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Abstract. Isolation of proteins from available biological Most of sorbents used for protein isolation are based upon

resources is the matter of interest both for scientific and practical
approach. To substitute conventional isolation methods by more
selective sorption technique, appropriate sorbent has been used
which was developed on the base of acrylic monomers and
contained methacrylic and acrylic acid units. Sorption of
lysozyme from model binary solution took place with high
selectivity under experimental conditions, the results of which
were used for lysozyme isolation from diluted hen egg white.
Protein(s) sorption onto carboxylic ion-exchanger at optimal
condition in static regime and desorption in dynamic
downstream regime allowed isolating lysozyme containing
fraction with lytic activity against Micrococcus lysodeikticus
achieving 68.8 — 75% of the standard lysozyme activity.
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[. INTRODUCTION

Isolation of valuable bio-components from available
biological resources usually is a multistage process.
Conventional methods for target protein isolation involve
combination of precipitation, centrifugation and crystallization
techniques. It is recognized that these techniques have poor
selectivity and therefore have to be repeated several times to
obtain reasonably pure protein [1]. The multistage process led
to protein loss and large amount of waste solutions.

One of the most marketable bio-component is enzyme
lysozyme. Lysozyme (muramidase, EC.3.2.1.17) has been
found in a wide variety of biological objects. Lysozyme is a
component of physiological fluids in mammalians, it is found
in reptiles, insects, and plants. The content of lysozyme in hen
egg white is large enough to isolate it in technological scale
[2, 3]. Currently, lysozyme is used in pharmacology as a drug,
in food technology as an antibacterial agent in some processes
(cheese, beer and vine production) and for food preservation
[4]. Antibacterial activity of lysozyme is expressed by
hydrolysis of linkage between N-acetylmuramic acid and N-
acetylglucosamine in mucopeptide wall structure of microbial
cells.

In connection with a broad spectrum of lysozyme
utilization, it can be exploited as enzyme of different purity.
The degree of lysozyme purity is expressed, together with
other methods, by its lytic activity against Micrococcus
lysodeiktikus.

Recently, series of scientific works were devoted to
lysozyme isolation from biological sources and to purification
using chromatography (dye-ligand, hydrophobic, metal-ligand,
ion-exchange) [5, 6, 7, 8] or membrane technology [9, 10].
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permeable polysaccharide matrix. Such cellulose, dextran and
agarose sorbents have usually low sorption capacity, large
swelling, and low mechanical stability.

Chemical modification of natural material can diminish
these disadvantages and allows using resulting material for
isolation of lysozyme from native sources [11].

Polymeric materials are the most preferable sorbents for
recovery and purification of biologically active compounds.
There are high sorption capacities of these materials for
biologically active compounds due to the polyfunctional
nature of the interaction with target compounds [12]. The
problem is to develop a functional polymeric material having
appropriate functional groups and permeable matrix for large
molecules. The polymeric beads must have spherical surface
form without a dense layer on it, which is a hindrance for
protein molecule diffusion into bead inside.

Earlier developed carboxylic cation-exchanger K-120 has
an aliphatic matrix containing methacrylic and acrylic acid
units. Spherical polymeric beads are permeable for protein
molecules. The defined level of functional group ionization
provides high binding capacity and reversibility. Enhanced
content of cross-linking agent ensures appropriate osmotic
stability of network [13].

The previous study of lysozyme sorption/desorption
regularities onto synthesized ter-polymeric carboxylic cation-
exchanger allowed elucidating optimal conditions for
lysozyme isolation without the loss of its lytic activity [14]. In
present work, the lysozyme isolation from hen egg white
(HEW) has been studied using a combined technique: the
sorption has taken place in batch contactor with agitation, but
for desorption process a fixed-bed column has been used [15].

II. MATERIALS AND METHODS

Carboxylic cation-exchanger K-120 has been synthesized as
reported elsewhere [13]. Working fractions of polymeric
dispersion were 0.315 — 0.5mm and 0.2 — 0.315 mm (for a
combined process).

Lysozyme from hen egg white (Fluka), (M ~ 14600, IP
10.4) was dissolved in buffer solution, the concentration being
1 mg/ml or 2 mg/ml. 100 mg (on air-dried weight) of swollen
equilibrated cation-exchanger was located into flasks
containing 10 ml of a solution and shaken during definite time.

