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Abstract  The effect of different basal media, temperature, 

pH, days of incubation, carbon and nitrogen sources was 

studied on growth, reproduction and ligninolytic enzymes 

production of Dictyoarthrinium synnematicum Somrith. The 

fungus reproduced by chlamydospores and produced 

maximum growth in Glucose-peptone medium. It produced 

chlamydospores only at 24°C and pH range of 5-9. The 

optimum mycelial growth rate was observed at 24°C and pH 

5 after 16 days of incubation. It showed gradual increase in 

the production of Lignin peroxidase up to 30 days, 

Manganese peroxidase  up to 18 days of incubation after 

which it decreased and Laccase up to 22 days. The optimum 

growth and laccase activity were attained in lactose 

supplemented medium whereas the highest Lignin 

peroxidase and Manganese peroxidase activity was observed 

with glucose. It produced chlamydospores with fructose, 

glucose, maltose, sucrose and xylose. Sodium nitrate is the 

best inorganic nitrogen source for growth. Resting spores 

were formed in inorganic and organic nitrogen sources used 

in basal medium. Ammonium phosphate and potassium 

nitrate supported highest activity of Lignin peroxidase 

whereas best Manganese peroxidase activity was exhibited 

with ammonium oxalate and laccase with sodium nitrate. 

The fungus did not express ligninolytic enzymes activity 

with any organic nitrogen source.  
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1. Introduction

White rot fungi are unique in their ability to utilize lignin 

component of wood by using extracellular oxido-reductases 

enzymes [1-3] collectively known as ligninolytic enzymes. 

These ligninolytic enzymes mainly include Laccase, Lignin 

peroxidase (LiP) and Manganese peroxidase (MnP). The 

production of these enzymes by the fungi varies with 

different strains used and also depends on the composition of 

the medium used to grow these white rot fungi [4, 5]. Many 

studies have been conducted to select new species of white 

rot fungi for their overproduction to be used at large scale for 

industrial use [6-8]. There are a few studies that have been 

initiated by different authors to know the effect of carbon and 

nitrogen sources on ligninolytic enzymes production of some 

white rot fungi [9, 10]. The aim of the present study is to 

elucidate the significance of the influence of culture 

conditions (basal medium, temperature, pH, days of 

incubation and carbon sources) on mycelial biomass 

production (growth) and reproduction and the influence of 

time period, different carbon and nitrogen sources on 

ligninolytic enzymes production of a new white rot fungus 

viz. Dictyoarthrinium synnematicum.  

2. Materials and Methods

Microorganism 

The specimen of Dictyoarthrinium synnematicum Somrith. 

was collected on an angiospermic twig from Bilaspur 

(Himachal Pradesh), India. It was isolated on Malt Extract 

Agar (MEA) medium (Malt Extract 20g, Agar agar 20g, 

distilled water to make 1000ml) by single hyphal tip 

isolation method after four days and incubated for 8 days at 

24°C in order to allow the growth on the surface of petri-dish. 

The stock cultures were maintained on the MEA plates at 

±4°C with periodic transfer.  

Basal Medium and Culture Conditions 

Effect of Basal Media 

The fungus was grown in twelve different media viz. 

Raulin’s, Richard’s, Dox’s, Coon’s, Brown’s I, Brown’s II, 

Glucose-peptone, Glucose-nitrate, Czapek’s I, Czapek’s II, 

Asthana & Hawker’s and Elliot’s medium (Table.1)
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Table 1.  The chemical composition of various synthetic liquid basal media (g/litre) used for the growth (mg/25ml) of Dictyoarthrinium synnematicum. 

 

 

Effect of temperature 

The effect of temperature on mycelial growth and 

reproduction was studied by growing the fungus on basal 

medium (glucose-peptone) at 16°C, 20°C, 24°C, 28°C and 

32°C for 10 days. The temperature of the incubator was 

checked and recorded every day.  

Effect of pH 

A hydrogen-ion concentration range of 3.0-9.0 was 

selected to observe the growth and reproduction of the 

fungus with a difference of unit pH. The pH of each aliquot 

was adjusted to a separate unit value aseptically with 

sterilized solution of 1N HCl and 1N KOH and checked over 

Digital pH Meter 813 and the flasks were incubated at the 

optimum temperature (28°C) for 10 days.  

Effect of days of incubation 

A period of 30 days was selected to observe the optimum 

days of incubation for the growth, reproduction and enzyme 

production of the fungus at 28 °C and pH 5.0. 

Effect of carbon sources 

The effect of different carbon sources was evaluated by 

substituting the glucose by different carbon compounds (to 

provide 0.333 g/l of carbon equivalent to 10g/l of glucose in 

the basal medium) at 28 °C and pH 5.0 for 16 days of 

incubation. Control without additional carbon source was 

run in parallel.  

