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ABSTRACT
Optimization of manganese peroxidase production by an indigenous litter decomposing basidiomycetes Agaricus heterocystis was
studied under submerged fermentation. The physical parameters namely, pH, temperature, and the nutritional parameters like
suitable carbon and nitrogen sources and aminoacids were studied for the higher enzyme production. Of the different temperature
(20, 25, 30, 35 and 40C) tested for the optimal MnP production, 30C showed the maximum activity of 45.19 ± 1.08 U/ml on 17th
day. The optimum pH for the MnP production was found to be pH 5.5. Among the different carbon sources tested fructose
supported maximum (52.17 ± 0.97 U/ml) MnP production, where as peptone supported the maximum activity (53.86 ± 1.09 U/ml at
day 19) among the different nitrogen sources tested. Of the different amino acids tested, tryptophan enhanced the maximum
enzyme activity (54.39 ± 0.87 U/ml). The above result indicates that the Agaricus heterocystiscan be used as a biotechnological tool.
Keywords: Manganese peroxidase, Agaricus heterocystis, Physical parameters, Nutritional parameters.

INTRODUCTION
Basidiomycetes are the principal organisms responsible
for
lignocellulose
degradation.1
Wood-rotting
Basidiomycetous fungi are usually divided into white-rot,
brown-rot
and
litter-decomposing
fungi.2–4
Basidiomycetous white-rot fungi and related litterdecomposing fungi are the only organisms capable of
mineralizing lignin efficiently.5 Basidiomyceteslitterdecomposing fungi occur ubiquitously in forests and grass
lands, where they colonize the upper layer of soil and
humus layers. They live on dead plant material such as
leaves, needles, twinges and grass residues. To break the
protecting lignin barrier in lignocellulose, they produce
the similar spectrum of extracellular oxidoreductase
namely manganese-dependent peroxidase (MnP) (EC
1.11.1.13) and laccase (EC 1.10.3.2) as wood
decayingbasidiomycetes.6–8
Manganese peroxidases (MnP) are extracellular haeme
containing glycoprotein produced only by ligninolytic
(wood-rotting and litter-degrading) basidiomycetes,
especially during the secondary metabolism.9 They
catalyse the H2O2-dependent oxidation of Mn2+ to a
10
highly reactive Mn3+. The complex is a highly reactive
oxidant that can freely diffuse away from the enzyme’s
active centre because of its low molecular weight. Hence,
it non-specifically oxidizes a variety of phenolic and nonphenolic substances, including lignin and toxic
pollutants.11 By removing lignin, fungi are able to access
plant polysaccharides (hemicelluloses, cellulose), which
serve as their primary source of carbon and energy.
Hence, these ligninolytic enzymesare used in various
biotechnological applications in pulp and paper, food,
textile and dye industries, bioremediation, cosmetics,
analytic biochemistry and many others.

The main issue in delaying their implementation at
industrial scale is the low yield of ligninolytic enzymes in
most fungi. The ligninolytic machinery in most
basidiomycetes is highly regulated by many typical
fermentation factors such as medium composition,
nature of carbon source, pH of fermentation broth,
fermentation temperature, amount and nature of
nitrogen source and presence of inducers (Cu2+, Mn2+,
etc.).12–15 MnP production is generally optimal at high
oxygen tension, but is repressed by agitation in
submerged liquid culture.16,17 It is evident that the
potential applications of these enzymes in industrial and
environmental technologies require huge amounts of
these enzymes at low cost.
However, no studies on optimization of culture conditions
for production of MnP by an indigenous edible litterdecomposing basidiomycetes Agaricus heterocystis has
been reported to date. Hence, in the present attempt, the
test fungus was used to study the optimization of
nutritional and environmental factors for the higher MnP
production.
MATERIALS AND METHODS
Organism and inoculum preparation
Fruiting body of the Agaricus heterocystis was isolated
from south eastern part, IIT Madras, Chennai, India, and
the culture was maintained onpotato dextrose agar
medium(PDA) at room temperature. Inoculum of A.
heterocystis was prepared from mycelia grown on the
same medium incubated at room temperature for 4–
6 days. From the plate, 7-mm diameter mycelial disc was
used as the inocula.
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Optimization of medium on MnP production
The modified Asther et al.,18 media composed of glycerol
(10 g l1), ammonium tartarate (1.84 g l1), sodium
tartarate (2.3 g l1), KH2PO4 (2 g l1), MgSO4 (7H2O)
(0.7 g l1), CaCl2 (2H2O)(0.14 g l1), FeSO4 (7H2O)
(0.07 g l1), ZnSO4 (7H2O) (0.046 g l1), MnSO4 (7H2O)
(0.035 g l1), CuSO4 (5H2O) (0.007 g l1), thiamine
(0.0025 g l1), yeast extract (1 g l1), veratryl alcohol
(0.067 g l1) and Tween 80 (0.5 g l1) were used
throughout the optimization strategies for manganese
peroxidase production. Incubation was carried out on
static condition at 30 ± 1C in 250 ml Erlenmeyer flask
containing 30 ml of the medium inoculated with 7 mm
agar plug from 6-day-old mycelia grown on malt-extract
agar. Periodic harvesting of the mycelia was performed
using the filter paper. An aliquot of supernatant was
collected aseptically and culture filtrates were used as
enzyme sources.
Optimization
production

