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Sorption of Lysozyme onto ter-Polymeric Cation-
Exchanger and Lytic Activity of Desorbate
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Abstract — Lysozyme (muramidase) is a well known
antibacterial biopolymer which can be used in pharmaceutical
and food technology. Synthesized carboxylic ion-exchanger on
the base of acrylic monomers was used in experiments for
lysozyme sorption study from model solutions. lonization of ion-
exchanger functional groups was studied by potentiometric
titration in 0.1 M and 1.0 M NaCl solution. The results were
correlated with the influence of solution ionic strength on
sorption of lysozyme at different pH values. The data obtained
suggested to choose desorption condition. Lytic activity of
lysozyme in desorbates was evaluated using Micrococcus
lysodeiktikus lyophilized cells. The results testified high recovery
of lysozyme using macroreticular  poly(methacrylic acid-co-
acrylic acid) ter-polymeric ion-exchanger and preservation of
enzymatic activity of lysozyme in desorbate.
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INTRODUCTION

Preparative procedure for isolation, separation and
purification of proteins is connected with several technological
manipulations, such as salting and precipitation, filtration and
sedimentation, dissolution, fractionation and others. Usage of
sorption processes allows to essentially diminish the number
of stages and to enhance the quality of a product recovered.
Moreover, sorption processes are not energy expensive. The
basic problem is to develop a sorbent which is most applicable
for the particular process.

Sorption of proteins is a complicated process where
different mechanisms are realized but depending on the
structure and composition of used sorbent some of the
mechanisms might be predominant. It is mostly ion exchange,
electrostatic interaction, weak and strong electron donor —
acceptor, as well as hydrophobic interactions. Thus, ion-
exchange chromatography, affinity chromatography and
hydrophobic chromatography can be used for protein and
enzyme recovery in preparative scale.

Most of sorbents used in these processes are based upon
natural (polysaccharide) matrix. These sorption materials have
good permeability for biomolecules at the same time
possessing some essential disadvantages - mostly low sorption
capacity, large swelling, poor osmo-mechanical stability, and
susceptibility to microbial degradation.

Another way is to develop the synthesis of new sorbents
upon synthetic or combined base [1-10]. lon-exchange resins
in existing market are usually few permeable for large
biomolecules.

Lysozyme (muramidase, EC.3.2.1.17) is a well known
antibacterial enzyme with activity against Gram-positive and
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Gram-negative bacteria [2]. Lysozyme is a commercially
important enzyme and is currently used in food technology as
antibacterial agent and in pharmacological technology as a
drug for treating ulcers and infections [1, 3]. Enzymatic
activity of lysozyme is expressed by hydrolysis of linkage
between N-acetylmuramic acid and N-acetylglucosamine in
mucopeptide wall structure of microbial cells.

Lysozyme has been found in a wide variety of biological
sources. This enzyme is discovered in chicken and goose egg
white, animal tissues, human saliva, tear fluid, as well as in
plants, insects and reptiles [1, 2, 3, 4, 5, 6].

Dye-ligand chromatography is rather often used for
separation and purification of proteins. Dye-ligand
macroreticular poly(styrene-co-divinylbenzene) micro
particles coated with poly(vinyl alcohol), and cross-linked
with glutaraldehyde were synthesized and a dye was
immobilized on these micro particles to obtain specific
lysozyme adsorbent [7].

Poly(hydroxyethyl methacrylate)/chitosan ~ composite
membrane was prepared by photo-polymerization and dye
ligands were immobilized onto the membrane. Separation and
purification of lysozyme from aqueous solution and egg white
were investigated [8, 3].

Poly(methacrylic acid) brush grafted crosslinked — chitosan
beads were prepared and adsorption of lysozyme was
investigated in batch system [1].

The crosslinked micro spheres of N-vinylpyrrolidone and 2-
hydroxyethyl methacrylate copolymer were treated with
methacryloyl chloride, and subsequently methacrylic acid was
graft-polymerized on microspheres. Grafted microspheres
possessed very strong adsorption for lysozyme by right of
strong electrostatic interaction [9].