Effect of inorganic and organic nitrogen sources 

The effect of different nitrogen sources was evaluated 

replacing the peptone by different amino acids and inorganic 

nitrogen compounds (2.0 g/l) at optimum conditions i.e. at 

28 °C and pH 5.0 in lactose supplemented basal medium for 

16 days of incubation. Control without additional nitrogen 

source was run in parallel.  

Incubation was carried out in 100 ml Erlenmeyer flasks 

with 25 ml of medium, which were inoculated with a 10 mm 

surface agar plug from 8 day old culture grown on MEA for 

all the experiments. Three replicates were maintained for 

each parameter for statistical studies. Cultures were filtered 

through Whatman filter paper No. 1 and dried overnight at 

45-50 °C in a hot air oven. Dry weight of the mycelium was 

then determined using an electronic balance (Sartorius 

Analytical BL 210S). Culture filtrates were used as enzyme 

sources.  

Analytical Determinations 

Laccase activity was measured with 46 mM Guaiacol in 

0.1 M sodium acetate buffer (pH 4.5) [11]. MnP activity was 

measured using 4 mM Guaiacol as the substrate in 0.1 M 

sodium succinate buffer (pH 4.5) at 30 °C [12]. LiP activity 

was assayed by the veratryl alcohol method using 

citrate-phosphate buffer with pH 4.5 at 30 °C [12]. All 
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enzymes were assayed spectrophotometrically, using a 

SHIMADZU UV spectrophotometer 1800.  

Statistical analyses 

All the experiments were performed in triplicates. The 

means of three replicate values for all data in the experiments 

obtained were tested in a one way ANOVA at P=0.05 using 

PASW Statistics 18 software and Tukey’s test was used to 

evaluate differences between treatments.  

3. Results 

Effect of liquid culture media 

In the present study, Glucose-peptone medium (Glucose 

10.0 g/l, Peptone 2.0 g/l, Potassium dihydrogen 

orthophosphate 1.0 g/l, Magnesium sulphate 0.5 g/l and 

distilled water to make 1000 ml) was found to be an optimum 

medium for the growth of D. synnematicum. The growth rate 

was significantly greater in this medium followed by Elliot’s 

medium than in other basal media. The fungus showed no 

growth in Raulin’s medium (Fig.1). Mycelial growth was in 

the form of submerged as well as superficial, incomplete 

mycelial mat of small patches, dirty white and gelatinous in 

Richard’s, Coon’s, Czapek’s-I & II, Asthana & Hawker’s, 

Brown’s-I & II and Glucose-nitrate media, however, in 

Elliot’s medium it was dirty white turning grayish white. It 

formed submerged, incomplete but almost complete, dirty 

white and gelatinous mycelial mat in Dox’s medium. While 

in Glucose-peptone medium mycelial growth was complete 

and whitish grey. Hyphae were thin-walled, vacuolated, 

septate and profusely branched in all basal media. Along 

with thin-walled hyphae, dark brown hyphae were observed 

in Elliot’s medium, which were septate at short intervals 

(Fig. 4c). In Brown’s-I, Glucose-nitrate and 

Glucose-peptone media thin-walled chlamydospores also 

developed. In Glucose-peptone medium light brown hyphae 

were formed which aggregated to form synnemata like 

structures (Fig. 4e). 

 

Figure 1.  Growth rate of D. synnematicum in different basal media at 24°C 

after 10 days of incubation. 

Effect of temperature  

Dictyoarthrinium synnematicum exhibited optimum 

growth at 24°C (Fig. 2). The final H-ion concentration of the 

basal medium did not changed significantly. At 16°C it 

produced least growth, with submerged and superficial, dull 

white, mycelium. The fungus produced dull white to grey 

complete mycelial mat at 24°C whereas at other 

temperatures it produced incomplete, submerged mycelial 

mat in the form of patches. It formed synnemata like 

structures and thin-walled chlamydospores in chains only at 

24°C (Fig. 4d). 

Effect of pH 

The optimum pH for mycelial growth was found to be 5.0, 

whereas, at pH 3 it did not show any growth (Fig. 3). 

Mycelium was in the form of submerged, dull white, 

incomplete, gelatinous mat at pH 4. Mycelial growth was in 

the form of submerged as well as superficial, dull white 

turning whitish grey, complete, gelatinous mat at pH 5-6 

whereas from pH 7-9 it produced mycelial patches. It formed 

synnemata like structures from pH 5-9. However, no 

synnemata developed at pH 4. The chlamydospores were 

formed at all H-ion concentrations. 

