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Abstract: For lysozyme immobilization, synthesized carboxylic
ion-exchanger has been used. Lysozyme immobilization was
performed both from model solution and from diluted hen egg
white. Enzymatic activity of lysozyme containing solutions was
evaluated by Micrococcus lysodeiktikus cell lysis. Reversibly
conjugated lysozyme release was ascertained to depend on the
contacted medium composition. Lysozyme release from
conjugates was stable for the duration of experiment (11 days).
To evaluate the stability of conjugate over time, samples were
stored at ambient temperature for 72 days. Lytic activity of
desorbates was practically unchanged as compared to the initial
activity.
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[. INTRODUCTION

Enzymes can be considered formations, which not only play
an outstanding role in living organisms, but also are of
significant importance in technology.

The use of different enzymes in food production and
pharmaceutical technology, in chemical processing and
analytics has become the usual practice nowadays.

To improve enzyme properties (usually — its stability) and
to achieve the possibility of reusing for several technological
cycles, enzyme immobilization is used. The technique of
enzyme immobilization can be divided, according to an
immobilization mechanism, into covalent immobilization and
non-covalent one. Non-covalent immobilization offers the
simplest approach, while the other wusually involves
complicated chemistry to produce covalent linkages between
enzyme and support [1]. The immobilization technique,
depending on support and enzyme nature, can be justified by
ionic or polar interaction, hydrophobic interaction or the
combination of the mechanisms. Immobilized enzymes may
exhibit much better functional properties than the
corresponding soluble enzymes [2].

Immobilized enzymes have a broad application in
contemporary research, with the projection to expand and
promote their use in future. The opportunity of use of
immobilized proteins in bioreactors as biosensors, biochips,
food pacing material and so on is intensively studied [2, 3, 4,
5,6,7,and 8].

For protein sorptive immobilization, different supports can
be used, both native and synthetic. High mechanical
resistance, large number of functional groups, good osmotic
stability can be attributed to the advantages of synthetic
support materials.

Macroporous carboxylic ion-exchange resins based on
(meth)acrylic  acid, cross-linked by ethyleneglycol
dimethacrylate or methylene bisacrylamide were used for

penicillin G acylase immobilization. The developed catalytic
process allowed implementing up to 15 reaction cycles [9].

The understanding and control of the interaction between
protein and support is of critical significance for protein
immobilization. This approach has been successfully used for
beta-galactosidases purification and immobilization on anion-
exchangers — activated agarose [5]. Protein reactivity
maintenance requires its native state preservation, which
should not be altered by immobilization. This demand is
problematic in covalent binding of proteins when reactive sites
can be blocked by immobilization procedure, resulting in
reduced activity of the protein [4]. The modification of
polyurethane surface by a poly(ethylene glycol) layer and a
chelator (quinolin-8-ol) ensured a relatively high target protein
binding capacity. This approach ensured the bioactivity of
immobilized proteins [4].

Immobilization of enzymes can furnish antimicrobial
activity of conjugate formed. Lysozyme from hen egg white is
the most appropriate enzyme for antimicrobial usage.

Lysozyme (muramidase, EC.3.2.1.17) performs its
antimicrobial activity via lysis of the linkage between N-
acetylmuramic acid and N-acetylglucosamine in a bacterial
cell wall. Lysozyme isolated from hen egg white and other
sources has a broad potential in food and clinical applications.
Enzymatic lysis of microbial cell wall offers an advantage
over mechanical disruption methods. Immobilized lysozyme is
gaining importance in minimizing the microbial load during
continuous operation of a bioreactor [10]. Lysozyme was
immobilized on poly(hydroxyethyl methacrylate) film
modified by covalently attached dye Procion Green. The
resulting film shows bacteriolytic property and is a suitable
candidate for hydrolysis of microbial cells in food industry
[10].

It is expected that research and development of
antimicrobial materials for food applications will grow in the
next decade with the advent of new polymeric materials and
antimicrobials [6].