Weakly acid cation-exchange derivatives of glycol-
methacrylate gel Spheron 300 were prepared by
carboxymethylation, succination and oxidation. The samples
were tested by chromatographic separation experiments using
a natural mixture of egg proteins and a synthetic mixture of
albumin, chymotrypsinogen and lysozyme [10].

Carboxylic cation-exchangers for sorption of proteins was
developed on the base of poly(methacrylic-co-acrylic acid)
having macroreticular and macroporous structure [11]. These
sorbents synthesized as spherical beads were permeable for
bovine serum albumin, the sorption of which was differently
influenced by neutral salt concentration at different pH value
[12]. Also the change of physico-chemical parameters with the
increase in ionization degree has a complicated character [13].

In the present study the regularities of lysozyme sorption
onto synthesized carboxylic cation-exchanger in context of
functional group condition have been considered. Lytic
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activity of initial solution and desorbates has been evaluated
using Micrococcus lysodeiktikus lyophilized cells.

MATERIALS AND METHODS

Carboxylic cation-exchanger (in the present study named as
K-120) was synthesized by water-suspension polymerization.
Briefly, functional monomers were methacrylic and acrylic
acids (molar ratio 3:1 accordingly), crosslinking agent was
triethyleneglycol dimethacrylate (15% in monomer mixture).
Benzoyl peroxide was used as polymerization initiator.
Polymerization took place in the presence of a diluent.

Unsaturated acids were purified by vacuum distillation,
triethyleneglycol dimethacrylate was treated with 1 N NaOH
to extract stabilizer and then washed with water until the
neutral reaction. All other reagents, GR, were used as
received.

Suspension polymerization was carried out in glass reactor,
stirring of polymerization mixture being regulated to obtain
polymeric beads diameter predominantly 0.3-0.6 mm in air-
dried state.

Potentiometric titration of cation-exchanger was conducted
in 0.1 N NaCl or 1.0 N NaCl solution containing different
amount of 0.1 N NaOH. 100 mg of air-dried sorbent with the
known mixture was in a contact with 10 ml of the titrant. A
separate sampling method has been used; equilibrium was
achieved after 15 days.

Sorption of lysozyme was studied in batch experiments.
Before sorption the samples of cation-exchanger were
equilibrated with buffer solution at the desired pH value.
Samples were mixed using Orbital Shaker OS-10 (Biosan).
Lysozyme from hen egg white (muramidase) — M ~ 14600
(Fluka) (IP 10.4) was dissolved in 0.05 M buffer solution, and
NaCl was added to achieve the desired concentration.

Sorption experiments were done in 0.05 M acetate (pH 5.0,
5.5) or phosphate (pH 6.0-8.0) buffer solution with definite
NaCl concentration. Lysozyme concentration was 1 mg/ml. 50
mg (or 500mg in experiments at optimal conditions) of air-
dried sorbent with the known moisture was located into flasks
containing 10 ml of the solution and shaken at 110 rpm during
1 h. Desorption solution contained 0.2 M of phosphate salt
and 0.3 M of NaCl, pH being 9.0. Desorption of lysozyme was
done after washing the isolated beads with fitting buffer
solution. Filtered samples were located in flasks with 10 ml of
desorption solution and shaken during 0.5 h. Protein
concentration in the solutions was determined by biureth
reaction using Benedict solution.

Sorption capacity was calculated as:

SC = (CxV) / mx[(100-W)x10?], mg/g; where C — a)
difference of protein concentration in initial solution and in
solution after sorption, mg/ml; b) protein concentration in
desorbate, mg/ml; V — a) volume of sorption solution, ml; b)
volume of desorbate, ml; m — air-dried sorbent mass, g; W —
moisture content in the sorbent, %.

Lytic activity of solutions was evaluated using Micrococcus
lysodeikticus lyophilized cells (SIGMA) dispersed in 0.1 M
phosphate buffer, pH 7.0. Optical density decrease was fixed
during 3 min at 450 nm using Spectrophotometer YENWEY
6300.

Lytic activity was calculated as:

LA= ( AODys50 X F)/OOO].C, U/mg, where AODys0 — Optical
density decrease in 1 min; F — dilution factor; C — protein
mass, mg; 0.001 — optical density decrease which corresponds
to 1 activity unit.