Protein sorption from binary solutions containing lysozyme
and bovine serum albumin (BSA) (SIGMA) was conducted
using 1 ml of sorbent K-120 equilibrated with fitting buffer
solution and 10 ml of a sorption solution.
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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 of isolated beads with fitting buffer
solution. Filtered samples were located in flasks containing 10
ml of desorption solution and shaken during 0.5 h.

Hen egg white was manually separated from yolk and
diluted with 0.05 M phosphate buffer solution (PBS)
containing 0.1 M NaCl and having pH value 7.0. The
concentration of whole HEW in PBS was 25 %. The mixture
was homogenized by mixing at magnetic stirrer 5 min and
passed through nylon filter. pH value of working medium was
7.5.

Proteins sorption from HEW medium was performed using
preliminary equilibrated sorbent volume and was calculated to
cation-exchanger volume.

Sorption kinetics was studied by individual samples
contacting with corresponding medium; the protein
concentration and lytic activity were measured after each 30
min.

Lysozyme isolation from HEW was done under static
conditions. Then the sorption cation-exchanger was filtered
through a nylon filter, washed with PBS (8V/Vsorb.) and
transferred into column (ID 1.4 cm, H 7.0 cm).

Desorption took place under dynamic conditions using a
downstream regime. Desorption solution was passed through
the column at a flow rate 7.5-7.8 ml/cm’ h.

Sorption capacity was calculated as follows:

SC = (CxV) / mx[(100-W)x107?], mg/g; where C — protein
concentration in desorbate, mg/ml; V — volume of desorbate,
ml; m — air-dried sorbent mass, g; W — moisture content in the
sorbent, %.

Protein concentration in the solutions was determined by
Benedict method.

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

The mechanical strength of cation-exchanger was
determined as a response to compression. Swollen sorbent was
inserted into a metallic cylinder fitted with a non-hermetic
movable piston and mounted for compressive test to
INSTRON 4301. Relationship between external pressure p =
F/A and percentage of AV/ V was acquired (F — load, A —
cross-section of piston, V — initial volume of sorbent and AV
is the change in volume).

Synthesized ion-exchanger morphology was studied using
Tescan Mira//LMU Schottky type electron microscope (SEM).

III. RESULTS

Synthesized cation-exchanger K-120 contains a large
number of functional groups — 10.2 mekv/g and moderate
swell in water (specific swelling — 3.2 ml/g). Previous
experiments showed that cation-exchanger presents high
sorption capacity towards lysozyme [14]. In addition to high
sorption capacity, selectivity of sorption is an exceedingly
significant factor. Selectivity of sorption is governed by many

factors. The effective sorption of desired protein from mixture
of proteins depends not only on characteristics of independent
proteins, ion-exchanger functional group nature, amount and
condition, but also on low molecular weight component nature
and concentration, longevity of process and so on. Separation
of proteins can also be performed during a desorption stage.

Using the results obtained in the previous study, lysozyme
isolation from model solution is to be conducted at pH ~ 7 and
ionic strength ~ 0.15 M. The operation at these conditions
allows obtaining the highest sorption capacity.

To elucidate the sorption gait with time, sorption kinetics
has been studied from model solutions (Fig. 1). Lysozyme
sorption from model solution containing 2 mg lysozyme/ml
approaches the equilibrium state at 3 h under experimental
conditions, but from solution containing 1 mg/ml —at 2 h.
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Fig. 1. Sorption of lysozyme from individual solutions

Sorption of proteins from binary solutions containing
lysozyme and fivefold concentration of BSA at pH 7.0 and
ionic strength 0.15 M was studied as dependence on time (Fig.
2). Protein concentration in desorbates reflected chosen
relationship lysozyme: BSA. At 0.5 mg/ml : 2.5 mg/ml and
1.0 mg/ml : 5.0 mg/ml sorption process achieved equilibrium
yet for 1 — 2 h and the protein concentration level allowed
supposing that all lysozyme amount was captured by cation-
exchanger.

Sorption from solution containing 2.0 mg lysozyme and
10.0 mg BSA in 1 ml approached equilibrium for 2 h.

