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The aim of the research was the development of the method of lysozyme isolation from hen egg
proteins. Lysozyme was isolated by differential heat denaturation of proteins with changing of the medium
pH value, followed by neutralization, dialysis and additional purification by gel chromatography on
Sephadex G-50. Activity was determined by bacteriolytic method (with Micrococcus lysodeikticus 4698 as
a substrate). The enzyme purity and molecular mass were determined using SDS-electrophoresis and mass-
spectrometry. The method of lysozyme isolation from hen egg proteins with the enzyme yield of 3.2 = 0.2%
and bacteriolytic activity of 22 025 = 1 500 U/mg is modified. According to electrophoresis data, the
isolated enzyme is characterized by high degree of purity (~95-98% ) and is comparable with lysozyme of
AppliChem company by main physical and chemical characteristics. The obtaining product is stored in a
crystalline form at low temperature (—24 °C) for 9 months. The proposed method allows obtaining active
and stable lysozyme with high purity from hen egg protein in laboratory conditions for the usage in

biotechnology.
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Lysozyme (EC 3.2.1.17) is an enzyme
of hydrolases class, it is also known as
muramidase or N-acetylmuramoylhydrolase.
Lysozyme is commercially important enzyme,
and it is now widely used in biotechnology to
extract intracellular bacterial components,
in particular in the food industry as an
antibacterial additive to increase the shelf
life of products, as well as in medicine in the
treatment of chronic septic states and purulent
processes, burns, frost bytes, conjunctivitis,
corneal erosion, stomatitis and other infectious
diseases [1-3].

Lysozymes are widely distributed among
eukaryotes and prokaryotes and can be
classified into three main types: chicken
(c-type), goose (g-type) and the type of
invertebrates (i-type) [4, 5].

The lysozyme of c-type is most widespread;
it occurs in most organisms including viruses,
bacteria, plants, insects, reptiles, birds and
mammals, and it is contained in a large amount
in hen egg proteins.

Lysozyme is one of the first identified
proteins (early 1900s). Initially, its isolation
was carried out by salting out with ammonium

sulfate, but the change in pH and high
concentrations of salt affects the activity
of the enzyme. The lysozyme isolated using
ammonium sulfate was stable in acidic
conditions, but only partly soluble in alkaline
ones because of crystals formation [6].

In 1984 the ion exchange chromatography
with carboxymethyl cellulose as a carrier
was used for enzyme isolation; that was not
effective in batch processes due to the small
particle size and thus due to slow the flow
velocity in column [7, 8].

In 2007 a group of Czech scientists offered
to use the magnetic macroporous cation-
exchange cellulose in isolation procedure [8].
The advantages of this process are one-stage
and the purity of the obtained enzyme (more
than 96% ), and the main drawback is the high
cost of the resin used.

Non-chromatographic methods were
also used for lysozyme obtaining. Chang
et al. suggested B-mercaptoethanol usage
along with the other ingredients to lysozyme
isolation [9]. However, this method is not
widely used because of protein denaturation
and B-mercaptoethanol toxicity, which limits
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lysozyme usage in the food industry and
medicine.

In 2006 Lu et al. suggested ultrafiltration
usage to lysozyme isolation. The method allows
the enzyme obtaining with purity and yield of
80% ; however, it is applicable to lysozyme
purification only in laboratory scale [10].

Since numerous methods for lysozyme
isolation from hen egg proteins (lysozyme c),
in particular chromatography, ultrafiltration,
separation with reversed micelles, in two-
phase systems, magnetic separation, metal-
affinity precipitation, adsorption on plant
waste etc., have several disadvantages, so the
search, improvement and development of new
methods for lysozyme obtaining are urgent
tasks of biotechnology.

The aim of the research was to develop the
method of lysozyme isolation from hen egg
proteins.

Materials and Methods

Fresh hen eggs, Micrococcus lysodeikticus
4698 cells (Sigma-Aldrich, USA) and egg
protein lysozyme as a standard sample (EC
3.2.1.17) (Mw 14.4 kDa, 20 000 units / mg,
AppliChem, Belgium) were used.

Lysozyme activity was determined by
bacteriolytic method [11]. The amount of
enzyme which reduces the optical density of
Micrococcus lysodeikticus 4698 cell suspension
by 0.001 per 1 min was taken as the unit of its
activity. Protein content was monitored by
Hartree-Lowry method [12].

