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Abstract 
Milky mushroom (Calocybe indica P&C) is one among the prevalent edible tropical mushrooms 

cultivated in India. It is well known that secretion of lignocellulolytic enzymes in mushrooms play an 

important role in degradation of agroresidues but it is understood that certain enzymes are also related to 

morphogenesis of mushrooms. In this regard, the present study was undertaken to study the function of 

morphogenesis related enzymes viz., mannitol dehydrogenase (MtDH), xylanase, laccase, tyrosinase and 

lipoxygenase (LOX) activities at seven different growth stages viz., pinhead, tiny button, button, I 

elongation, II elongation, maturation, complete maturation both in pileus and stipe of Calocybe indica 

var. APK2 and CBE-TNAU-1523 wild isolate. The results indicated that activity of MtDH, xylanase, 

laccase, tyrosinase and LOX in the mushroom is found to be maximum at stage five (II elongation) 

followed by stage four (I elongation) and the rate of increase in activity was higher from stage one to 

stage five in pileus when compared to stipe in both APK2 variety and CBE-TNAU-1523 wild strain of 

Calocybe indica. Among, all the enzymes assayed, the activity of xylanase was recorded maximum at all 

the seven stages of mushroom growth followed by lipoxygenase activity. Maximum activity of xylanase 

was recorded in pileus of APK2 variety and CBE-TNAU-1523 wild strain (3.514μmoles/min/g and 

3.551μmoles/min/g, respectively) when compared to stipe. 

 

Keywords: Calocybe indica (P&C) var. APK2, CBE-TNAU-1523, morphogenesis related enzymes, 

mannitol dehydrogenase, laccase, xylanase, tyrosinase and lipoxygenase 

 

Introduction 
Huge amount of lignocellulosic agricultural crop residues and agro-industrial by-products 

generated annually which are rich in organic compounds that are worthy of being recovered 

and transformed. However, their handling and disposal are often problematic, due to their 

chemical structure and decomposition properties and there by burnt or incorporated into the 

soil. But these residues are of particular interest for the agricultural economy of temperate and 

subtropical countries, since they are produced in large quantities. Philippoussis (2009) 

accomplished that the cultivation of mushroom is a prominent biotechnological process to 

enhance the value of agro-industrial production. Previous research work indicates that the 

lignocellulose degrading mushroom species are used in various solid state fermentation 

applications for bioremediation and biodegradation of hazardous compounds (Perez et al., 

2007) [32], biological detoxification of toxic agro-industrial residues (Soccoland Vandenberghe, 

2003) [38], biotransformation of agro industrial residues to mushroom food and animal feed 

(Okano et al., 2006) [30], compost and product developments such as biologically active 

metabolites, enzymes, and food flavour compounds (Nikitina et al., 2007) [29].  

Among applications of solid state fermentation (SSF), mushroom cultivation has proved its 

economic strength and ecological importance for efficient utilization, value-addition and 

biotransformation of agro-industrial residues (Zervakis and Philippoussis 2000) [45]. 

Commercial mushroom productionis yet another efficient and relatively short biological 

process of food protein recovery from unutilized lignocellulosic materials through enzymatic 

degrading capabilities of mushroom fungi (Chiu and Moore, 2001) [8]. 

The use of crop residues depends on the capacity of the fungus to produce a lignocellulolytic 

enzyme complex (Buswell et al., 1996) [5]. This complex includes the oxidative enzymes 

laccase and manganese peroxidase (MnP), which are involved in lignin degradation (Shah and 

Nerud, 2002) [36], and the hydrolytic enzymes xylanase and cellulase (Eira, 2004), which are 

involved in hemicellulose and cellulose degradation, respectively. In nature, mostly all the 

basidiomyceteous fungi are able to degrade lignin efficiently by the means of solubilization 

and mineralization (Kirk and Cullen 1998) [19]. In mushrooms mannitol functions as an 

osmoregulator by encouraging the influx of water from the environment to develop turgor  
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pressure thereby, helps in fruiting body development 