RESULTS

Sorbent beads permeability for large molecules is the
structural factor that is of great importance for the sorption of
proteins. Synthesized beads of carboxylic cation-exchanger
K-120 — crosslinked poly(methacrylic-co-acrylic acid) -
possesses microglobular structure with channels inside (Fig.1),
the size of which allows to propose that they have to be
permeable for large molecules.

Fig.1. SEM image of cation-exchanger K-120 bead inside

The main physico-chemical parameters of the synthesized
cation-exchanger are:
- total exchange capacity in 0.1 N NaOH - 10.2 meq/g;

- specific density - 0.43 g/ml;
- coefficient of swelling in water -1.4;

- specific swelling in water - 3.2 ml/g;

- specific swelling in 0.1 N NaOH - 6.1 ml/g.

The most important characteristic of an ion-exchanger is its
ionization. lonization process can be described by several
methods, potentiometric titration being the most popular.
Potentiometric titration curves are usually obtained by the
usage of separate samples method, the equilibrium being
achieved after 10-15 days. lonization parameters of
polyelectrolyte can be found from titration curves using
Henderson-Hasselbach equation for weak electrolytes which
contains Gregor constant n (nonideality constant) [14]:

pH = pKapp. - N Ig [(1-a)/a];

where o — ionization degree;
PKapp. — apparent ionization constant;
n — nonideality coefficient.

Representing titration results in pH - Ig[(1-a)/a]
coordinates, it is possible to find ionization parameters of ion-
exchanger, that is half — ionization constant (pKypat o =
0.5) and coefficient n, which characterises mutual influence of
functional groups during ionization, or, in other words, the
intensity of ionization constant changes depending on
ionization degree. As experiments show, the most intensive
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change of ionization constant takes place at the beginning and
at the end of titration (0.2 > a > 0.8). Therefore ionization
parameters of cation-exchanger K-120 have been estimated by
potentiometric titration in the interval 0.3 <o < 0.7 (Fig.2). To
estimate the influence of neutral salt concentration on
ionization of cation-exchanger titration has been done in
solutions containing 0.1 M and 1.0 M NaCl.
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Fig.2. Potentiometric titration curves of cation-exchanger K-120: a) a<0.5; b)
0>0.5

lonization parameters of carboxylic cation-exchanger
depend essentially on ionic strength of a solution. Tenfold
increase of neutral electrolyte concentration caused also
tenfold increase of K-120 carboxylic groups’ ionization at o =
0.5, that is cation-exchanger became more acidic.

The value of parameter n also differed depending on neutral
electrolyte concentration. Moreover, titration in 0.1 M NaCl
solution showed that n value at o>0.5 was smaller than at
0<0.5 (Table 1). The same phenomenon was noticed when
cation-exchangers of similar structure were titrated [11]. Small
difference in methacrylic and acrylic acid pK value did not
express in potentiometric titration.

TABLE 1
IONIZATION PARAMETERS OF K-120
NaCl concentration, PKapp. at o= | nbefore o | nafter o=
M 05 =05 0.5
0.1 6.6 2.0 1.3
1.0 5.6 1.6 1.6
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Sharp sensibility of the condition of functional groups to the
composition of a solution defines criteria of sorption —
desorption process.

Sorption of lysozyme from the model solution depends on
pH value and neutral salt concentration (Fig.3).
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Fig.3. Sorption of lysozyme at different pH values and NaCl concentration

Neutral salt concentration increase from 0 till 0.2 M caused
the decrease of maximal sorption value and the deviation of
acidic area.

More detailed dependence is shown in Fig.4. NaCl
concentration increase from 0 till 0.2 M aroused the increase
of lysozyme sorption at pH 5.0 and pH 5.5. At the pH interval
7.0 — about 8.0 NaCl concentration increase to 0.1 M
influenced little lysozyme sorption capacity, but further
increase to 0.2 M caused sharp decrease of sorption value.