The enzyme was isolated according to
Mickelson method in our modification [13]:
thoroughly washed eggs were wiped with
alcohol; protein was separated from the yolk
extracting chalazae. The resulting protein was
diluted five times in 0.5% solution of sodium
chloride, acidified to pH 4.4—4.6 and boiled for
4 min for concomitant proteins coagulation.
Then the mixture was neutralized to
pH 7.0-7.2 with NaCO3; and the supernatant
containing lysozyme was separated by
centrifugation (4000 g, 20 min, 4 °C). The
supernatant was dialyzed 3 times against 50
volumes of distilled water at 4 °C. At each stage,
the protein content and the hydrolytic enzyme
activity were controlled. The resulting solution
was concentrated by reverse dialysis with dry
starch and subjected to gel chromatography
on fine-grained Sephadex G-50 eluting
with Tris-NaCl buffer (0.05 mol/dm? of tris
(hydroxymethyl) aminomethane, 0.05 mol/dm?
of NaCl, pH 8.2). Protein and hydrolytic
activity were determined in eluates. The
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lysozyme containing fraction was subjected to
repeated reverse dialysis with starch yielding
transparent colorless plate crystals of the
enzyme. The product was stored in a sealed
package at —24 °C.

The resulting enzyme were analyzed by
MALDI (matrix-assisted laser desorption/
ionization) methods with mass spectrometer
Autoflex II Bruker Daltonics Inc. [14, 15].
The results of mass spectrometric analysis
were obtained at the Center for collective use
at Chuiko Institute of Surface Chemistry of
the National Academy of Sciences of Ukraine.
SDS-electrophoresis in 10% polyacrylamide
gel was carried out according to Laemmli
system [16]. We used a set of molecular weight
markers — Amersham, High-Range Rainbow
Molekular Weight Markers (14 300—220 000),
code RPN756. Markers: 1 — myosin (220 kDa);
2 — phosphorylase b (97 kDa); 3 — BSA
(66 kDa); 4 — ovalbumin (45 kDa); 5 —
carbonic anhydrase (30 kDa); 6 — trypsin
inhibitor (20, 1 kDa); 7 — lysozyme (14.3 kDa).

The main physico-chemical and biochemical
properties of the isolated enzyme compared
with Sigma-Aldrich lysozyme, namely activity,
protein content, pH optimum, thermal
optimum, thermal stability, storage conditions
were determined in accordance with [17].

Experimental data were subjected to
statistical analysis in accordance with [18].
The confidence level of differences was
evaluated at n = 3.

Results and Discussion

Most of the major pharmaceutical
companies (Sigma-Aldrich Pharmaceuticals
Inc., Applichem et al.) use hen egg white
for lysozyme isolation. This raw material is
available and contains about 3.4% of lysozyme
which is considered as standard. Besides
lysozyme, the main egg white proteins are
ovalbumin (54%), ovotransferrin (12%),
ovomucoid (11% ) and ovomucin (3.5% ) [19].

We have proposed a modification of
Mickelson method of lysozyme isolation
(Fig. 1), lie in:

— carrying out the five times (instead of
30-fold) protein dilution, followed by salting
out the nondenaturated proteins with 5%
solution of sodium carbonate;

— introduction of three additional stages
of dialysis to remove low molecular weight
contaminants;

— performing the step of reverse dialysis
with dry starch to obtain the enzyme in
crystalline form.
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Egg white separation an homogenization

Dilution with 0.5 % NaCl solution and mixing

Protein solution acidification to pH 4.4-4.6

Contaminant proteins coagulation by boiling for 4 min

Solution cooling and neutralization to pH 7.0-7.2

Centrifugation (4 000 g, 20 min, 4 °C)

Salting-out with 5 % NaCO3 solution

Three-fold dialysis against 50 volumes of water

Concentrating of lysozyme solution by reverse dialysis with dry starch

Column chromatography on Sephadex G50

Drying by reverse dialysis with dry starch up to crystal state

Packing and storage at -24 °C

Fig. 1. Diagram of lysozyme isolation from hen egg white

The main advantages of the proposed
method are ease of highly purified enzyme
obtaining in the laboratory, economy,
getting the product in crystalline form, high
activity, and periods of storage comparable to
commercial lysozyme of AppliChem firm.

The main results of the enzyme isolation
are shown in Table 1. In the process of
lysozyme isolation the volume and total
protein content in egg, in the supernatant,
after dialysis, and also the activity and yield
of obtained lysozyme per 1 cm?® of protein
solution were determined.

It should be noted that after step of
threefold dialysis against distilled water,
partially purified enzyme containing, beside
lysozyme, contaminants of other proteins
is selected. Thus, in the mass spectrum
(Fig. 2) peaks with a value of about 14 214 m/z
(where m is mass of the particle, and z is
its charge), 28 206 m/z, 56 682 m/z and
85 023 m/z are observed, this necessitates
additional purification step.

