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ABSTRACT

Lysozyme (N-acetylmuramide glyconohydrolase, (EC 3.2.1.17)) is a unique enzyme which cleaves the p-1,4
linkages of N-acetylmuramic and N-acetylglucosamine of the peptidoglycan, which leads to the lysis of the
bacterial cell wall. Lysozyme, as a self-defense enzyme, is produced in many organs of vertebrates. The present
study describes purification and characterization of lysozyme from Acipenser persicus (Borodin, 1897). After the
extraction process, ion exchange chromatography was utilized to purify the enzyme. The SDS-PAGE analysis
confirmed that the molecular weight was about 14 kDa. Moreover, some of the biochemical properties such as
optimum temperature, pH and the effect of metal ions on the activity of purified enzyme were investigated. Based
on the results the optimum activity and pH were obtained at 50 °C and 6.5 respectively. The purified lysozyme was
active in the presence of different salts including NaCl (0-0.125 M), KCI (0.075-0.125 M), MgCl,, and CaCl, (0.005
M). Kinetic parameters were also calculated.
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INTRODUCTION

Lysozyme (EC 3.2.1.17) is also known as
muramidase or N-acetylmuramide glycanhy-
drolase commonly found in nature and plays a
critical role in innate immune system (Yousif et
al. 1991). As an antibacterial agent, it hydrolysis
the glycosidic bonds between the C-l1 of N-
acetylmuramic and C-4 of N-acetylgluc-
osamine found in the most bacterial cell wall
(Salton 1957, Yousif et al. 1991). Besides, its
comprehensive  involvement in defense
mechanisms such as bacteriolysis, opsoni-
zation, anti-viral and anti-neoplsatic activity in
both vertebrate and invertebrates makes it a
powerful antimicrobial agent commonly used
as an eco-friendly and naturally occurring
preservative in foods and beverages as well as

a microbial cell lysis reagent (Datta 2005, Kim et
al. 2012). Several types of lysozyme (e.g., c-, g-
and i-types) have been identified in a broad
range of organisms from bacteriophages to
humans which show differences in their gene
sequences, amino acid composition, tertiary
structures, biochemical and antimicrobial
properties (Kim et al. 2012). Lysozyme has also
been studied in different marine fish species
(Sankaran & Gurnani 1972, Fletcher & White
1976, Lindsay 1986). Recently, the presence of
lysozyme was reported in the kidney and
digestive tissues of rainbow trout Oncorhynchus
mykiss (Lindsay 1986, Grinde et al. 1988) along
with the kidney of Atlantic salmon Salmo salar
(Lie et al. 1989,Yousif ef al. 1991). In the present
study, lysozyme was purified from the kidney
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of Persian sturgeon and its molar mass was
determined. Besides, the effects of temperature,
pH and salts on the activity of the purified
lysozyme were investigated.

MATERIALS AND METHODS

Chemicals

The chemicals with analytical grade were
purchased from Merck (Darmstadt, Germany),
the molecular weight marker SM 0431 and also
UNOsphererm S cation exchange resin were
obtained from Fermentas and Bio-Rad
Laboratories (Hercules, CA), respectively.

Sample preparation

The kidneys of 6 fishes were collected and
transported to the Biochemistry Laboratory,
University of Guilan, Rasht, Iran.

A proper amount of the sample (1.40 g) was
homogenized in 5.6 mL phosphate buffer
solution (PBS, pH 6.2) and the mixture was
centrifuged at 9000 rpm for 20 min at 4 °C. Then,
the supernatant was collected and stored at -20
°C.

Protein concentration and lysozyme activity
The protein concentration was measured using
the Bradford Protein Assay and the absorbance
of protein was measured at 595 nm (25 °C) by
UV-Visible spectrophotometer (WPA Biowave
II) (Xue et al. 2004).

The lysozyme activity was determined by the
rate of Microcossus lysodecticus lysis as a
substrate based on the method of Shugar
(Shugar 1952).

Briefly, dried cells of M. Ilysodeikticus (Sigma-
Aldrich, St. Louis, MO, USA) were prepared at
concentration of 0.01 w/v in PBS (pH 6.2). The
aliquot (0.1 mL) of crude was added to 2.5 mL
bacterial suspension.