(Jennings, 1985) [16]. The extracellular secretion of laccases by 

basidiomycete fungi are capable of mineralizing lignin that is 

apparently unique to this group of organisms (Thurston, 1994) 

[41]. The formation of rhizomorphs (mycelial strands formed 

from large numbers of tightly adpressed hyphae) is a different 

developmental change that is associated with laccase 

synthesis in Armillaria mellea (Worrall et al., 1986) [44] and is 

responsible for making a polyphenolic glue that sticks the 

hyphae together. Xylanases are similar to cellulases and it can 

act synergistically to achieve hydrolysis; predominant 

enzymes within this system are endoxylanases which attack 

the polysaccharide backbone, and b-xylosidases, which 

hydrolyze short xylooligosaccharidesto xylose (Montoya et 

al., 2012) [26]. Tyrosinase is a multifunctional, glycosylated 

and copper containing oxidase, which catalyzes the first two 

steps in mammalian melanogenesis and is responsible for 

enzymatic browning in fresh fruits, vegetables, beverages and 

mushrooms (Liu et al., 2013) [22]. Lipoxygenase are involved 

in the biosynthesis of leukotrienes and lipoxins, which are 

potent mediators of inflammatory responses (Nicolaou et al., 

1989) [28]. Also they play role in the production of volatile 

molecules that can positively or negatively influence the 

flavor and aroma (Tasaki et al., 2013) [40]. 

Milky mushroom (Calocybe indica) var.APK2 is one of such 

mushroom varieties, where complete commercial production 

techniques have been standardized for the first time of Tamil 

Nadu Agricultural University (Krishnamoorthy, 1998) [20]. 

The milky mushroom Calocybe indica is highly suitable for 

hot humid climate and can be cultivated almost throughout 

the year in India except few places (Pani, 2010). Since this 

mushrooms is morphologically similar to Agaricus bisporus 

(button mushroom), it has been quite popular in southern 

Indian states and slowly getting popular in other countries 

(Krishnamoorthy and Balan, 2015). In this regard, the present 

study focuses the role of the assay of Calocybe indica var. 

APK2 and CBE-TNAU-1523 wild strain morphogenesis 

related enzymes at different growth stages of milky 

mushroom. 

 

Materials and methods 

Preparation of milky mushroom bed 

Beds were prepared following “polybag method” described by 

Baskaran et al., (1978) [2] using paddy straw. 

 

Preparation of Casing soil 
Garden soil (clay loam; pH 8.4) was used for casing 

throughout the study. The soil moisture content was adjusted 

to 20 per cent following the method of Devadoss (1971) [9]. 

 

Collection of sample 

Fresh fruiting bodies of Calocybe indica (P&C) var. APK2 

and wild strain CBE-TNAU-1523 at seven different growth 

stages were collected from separately as described by 

Chakraborthy et al., (2000) and used for morphogenesis 

related enzyme assay. 

 

Assay of Mannitol dehydrogenase (MtDH) 

Mannitol dehydrogenase was assayed as suggested by 

Chakraborthy et al. (2004) with some modifications. One 

gram of tissue was extracted with 20 mM HEPES 

(Hydroxyethylpiperazinethanesulfonic acid) KOH buffer (pH 

7.5) containing 1 mM EDTA, 2 mM 2- mercaptoethanol and 2 

mM PMSF (Phenyl Methyl Sulfonyl Fluoride). Unbroken 

cells, and cell debri were removed by centrifugation at 32,000 

rpm for 60 min at 4°C and the supernatant was used as the 

cell extract. MtDH activity was determined by incubating the 

cell extract at 25°C in 20 mM HEPES-KOH (pH 7.5) - 500 

mM fructose - 0.25 mM NADPH. The enzyme activity was 

monitored by recording the change in absorbance at 340 nm. 

The enzyme assay was repeated three times to avoid 

experimental errors. 
 