The gel chromatography using Sephadex
G-50 (Fig. 3) leads to the separation of
partially purified lysozyme proteins to achieve
a high degree of enzyme purity, as evidenced
by the results of mass spectrometry.

MALDI spectrum of isolated enzyme
showed the presence a single peak with m/z
value of about 14 181 (Fig. 4) corresponding to
the value of commercial lysozyme (Fig. 5). It
should be noted that in the aqueous solution of
a commercial enzyme, the associates formation
is observed because it was lyophilized resulting
in the formation of stable aggregates that are
not fully degradable in solution.

According to the results of SDS-
electrophoresis the most intensive band is in the
molecular weight range of 12 to 17 kDa, and the
purity of isolated lysozyme is 95-98% (Fig. 6).

As a result of isolating and purifying the
colorless transparent plate crystals of the
enzyme were obtained (Fig. 7).

The study of physical and chemical
properties of commercial and isolated lysozyme
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Table 1. Parameters of lysozyme isolation

Parameters, measurement units Indices *, M = m
The amount of egg protein separated from one egg, cm? 35,0 £5,5
Total egg protein, mg 5410,0 = 380,6
Obtained crystalline lysozyme, mg 170,2 = 3,0
Protein content in the isolated enzyme, % 100,0%
Hydrolytic activity of the obtained product, U/mg 22025 = 1500
Yield of product, % 3,15 +0,16%

Note. Hereinafter * — 0.02 <P <0.05 compared with the control (commercial preparation) at n = 3.
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Fig. 2. Mass spectrum of partially purified lysozyme after threefold dialysis step
Hereinafter — results of a typical experiment
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Fig. 3. Chromatography of partially purified lysozyme on a column with Sephadex G-50
(0.05 mol/dm3 of tris (hydroxymethyl) aminomethane, 0.05 mol/dm3 of NaCl, pH 8.2)
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Fig. 4. Mass spectrum of purified lysozyme "
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Fig. 5. Mass spectrum of Sigma-Aldrich lysozyme .
shows the coincidence of bacteriolytic activity egg protein in a yield of 3.2% and activity of
pH- and thermal optimum, similar storage 22 025 =1 500 U/mg is obtained. The purity
periods and specific activity of the isolated of isolated enzyme (~ 95-98% ) is confirmed by
enzyme (Table 2). mass spectrometry and SDS-electrophoresis in
The resulting product retains the a10% PAAG.
bacteriolytic activity for 9 months at a The proposed method is economical and is
temperature of —24 °C. Isolated lysozyme shelf available for implementation in the laboratory
life increasing is possible using freeze-drying conditions; it allows obtaining a stable
of the product. crystalline form of the active enzyme from hen
Thus as a result of Michelson method egg proteins with a high degree of purity; and
modification [13], the lysozyme from hen it is promising for the usage in biotechnology.
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Fig. 6. SDS-electrophoresis of lysozyme in 10%
polyacrylamide gel:
M — markers (15 ul); I — whole egg protein
(5 pl in a slot); 2 — purified lysozyme

Fig. 7. Microphotographs of isolated lysozyme:
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(15 pl in a slot) A x8, Bx120
Table 2. Characteristics of the isolated and commercial lysozyme main properties
Properties Lysozyme
AppliChem Isolated
Specific activity, unit/mg, M =+ m 20 000 = 5000 22025 =1 500%*
pH-optimum 6.0 6.0
Thermal optimum, °C 55 °C 55 °C

The constants of thermal inactivation at 80 °C, min ! 5.2:10°3 4.7-10°3

The shelf life of the enzyme at —24 °C, months 12 9%
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BUJIIJIEHHA 11 OYUIEHHSA JI30LUMY
3 IIPOTETHIB KYPAYOI0 NI

C.C. ,[[ercinal’ 2, I.1. Pomanoecwcal,
A. M. Oecenﬂﬂl, M.T. Boamﬂz, B. A. Tonmikog®

lisuro-ximiunmit iHCTUTYT
im. O. B. Borarcrkoro HAH Vxkpaiuu, Ozmeca
2O/I[GCBRI/II71 HAIiOHAJBHUN MOJiTeXHIUHNA
yHiBepcurer, Y Kpaina
30mecbruit HAIiOHAIBHAN yHiBEpCUTET
im. I. I. MeunukoBa, YKpaina