The use of antimicrobials is subjected to the aim of the
process developed. For the application of lysozyme in food
industry, the use of partially purified lysozyme preparations

obtained by cheaper and faster methods would be
economically more feasible [11, 12].
The degree of sorptive immobilization strength is

influenced mainly by a sorption mechanism, and the ionic
interaction lead to the most resistant links. For the purpose of
ion interaction, sorptive material must have ionizable
functional groups, and carboxylic groups may be considered
the most appreciable ones for sorption of basic protein
lysozyme. Commercial ion-exchangers, such as Amberlite
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IRC-50, Amberlite IRP-64 or similar ones, can be used for
lysozyme immobilization.

To enhance accessibility of functional groups,
poly(methacrylic acid) grafting to a natural support can be
done. Poly(methacrylic acid) grafted cross-linked chitosan
beads were found to link 65.7 mg/g of lysozyme [13].

The comparison of three types of 2-hydroxyethyl
methacrylate gels: neutral, acidic (+ acrylic acid), and basic (+
dimethylaminoethyl methacrylate), showed that lysozyme
uptake by the acidic gels was more rapid than that by the
neutral gels. To sorb 90% of the protein, only 1 h was required
for the acidic gels, but 15 days — for neutral gels. Lysozyme
did hot adsorb into the basic gels [14].

Synthesized on the base of acrylic monomers carboxylic
ion-exchanger having a porous structure and macroreticular
network with enhanced content of cross-linking agent
triethyleneglycol dimethacrylate was shown to exhibit high
and reversible sorption of lysozyme [15]. The regularities of
lysozyme sorption into a synthesized carboxylic ion-
exchanger can be interpreted in the context of functional group
condition. The data obtained allow elucidating the results of
lysozyme sorption at different pH values and NaCl
concentration connecting with the change of sorbent
functional group ionization. The regularities testify the
predominant role of ionic mechanism of lysozyme sorption
onto a synthesized ion-exchanger.

The studied regularities are fruitful in polymer—lysozyme
conjugate design or sorptive immobilization of lysozyme for
different purposes.

The present paper studies the lytic activity of synthesized
carboxylic ion-exchanger conjugates with model lysozyme
and lysozyme isolated from hen egg white.

II. MATERIALS AND METHODS

Carboxylic ion-exchanger K-120 contained the units of
methacrylic and acrylic acid and triethyleneglycol
dimethacrylate (15% in monomer mixture). The diameter of
porous spherical beads was 0.2-0.3 mm. Static exchange
capacity in 0.1 N NaOH was 10.2 m-equiv/g.

Before sorption, K-120 beads were equilibrated with 0.04
M phosphate buffer solution having pH 7.3. Sorption of
lysozyme was studied in a batch condition using axial rotation.
1 ml of equilibrated sorbent was mixed with 10 ml of model
solution of lysozyme.

Lysozyme from hen egg white (Fluka), (M~14600, IP 10.4)
was dissolved in 0.04 M phosphate buffer solution, pH 7.0.

Protein concentration was measured photometrically
(spectrophotometer YENWEY 6300) using the Benedict
method.

Hen egg white (HEW) was manually separated from yolk,
diluted with 0.04 M phosphate buffer in mass proportion 1:3
and homogenized on the magnetic stirrer. Filtered mixture was
used for sorption experiments. After sorption an ion-
exchanger (0.5 ml samples) was filtered through a nylon filter,
washed with 0.05 M NaCl, then with distilled water and
transferred into a flask having 10 ml of 0.2 M phosphate
solution containing 0.3 M NaCl and having pH 9. The mixture
was mixed for 1 h.
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Lytic activity (LA) of lysozyme in solutions was evaluated
using Micrococcus lysodeiktikus lyophilized cells (SIGMA)
dispersed in 0.1 M PBS, pH 7.0. The decrease in optical
density was fixed for 3 min at 450 nm.