of nutritional parameters

on

species and Dichomitus squalens were cultivated at
temperatures higher than 30C. Similar results have been
reported by Nakamura et al.,21 whereby, maximum
lignolytic activity from cultures of B.adusta were attained
at 30C; but above 37C, there was no activity observed.
Also, Iqbal et al.,15 found substantial decrease in
ligninolytic enzymes of Trametes versicolor IBL-04 when
cultivated at temperatures higher than 30C.

MnP

Optimization of MnP production by A. heterocystis was
studied using different carbon sources such as fructose,
lactose, sucrose, maltose, starch; various nitrogen sources
such as ammonium nitrate, urea, beef extract, peptone,
yeast extract; and various concentrations of aminoacids
such as glycine, proline, alanine, tryptophan, methionine
were used. Optimization of physiological parameters such
as pH (4.0–8.0) and temperature (20–40C) were carried
out. All chemicals used in this research were of analytical
grade and were used without further purification.

Figure 1: Effect of temperature on MnP production
Maximum MnP produced was 48.33 ± 0.87 U/ml at pH 5.5
on day 17 (Fig. 2). Activities in the most acidic medium
(pH 3.5) were low compared to slightly acidic medium.
These findings are in agreement with previous reports as
most fungal enzymes have maximum activity when the
initial pH of the nutrient medium ranges from 4 to 6.22–24

Enzyme activity assays
Manganese peroxidase activity was determined by
monitoring the oxidation of guaiacol (2-methoxyphenol)
as the substrate at 465 nm with extinction coefficient,
465 = 12100 M1 cm1.19 The reaction mixture contained
0.5 M sodium succinate buffer (pH 4.5), 4 Mm guaiacol,
1 mM MnSO4, 600 l of mycelial culture filtrate and 1 mM
H2O2.Reaction mixture without culture filtrate served as
the blank.One unit enzyme activity was defined as the
amount of enzyme that oxidifies 1 M of substrate per
minute at 25C. The activities were expressed in U/ml.
The data represented are means of three replicates
(mean ± SD).
RESULTS AND DISCUSSION
Effect of physical parameters (temperature, pH) on MnP
production
The optimum temperature for maximum MnP production
by A.heterocystis was found to be 30C on day 17 with an
activity of 45.19 ± 1.08 U/ml (Fig. 1). Very little ligninolytic
activities were observed at temperatures above 30C
probably due to the fact that increasing the temperature
could have inhibited the fungal growth and hence,
low/decreased enzyme activities. The same trend has also
been demonstrated by Zadrazil et al.,20 when Pleurotus