The content of lysozyme in the obtained desorption
solutions was evaluated via their lytic activity towards
Micrococcus lysodeikticus cells (Fig.3). The results showed
that lytic activity of desorbates obtained after sorption at 1.5 h
from 0.5 mg/ml : 2.5 mg/ml and 1.0 mg/ml : 5.0 mg/ml
solutions corresponded to lytic activity of the solution
containing only lysozyme. Lytic activity of desorbate obtained
after the sorption from 2.0 mg/ml : 10.0 mg/ml solution was
smaller than activity of pure lysozyme solution. Together with
lysozyme sorption, BSA sorption might be expected from this
solution.
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Fig. 2. Protein concentration in desorbates obtained after sorption from binary
solutions; lysozyme : BSA concentration (mg/ml) is given in series
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Fig. 3. Lytic activity of lysozyme solution (1) and desorbates obtained after
sorption from lysozyme : BSA solutions (concentration: 2 - 0.5 mg/ml
:2.5 mg/ml; 3 - 1.0 mg/ml : 5.0 mg/ml; 4- 2.0 mg/ml : 10.0 mg/ml)

The data expressed in Fig. 2 and Fig. 3 testified high
selectivity of lysozyme sorption under the chosen conditions.
Similar conditions have been used for lysozyme sorption from
HEW medium. Protein(s) sorption under static conditions
approached equilibrium state at 1.5 h (Fig. 4). Lysozyme
isolation from HEW was performed using a combined
technique: i) sorption stage was done under static conditions in
closed agitated contactor and ii) for desorption washed sorbent
was transferred into a column, where protein(s) were eluted by
downstream process.

Taking into account the practical aspect, experiments for
lysozyme isolation from HEW have been conducted using the
phase ratio between K-120 and HEW medium equal to 1 ml :
3ml, Iml:5mland I ml: 8 ml. Sorption time was 1.5 h.

Then sorption sorbent was filtered, washed and transferred
into a column. Elution of proteins was performed using a
downstream regime. The content of proteins in eluted volumes
corresponded to volumes taken for the sorption (Fig. 5).

54

Fig. 4. Kinetics of protein sorption from HEW medium; K-120 volume :
HEW medium volume is shown in series
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Fig. 5. Protein concentration in desorbates; in series — the ratio sorbent (ml) :
sorption medium (ml)
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Fig. 6. Lytic activity (LA) of desorbates

The desorbed proteins were concentrated already in the first
eluted volume after leaving the washing buffer. The content of
lysozyme in eluted fractions was evaluated by their Ilytic
activity against Micrococcus lysodeiktikus cells (Fig. 6). The
most active was the first fraction.
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Lytic activity of protein in the first fraction was 22x10° —
24x10° U/mg at all ratios tested, and taking into account that
lytic activity of pure lysozyme was 32x10° U/mg, the content
of lysozyme in the first fraction was 68.8 — 75 %. Lytic
activity of initial HEW medium was determined as 11x10?
U/mg, that is, the content of lysozyme in it was 3.4% that
corresponded to the data provided in literature.

pH value of desorbates was approximately 7, but small
change of it was noticed in desorbed volumes. The minimal
pH was in the second fraction (6.5). The change of pH is
connected with 1) re-charging of functional groups, and ii) the
change of lysozyme concentration.

The calculated output of isolated lysozyme naturally
depended on the ratio of solute volume to sorbent volume.
When the ratio between the sorbent volume and sorption
medium volume was 1: 3, the output of lysozyme was ~ 70%
in the first eluted volume and the ratio increase till 1: 8
diminished the output up to 54 — 59%.

From the practical aspect, the process reduplication is
significant. As experiments showed, sorption capacity of
cation-exchanger did not diminish after at least 5 cycles.
Mechanical strength of cation-exchanger is also a
consequential parameter for practical application of sorption
material. To evaluate the mechanical resistance of the sorbent,
the response to compression was examined. The amount of
fine fraction after the test did not increase essentially after 5
cycles and composed only less than 5 %. Also this amount
was not large when the sorbent with the proteins sorbet from
HEW was tested (about 2.5 %). The diagram testified the
absence of any noticeable destruction during compression

(Fig. 7).
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Fig. 7. Swollen sorbent volume change induced by external pressure

Fig. 8. Scanning electron microscopy of bead surface

After 5 cycles of sorption — desorption and mechanical test,
the ion-exchanger beads preserved their spherical surface form
and did not have any cracks.