Lytic activity was calculated as follows:

LA = (AODys0 x F)/0.001 x C, where AODys,— the decrease
in optical density for 1 min; F — the dilution factor; C — the
protein concentration; 0.001 — decrease in optical density,
which corresponds to 1 unit of activity.

Lytic activity of lysozyme calculated with the aim to
evaluate its release into the contacting medium was as follows:

LA = (AODys x F)/0.001.

Lysozyme release was controlled for 3 h. 0.5 ml of
conjugate was axially mixed with 20 ml of a solution, and 0.2
ml portions were analysed every 30 min.

To evaluate cell lysis caused by a direct contact of
conjugate, a decrease in the number of Micrococcus
lysodeikticus cells was controlled for 5 min contact of
lysozyme conjugate with 10 ml portions of cell dispersion.

Micrococcus lysodeikticus cell lysis by immobilized (onto
Iml of sorbent) and non-immobilized lysozyme was defined in
a constant system having 50 ml of phosphate buffer and 50 ml
of cell dispersion.

III. RESULTS

Bioactive protein immobilization onto different supports is
undoubtedly perspective for future technology. Enzyme
properties have to be usually improved before their
implementation at industrial scale where many cycles of high
yield process are desired [2]. The main problem is to find an
appropriate support and immobilization protocol. Sorptive
immobilization of enzymes can be considered less traumatic
for enzyme and easier in comparison with covalent
immobilization. Adsorption of proteins is governed by
different mechanisms, the implementation of which depends
on characteristics of the protein, as well as nature, condition
and number of sorbent functional groups and the medium
composition and temperature. Depending on a sorption
mechanism, the stability of complex formed may be different
and, accordingly, desorption may take place at different
conditions.

The use of immobilized enzyme in technology provides for
its controllable release in an exploitation condition or
functioning in a conjugated form. This signifies that sorptive
immobilization must be rather strong, and multipoint coupling
to an ion-exchanger having a high content of functional groups
may be the most advantageous.

High sorption capacity (330-350 mg/g) and selectivity of
synthesized carboxylic ion-exchanger K-120 towards
lysozyme have been ascertained.

The release of lysozyme from an ion-exchanger depended
on the surrounding medium. As experiments showed, more
lysozyme was released into 0.04 M phosphate buffer solution
containing 0.1 M NaCl and less into 0.1 M NaCl, while the
content of enzyme in 0.1 M phosphate buffer was mediocre.

All solutions had a pH value of 7. Lysozyme release was
evaluated as the lytic activity of contacted solutions for 3 h,
the equilibrium was achieved after 1-2 h (Fig. 1).
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Fig. l.Lysozyme release from the newly obtained conjugate in different
solutions

The value of lytic activity of the solutions after 24 h contact
testified its stability, whilst after the substitution with fresh
solutions lytic activity change had similar character, but
equilibrium was achieved later (Fig. 2).

Analogous experiments with conjugates achieved by
lysozyme sorption from HEW showed similar regularities, but
equilibrium was achieved later (Fig. 3), and the activity
preservation was noticed even on the eleventh day (Fig. 4).

The equal result was obtained using conjugates loaded with
28 mg/ml and 8 mg/ml lysozyme. Moreover, the conjugates
were stored for 336 h at room temperature before use. The result
testified little amount of enzyme needed for lytic activity and
high storage resistance of sorbent-lysozyme conjugates.

The data obtained allowed predicting much more prolonged
activity of sorbent-lysozyme conjugates.

To compare the lytic activity of non-immobilized and
immobilized lysozyme, cell lysis was noticed in constant
volume containing dissolved lysozyme or immobilized one
(Fig. 5). The result in 100 ml volume was similar. Some
increase of the effect in the system comprising immobilized
lysozyme might be attributed to sorption of cell debris by the
sorbent. The control experiment of cell sorption showed that
this fact decreased cell content in the solution by 2—7 %.

