Vol. 14, No. 4, pp 303{307
c Sharif University of Technology, August 2007

Scientia Iranica,

Biospeci c Immobilization of
Lactoperoxidase on Con A-Sepharose 4B
M. Miroliaei, H. Nayeri1, S.Z. Samsam-Shariat2 and A. Movahedian Atar2
The aim of this work was to evaluate the possibilities of immobilization of lactoperoxidase
(LPO) on concanavalin A-Sepharose 4B support. Signi cant biospeci c interaction of this
heme-containing glycoenzyme with Con A was established by using -D-mannopyranoside and
-D-glucopyranoside, which are involved in the linking of the carbohydrate moieties of the
enzyme with lectin. The preparation obtained indicated improved kinetic parameters (Km
and Vmax ) compared with the soluble form. No signi cant di erences were observed between
the optimal pH and temperature of the anchored and free enzymes. The thermal stability of
the biospeci cally immobilized preparation was substantially higher than that of the unbound
enzyme. In addition, seven cycles of enzymatic conversion and washing of the column showed
the remarkable operational stability of immobilized LPO.

INTRODUCTION
Meeting the demand for \white" biotechnology (application of nature's toolset to industrial production),
enzymes have enormous potential as useful tools for
replacing conventional inorganic catalysts in production processes. Their use, impaired, as yet, by not
quite satisfactory reliability, is predicted to become
widely accepted, once their storage and operational
stabilities have been improved. A tailoring tool for this
achievement is enzyme immobilization with two main
bene ts, enhancement of storage/operational stability
and usability. Among various immobilization methods, biospeci c adsorption has emerged as a gentle
strategy for enzyme immobilization [1,2]. In one of
the bioanity-based immobilization procedures, the
anity of carbohydrate moieties of glycoenzymes to
lectins plays a crucial role in the immobilization of
enzymes [3]. The obtained preparations exhibited high
catalytic activity, improved stability against denaturation and reuse of the support matrix. Moreover,
bioanity immobilization nds potential applications
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in the construction of sensitive enzyme-based analytical
devices and in separation techniques, as well as other
applications [4].
Lactoperoxidase (LPO) is a well studied enzyme,
due to its antimicrobial and antiviral action, degradation of various carcinogens and protection of animal
cells against peroxidative e ects [5], with extensive
industrial applications in the dairy industry [6], food
production [7], in the preservation of pharmaceuticals [8] and iodine detection [9]. Bovine lactoperoxidase
is a heme-containing glycoprotein of 612 amino acids
giving a molecular mass of, approximately, 78 kDa [10].
Calcium ions are strongly bound to LPO, stabilizing
its molecular conformation, and calcium ion activity
appears to be of vital importance for its structural
integrity [11]. The LPO molecule has a carbohydrate
content of about 10% and possesses ve potential Nglycosylation sites [12], which make it a good candidate
for a Con A-based anity immobilization protocol.
Con A is a multiple-site sugar-binding protein from
the lectin class that recognizes di erent sugars even
after they are randomly immobilized [3,13]. Little is reported in the literature regarding LPO immobilization
with slight relation to its catalytic activity [14]. This
article describes a study, in which milk lactoperoxidase
was anity-bound to Con A-Sepharose 4B and its
behavior compared with the soluble enzyme. The
immobilized enzyme has also been evaluated in terms
of kinetic parameters, stability and reusability.
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MATERIALS AND METHODS
Reagents
Lactoperoxidase, 2,2-Azinobis [3-Ethyl Benzothiazoline-6-suiphonic acid] diammonium salts (ABTS),
phospho-cellulose and Con A-Sepharose 4B
were purchased from Sigma Chemical Co., -Dmannopyranoside and -D-glucopyranoside were
obtained from Merck. All chemicals used in this work
were of analytical grade.

Preparation of Skim Milk

Skim milk was prepared by centrifugation at (2000 g)
for 20 min at 25C from pooled milk of Holstein cows.
Skim milk was acidi ed to pH 4.6 at 20 C by addition
of 2 N HCl, and casein was removed by centrifugation
at (2000 g) for 20 min at room temperature. Acid
whey was neutralized to pH 6.8 by the addition of 2
N NaOH, and a volume of 1100 ml acid whey was
obtained from 2800 ml whole milk for batch wise
chromatography.