E-mail: s.dekina@gmail.com

MeToro pob6oTu 0yJI0 PO3POOIeHHS METOLY BU-
IiJIeHHS JIIB0OIIMMY 3 HPOTEIHYy KypAYOro SHILA.
Jlisormum BumginAaau mMetomaoM AudepeHItiitHOL
meHaTyparlii mpoTeiHiB IMJIAXOM HarpiBaHHA 3i
smino pH cepemoBminia, HacTymHOIO HeWTpa-
Jisalriero, niaaisoM i JOOUYMINEHHAM 3 BUKOPUC-
TaHHAM rejJb-xpomarorpadii za Sephadex G-50.
AKTHUBHICTh BU3HAUAJU OAKTEePiOJiTHUHUM Me-
TomoM (cybcrpar — Micrococcus lysodeikticus
4698), UYHCTOTY €H3UMY i MOJEKYJASAPHY
macy — SDS-emexTpodopesoMm i mMac-cmeKTpo-
metpiero. MoaudikoBano mMeTos BUAIJIEHHA JIi-
30IIIMY i3 IPOTEeIHYy KyPAUOro AHUILSI 3 BUXOIOM €H-
sumy 3,2 = 0,2% i06aKTepioJTiTUUHOI aKTUBHICTIO
22 025 = 1 500 ox/mr. 3rigHo 3 TaHUMU eJIeK-
Tpodopedy BUAIIEHUH eH3UM XapaKTepPU3yeEThC
BHUCOKUM cTymeHeMm unctotu (~95-98%) i 3a oc-
HOBHUMU (PiBUKO-XIMiYHUMHU XapaKTepUCTUKAMU
moxioumit xo aisomumy Gipmu AppliChem. Ogpep-
JKaHUI OPOAYKT 30epiraeThbCcs B KPUCTAIIUHOMY
craHi B ymMoBax Hu3bKux temieparyp (—24 °C)
yupomoB:x 9 mic. 3anpomnoHoBaHUIl cIoci0d BuIi-
JIEHHS Ja€ 3MOTY OJePsKyBaTu B Ja0OpPaTOPHUX
yMoBax CTabiIbHUYM aKTUBHUM JIiB0IIUM i3 ITpoTe-
iHY KypsAYOro AUIA 3 BUCOKUM CTYIIeHEM YNUCTOTH
IS BUKOPHCTAHHA y OioTexHoJorii.

Knrwouwosi cnoea: mpoTein KypAUYUX SEID,
JizommmM.
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ITenbto paboTwl OGbITa padpaboTKa MeTO-
Ia BBIJIEJEeHUS JMU30I[MMAa U3 IPOTEMHA KYpPH-
HOoro #Aiina. JIM3omuM BBIAENSAIU IyTeM AU@-
depeHIMAJNBLHON JeHATypalluyd IIPOTEUHOB
HarpeBaHueM ¢ usmMmeHenueMm pH cpensl, mmocieny-
oIIel HelTpausanueir, TUajInu30M U JOOUYUCT-
KO C HCHIOJIb3OBaHMEM Trelb-XpoMaTorpapuu
Ha Sephadex G-50. AKTHBHOCTL ONIpeAeIAIN
0aKTEepPUOJUTUUYECKUM MeTomoM (cybcTpar —
Micrococcus lysodeikticus 4698), uncToTy sH3UMA
1 MOJIEKYJISAPHYI0 Maccy — SDS-aimekTpodopesom
¥ Macc-CIieKTpoMerpudyecku. Moaudunuposas me-
TOJ, BBIZEJICHNS JIN30IINMA U3 IPOTEeNHA KYPUHOI'O
AlIa ¢ Beixomom susuma 3,2 + 0,2% u 6akTepuo-
JUTHYecKoi akTuBHOCTEIO 22 025 = 1 500 exg/mr.
CorJiacHO JaHHBIM 3JIEKTPO(Opesa BbIAEJIEHHBIN
SH3UM XapaKTePU3yeTCS BLICOKON CTEIEeHbIO UM-
cToThI (~95—98% ) 1 TT0 OCHOBHBIM (PUBUKO-XUMU-
YEeCKUM XapPaKTEePUCTUKAM CPABHUM C JIM3OIIMMOM
¢pupmsr AppliChem. ITosyuyeHHBIN IPOAYKT Xpa-
HUTCS B KPUCTAJLJIMYECKOM COCTOSHUU B YCJIOBU-
AX Hu3KuX temnepartyp (—24 °C) Ha IPOTIKeHUU
9 mec. IIpeasosxkeHHBIN CITOCOO BBIAEJIEHUS II0-
3BOJISIET IIOJIYyYaTh B JIAOOPATOPHBIX YCIOBHUAX
CTAaOMJIbHBIN AKTUBHBIN JMU30IIUM K3 IPOTEMHA
KYPUHOTO SHIA ¢ BEICOKOI CTEIeHbIO YNCTOThI AJIA
KCITOJIb30BAHUS B OMOTEXHOJIOT UM,

Knrwouesvle cnoéa: pOTerH KYPUHBIX SIALT, JIT3OLHM.
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