 

Figure 2.  Effect of temperature on growth of D. synnematicum after 10 

days of incubation at pH 5. 

 

Figure 3.  Effect of pH on growth rate of D. synnematicum after 10 days of 

incubation at 24°C..
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Figure 4.  Microscopic characteristic of hyphae with different treatments: a- Thin-walled, septate and vacuolated hyphae. b,d- Thin-walled chlamydospores  

c- Septate brown colored hyphae formed in Elliot’s medium. e- Developing synnemata in Glucose-peptone medium. 

Effect of days of incubation 

The maximum mycelial growth in terms of average 

mycelial dry weight (mg) was observed after 16 days after 

which it decreased. The final pH of the medium did not 

changed significantly up to optimum days of incubation, 

thereafter it started increasing. It showed gradual increase in 

the production of LiP up to 30 days of incubation. The 

highest MnP and Laccase activity was measured on 18
th

 and 

22
nd

 day of incubation respectively, afterward which it 

decreased (Fig. 5). There was submerged, dull white, 

incomplete, gelatinous mycelial mat up to 8 days. Thereafter 

it formed complete mycelial mat whitish grey in color. 

Thin-walled, vacuolated, septate, branched hyphae 

developed up to 8 days of incubation (Figs. 4a,b). The fungus 

reproduced by chlamydospores (formed in chains) and 

developed whitish grey colored hyphae after 9 days of 

incubation which aggregated to form synnemata like 

structure 

 

Figure 5.  Growth rate and ligninolytic enzymes activity of D. 

synnematicum up to 30 days of incubation at 24°C and pH 5. 

 

Figure 6.  Effect of different carbon sources on growth and ligninolytic 

enzymes activity of D. synnematicum at 24°C and pH 5 after 16 days of 

incubation. 

Effect of carbon sources 

The maximum mycelial growth was attained in lactose 

supplemented medium followed by glucose, maltose and 

fructose. The least growth was found in pectin and sorbose 

containing medium (Fig. 6). The final pH of the medium 

containing lactose, pectin and starch as carbon source 

changed significantly. The highest Laccase activity was 

measured in lactose followed by glucose whereas activity 

was found to be nil in fructose, starch, sucrose and xylose. 

MnP activity was observed to be maximum in glucose 

followed by fructose and sucrose. No MnP activity was 

observed in pectin, raffinose and starch and least activity was 

measured in lactose and xylose. The highest LiP activity was 

expressed in glucose, maltose and lactose. The fungus did 

not express LiP activity with fructose, raffinose, sorbose, 

sucrose and xylose (Fig. 6). The enzyme activities obtained 

show that the MnP enzyme is predominant in this isolate as 
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compared to LiP and Laccase. Hyphae were thin-walled, 

profusely branched, septate and vacuolated; whitish grey 

hyphae formed synnemata like structures in control, glucose, 

lactose and starch. Microscopic studies revealed that it 

produced chlamydospores in selected carbon sources viz: 

fructose, glucose, maltose, sucrose and xylose (Fig. 7). No 

chlamydospores developed in control, lactose, pectin, 

raffinose, sorbose and starch.  

Effect of nitrogen sources: 

Sodium nitrate followed by potassium nitrate among the 

inorganic & organic nitrogen sources used in basal medium 

exhibited maximum growth rate (Fig. 8). It did not grow in 

basal media containing ammonium acetate, sodium nitrite, 

L-α- amino n-butyric acid, L-cystine, L-cysteine HCL, 

DL-tryptophan and L-tyrosine as nitrogen source (Fig. 9). 

Dictyoarthrinium synnematicum exhibited highest activity of 

LiP with ammonium phosphate and potassium nitrate 

whereas the activity was not observed in ammonium chloride. 

The maximum MnP activity was found in ammonium 

oxalate, followed by potassium nitrate and it was absent in 

all other inorganic nitrogen containing basal medium. 

Laccase activity was found to be significantly high in sodium 

nitrate supplemented basal medium followed by ammonium 

oxalate (Fig. 8). Ammonium phosphate and potassium 

nitrate was found to be inhibitory for the expression of 

laccase activity. It did not express ligninolytic enzymes 

activity with any of the free amino acids. Mycelial growth 

was in the form of submerged as well as superficial, dull 

white, incomplete, mycelial patches in control, ammonium 

chloride, ammonium nitrate, ammonium chloride and 

ammonium phosphate and in all organic nitrogen sources & 

in ammonium sulphate, potassium nitrate and sodium nitrate. 