Batchwise Chromatography for Preparation of
LPO
Phosphocellulose, with a capacity of 0.96 mg/g, was
prepared for cation exchange chromatography by washing in a Buchner funnel with 0.1 N NaOH, followed
by water, then, suspended in water and decantated
to remove nes. It was nally washed in a funnel
with 0.1 N HCl, followed by water. After use, it
was regenerated in the same manner. To perform
chromatography, the resin was equilibrated with 50
mM phosphate bu er (pH 7.0) and, then acid whey
was suspended in the resin. The mixture was stirred for
3 h and lactoperoxidase was adsorbed to the cation exchanger. Then, the mixture was allowed to precipitate
from the adsorbed exchanger and the supernatant was
removed through decantation. The cellulose phosphate
was recovered in a Buchner funnel under a moderate
vacuum, taking care not to dry the cellulose phosphate
pad. The resin pad was washed with 300 mL of 0.2 M
NaCl in 50 mM phosphate bu er at pH 7.0, under a
moderate vacuum. LPO was eluted with 0.4 M NaCl
in a phosphate bu er (50 mM, pH 7.0). To decrease
the volume of enzyme solution, an amount of 191 g
ammonium sulphate was added to 250 ml of enzyme
solution and stood for 3 h at room temperature. The
remaining solution was centrifuged (1200 g, 15 min),
the collected pellet was dissolved in the phosphate
bu er (50 mM, pH 7.0) and then, dialyzed overnight
against 100 volume of the same bu er. Fractions were
recovered and its purity measured at A412 =A280 , which
was approximately 0.92 [15]. A product of Sigma
chemical Co. (St. Louis, MO) was also examined.

Enzyme Assay
Lactoperoxidase activity (EC 1.11.1.7) was determined
by using 2,2- azinobis diammonium salts (ABTS),
based on the assay given by Putter et al. [16]. Brie y,
whey skim milk or a solution of isolated LPO in
permeates or bu er (usually 50 mg LPO/L) was rst
diluted 20-fold with 0.1 mL phosphate bu er (0.12 M,
pH 6.4). 750 l were added to 50 ml of diluted enzyme
solution, 100 l , 10 mM ABTS (in water) and 100 l,
1 mM H2 O2 (also in water). The absorbance at 412 nm
was measured as a function of time at 20 C, using a
Perkin Elmer spectrophotometer. The rate of change
of absorbance at 412 nm was constant for at least 2 min.

Determination of Kinetic Parameters

Km and Vmax values of the native and immobilized

enzyme (1 mL containing 3.8 U each) were determined
by measurement of the enzyme activity with various
concentrations of ABTS. To calculate these parameters, one unit activity is de ned as the amount of
enzyme catalyzing the oxidation of 1 mol of ABTS
1
1
min 1 at 25C ("1%
1cm = 32400 M cm ) [17]. Then,
Km and Vmax values were obtained from a LineweaverBurk graph.

Immobilization Procedure
The immobilization process was achieved by the following approach: An enzyme solution of known concentration (30 g of 2 mg/ml stock solution in 50 mM
phosphate bu er pH 7.8) was allowed to contact with
0.2 g of Con A-Sepharose 4B in a tube at 4 C for 1 h,
which was found sucient to reach binding equilibrium.
The sample was centrifuged and the pellet was rinsed
three times with phosphate bu er (50 mM, pH 7.8)
to remove unbound protein. Protein concentrations
were determined using the BioRad reagent, according
to Lowry [18] and BSA as a standard.

RESULTS AND DISCUSSION
Evaluation of LPO Adsorption on Con
A-Sepharose
Biospeci c interaction of LPO with Con A-Sepharose
4B was tested by using -D-mannopyranoside and D-glucopyranoside, which has been shown to inhibit
the linking of carbohydrate moieties of glycoenzymes to
lectins [19]. Figure 1 indicates the maximum catalytic
activity of the immobilized preparation in the absence
of these derivative sugars. When increasing concentrations of sugars are deposited to the Con A matrix,
a marked decrease in the lactoperoxidase activity of
the preparations was observed, showing that sugars
may inhibit the enzyme from anchoring to the support.
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Figure 1. E ect of -D-mannopyranosid () and
-D-glucopyranoside () on inhibition of LPO adsorption

on Con A-Sepharose 4B.

-D-mannopyranoside was more e ective than -Dglucopyranoside in a concentration dependent manner,
indicating that the enzyme linkage to the lectin is via
its pendant mannosyl moieties. The glycosyl chains
may act as long spacers and contribute to the high
access of LPO to glycospeci c sites of Con A. This
trend would provide a unique opportunity for favorable orientation of anity-bound enzyme molecules
and is similar to what has been observed by other
researchers [20].
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upon acidic or basic environments. Soluble LPO is
less stable under harsh pH conditions, possibly due
to the release of calcium ions from the molecule [11].
The higher retention of activity by the anity bound
preparation may be related to an overall improvement
in resistance to the unfolding and/or the rigidity of
structural conformation, thereby, hindering calcium
mobilization from the enzyme molecules. The results
are in agreement with those reported by Ozdemir [21].
The optimum temperature of the soluble and
immobilized enzyme preparations was studied. The
Native LPO and anity bound preparation were optimally active at 45 C (Figure 3), while the anchored
enzyme retained a greater fraction of maximum activity
at higher temperatures. This optimum temperature
and pH for LPO activity was in good agreement with
that observed by other workers [14].