To evaluate the conjugate stability for a long time, samples
were stored at ambient temperature for 1728 h. Lytic activity of
desorbates was practically not changed compared to the initial
activity (24095 U/mg and 23976 U/mg, respectively). Decrease
in the number of Micrococcus lysodeikticus cells in close
contact with the conjugate has the same character as in the case
of newly developed conjugate.

Immobilized lysozyme can be desorbed using solution that
has the enhanced salt concentration or increased pH value. As
experiments showed, the most suitable composition of
desorbing solution was 0.2 M potassium phosphate that
contained 0.3 M NaCl and had pH 9. Under experimental
conditions, desorbates had pH value of about 7.3 and preserved
lytic activity. The resulting pH decrease till a neutral level was
due to the high buffer capacity of ion-exchanger which, in its
turn, was the result of large content of carboxylic groups in it.
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Fig. 2. Lysozyme release from conjugate into fresh solutions after 24 h storage
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Fig. 3. Lysozyme release from conjugates obtained by sorption from HEW
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Fig. 4. Immobilized lysozyme release from conjugates stored at different
points of time; lysozyme sorption was conducted from HEW
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Fig.5. Micrococcus lysodeikticus cell lysis caused by immobilized and non-
immobilized lysozyme

In accordance with sorbent K-120 structure and
composition characteristics, which were discussed in previous
publications, immobilized lysozyme protection might be
predicted due to the buffering possibility of sorbent network
possessing a high ion-exchange capacity.

IV. CONCLUSION

Synthesized porous carboxylic ion-exchanger containing
methacrylic and acrylic acid units and cross-linked by long-
chain triethyleneglycol dimethacrylate might be considered
the appropriate support for basic enzyme lysozyme reversible
immobilization. Lysozyme release from conjugates depends
on the medium composition. From three media studied having
an equal pH value the greatest lytic activity was noticed in the
solution containing 0.04 M phosphate buffer and 0.1 M NaCl,
but the lowest — in 0.1 M NaCl. Obviously, this fact can be
explained by thermodynamic affinity of lysozyme to a definite
level of ionic strength and concentration of K™ and Na" ions,
as well as by a change in cationite ionization.

The conjugate obtained by one-step sorption from diluted
hen egg white demonstrates lysozyme release, which defines
stable and long-term lytic activity.

When conjugate was in close contact with Micrococcus
lysodeikticus cell dispersion, the cell lysis happened quickly
and this ability was preserved for all trial time.

Immobilized lysozyme was shown to have same lytic
activity as dissolved lysozyme.

Carboxylic ion-exchange K-120 wused as support for
lysozyme immobilization has a high buffer capacity and,
therefore, may preserve enzyme from medium pH change.

REFERENCES

[1] T.-Thanh-Bao Nguyen, Huan-Cheng Chang, Victor Wei-Keh Wu.
Adsorption and hydrolytic activity of lysozyme on diamond
nanocrystallites. Diamont & Related Materials, 16 (2007), 872-876.
http://dx.doi.org/10.1016/j.diamond.2007.01.030

[2] Cesar Mateo, Jose M. Palomo, Gloria Fernandes-Lorente, Jose
M.Guisan, Roberto Fernandez-Lafuente. Improvement of enzyme
activity, stability and selectivity via immobilization techniques.
Enzyme and Microbial Technology 40 (2007), 1451-1463.

http://dx.doi.org/10.1016/j.enzmictec.2007.01.018

30

[3] Claudia Ley, Dirk Holtmann, Klaus-Michael Mangold, Jens
Schrader. Immobilization of histidine-tagged proteins on electrodes.
Colloids and Surfaces B: Biointerfaces 88 (2011), 539-551.
http://dx.doi.org/10.1016/j.colsurfb.2011.07.044