This phenomenon might be explained by assumption of
dominant role of ion interaction in the sorption process taking
place in the system carboxylic sorbent — basic protein. As
potentiometric titration showed, neutral salt concentration
increase caused the increase of cation-exchanger acidity, that
is, ionization of carboxyl groups. Obviously, this factor had
negative effect on lysozyme sorption at higher pH when the
carboxylic groups of ion-exchanger were substantially ionized.
It also has to be mentioned the response of charged groups in
lysozyme to solution ionic strength increase. The molecule of
lysozyme has 10 ionizable carboxylic groups; some of them
have highly abnormal pK values: 2.0 and 6.5, while the others
vary between 3.5 and 5.5 [15].
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Fig.4. Influence of NaCl concentration on sorption of lysozyme at pH from
5.0till 7.8
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The obtained data allowed choosing optimal conditions for
lysozyme sorption and desorption processes. pH value interval
7.0-7.3 and NaCl content 0.1 M had been chosen for further
sorption experiments.

Desorption of lysozyme seemed to be more effective in
basic solution rather than in acidic. Moreover, neutral salt
concentration increase had to facilitate the desorption process.
Really, the desorption solution containing 0.2 M phosphate
and 0.3 M NaCl was more effective than phosphoric acid
solution which had to be at least of 1 M concentration for
quantitative desorption (Fig.5).
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Fig.5. Desorption of lysozyme from cation-exchanger K-120

To evaluate enzymatic activity of lysozyme, lysis of
Micrococcus lysodeikticus cells has been watched as OD
diminishing during first 3 minutes from the beginning of cells
dispersion contact with the solution tested. Cell concentration
was chosen to be sufficient to ensure OD of about 1.500.
Optimal concentration of lysozyme was found experimentally
in order to provide constant OD decrease during 3 min. This
concentration was 0.1 mg/ml (Fig.6).
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Fig.6. Lysis of Micrococcus lysodeikticus cells by different concentration of
lysozyme

To evaluate lytic activity of lysozyme in desorbates,
sorption experiments were done in optimal conditions: pH 7.1
and NaCl concentration 0.1 M. Desorption of sorbed lysozyme
in batch system with definite amount of solution containing
0.2 M phosphate and 0.3 M NaCl and having pH 9.0 was
accompanied by the recharging of cation-exchanger. The

optimal amount of desorption solution ensured pH value of
desorbate equal to 7.0. In batch system with mixing, lysozyme
sorption from the solution having initial concentration 1
mg/ml onto cation-exchanger K-120 beads was almost
quantitative. Sorbent: solution ratio was 0.5g : 10 ml.
Residual concentration of lysozyme was only 2-5 % of initial
concentration.

Lytic activity of the initial solution of lysozyme was near
the value specified by manufacturer. Lysozyme activity in the
solution after sorption was substantially smaller, but lytic
activity of desorbates was a little larger than the initial activity
(Table 2). This might testify the purification of lysozyme to
some extend during sorption — desorption processes without
denaturation.

TABLE 2

LYTIC ACTIVITY OF LYSOZYME CONTAINING SOLUTIONS IN SORPTION —
DESORPTION PROCESS

Solution after
sorption, U/mg

34500-37000

Initial solution,
U/mg

90900-96000

Desorbate, U/mg

96500-97400

CONCLUSIONS

Sorption of lysozyme onto synthesized carboxylic ion-
exchanger K-120 — poly[(methacrylic acid -co- acrylic acid) —
triethyleneglycol dimethacrylate] depends essentially from
the medium composition.

The data of potentiometric titration of ion-exchanger testify
sharp decrease of pK 4, Vvalue at ionization degree equal to
0.5 caused by the increase of neutral salt concentration: the
increase of NaCl concentration from 0.1 M to 1.0 M aroused
tenfold increase of functional groups ionization. The character
of mutual influence of functional groups during ionization also
changes, that is expressed in the change of parameter n value
in Henderson-Hasselbach equation.

The data obtained allow elucidation of the results of
lysozyme sorption at different pH values and NacCl
concentration connecting with the change of sorbent
functional groups ionization. The regularities testify the
predominant role of ionic mechanism of lysozyme sorption
onto ion-exchanger K-120.

The results obtained indicate high level of lysozyme
recovery from model solution at optimal sorption conditions.