Scanning electron microscopy testified macroporous
structure of the beads formed by connecting micro-globules
and permeable surface without dense cover on it (Fig. 8).

IV. CONCLUSIONS

1. Ter-polymeric carboxylic ion-exchanger containing
methacrylic and acrylic acid units and triethyleneglycol
dimethacrylate as a cross-linking agent possessed high
selectivity in lysozyme sorption process from binary
solution. Under experimental conditions, the sorption of
lysozyme from the solutions containing 0.5 or 1.0 mg/ml
lysozyme and 2.5 or 5.0 mg/ml BSA was practically
quantitative at 30-90 min. The increase in lysozyme and
BSA concentration till 2.0 mg/ml and 10.0 mg/ml,
correspondingly, diminished the lysozyme isolation till
92%.

2. Lysozyme isolation from diluted hen egg white can be
successfully performed using a combined technique:
sorption under static conditions in batch with agitation and
desorption under dynamic conditions in a column using a
downstream regime.

3. Lytic activity of desorbates against Micrococcus
lysodeiktikus cells was 68.8 — 75 % from the activity of
pure lysozyme.

4. Mechanical strength of swollen carboxylic cation-
exchanger was defined by tests in compression. More than
95% of material after repeated sorption-desorption cycles
could resist 45 MPa of external pressure.
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Valentina Krilova, Visvaldis Vitins. Lizocima sorbtiva izdali§ana no vistu olu baltuma

Veértigu bio-komponentu izdaliSana no pieejama biologiska izejmateriala parasti notiek ka daudzpakapju process, kura izgulsné$ana,
kristalizacija, g€l-filtracija u.c. daudzkart atkartojas lai iegtit pietickamas tiribas mérka produktu.

Lizocims ir antibakterialais enzims, kuru lieto dazados tehnologiskajos procesos. Tas ir atrasts vesela virkné biologisko objektu: dzivnieku un
cilvéka fiziologiskajos $kidrumos, olu baltuma, dazos augos u.t.t. Lizocima saturs olu baltuma pietiekosi liels (~ 3.4 %), un $o resursu izmanto
fermenta tehnologiskai izdali$anai.

Dotaja darba izpétita lizocima izdaliSana no olu baltuma pielietojot sintezétu karboksilkatjonttu — metakrilskabes, akrilskabes un
trietilénglikoldimetakrilata ter- poliméru. Karboksilkatjonita porainas sferiskas granulas ir caurlaidigas proteina molekulam. Lizocima sorbcija
pétita statiskajos apstaklos 0.05 M fosfata buferSkiduma ar pH 7, kurs satur 0.1 M NaCl. Lizocima izdalisana no modela binara Skiduma notika
ar augstu selektivitati.

Lizocima izdaliSana no olu baltuma veikta kombingta rezima: sorbcija istenojas statiskaja reZima ar maisisanu, bet desorbcija — dinamiskaja
rezima kolona ar nekustigu slani. Desorbcija notika 0.2 M fosfata skiduma ar 0.3 M NaCl (pH 9). Desorbatu pH lielums svarstas no 6.5 lidz
6.9. Proteins maksimali koncentr&jas pirmaja izlaista desorbata tilpuma.

Skidumu enzimitiska aktivitate noteikta péc Micrococcus lysodeiktikus $inu litiskds reakcijas. Litiska aktivitate bija maksimala pirmaja
desorbata tilpuma un ta lielums sastadija 68.8-75 % no standarta lizocima aktivitates.

Hidratétu paraugu (pH 7) mehaniskas stipribas novértésanai péc piecu ciklu istenoSanas tika veikti kompresijas testi uz INSTRON-1011.
Pielietojot slodzi lidz 45 MPa materiala smalka frakcija sastadija mazak par 5 %.

Banentuna Kpeuiosa, Bucsanguc Butbinpim. CopOunoHHOe BblieJIeHHE JTH301MA U3 SIMYHOIO OesIKa.