The activity was determined from the first 2
min of linear decrease in absorbance at 450 nm
and at temperature of 25 °C. One unit of
lysozyme activity was defined as a quantity
that caused a decrease in absorbance of
0.001/min of M. lysodeikticus suspended in 100
mM PBS (pH 6) (Shugar 1952, Kim et al. 2012).
All  measurements were performed in
triplicate.
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Lysozyme purification

Ammonium sulfate fractionation

A proper amount of solid ammonium sulfate
was gradually added to the solution at 4 °C to
achieve 20% saturation. The precipitated
protein was isolated by centrifugation at 9000
rpm for 20 min at 4 °C and then re-suspended
gently in 0.05 M Tris-buffer (pH 8.5). This step
was repeated to obtain the solutions with 40, 60
and 80% saturation. These fractions of the
precipitated proteins were dialyzed in the cold
room against 0.05 M Tris-buffer (pH 8.5) over a
period of 16 h to remove the residual
(NH4)2SO4. Then, the dialyzed suspension was
centrifuged as described earlier to remove the
insoluble particles and the presence of the
target protein in the supernatant was analyzed
to utilize the best fraction for the next step
(Salehi et al. 2017).

Cation exchange chromatography

The dialyzed fraction was loaded onto a
UNOsphererm S column (1.5 x 20 cm)
equilibrated with 0.05 M Tris-buffer (pH 8.5).
The column was repeatedly eluted with 0.1, 0.2,
0.4 and 0.6 M NaCl in 0.05 M Tris-buffer (pH
8.5). The fractions were monitored for
absorbance at 280 nm and assayed for lysozyme
activity. The obtained samples with lysozyme
activity from the peak corresponded to the 0.4
M Nacl elution were pooled and concentrated
for several times using a 3 kDa cut-off cellulose
acetate membrane (Millipore, Molsheim,
France). The purification process was carried
out at 4 °C. The protein concentration was
measured by Bradford method and the purified
samples were subjected to SDS-PAGE (Morsky
1983; Salehi et al. 2017).

SDS-PAGE

The purity and approximate molecular weight
of the lysozyme were estimated by SDS-PAGE
under reduced condition (BioRad, Richmond,
CA) with a12.5% running gel and a 4% stacking
gel by the method of Laemmli (Laemmli 1970).
The protein molecular weight markers at low-
range of 14.4-116 kDa were provided from Bio-
Rad and used as standards to determine the
molecular weight.
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Enzyme characterization

The kinetic parameters of the enzyme, at
different concentrations of substrate, was
determined in PBS (0.1 M, pH 6.2) at 37 C based
on the method described previously (Shugar
1952, Kim et al. 2012).

RESULTS AND DISCUSSION

Purification and molecular weight determina-
tion

The lysozyme with lytic activity against M.
lysodeikticus was purified from Acipenser
persicus via ammonium sulfate fractionation
and ion exchange chromatography.

At first, the enzyme was partially purified in
40% ammonium sulfate fractionation and
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finally was purified by ion exchange
chromatography. Based on the SDS-PAGE and
coomassie blue staining, the protein appeared
with a single band at molecular weight of 14
kDa (Fig. 1). This molecular weight was similar
to the values reported for hen egg white
lysozyme (Thammasirirak et al. 2006). The
reported molecular weights of lysozyme in
literatures were between 13 to 21 kDa (Lockey
& Ourth 1996; Nilsen et al. 1999; Schoentgen et
al. 1982; Xue et al. 2004). Table 1 summarizes the
purification process of the enzyme. Based on
the result the final purification-fold of the
lysozyme is 2.67 fold. Fig. 2 represents the
chromatogram of the enzyme on cation
exchange chromatography.

14.4 = ..——
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Fig. 1. SDS-PAGE of the purified sturgeon lysozyme. The molecular mass of sturgeon lysozyme was

estimated about 14 kDa. a) molecular weight marker; b) crude extract; c) 40% saturation fraction; d)

purified lysozyme and e) egg white lysozyme.