Desorption of lysozyme is more effective in basic solution
rather than in acidic. The combination of pH and NaCl
concentration increase allows to achieve quantitative
desorption with preservation of lysozyme lytic activity.
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Valentina Krilova. Lizocima sorbcija uz ter-poliméra katjonita un desorbata Iitiska aktivitate

Ferments lizocims ir labi zinams ka antibakterialais biopolimérs, kur§ ir atrodams dazados biologiskajos objektos: olu baltuma, dzivnieku
audos, augos un citos. Dotaja darba paradita iesp€ja izmantot uz akrila monoméru bazes sintezétu karboksilkatjonitu lizocima izdali$anai no
modela skidumiem. Sintezgtais karboksilkatjonits K-120 ir makroretikularais metakrilskabes un akrilskabes ter-polimers, sferiskam granulam
piemit poraina struktiira. Ta ka proteinu sorbcijas uz karboksilkatjonitiem domingjoSais mehanisms ir jonu mijiedarbiba, dotaja procesa ipasa
nozime ir sorbenta un sorbata funkcionalo grupu jonizacijai. Katjonita K-120 jonizacija izpétita lietojot potenciometriskas titréSanas metodi.
Paradita butiska katjonita funkcionalo grupu skabacitates paliclina$ana, ko izraisa $kiduma jonu spéka paaugstinaSana. NaCl koncentracijas
palielinasana no 0.1 M Iidz 1.0 M izraisa desmitkartigu funkcionalo grupu jonizacijas palielina$anu pie jonizacijas pakapes 0.5. Izteikta
katjonita funkcionalo grupu jutiba pret $kiduma sastavu lauj smalki regulét sorbcijas-desorbcijas procesu. Paradits ka pH lieluma un NaCl
koncentracijas izmaina ietekmé Iizocima sorbciju. Sals koncentracijas palielinasana lidz 0.2 M izraisa sorbcijas maksimala lieluma
samazinaSanu un optimalas pH nobidi skaba pusg. Sals koncentracijas palielinasana lidz 0.1M, kad pH<pHgy, izraisasorbcijas nelielu
paaugstinasanu. Koncentracijas paaugstinasana Iidz 0.2 M, kad pH>pH, izraisa asu sorbcijas lieluma samazinasanu. Lizocima desorbcija
notiek efektivak palielinot pH, neka samazinot. Lizocima kvantitativa desorbcija notiek, lietojot 0.2 M fosfata un 0.3 M NaCl saturosu skidumu
(pH 9.0), pie ka desorbata pH var pazeminat Iidz 7.0 sorbenta karboksilgrupu parladésanas rezultata.

Lizocima $kidumu enzimatiskas aktivitates novertéSanai tika izmantots Micrococcus lysodeiktikus liofilizéto §unu lizis. Eksperimentali atrasta
optimala $tinu un lizocima koncentracija. Lizocima sorbcija optimalos apstaklos un sekojosa desorbcija raksturojas ar lizocima augstu
izdaliSanas pakapi un enzimatiskas aktivitates pilnu saglabasanu.

Banentuna KpouioBa. CopOuus JIu301MMa HA Tep-NOJUMEPHOM KATHOHHUTE M JIMTHYECKAsi aKTUBHOCTH JiecopdaTa