[4] Zhongkui Wu, Libin Ding, Hong Chen, Lin Yuan, He Huang,
Wei Song. Immobilization of proteins on metal ion chelated polymer
surfaces. Colloids and Surfaces B: Biointerfaces, 69 (2009), 71-76.
http://dx.doi.org/10.1016/j.colsurfb.2008.11.001

[5] Benevides C.C. Pessela, Manuel Fuentes, Cesar Mateo, Roberto
Munilla, Alfonso V. Carrascosa, Roberto Fernandez-Lafuente,
Jose M. Guisan. Purification and very strong reversible
immobilization of large proteins on anion exchangers by controlling
the support and the immobilization conditions. Enzyme and Microbial
Technology 39 (2006), 909-015.
http://dx.doi.org/10.1016/j.enzmictec.2006.01.024

[6] Paola Appendini, Joseph H. Hotchkiss. Review of antimicrobial
food packaging. Innovative Food Science & Emerging Technologies,
3(2002), 113-126. http://dx.doi.org/10.1016/S1466-8564(02)00012-7

[7] Stefania Quintavalla, Loredana Vicini. Antimicrobial food
packaging in meat industry. Meat Science, 62 (2002), 373-380.
http://dx.doi.org/10.1016/S0309-1740(02)00121-3

[8] Conte A., Buonocore G.G., Sinigaglia M., Del Nobile M.A.
Development of immobilized lysozyme based active film. Journal of
Food Engineering, 78 (2007), 741-745.
http://dx.doi.org/10.1016/j.jfoodeng.2005.11.013

[9] Koilpilla Leena, Gadre Rohini A., Bhatnagar Shubra, Raman
Rajan C., Ponsathram Surendra, K. Kumar Kamalesh, Ambekar
Gangadhar R., Shewale Jaiprakash G. Immobolization of
Penicillin G acylase on methacrylate polymers. J. of Chemical
Technology and Biotechnology, 49 (2) (1990), 173-182.

[10] Yasemin Kacar, M.Yakup Arica. Preparation of reversibly
immobilized lysozyme onto Procion Green H-E4BD-attached
poly(hydroxyethylmethacrylate) film for hydrolysis of bacterial cells.
Food Chemistry, 75 (2001), 325-332.
http://dx.doi.org/10.1016/S0308-8146(01)00208-4

[11] Cigdem Mecitoglu, Ahmet Yemenicioglu, Alper Arslanoglu,
Zehra Seda Elmaci, Figen Korel, Ali Emrah Cetin. Incorporation
of partially purified hen egg white lysozyme into zein films for
antimicrobial food packaging. Food Research International, 39
(2006), 12-21. http://dx.doi.org/10.1016/j.foodres.2005.05.007

[12] Cigdem Mecitoglu Gucbilmez, Ahmet Yemenicioglu, Alper
Arslanoglu. Antimicrobial and antioxidant activity of edible zein
films incorporated with lysozyme, albumin proteins and disodium
EDTA. Food Research International, 40 (2007), 80-91.
http://dx.doi.org/10.1016/j.foodres.2006.08.007

[13] Gulay Bayramoglu, Gulsum Ekici, Necati Besirli, M.Yakup
Arica. Preparation of ion-exchange beads based on poly(methacrylic
acid) brush grafted chitosan beads: Isolation of lysozyme from egg
white in batch system. Colloids and Surfaces A: Physicochem. Eng.
Aspects, 310 (2007), 68-717.
http://dx.doi.org/10.1016/j.colsurfa.2007.05.067

[14] Sassi, Alexander P., Lee, Sang-Hoon, Park, Yong H., Blanch,
Harvey W., Prausnitz, John M. Sorption of lysozyme by HEMA
copolymer hydrogels.Journal of Applied Polymer Science, 60 (2)
(1996), 225-234. http://dx.doi.org/10.1002/(SICI)1097-
4628(19960411)60:2<225::AID-APP10>3.0.CO:2-4

[15] Valentina Krilova. Sorption of lysozyme onto ter-polymeric cation-
exchanger and lytic activity of desorbate. RTU zinatniskie raksti:
Materialzinatne un lietiska kimija, 2011, sér.1., s&j.23., 38.-42. Ipp.