Table 1. Purification fold of Acipenser persicus lysozyme showed the enzyme activity in each step. The enzyme

was purified 6.17 fold at least.

. Total protein Total activity (U Protein :_C’p.eCIfIC Purification
Purification step (mg) recovery activity (U m fold
(%) g1)x103
Crude extract 2.96 133199 + 2200 100 13.49 1
NH4SOs fractionation 1.64 17504 + 377 55.41 21.30 1.75
Ion exchange chromatography 0.60 20025 + 430 20.25 49.97 3.70
Filtration 0.30 25026 + 670 4.80 83.30 6.17
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Fig. 2. The chromatogram of protein purification by ion exchange chromatography. Binding proteins
were removed from the column in three steps with different NaCl concentrations (0.2, 0.4, 0.6 M),
measuring the lytic activity determined that the 0.4 M fraction is the most active one.

Effect of temperature on lysozyme activity

The effect of different temperatures ranging
from 25 to 60 °C on lysozyme activity is
illustrated in Fig 3. As shown in this Figure the
optimum temperature of the enzyme is at 50 °C.
The optimum temperature of lysozyme of
rainbow trout, Oncorhynchus mykiss was
determined around 45 °C (Grinde et al. 1988).
Based on the previous studies, the optimum

temperature of most fishes was in the range of
30-50 °C (Minagawa et al. 2001). This indicates
that lysozyme of Acipenser persicus was active at
high temperature. As shown in Fig. 3, a
decrease in the activity was observed at
temperatures higher than 50 °C. It can be
probably related to the thermal denaturation of
the enzyme.
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Fig. 3. Effect of temperature on lysozyme activity. The activity was measured at various temperatures
(25-60 °C) in 0.1 M KoHPO4/ KH2PO4 buffer (pH 6.2).
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Effect of pH on lysozyme activity

The optimum pH value of the purified
lysozyme was 6.5, as illustrated in Fig 4. Our
results are similar to those reported for the
lysozyme of eastern oyster (Crassostrea
virginica), scallop (Patinopecten yessoensis),
mung bean (Vigna radiate) and cranberry seed
(Phaseolus wvulgaris) which the optimum pH
value was in the range of 5.0 to 6.0 (Xue et al.
2004, Wang et al. 2005; Lee & Kim 2008; Wang
et al. 2012). The optimal pH value for the
lysozyme from Japanese flounder (Paralichthys
olivaceus), rainbow trout (Salmo gairdneri) and
eri-silkworm (Samia Cynthia ricini) was at the
acidic range from 4.5 to 6.5 (Fujimoto et al. 2001;
Grinde et al. 1988; Minagawa et al. 2001). The
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maximum activity of the lysozyme of the
Kuruma shrimp (Marsupenaeus japonicas) was
obtained at pH range of 6.0-9.0 (Hikima et al.
2003). In contrast, the activity of lysozyme from
Acipenser persicus was low at alkaline pH
values, in a way that its activity decreased
substantially to 5.5% at pH 8.0, and the activity
at pH 9.0 was very low. Alternation in charge
distribution and conformation of substrate and
enzyme can be related to changes in pH values
(21). the solutions with strong acidic or alkaline
pH values decrease the enzyme activity via an
irreversible denaturation (Kim ef al. 2012). It can
be seen from Fig. 3, that the optimum pH value
of Acipenser persicus lysozyme is 6.5.
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Fig. 4. Effect of pH on lysozyme activity. The activity was determined in mixed buffer solutions
prepared from 0.1 M NaOH-acetic acid (pH 3.0-5.5), 0.1 M Na,HPO;-NaH2PO; (pH 6.0-9.0) in 25 °C.