Thermal Stability and Reusability

Activity pro les of soluble and anity bound LPO were
investigated at di erent pH and temperatures. Figure 2
shows that the pH optima of free enzyme remained
unaltered at pH 6.0 on immobilization. Although the
bound enzyme retained a greater amount of initial
activity in all tested pH conditions, it is obvious that
the catalytic activity of both forms decreased markedly

Figures 4 and 5 show the thermal stability of the enzyme activity at di erent temperatures. On incubation
at 4 and 25C, the anity bound preparation retained
60% and 77% of initial peroxidase activity after incubation for 14 days, while the half-life of the soluble LPO
was 8 and one day at these temperatures, respectively
(Figure 4). At higher temperature, the anity-bound
enzyme retained 20% of its original activity by heating
at 75C for 60 min (Figure 5), while the free enzyme
inactivates entirely in less than 5 min at the same
temperature. At 65C, the immobilized enzyme retained more than 60% of its initial activity for 200 min,
while the catalytic activity of the free enzyme dropped
to 20% after the same time of exposure (Figure 5
inset). These results indicate that the thermal stability
of bound LPO increases considerably, as a result of
immobilization on Con A-Sepharose 4B. One explanation for the observed stability of the anity bound

Figure 2. E ect of pH on enzyme activity of free () and
immobilized () lactoperoxidase.

Figure 3. Temperature optima for soluble () and
immobilized () lactoperoxidase.

E ect of pH and Temperature on Enzyme
Activity
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stability of free () and immobilized
Figure 4. Thermal
() LPO at 4 C, compared with its stability at 25 C for
free () and immobilized () enzyme.

Figure 6. Reusability of immobilized lactoperoxidase on
Con A-Sepharose 4B.

Table 1. Determination of kinetic parameters for free and
immobilized LPO.

Kinetic
Free Immobilized
Parameters Enzyme
Enzyme
Km
Kcat
Kcat =Km

0.57
4.2
7.36

0.64
5.4
8.34

bilized enzyme could be reused seven times without a
remarkable loss of activity (Figure 6).
stability of free () and immobilized
Figure 5. Thermal
() LPO at 75 C, compared with its stability at 65 C
(insert gure) for free () and immobilized () enzyme.

preparation may be reduced conformational exibility
as a consequence of linkage to Con A through the
glycosyl chains, providing facilities for the enzyme to
refold after thermal denaturation. This enhancement
in stability has been shown for LPO [14,22] and several
other glycoenzymes [23] attained greater resistance to
various forms of denaturation when immobilized via
their glycosyl residues.
Table 1 gives the kinetic parameters determined
from Michaelis-Menten kinetics. The Km and Vmax
of immobilized LPO are higher than the unbound
enzyme. A simultaneous increase of Km and Vmax was
also observed for the immobilized malic enzyme [24].
This e ect has been attributed to the di usion limit
of the substrate to the active site of the immobilized
enzyme [25]. A similar interpretation may be made
for LOP. The immobilized enzyme, in fact, shows
higher catalytic eciency (Kcat =Km) when compared
to the free enzyme, which may be caused by the higher
thermal stability of the immobilized form. The immo-

CONCLUSION
The results of this work suggest that the strategy
of biospeci c interaction between glycosyl chains of
LPO and Con A allows a sucient strong bond with
the matrix to be established. The advantages of
this biospeci c glycolenzyme immobilization are in
the designing of ecient and stable biocatalysts, the
potential reuse of lectin matrix and the possibility of
using the technique of biospeci c adsorption for enzyme
modi cation in the design of new biosensors.

ACKNOLEDGMENT
The authors thank Alireza Abhari for his assistance in
performing experiments. This work was supported by
University of Isfahan, grant no. 811023.

REFERENCES
1. Mattiasson, B. \Anity immobilization", Mosbach,
K., Ed., Methods in Enzymology, 137, New York,
Academic Press, p 647-56 (1988).
2. Saleemuddin, M. \Bioanity base immobilization of
enzymes", Adv. Biochem Eng. Biotechnol., 64, pp 2036 (1999).