It did not reproduce in control, ammonium chloride, 

ammonium oxalate, potassium nitrate, DL-serine HCL and 

DL-threonine whereas it developed chlamydospores in 

inorganic nitrogen viz. ammonium nitrate, ammonium 

phosphate, ammonium sulphate and sodium nitrate and 

organic nitrogen sources viz. DL-alanine, L-arginine, 

DL-aspartic acid, dihydroxy phenylalanine, L-glutamic acid, 

glycine, L-histidine HCL, hydroxyl proline, L-leucine, 

lysine, DL-methionine, L-ornithine HCL, DL-phenylalanine, 

L-proline and DL-valine (Fig. 7).  

 

Figure 8.  Effect of inorganic nitrogen sources on growth and ligninolytic 

enzymes activity of D. synnematicum at 24°C and pH 5 after 16 days of 

incubation. 

 

Figure 7.  Microscopic characteristics: a,b- Thin-walled, branched hyphae developed in different carbon and nitrogen compounds. c- Thin-walled, whitish 

grey hyphae developed to form synnemata like structures in glucose, lactose, maltose, pectin and starch. d,e- Thin-walled chlamydospores in chains 

developed in carbon sources viz. fructose, glucose, maltose, sucrose and xylose; inorganic nitrogen sources viz. ammonium nitrate, ammonium phosphate, 

ammonium sulphate, sodium nitrate and in all organic nitrogen sources except DL-serine HCL and DL-threonine. 
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4. Discussion 

Optimization of the cultivation conditions for ligninolytic 

enzyme production has been extensively explored with 

selected organisms [9, 10, 13, 14]. In the present study, the 

optimum temperature for the growth of D. synnematicum 

was found to be 24°C and optimum pH 5.0. The data on 

temperature and pH shows similarity with the patterns that 

were observed for Ustilago esculenta [15], in which the 

fungal growth was inhibited at pH-3 and had prolonged lag 

phase at 16°C. It gives optimum mycelial growth rate after 

16 days of incubation. 

 

Figure 9.  Effect of organic nitrogen sources on growth and ligninolytic 

enzymes activity of D. synnematicum at 24°C and pH 5 after 16 days of 

incubation. 

It produces thin-walled chlamydospores under different 

culture conditions. MnP activity increases and reaches its 

highest value on 18
th

 day of incubation, thereafter, it 

decreases whereas the highest value of Laccase activity is 

obtained on 22
nd

 day of incubation and there is a gradual 

increase in activity of LiP up to 30 days of incubation. The 

fungus shows maximum mycelial growth with lactose which 

is in accordance with other reports on the stimulating effect 

of lactose on mycelial growth of Tolyposporium 

penicillariae [16]. In utilizing L(-) sorbose, where it gives 

least growth, this fungus resembles many fungi like 

Phyllosticta spp. [17], Nigrospora oryzae [18], Alternaria 

alternate [19], Psathyerella atroumbonata [20]. Manganese 

peroxidase and Lignin peroxidase enzymes activities are 

found to be elevated in medium containing glucose as carbon 

source. There are reports in which the effect of carbon 

sources on ligninolytic enzyme production have been studied 

extensively in case of basidiomycetous fungi and these 

studies indicate that fungi show wide diversity in their 

response to produce ligninolytic enzymes with different 

carbon sources [21-24]. In Pleurotus sajor-caju Laccase 

activity was significantly higher in medium supplemented 

with fructose or glucose than that with lactose [25]. In 

contrast to that our findings reveal that D. synnematicum 

gives maximum Laccase activity with lactose followed by 

glucose whereas with fructose it does not express Laccase 

activity. In utilizing lactose for higher production of laccase, 

this fungus resembles with Pseudotrametes gibbosa, 

Cerrena unicolor and Fomes fomentarius [5]. Among the 

inorganic nitrogen sources and free amino acids used in basal 

medium it exhibits maximum growth rate in inorganic 

nitrogen source i.e. sodium nitrate. The fungus expresses 

highest activity of LiP with ammonium phosphate and 

potassium nitrate. In literature there are contradictory results 

for the effect of concentration and source of nitrogen on 

ligninolytic enzymes. Studies have shown that peptone has 

stimulating effect on ligninolytic activity of the fungi e.g. for 

Pleurotus ostreatus [26], Polyporus sanguineus [27] and for 

Laccase and MnP accumulation by Coriolopsis gallica [10].  

On contrary to that our results show that sodium nitrate is the 

best nitrogen source for Laccase production by D. 

synnematicum whereas maximum MnP activity is expressed 

in ammonium oxalate. The production of ligninolytic 

enzymes i.e. Laccase, MnP and LiP depends not only on the 

species of fungi but also on the culture conditions, carbon 

and nitrogen sources and their concentrations [28-30]. 

The experimental results obtained so far with this fungus 

hints towards its potential application in important 

biotechnological applications. Further studies are in progress 

in this direction.  
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