Figure 2: Effect of pH on MnP production
Effects of nitrogen on MnP production
Among the various organic and inorganic nitrogen
sources,
the
highest
MnP
produced
was
53.86 ± 1.09 U/ml at day 19 (Fig. 3) in the peptone
containing culture medium. Nitrogen concentration in the
submerged culture medium plays an important role in the
production and activation of lignolytic enzymes. High
nitrogen conditions have the effect of increasing fungal
growth and biomass yield, thus increased enzyme
production could have been a result of increased fungal
biomass. The results obtained here are consistent with
some previous findings, for example, supplementing
organic nitrogen (peptone or casein) increase the MnP
25–27
production in Pleurotus ostreatus.
Levin and
28
Forchiassin found high MnP production in the high
nitrogen submerged culture of Trametes trogii. On the
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other hand, Stajic et al., reported the enhancement of
peroxidase production in P.pulmonarious by inorganic
nitrogen sources like KNO3and NH4H2PO4.
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34

Dhawan and Kuhad tested 23 amino acids and 6
vitamins for their eﬀects on lignolytic enzyme production
by Cyathus bulleri 195062 and showed the positive eﬀects
35
of methionine and tryptophan. Chandra et al., reported
that asparagine and aspartic acid have been employed in
increasing the mycelial growth and fruit body production
in Agaricus bisporus.

Figure 3: Effect of nitrogen on MnP production
Effect of carbon on MnP production
The MnP production was found to vary with the different
carbon sources. The maximum enzyme production
(52.17 ± 0.97 U/ml) was recorded on 19th day of
incubation with fructose at the concentration of 0.1% in
the medium. Moderate levels of enzyme activities were
obtained with mannitol, lactose, sucrose and starch
(Fig.4).Increased enzyme activity in media containing
these simple sugars can be explained by the high
production rate of secondary metabolites when their
producing organisms grow in complex media,30 whereas
Mansure et al.,31 showed that the use of fructose instead
of glucose resulted in a 100-fold increase in the specific
lignolytic activity of basidiomycetes. Fasidi32 found that
glucose and fructose stimulated mycelial biomass
production in Volvariella esculenta. The lignolytic enzyme
activity obtained in cultivation of Pleurotus sajor-cajuin
media containing 0.5 g/l fructose or glucose (37and
36 U/ml, respectively) was significantly higher than those
obtained with lactose33.

Figure 4: Effect of carbon on MnP production

Figure 5: Effect of amino acids on MnP production
CONCLUSION
There has been growing interest in studying the
ligninolytic enzymes from fungi with the expectation of
finding more effective systems for their application in
various biotechnological approaches. It can be concluded
that one of the key factors to increase the yield of
ligninolytic enzymes is the optimization of the production
medium.This study attempted to optimize culturing
conditions in order to improve MnP activities in
submerged culture of A.heterocystis. Varying the
physicochemical parameters such as incubation
temperature and initial medium pH improved the
amounts of enzymes produced. Furthermore, altering the
media compositions including addition of carbon,
nitrogen, aminoacids enhanced the enzyme yields.An
overall two-fold increase in MnP production was attained
as compared to the initial medium. The substrates and
inducers are safe, cheap and could be suggested for
prospective application for the higher production of
enzyme. This work provides baseline information on
growth parameters optimization for A.heterocystis under
submerged culture conditions. These findings have
implication in the culture condition choice and design for
further investigation at large scale.
Acknowledgement: We thank the Director, CAS in
Botany, University of Madras, India, for providing lab
facility and the University Grant Commission,
Government of India, for providing a research grant.
REFERENCES

Effect of amino acids on MnP production
The highest MnP production (54.39 ± 0.87 U/ml) was
recorded on 17th day of incubation with tryptophan at
the concentration of 0.01% in the medium (Fig.5). Lycine,
alanine, methionine and proline (Fig. 5) showed moderate
effect on MnP production. Levin and Forchiassin28
reported that the addition of tryptophan increased
enzyme production in the cultures of T.trogii BAFC 463.

1.

Kirk TK, Farrell RL, Enzymatic “combustion”: the microbial
degradation of lignin, Annual Review of Microbiology, 41(1), 1987,
465-501.

2.

Preston CM, Sollins P,Sayer B, Changes in organic components for
fallen logs in old-growth Douglas-ﬁr forests monitored by 13C
nuclear magnetic resonance spectroscopy, Canadian Journal of
Forest Research, 20, 1990, 1382-1391.