Biospeci c Immobilization of Lactoperoxidase
3. Saleemuddin, M. and Husain, Q. \Concanavalin A:
a useful ligand for glycoenzyme immobilization- A
review", Enzyme Microb. Technol., 13, pp 290-295
(1991).
4. Boots, J.W. and Floris, R. \Lactoperoxidase: From
catalytic mechanism to practical applications", International Dairy Journal, 16, pp 1272-76 (2006)
5. Stanislawski, M., Rousseau, V., Goavec, M. and
Ito, H. \Immunotoxins containing glucoseoxidase and
lactoperoxidase with tumoricidal properties: In vitro
killing e ectiveness in a mouse plasacytoma cell
model", Cancer Research, 49, pp 5497-504 (1989).
6. Seifu, E., Buys, E.M. and Donkin, E.F. \Signi cance
of lactoperoxidase system in the dairy industry and its
potential applications", Trends Food Sci. Technol., 16,
pp 137-54 (2005).
7. Nakada, M., Dosako, S., Hirano, R., Oooka, M. and
Nakajima, I.\Lactoperoxidase suppresses acid production in yoghurt during storage under refrigeration",
International Dairy Journal, 6, pp 33-42 (1996).
8. Tenovuo, J. \Clinical applications of antimicrobial host
proteins lactoperoxidase, lysozyme and lactoferrin in
xerostomia: Ecacy and safety", Oral Diseases, 8, pp
23-29 (2002).
9. Desmond, D., Compagnone, D., Lane, B., Alderman, J., Glennon, J.D. and Gulbault, G.G.
\A lactoperoxidase-based ow injection amperometric
biosensor for iodide detection", Sensor & Actuators B,
47, pp 30-36 (1998).
10. Cals, M.M., Mailliart, P., Brignon, G., Anglade, P. and
Dumas, B.R. \Primary structure of bovine peroxidase,
a fourth member of a mammalian heme peroxidase
family", Eur. J. Biochem., 198, pp 733-39 (1991).
11. Booth, K.S., Kimura, S., Lee, H.C., Ikeda-Saito,
M. and Caughey, W.S. \Bovine myeloperoxidase and
lactoperoxidase each contain a high anity binding
site for calcium", Biochem. Biophys. Res. Comm., 160,
pp 879-902 (1989).
12. Kussendrager, K.D. and van Hooijdonk, A.C.M.
\Lactoperoxidase: Physico-chemical properties, occurrence, mechanism of action and applications", British
J. Nutrition., 84, pp S19-S25 (2000).
13. Mislovicova, D., Masarova, J., Vikartovska, A.,
Gemeiner, P. and Michalkova, E. \Biospeci c immobilization of mannan-penicillin G acylase neoglycoenzyme on conconavalin A-bead cellulose", Journal of
Biotechnology, 110, pp 11-19 (2004).

307
14. Tenovuo, J. and Kurkijarvi, K. \Immobilized lactoperoxidase as a biologically active and stable form of an
antimicrobial enzyme", Arch. Oral Biol., 26, pp 309-14
(1981).
15. Uguz, M.T. and Ozdemir, H. \Puri cation of bovine
lactoperoxidase and investigation of antibacterial
properties at di erent thiocyanate mediated", Appl.
Biochem. Microbiol., 41, pp 349-53 (2005).
16. Putter, J. and Becker, R. \Methods of enzymatic
analysis", 3th Ed., in Peroxidases, Bergmeyer, H.U.,
Ed., 3, VCH, Weinheim, p 286 (1983).
17. Laura, A., Sheri, A. and Amy, E. \Spectral analysis
of lactoperoxidase", J. Biol. Chem., 271, pp 3406-12
(1996).
18. Laowry, O.H. \Protein measurement with folin
reagent", J. Biol. Chem., 193, pp 265-75 (1951).
19. Anzai, J., Kobayashi, Y., Nakamura, M. \Alternate
deposition of concanavalin A and mannose-labelled enzymes on a solid surface to prepare catalytically active
enzyme thin lms", J. Chem. Soc. Perkin Trans., 2,
pp 461-62 (1998).
20. Sardar, M. and Gupta, M.N. \Immobilization of
tomato pectinase on con A-seralose 4B by bioanity layering", Enz. Microbal Technol., 37, pp 355-59
(2005).
21. Ozdemir, H., Aygul, I. amd Kufervioglu, O.I. \Puri cation of lactoperoxidase from bovine milk and
investigation of the kinetic properties", Perp. Biochem.
Biotechnol., 31, pp 125-34 (2001).
22. Nino, G.D., Turacchio, M., D'Archivio, A.A., Lora,
S., Corain, B. and Antonini, G. \Catalytic activity of bovine lactoperoxidase supported on macroporous poly (2-hydroxyethyl methacrylate-co-glycidyl
methacrylate)", Reac. Func. Poly., 61, pp 411-19
(2004).
23. Gupta, M.N. and Saleemuddin, M. \Bioanity based
oriented immobilization of stem bromelain", Biotechnol. Letter, 28, pp 917-22 (2006).
24. Chang, G.G., Hang, T.M. and Chang, T.C. \Immobilization of the tetrameric and monomeric forms of
pig liver malic enzyme on sepharose beads", Eur. J.
Biochem., 213, pp 1159-65 (1993).
25. Dumitrius, S., Popa, M., Artein, V. and Dan, F.
\Urease immobilization on carboxymethyl cellulose",
Biotechnol. Bioeng., 34, pp 283-90 (1989).