Valentina Krilova, Dr. chem., Leading Researcher at the Institute of General
Chemical Engineering of Riga Technical University. Main field of study —
synthesis of ion-exchange resins, the research of structure, properties and
sorption processes.

Address: 14/24 Azenes Str., Riga, LV-1048, Latvia.

E-mail: v.krilova@inbox.lv

Renate Steika is a student of the Institute of General Chemical Engineering
at Riga Technical University.

Address: 14/24 Azenes Str., Riga, LV-1048, Latvia.

E-mail: renate.steika@gmail.com



Material Science and Applied Chemistry

2013/27

Valentina Krilova, Renate Steika. Vistu olu lizocima sorbtiva imobilizacija un sekojo$a izdaliSana

Imobilizacija uz nesgja dod iesp&ju paaugstinat fermenta stabilitati un pagarinat pielieto§anu tehnologiskajos procesos. Sorbtiva imobilizacija
paredz aktiva nes€ja sp&ju saistit fermentu bez ta struktiiras bitiskas izmainas un, attiecigi, bez enzimatiskas aktivitates samazinasanas.
Lizocima imobilizacijai izmantoja sintez&tu poraino karboksilkatjonitu, saturo$u metakrilskabes un akrilskabes posmus un krosagentu
trietilénglikoldimetakrilatu; sorbenta struktiira optimiz&ta proteInu sorbcijai. Karboksilkatjonitam piemit augsta lizocima sorbcijas kapacitate
(330-350 mg/g) un selektivitate. Lizoctma imobilizaciju veica gan no modela Skidumiem, gan arT no atSkaidita vistu olu baltuma. Imobiliz&ta
fermenta izmanto$ana tehnologiskajos procesos prasa to kontrolétu izdali$anu vai sp&ju funkcionét saistita veida. Atrasts, ka atgriezeniski
imobiliz€ta lizocima izdaliSana kontakt&josa vidé atkariga no vides sastava: vislielaka bija 0.1 M NaCl saturosa fosfata buferSskiduma, bet
vismazaka — 0.1 M NaCl $kiduma. Lizocima izdaliSana tika novérota 3 stundu laika; ta stabilitate saglabajas péc 24 stundam. Tas tika
konstatéts, lietojot konjugatus, iegiitus, sorb&jot lizocimu no modela $kiduma un no at¥kaidita vistu olu baltuma. Skidumu Iitisku aktivitati
novertgja pec Micrococcus lysodeikticus $tnu lizisa. Lizocima izdaliSana no konjugatiem, kas iegtti, lietojot vistu olu baltumu, bija praktiski
nemainiga p&c 96 un 264 stundam. Konjugatu ilgtermina stabilitates noverteéSanai paraugi tika uzglabati 1728 stundas istabas temperatiira.
Desorbatu litiska aktivitate maz atskiras no lizocima sakotng&jas aktivitates. Konjugatiem kontakt€jot ar §tinu dispersiju eksperimenta apstak]os,
izraisits lizis notika atri un vienadi vismaz 336 stundu laikd. Rezultati liecina par iegiito konjugatu augstu uzglabasanas stabilitati.
Karboksilkatjonita bufera kapacitate zinama meéra pasarga konjugatu no vides pH izmainam. Katjonita daudzkartigas izmantoSanas iespgja,
bufera kapacitate, lizocima regul€jama vienstadijas sorbcija no olu baltuma lauj prognozet efektivu konjugatu izmantosanu tehnologiskajos
procesos.