DepMEeHT JTM30IHM SBISETCS M3BECTHBIM aHTHOAKTEPHAJIbHBIM OHOTIOIMMEPOM, OOHAPYKEHHBIM B Pa3NMYHBIX OMOJOTHYECKHX OOBEKTaX: B
SIMYHOM O€JIKe, TKaHSIX JKMBOTHBIX, HEKOTOPBIX pacTeHHsAX M T.I. B 1maHHOW paboTe NPHBOAATCS PE3yAbTAaTHl IO HCIOIH30BAHUIO
KapOOKCHIIBHOTO KaTHOHHTA, CHHTE3UPOBAHHOTO Ha OCHOBE aKPMJIOBBIX MOHOMEPOB ISl COPOIIMOHHOTO BBIIEIECHHS JTH30IMMa 13 MOAETEHBIX
pactBopoB. CHHTE3UPOBAHHBINA KapOOKCHIbHBIH KaTHOHHT K-120 sBIsSETCS MakpOCETYaTHIM TEP-TIOJIUMEPOM METAKPHUIOBOW M aKpUIIOBO
KHCJIOT, chepruecKkrue rpaHysbl KOTOPOro 00JaJar0T MOPUCTON CTPYKTYpol. [T0CKONBKY TOMUHHPYIOIIAM MEXaHHU3MOM COpOIMH OEIKOB Ha
KapOOKCHMIIBHBIX KaTHOHUTAX SIBJISETCS HOHHOE B3aMMOJICHCTBHE, B JAaHHOM Ipoliecce 0c000e 3HaueHHe MMEeeT HOHM3AIMs (DYHKIMOHAIBHBIX
Ipynn Kak copOeHra, Tak u copbara. Monmsanus karmonura K-120 m3ydeHa MeTOJOM MOTEHIMOMETPUYECKOTO THTpoBaHMs. [lokazaHo
3HAUUTENIFHOE YBEIMYCHHUE KHCIOTHOCTH (DYHKIHOHANBHBIX TPYNI KATHOHWTA C TIOBBIIICHHEM HWOHHOW CHIJIBI PAcTBOpa. YBENUYCHHE
koHIeHTpanuu coi ¢ 0.1 M g0 1.0 M BbI3BIBaET JECATUKPATHOE YBEIMYCHHE HOHM3ALNHA (PYHKIMOHAIBHBIX TPYITI MPH CTeNIeHH HoHm3armu 0.5.
BripaskeHHass 9yBCTBHUTEIBHOCTh COCTOSIHUS (YHKIIMOHAJIBHBIX TPYNII KAaTHOHHTA K COCTaBy PacTBOpa IO3BOJSIET TOHKO PETYIHPOBATH
nporecc copouun-gecopoOun. [lokaszaHo, kak BIHsIeT H3MEHEHNE BEIWMYHHBI pH M KOHIEHTpAUK XJIOpHUIa HATPHUS Ha COPOIHIO JIN30IHMA.
YBenuueHue KOHUEeHTpauu coiau 10 0.2 M BbI3bIBaeT yMEHbIICHHE MAaKCUMAaJIbHOM BEIWYMHBI COPOLMM U caBHra ontuMyma pH B kucmyro
o6nacts. [Tpu 3nauennsix pH<pH,,, yBennuenne koHuentpauuu coiu o 0.1 M Bbi3biBaeT HebosbIIOe yBenuuenue copouuu. [pu pH>pH ..
HoBbIIIeHHe KoHUeHTpauu# 10 0.2 M BbI3bIBaeT pe3Koe yMEHBIICHHEe BeIMYHMHBI copbumu. ecopOuus nusormma Gonee 3ddexTuBHa mpu
HOBBILICHNH BenuuuHbl pH, deM mpu noHmwkeHuu. Vcrosnp3oBanue pactBopa, coxepikamiero 0.2 M ¢ocdara u 0.3 M xjnopuna Harpus,
nmeromero  pH 9.0, mo3BossieT KOIMYECTBEHHO AecOpOHpoBaTh NH30IMM; Ipu 3ToM pH mecopbata MoxkHO MOHH3HUTH A0 7.0 32 cuér
nepe3apsaKi KapOOKCHITBHBIX TPYI copOeHTa.

JIist OIEHKH DH3UMATHYECKONW aKTHBHOCTH pACTBOPOB JIM30IMMA HWCIOJIB30BANICS JIM3UC JTHO(GMIN3HPOBAHHBIX KieTok Micrococcus
lysodeiktikus. DxcriepumenTanbHO HaiijieHa ONTHMAIbHAS KOHICHTpPAIUS KJIETOK W Jm3onuMa. [IpoBenéHHasi IPH ONTUMANBHBIX YCIOBHSIX
copOLus MM30nKMa U IOoCleyoas A1ecopOys XapaKTepH30BINCh BHICOKOM CTENEHbIO U3BJICUECHNUS JIU30IMMa C IIOJTHBIM COXPAaHEHUEM €ro
SH3UMAaTHYE€CKOW aKTUBHOCTH.
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