Assay of Laccase 
Laccase activity was determined using guaiacol as the 

substrate according to the method of Sandhu and Arora 

(1985) [35]. One gram of tissue was extracted with phosphate 

buffer. Cell debris were removed by centrifugation at 32,000 

rpm for 60 min at 4°C and the supernatant was used as the 

cell extract. Laccase was assayed by adding 0.3 mL enzyme 

source to 2.5 mL of 30 μM Guaiacol in phosphate buffer (0.1 

M) at pH 6.0. Absorbance was read at 470 nm after 

incubating the reaction mixture for 30 min at 25oC against 

zero time control. One unit of laccase activity was calculated 

as change in absorbance by 0.001 min–1 mL–1 of enzyme 

source at 250C. 
 

Assay of Xylanase 
Xylanase activity assay was performed according to Miller 

(1959) [25]. One gram of tissue was macerate and extracted 

with sodium citrate buffer (pH 5.3) and centrifugation at 

32,000 rpm for 60 min at 4°C and the supernatant was used as 

the cell extract. The reaction mixture consisting of 1.8 mL of 

a 1.0% (w/v) suspension of birch-wood xylan in 

50mMsodiumcitrate and 0.2 mL of enzyme dilution (in 50 

mM sodium citrate at pH 5.3) was incubated at 50oC for 5 

min. Released reducing sugars were determined by 

dinitrosalicylic acid reagent (DNS) method, by adding 3 mL 

of DNS solution and then incubating the mixture at 95oC for5 

min. Absorbance was measured at 540 nm. One unit of 

enzyme is defined as the amount of enzyme catalyzing the 

release of 1 mmol of xylose equivalent per minute. 
 

Assay of Tyrosinase 

The tyrosinase activity assay was performed according to 

Boiret et al., (1985) [3] with slight modifications. The one 

gram of tissue was macerated with phosphate buffer (pH 6.8) 

at 1:1 (w/v) ratio. The extract was collected and centrifuged at 

15,000 rpm for 30 min at 4°C. The supernatant was used as 

enzyme source. Assay was conducted with the reaction 

mixture, total volume of 3.0 ml: 3 mM-L-tyrosine, 47 mM-

sodium phosphate buffer (pH 6.8) and 25 μl of enzyme 

source. The rate of formation of dopachrome was measured at 

475 nm. Control was maintained without adding enzyme 

mixture. The enzyme activity was expressed as changes in 

absorbance at 470 nm 
 

Assay of Lipoxygenase 

Lipoxygenase was assayed according to Axelrod et al., (1981) 

[1]. The cells were homogenized in an ice bath with 0.1 M 

TRIS-HCl buffer (pH 8.5) containing 1% PVP (w/v), 1 mM 

CaCl2, 5 mM DTT, and 10% (v/v) glycerol. The homogenate 

was centrifuged at 11 000 rpm for 20 min at 4 °C, and the 

supernatant was used as the enzyme extract. 50 mg of linoleic 

acid was added to 50 mg Tween 20 and mixed with 10 ml of 

Na2HPO4 buffer (0.1 M, pH 8.7) by stirring. The solution was 

cleared by addition of 250 ml of 1 M NaOH and diluted to 25 

ml with the buffer. One ml of the enzyme reaction mixture 

contained 50 ml enzyme extract, 0.95 mlNa2HPO4 buffer and 

5 ml of substrate solution. The increase in absorbance was 

monitored at 234 nm. 
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Result and Discussion 

The enzymes activities were spectrophotometrically assayed 

in all seven growth stages of the milky mushrooms viz., 

Calocybe indica (P&C) APK2 variety and CBE-TNAU-1523 

wild strain at 24 hours interval. The results revealed that the 

morphogenesis related enzymes viz., mannitol dehydrogenase, 

xylanase, laccase, tyrosinase and lipoxygenase were secreted 

in higher levels in pileus when compared to stipe. Among all 

the enzymes tested, xylanase showed maximum activity 

followed by lipoxygenase in both the mushrooms. Tyrosinase 

enzyme recorded lesser activity in all the stages of APK2 

variety and CBE-TNAU-1523 wild strain. 

 

Morphological stages of milky mushroom 

The different growth stages of Calocybe indica is refers to 

pinhead (stage 1), tiny button (stage 2), button (stage 3), I 

elongation (stage 4), II elongation (stage 5), maturation (stage 

6), complete maturation (stage 7) (Plate 1 and 2). 

