKTUBHOIO IleHTpa [11]. CooTBeTCTBeHHO,
IIpeaCTaB/IeHHbIe JaHHBIe 03HAYAIOT, YTO IIPH o3e
obydeHHs opsaKa 25 KI'p HabmomaeTcs paspynieHue
CTPYKTYPBI epMeHTa, BK/IIOYAsl er0 aKTHBHBIM LIeHTDP.

BbIBO/Lbl

BBIJI0 IIPOBeIeHO UCC/IeloBAaHMe BIIUSHUS YCKOPEHHBIX
37IeKTPOHOB C 3Hepruel ~10 MaB Ha depmeHT I1X. Briio
TI0JTyYeHO, YTO IIPH TaKOH JI03e 00/1ydeH sl HabnogaeTcs
[IPaKTUYeCKH IIONIHAs HHAKTHUBAL U pepMeHTa, 4To
yKa3blBaeT Ha Pa3pyllIeHHe ero CTPYKTyphl. [loy4eHHbIe
Pe3y/IbTaThl BasKHBI /11 KOPPeKTHOM OLleHKH BIUSIHHS
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the effect of electron beam irradiation on the activ-
ity of enzymes of cyanobacteria Microcystis aerugi-
nosa and found a ~10-fold decrease in the activity of
Microcystis aeruginosa peroxidase after irradiation
with an electron beam energy of only 1 MeV at irra-
diation doses of even 5 kGy. In our case, the beam
energy was 10 times higher and the irradiation dose
was 5 times higher than in the experiments reported
by Liu et al. [21], which led to even stronger deactiva-
tion of the peroxidase enzyme. In our work, we carried
out studies on the effect of irradiation with an elec-
tron beam of ~10 MeV energy on the enzyme HP. The
spectrophotometric method was used to control the
activity of the enzyme HP. Based on spectrophotomet-
ric data it was obtained that the enzyme activity with-
out irradiation was 33 times higher than after irradi-
ation with a dose of 25 kGy. It is known that enzyme
activity is related to its spatial structure, including
the structure of its active cite [11]. Accordingly, the pre-
sented data mean that at an irradiation dose of about
25 kQy, destruction of the enzyme structure, including
its active centre, is observed.

CONCLUSIONS

The effect of accelerated electrons with an energy
of ~10 MeV on the HP enzyme was studied. It was
obtained that at such an irradiation dose almost com-
plete inactivation of the enzyme was observed, indi-
cating the destruction of its structure. The results are
important for correct assessment of accelerated elec-
trons influence on enzymes during sterilisation of
foodstuffs and other materials in installations based
on electron accelerators. Also, the results of our work
should be taken into account to create safe working
conditions for personnel.
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