Banentuna KpeuioBa. Penare Creiika. CopOunoHHasi HMMOOM/IN3AHUS M NOC/Ieyolee BbleeHUe JIU30IMMa KyPHHBIX SIUL
VIMMOOWIM3alMs Ha HOCHTENE II03BOJSCT YJIy4LIMTh CTaOMIBHOCTh (EPMEHTAa M TIOBBICHTH JUIMTENILHOCTh €r0 HCIIOJIB30BAHHS B
TEXHOJOTHYecKuX mporeccax. CopOUnOHHAs MMMOOMIN3ANUS MPEAIoiaracT HaJudne aKTHBHOTO HOCHTENS, CIOCOOHOTO CBs3aTh (pepMeHT
0e3 CyLIeCTBEHHOIO M3MEHEHHs €ro HAaTUBHOW CTPYKTYpPBHI M, COOTBETCTBEHHO, €0 SH3MMAaTHYECKOW aKTHBHOCTH. [ mMMoOOHMIM3arun
JIM30IMMa UCIIOIB30BaH CHHTE3MPOBAHHBIN OPUCTHIN KapOOKCHIBHBIN KATHOHUT, COJEpIKaIUii 3BEHbSI METAaKPUJIOBON M aKPHIIOBOH KHCIIOT 1
JUTMHHOLICTIOYHBII KPOCCAreHT TPUITHIICHIIIMKOIbAUMETAKPUIIAT; CTPYKTYpa COpOEHTa ONTHMHU3MPOBAHA ISl COPOLIUH OEIIKOB.

OOGHapyXeHO, 4TO BBIIEJICHHE COPOUPOBAHHOIO U3 MOJEIBHOIO PACTBOPA JIM30LIMMA B KOHTAKTUPYIOIIYIO CPENy 3aBHCHUT OT € cocTaBa IIpH
OJMHAKOBOM BenuunHe pH. AHaJoOrMYHbIM 00pa3oM HPOSBIAETCS JIMTHYECKAas AKTMBHOCTb DPACTBOPOB, MOJYYEHHBIX IOCIE KOHTAaKTa C
KaTHOHUTOM, COJEPIKAIUM U3BJICUEHHbBIH U3 pa30aBIeHHOro OeKa KypUHBIX SHUL JIM30LMM. JINTHYECKYI0 aKTHBHOCTb OLICHUBAJIHU IO JIM3UCY
knerok Micrococcus lysodeikticus. JTutuueckast akTHBHOCTh KOHBIOTATa COXPAHSIIACH B TSUCHUE BCETO BPEMEHH IKCIICPHUMEHTA.

IIpu HEmocpeICTBEHHOM KOHTAKTE KOHbBIOTaTa ¢ AUCIEpCHEil KIETOK B YCIOBHAX SKCIIEPUMEHTA JIM3UC MPOMCXOAMI OBICTPO U OJMHAKOBO B
TedeHue 1o MeHsIei Mepe 336 4. [Ipu 3TOM cXomHBII pe3ysbTaT HaOIIOAasCs IpH OONBIIOM U MalOM COAEpXKAaHUU OeNKa B KOHBIOTATe, YTO
CBUJICTEJILCTBOBAJIO O JOCTATOYHOCTH MAJBIX KOJIMYECTB JIM30IMMa JUIS NPOSIBICHHUS aHTHMHKPOOHBIX CBOHCTB KOHBIOTaTa. BO3MOXHOCTB
MHOTOKPAaTHOTO HCIIOJIb30BaHUSI KaTMOHWTA, €ro BBICOKas OygepHass EMKOCTb, PETyJUpPYEMbI ypOBEHb CBS3BIBAHUS JIM30LMMA IIPH
OJTHOCTAJIMHHOI COpPOLMU M3 SUYHOTO OeNKa IO3BOJSIIOT IMPEAIONIOKHTH INEPCIEKTHBHOCTh IPUMEHEHUS] 00pa30BaHHBIX KOHBIOTAaTOB B
TEXHOJIOTMYECKHUX IpoLeccax.
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