 

Mannitol dehydrogenase activity (Mtdh) 

In the present study, mannitol dehydrogenase activity was 

maximum in stage five (0.635 and 0.711 μmoles/min/g in 

APK2 and CBE-TNAU-1523, respectively) followed by stage 

four (0.617 and 0.623 μmoles/min/g in both mushrooms). 

Among the parts of mushroom, pileus recorded maximum 

(0.635 and 0.711 μmoles/min/g) activity of the enzyme 

followed by stipe (0.221 and 0.133 μmoles/min/g) in both 

APK2 and CBE-TNAU-1523 milky mushrooms (Tables 1 

and 2). The rate of increase in activity was higher from stage 

one to stage five when compared to stage six and stage seven. 

During the mannitol synthesis NADPH is obtained from 

pentose phosphate pathway (Dutsch and Rast, 1972) [10]. 

Mannitol, a six carbon polyol that accumulates in growing 

sporophores i.e. in both pileus and stipe during and between 

the flushes of fruiting body development (Hammond & 

Nichols, 1976) [13]. The increase in MtDH. activity in 

developmental stages had been attributed to the increase in 

Hexose monophosphate (HMP) activity (Hammond, 1981) 

[14]. In contrast, mannitol dehydrogenase activity was reported 

to be high during the developmental stage 1 of A. bisporus 

and decreased progressively in subsequent stages (Morton et 

al., 1985) [27].  

 

Laccase activity 

The laccase activity was found to be significantly higher in 

stage 5 (1.519 and 1.681μmoles/min/g) in Calocybeindica 

(P&C) var. APK2 and wild strain CBE-TNAU-1523, 

respectively. Minimum laccase activity was recorded at stage 

1 (0.333μmoles/min/g in APK2 variety and 

0.411μmoles/min/g CBE-TNAU-1523).Widiastuti et al., 

(2008) described that the activity of laccase was very high 

(1.762 U/ml) during the mycelial colonization of P. ostreatus 

and which declined after two weeks and further increased in 

three weeks, but during fruit body formation the laccase 

activity reduced sharply. In the cultivated button mushroom 

Agaricus bisporus, laccase activity accumulates during 

vegetative growth but undergoes rapid inactivation shortly 

after the onset of fruit body formation (Wood, 1980) [43]. 

Kalmis and Sargi (2004) [17] reported that there existed an 

inverted correlation between laccase and manganese 

peroxidase activities and fruiting body maturation of 

Pleurotus ostreatus, with the minimum of activity occurring 

when the mushrooms were mature. 

 

Xylanase activity  
Among all the enzymes tested xylanase shows maximum 

activity at all the growth stages of both Calocybe indica 

(P&C) var. APK2 and wild strain CBE-TNAU-1523 but the 

level of enzyme induction in stage six and seven was 

decreased when compared to other stages. The results 

indicated that stage five is having more activity of 

xylanase3.514μmoles/min/g, followed by stage four (3.443 

μmoles/min/g) in APK2variety (Table 1) similar trend was 

observed in CBE-TNAU-1523 wild strain with higher 

xylanase activity in stage five (3.551μmoles/min/g) and stage 

four (3.452 μmoles/min/g) (Table 2). Whereas, stage1 and 

stage2 recorded less activity of xylanase in both mushrooms. 

However the activity of xylanase was maximum in pileus 

when compared to stipe in both mushrooms. Elisashvili et al., 

(2008) [11] reported that the P. ostreatus xylanase activities 

gradually increased during second fruiting stage of mushroom 

and then decreased. Matsumoto (1998) found that the 

cellulase and xylanase activities increased during the 

development of the fruiting bodies of Lentinula edodes, with 

highest levels during mushroom maturation which may be due 

to the fungus need to mobilize large amounts of carbon for 

mushroom formation. 