3.

Worrall JJ, Anagnost SE, Zabel RA, Comparison of wood decay
among diverse lignicolous fungi, Mycologia, 89, 1997, 199-219.

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

Page 82

Int. J. Pharm. Sci. Rev. Res., 17(2), 2012; nᵒ 15, 80-83
4.

Steﬀen KT, Degradation of recalcitrant biopolymers andpolycyclic
aromatic hydrocarbons by litter decomposing basidiomycetous
fungi, 2003, http://ethesis.helsinki.ﬁ/julkaisut/maa/skemi/vk/
steﬀen/degradat.pdf.

5.

Hatakka A, Biodegrada on of lignin, in:Steinbüchel A and
Hofrichter M (eds), Lignin,Humic Substances and Coal, Vol. 1,
Wiley-VCH, Weinheim, 2001, pp. 129–180, ISBN 3-527-30220-4.

6.

Bonnen AM, Anton LH, Orth AB, Lignin-degrading enzymes of the
commercial button mushroom, Agaricus bisporus, Appliedand
Environmental Microbiology, 60, 1994, 960-965.

7.

Heinzkill M, Bech L, Halkier T, Schneider P, Anke T,
Characterization of laccases and peroxidases from wood-rotting
fungi (family Copriitaceae), Applied and Environmental
Microbiology, 64, 1998, 1601-1606.

8.

Steffen KT, Hofrichter M, Hatakka A, Mineralisation of'"C14labelledsynthetic lignin and ligninolytic enzyme activities of litterdecomposing
basidiomycetous
fungi,AppliedMicrobiology
andBiotechnology, 54, 2000, 819-825.

9.

Rogalski J, Lundell T, Leonowicz A, Hatakka AI, Influence of
aromatic compounds and lignin on production of ligninolytic
enzymes by Phlebiaradiata, Phytochemistry, 30, 1991, 2869-2872.

10. Asgher M, Kausar S, Bhati HN, Shah SAH, Ali M, Optimization of
medium for decolorization of solar golden yellow R direct textile
dye
by
Schizophyllum
commune
IBL06,InternationalBiodeterioration and Biodegradation, 61(2), 2008,
189-193.

ISSN 0976 – 044X
20. Zadrazil F, Gonser A, Lang E, Influence of incubation temperature
on the secretion of extracellular ligninolytic enzymes of Pleurotus
sp. and Dichomitus squalensinto soil, Proceedings of the
Conference on Enzymes in the Environment. Activity, Ecological
Applications, Granada, Spain, 1999, p. 526.
21. Nakamura Y, Mtui GYS, Sawada T, Kuwahara M, Lignin degrading
enzyme production from Bjerkandera adusta immobilized on
polyurethane foam .Journal of BioscienceandBioengineering, 88,
1999, 41-47.
22. Galhaup C, Wagner H, Hinterstoisser B, Haltrich D, Increased
production of laccase by the wood-degrading basidiomycete
Trametes pubescens, Enzyme and Microbial Technology, 30, 2002,
529-536.
23. Jang MY, Ryu WR, Cho MH,Laccase production from repeated
batch
cultures
using
free
mycelia
of
Trametessp.,EnzymeandMicrobial Technology,30, 2002, 741-746.
24. Chen SC, Ma D, Ge W, Buswell JA, Induction of laccase activity in
the edible straw mushroom Volvariella volvacea, FEMS
MicrobiologyLetters, 218, 2003, 143-148.
25. Mikiashvili N, Elisashvili V, Wasser S, Nevo E, Carbon and nitrogen
sources inﬂuence the ligninolytic enzyme activity of Trametes
versicolor, Biotechnology Letters,27, 2005, 955-959.
26. Kachlishvili E, Penninckx MJ, Tsiklauri N, Elisashvili V, Effect of
nitrogen source on lingo cellulolytic enzyme production by whiterot basidiomycetes under solid-state cultivation, World Journal of
Microbiology and Biotechnology, 22, 2006, 391-397.