BeineneHne eHHBIX 610-KOMIIOHEHTOB U3 JIOCTYITHOTO GMOJIOTHYECKOT0 ChIPhsI OOBIYHO SIBISIETCS MHOTOCTYTIEHYATBIM MPOLECCOM, B KOTOPOM
OCaKACHHWE, KPUCTAJUTM3ALUs, Teldb-(QUIbTpanus u T.A. MHOTOKPATHO IOBTOPSIIOTCS JUIS MONYYECHHUS IIENEBOrO IPOAYKTa JOCTATOYHOM
YHUCTOTHL.

JImzouuMm sIBNISIETCSt AaHTHOAKTEPHAIBHEIM (JEPMEHTOM, HCIIOIB3YEMBIM B PAa3IMYHBIX TEXHOJOTHYecKuX mporeccax. OH oOHapykeH B IeJIOM
psine Ononorndeckux 00BEKTOB: B (PU3MOIIOTMIECKHUX KUAKOCTIX MICKOIHTAIOMNX M YEJIOBEKa, B SUYHOM Oellke, B HEKOTOPBIX PacTeHHUAX U
1.1. ColeprkaHue JIM30IMMa B SIMYHOM OeJKe TOCTaTOYHO BBICOKO (3.4 %), M 3TOT pecypc MCIOIb3YeTCs ISl TEXHOJIOTHUECKOTO BBIICIICHUS
(bepmenra.

B nanHOl paboTe M3ydeH MpolLEcC BBIACIEHUS JH30IMMAa W3 SMYHOrO OeNka C MCMOIb30BAHUEM CHHTE3MPOBAHHOIO KapOOKCHIBHOTO
KaTUOHUTA - Tep-TIOJIMMEpa METAKPWIIOBOH, aKpHIOBOH KMCIOT M TPUATHICHIIMKOJbAUMETaKpuiaTa. Ilopucteie cdepuueckue rpaHyJibl
KapOOKCHJIBHOTO KATHOHUTA SBJLSIFOTCS MPOHHLAEMBIMHU I MoJieKyn Oenka. CopOius in3onnMa u3ydaiack B craTudeckux ycinoBusax B 0.05
M docdarnom 6ydepHOM pacTBope, comepxantum 0.1 M xnopuaa Hatpust u umeroumM pH 7. CopOuus mu3zonuma U3 MOIEIFHOTO OMHAPHOTO
pacTBOpa IPOXOAMIIA C BHICOKOH CTENEHBIO CEIEKTHBHOCTU. Brimenenne nu3onuMa U3 SIMYHOTO Oelka MPOBOAMIOCH B CMEMIAHHOM PEXKHME:
copOmusl - B CTaTHYECKOM PEXKHME C IepeMENIMBaHUEM, IecopOIus - B JUHAMHYECKOM PEXHME B KOJOHKE C HENOJBIKHBIM CIIOEM.
Jecopbuust ocymectsisutack 0.2 M ¢ocdarasiM pactBopom, comepxamum 0.3 M xmopupa natpus (pH 9). IIpu stom pH necopbaros
MeHsT0Ch OT 6.5 110 6.9. ConeprkaHue Oenka ObUI0 MAKCHMAIILHBIM B TIEPBOM MPOITYIICHHOM 00BEME.

En3umarnyeckas akTMBHOCTb PacTBOPOB OINpEAENeHa IO JIM3UCY KIeToK Micrococcus lysodektricus. JluTndeckas aKTHBHOCTH OblTa
HaMBBICIIEH B IEPBOM 00BEME JlecopbaTa U cocTapisiia BenuauHy 68.8-75 % OT BeMUMHBI CTAHAAPTHOTO JIU30I[HMAa.

Jlns oneHKHn MeXaHHM4YecKOH MPOYHOCTH THIPAaTHPOBAaHHBIX 00pa3uoB copOenrta mpu pH 7 mocie 5-KpaTHOro WX MPHUMEHEHHS MIPOBEIEHbI
TEeCTHI Ha Komrpeccuio ¢ ucrnonb3oBanueM INSTRON -1011. ITpu marpyske 45 MIla otceB matepuana cocTtaBisit < 5 %.
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