 

Tyrosinase activity 
Tyrosinase is an enzyme that belongs to Poly phenol oxidase 

family. The present study indicates that the presence of 

tyrosinase recorded minimum activity when compared to all 

the enzymes assayed. Stage five registered significantly high 

tyrosinase activity (0.043μmoles/min/g)followed by stage 

four (0.033μmoles/min/g) in APK2 variety and 0.142 and 

0.112 μmoles/min/g in CBE-TNAU-1523 (Table 1 and 2). 

The tyrosinase activity increased with subsequent stages of 

maturity, which was correlated with senescence of fruiting 

bodies of V. volvacea (Kiran Kumar, 2015) [18] and browning 

effect in Agaricus mushrooms (Singh et al., 2010) [37]. 

 

Lipoxygenase 

In this present study, lipoxygenase is recorded as a second 

highest enzyme activity present in all the stages of mushroom 

next to xylanase. Among the parts of the mushroom high 

lipoxygenase activity was recorded in pileus (3.435 

μmoles/min/g) in stage five followed by stage four (3.159 

μmoles/min/g) in variety APK2 (Table 1). In CBE-TNAU-

1523, 3.453and 3.132 μmoles/min/g recorded in pileus of 

stage 5 and stage 4, respectively (Table 2). Hiroi (1988) [15] 

and Kuribayashi et al., (2002) [21] reportedthat the purified 

form of lipoxygenase (LOX) showed that free linoleic acid, 

which is the most abundant fatty acid (72.4% of total fatty 

acid) present in the pileus of P. ostreatus converts linoleic 

acid to 13-Z,E-HPOD (hydroperoxy-(Z, E)-11, 13-

eicosadienoic acid). In the other hand Mau et al., (1992) [24] 

reported that 10-oxo-trans-8-decenic acid produced 

concurrently with 1-octen-3-ol might be involved in the 

development of fruiting bodies of Agaricus bisporus. Because 

it has been assumed that the formation of 1-octen-3-ol 

requires actions of lipoxygenase and hydroperoxidelyase-like 

enzyme, involved in the fruiting formation of mushroom. 
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Plate 1: Different growth stages of Calocybe indica var. APK2 

 

S1-Pinhead S5-II Elongation 

S2-Tiny button S6-Maturation 

S3-Button S7-Complete maturation 

S4-I Elongation  
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Plate 2: Different growth stages of Calocybe indica CBE-TNAU-1523wild strain 

 
S1-Pinhead S5-II Elongation 

S2-Tiny button S6-Maturation 

S3-Button S7-Complete maturation 

S4-I Elongation  

 

 
 

Fig 1: Assay of morhogenesis related enzymes of Calocybe indica Var. APK2 

 

Conclusion 

The morphogenesis related enzymes viz., mannitol 

dehydrogenase, laccase, xylanase, tyrosinase and 

lipoxygenase highly mediate the growth and development of 

milky mushroom Calocybe indica (P&C) var. APK2 and 

CBE-TNAU-1523 wild strain. The production of 

morphogenesis related enzymes were higher in vegetative 

growth phases of C. indica and dropped at the harvest of the 

mature mushrooms. The drastic changes of enzyme activities 

as observed in milky mushroom Calocybe indica from stage 

one to stage seven was assumed to be due to the influence of 

internal physiological conditions of the mushrooms which is 

related to synchronization and oxidation as reported by 

Bonnen et al., (1994) [4] and Ruhl et al., (2008) [34] in Agaricus 

bisporus and Pleurotus ostreatus, respectively. Among all the 

enzymes assayed xylanase shows maximum activity in all 

seven growth stages of mushrooms followed by lipoxygenase. 

Tyrosinase enzyme was observed in all the seven growth 

stages; however secretion was comparatively less which may 

be the contributing factor for reduction of browning effect and 

extension of shelf life in both APK2 variety and CBE-TNAU-

1523 wild strain of Calocybe indica (P&C). The findings 

from this study clearly depicts that the lipoxygenase enzyme 

plays a major role in production of volatile compounds which 

influence the flavour and fruiting body formation of 

mushroom. Further research will lead to identification of the 

gene activity of lipoxygenase enzyme and gene alteration 

through genome editing techniques to architect the mushroom 

size and to improve the flavour of milky mushroom. 
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