Effect of metal ions

The effects of metal ions such as Na*, K*, Ca2+
and Mg?* on lysozyme activity was studied by
adding NaCl, KCl, CaCl» and MgCl; at different
concentrations to M. lysodeikticus in 0.1 M
ammonium acetate buffer (pH 6.0). The activity
of lysozyme was increased by increasing the
concentration of NaCl from 0 to 0.125 M. The
maximum activity was observed at 0.125 M and
then decreased (Fig. 5A). The obtained results
are in good agreement with studies on
lysozyme levels in Filipino venus, Ruditapes
philippinarum and Eastern oyster, Crassostrea
virginica, where after using the optimum NaCl
level, the enzyme activity decreased by

increasing in its concentration (Datta 2005; Kim
et al. 2012). In the case of KCI, the activity of
lysozyme slightly decreased at first and then an
increase was observed, while at higher
concentrations, its activity decreased (Fig. 5B).
In R. philippinarum, the lysozyme activity was
stable in KCl-containing buffer at concentration
range of 10-50 mM, while at higher
concentrations (> 50 mM) decreased
significantly (Kim et al. 2012). Also, the
lysozyme activity in Acipenser persicus was
slightly increased in buffer containing MgCl,,
up to 0.03 M, and then decreased (Fig. 5C),
while in buffer containing CaCly, its activity
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was increased up to 30% at 0.005 M, then
decreased at higher concentrations (Fig. 5D). In
Filipino venus, the activity increased slightly in
buffer containing MgCl> and CaCl in the range
of 2-5 mM, whereas then decreased at 30 mM
(Kim et al. 2012). In the case of Eastern oyster, it
increased in MgCl, and CaCl; at the range of
0.005-0.035 M, while then decreased at higher
concentrations (Xue et al. 2004).

Remaining activity (%)

0 0.1 04

160

140
S 12
iy
g 10
-
g
] I
= 80
5
£ 60
=2
5 40
~4

20

0 . . L

0 0.01 0.02 0.03 0.04 0.05 0.06 0.0
Concentration (M)

Remaining activity (%)

Remaining activity (%)

Purification and characterization...

Kinetic parameters
The kinetic parameters of K, keat and catalytic
efficiency were also determined at the optimal
temperature for the enzyme activity. Based on
Lineweaver-Burk plot (Fig. 6), the data are
summarized in Table 2. As showm in this Table,
these parameters are achieved 0.1 (mg mL?1),
41.66 (S1) and 4.166 x 102 (S* mg ! mL7),
respectively.
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Fig. 5. Effect of monovalent metal ions (Na* and K*) (A) and divalent metal ions (Mg?*, Ca?* and
Zn?*) (B) on the purified lysozyme activity in Acipencer persicus. Effect of metal ions on enzyme was
measured by adding 0.01 mL purified lysozyme to the cocktail including NaCl, KCl, CaCl, or MgCl»
at different concentrations and in M. Lysodecticus at 0.1 M ammonium acetate buffer.
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Fig. 6. Lineweaver-Burk plot for purified lysozyme. The measurements were done at different
substrate concentrations (0.01v/w) in 0.1 M KoHPO4/KH>PO, buffer (pH 6.2) at optimum
temperature. Base on this plot the K and Vmax values were determined to be 0.1 (mg mL-!) and 25000,

respectively.
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Table 1. Kinetic parameters of Acipenser persicus purified lysozyme.
These parameters measured at different concentrations of substrate at optimum temperature in
0.1 M K,HPO4/KH,PO4 buffer (pH 6.2).
Kinetic parameters
- 5 (Kcal/Km)

K (mg mL-) Keat (S1) 102

0.1 41.66 4.166
CONCLUSION Samia  cynthia  ricini. Comparative

In this study, lysozyme was purified from the
kidney of Persian sturgeon and then
characterized. The SDS-PAGE analysis of the
purified enzyme showed a single band with a
molecular weight of 14 kDa. The enzyme was
purified 6.17 fold. The maximum enzyme
activity was obtained at 50 °C and pH 6.5.
Furthermore, because of the enzyme activity at
high temperature, it is possible to utilize it as a
preservative in food processing for meat, fish,
meat products, milk, dairy products, fruit and
vegetables.

The Kin, Keat and catalytic efficiency values were
0.1, 41.66 and 4.166x102% respectively. This
enzyme could be used in pharmaceutical
industries such as manufacturing process of
some products like adjuvant drugs including
antibiotics and analgesics for the treatment of
viral and bacterial infections as well as

leukemia and neoplastic diseases.
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