11. Rogalski J, Szczodrak J, Janusz G, Manganese peroxidise production
in submerged cultures by free and immobilized mycelia of
Nematoloma frowardii, Bioresource Technology, 97, 2006, 469476.

27. Kaal EEJ, Jong E, Field JA, Stimulation of ligninolytic peroxidase
activity by nitrogen nutrients in the white rot fungus Bjerkandera
spp. strain BOS55,Applied and Environmental Microbiology, 59,
1993, 4031-4036.

12. Arora DS, Gill PK, Effects of various media and supplements on
laccase production by some white rot fungi. Bioresource
Technology, 77, 2001, 89-91.

28. Levin L, Forchiassin F, Ligninolytic enzymes of the white rot
basidiomycete Trametes trogii, Acta Biotechnologica, 21, 2001,
179-186.

13. Prasad KK, Mohana SV, Sreenivas RR, Pati RB, Sarma PN, Laccase
production by Pleurotus ostreatus1804: optimization of
submerged culture conditions by Taguchi DOE methodology.
Biochemistry Engineering Journal, 24, 2005, 17-26.

29. Stajić M, Persky L, Hadar Y, Friesem D, Duletic-lausevic S, Wasser
SP, Nevo E, Effect of copper and manganese ions on activities of
laccase and peroxidases in three Pleurotus species grown on
agricultural wastes, Applied Biochemistry and Biotechnology,168,
2006, 87-96.

14. Asgher M, Sharif Y, Bhatti HN, Enhanced production of ligninolytic
enzymes by GanodermalucidumIBL-06 using lignocellulosic
agricultural wastes. International Journal ofChemical Reactor
Engineering, 8, 2010, 1-17.
15. Iqbal HMN, Asgher M, Bhatti HN, Optimization of physical and
nutritional factors for synthesis of lignin degrading enzymes by
novel strain of Trametes versicolor. Bioresource, 6, 2011, 12731287.
16. Keyser P, Kirk TK, Zeikus JG, Ligninolytic enzyme system of
Phanerochaetechrysosporium: synthesized in the absence of lignin
in response to nitrogen starvation, Journal of Bacteriology,135,
1978, 790-797.
17. Raghukumar C, D’Souza TM, Thorn RG, Reddy CA, Lignin-modifying
enzymes of Flavodon ﬂavus, a basidiomycete isolated from a
coastal marine environment, Applied and Environmental
Microbiology, 65, 1999, 2103-2111.
18. Asther M, Lesag L, Drapron R, Corrieu G, Odier E, Phospholipid and
fatty acid enrichment of Phanerochaete chrysosporium INA-12
relation to ligninase production, Applied Microbiology and
Biotechnology, 27, 1988, 393-398.

30. Martin JF, Demain AC, Control of antibiotic biosynthesis,
Microbiology Review, 44, 1986, 230-251.
31. Mansure M, Suarez T, Fernandez-Larrea JB, Brizuella MA, Gonzales
AE, Identification of laccase gene family in the new lignindegrading basidiomycetes CECT 20197, Applied and Environmental
Microbiology, 63, 1997, 2637-2646.
32. Fasidi IO, Studies on Volvariella esculenta(mass) Singer; cultivation
on agricultural wastes and proximate composition of stored
mushrooms, Food Chemistry, 55, 1996, 1613.
33. Bettin V, NGOs and the development policy of the European
Union, in: Dupuy P-M and Vierucci L (eds), NGOs in International
Law, Cheltenham, 2008.
34. Dhawn S, Kuhad RC, Effect of amino acids and vitamins on laccase
production by the bird’s nest fungus Cyathus bulleri. Bioresource
Technology, 84, 2002, 35-38.
35. Chandra A, Purkayastha RP, Physiological studies on Indian
mushrooms. Transactions of British Mycological Society, 69, 1977,
63-70.

19. Wunch KG, Feibelman T, Bennelt JW, Screening for fungi capable
of removing benzo[a]pyrene in culture, Applied Microbiology and
Biotechnology, 47, 1997, 620-624.

**************************

International Journal of Pharmaceutical Sciences Review and Research
Available online at www.globalresearchonline.net

Page 83

