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Aim : Optimization of cultural conditions for improved lignocellulolytic enzyme production by an ascomycete
HST9isolated from leaf and litter waste.

Methodology : The fungus HST9 was isolated from leaf and litter waste collected from Chaudhary Charan
Singh Haryana Agricultural University, Hisar, India. Culture experiments were conducted at different
temperature, pH, incubation periods and aeration conditions. Effects of addition of different concentrations
of various metal ions, different carbon complexes and nitrogen salts on enzyme production were also
studied under submerged culture condition. Enzyme activities were measured by standard protocols using
spectrophotometer.

Results : HST9 grew well and produced optimum enzymes at 30°C on 7" day of incubation at stationary
conditions and pH- 6. Overall enzyme activities decreased after addition of metal salts. Carboxymethyl
cellulose (300 mg I") and alkali lignin (200 mg I") were observed to be the best carbon complexes for
cellulolytic and ligninolytic activities. Ammonium sulfate was found to be a better nitrogen source compared
to others. Under optimum conditions, different enzyme activities observed were 0.011 IU m " FPase, 0.015
IUml" CMCase, 6.5 1lUm 1" Lac, 57.5 IUm " LiP and 4 IU mI" MnP. Molecular phylogenetic analysis of the
strain confirmed that strain HST9 showed closeness with genus Emericella.
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Interpretation : Lignocellulolytic enzyme activity of Emericella isolate HST9 enhanced at optimum culture
conditions, signifying that it can be used as a biological agent to degrade lignocellulosic waste.
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Introduction

The most copious biomass on earth is the plant biomass
which is considered as an attractive source of bioenergy and bio-
based chemicals. Agro-wastes generated from plant biomass
also provide an excellent alternative for chemical fertilizers in the
form of compost. In India, the most prevailing problem these days
is that generated agro-wastes are abundantly destroyed by
burning. Burning of paddy straw by farmers in north-western India
causes environmental pollution and degradation of soil health
(Kaur and Mahal, 2017). It is responsible for the loss of many
essential components of top, fertile layer of soil including
nitrogen, carbon, phosphorus, sulphur and potassium and also
reduces the number and diversity of soil microbiota, thereby
reducing the fertility and viability of agricultural land in the long
run. Efforts have been made to increase the avenues for the
alternate usage of crop residues. They can be used as fuel in
biomass based power plants for generating of bio-fuels (biogas
and bioethanol) for automobiles, raw material in paper, cardboard
and textile industries and also as organic fertilizers.

Compost can be prepared from agro wastes using natural
biological phenomena. These agro wastes are mainly composed
of three types of polymers: Cellulose, hemicellulose and lignin,
with varying ratio between the three fractions depending on plant
species and from the plant part biomass is collected (Lohre et al.,
2017). They are strongly intermeshed and chemically bonded by
non-covalent forces and covalent cross-linkages. Plant cellulose
is efficiently hydrolyzed to glucose by the synergistic action of
three types of cellulases, i.e., endoglucanases also known as 1,4-
B-D glucan 4-glucohydrolase, B-glucosidases (B-D-glycoside
glucohydrolase) and exoglucanases (fB-1,4-D-glucan
cellobiohydrolase) (Padaria et al., 2014). However, the main
hurdle in this process is lignin, which blocks artificial cellulases to
reach cellulose polymer. Due to its complex aromatic
heteropolymer and high molecular weight, lignin is extremely
recalcitrant to biodegradation (Zhao et al., 2012).

Many microorganisms that produce lignocellulolytic
enzymes have been studied from several decades. Some fungal
and bacterial species produce either ligninase or cellulase or both
isoforms (Kubicek et al., 2008), however, fungi are considered to
be better degraders of lignocellulose because they comprise all
the lignocellulolytic activities. Besides, fungal enzymes are extra-
cellular, adaptive and usually secreted in large quantities during
growth. Lignocellulose in compost is degraded and transformed
into fungal biomass and accounts 85% of fruiting body and 45% of
mycelial dry weights (Zhou et al., 2018). However, the number of
microbes identified for degradation of lignocellulosic biomass, till
date, are still unable to fuffill the industrial demands (Shary et al.,
2007; Afrida et al., 2009; Daur, 2016). Thus, identification of new
microorganisms and development of methods to utilize them
completely for lignin degradation isimportant (Tanvi et al., 2016).

Enzyme production by fungi and their function totally
depends on the appropriate cultural and physico chemical

conditions and media composition. The objectives of current
study were to isolate and identify fungal species that can
effectively produce lignocellulolytic enzymes and to optimize its
biochemical and physical conditions to obtain optimal conditions
for mycelial growth rate and activities of produced enzymes.

Materials and Methods

Isolation and selection of lignocellulolytic fungi: Samples of
leaf and litter remains in soil were collected from Chaudhary
Charan Singh Haryana Agricultural University campus (29.1504°
N, 75.7057° E), Hisar, India. Enrichment culture technique was
performed on liquid media consisting of malt extract and Mary
Mandel broth for isolation of ligninolytic and cellulolytic fungi and
then the flasks were kept on rotary shaker at 140 rpm, at 28+2°C
for incubation. After 7 days, 1 ml culture was withdrawn and a
sequential dilution of enriched sample was prepared (Tanvi et al.,
2018). This process was repeated two times within a gap of 14
days and, subsequently, microorganisms from enriched cultures
were isolated on carboxy methyl cellulose (CMC) agar (Hankin
and Anagnostakis, 1977) and malt extract agar media plate
(Erden et al., 2009). Cellulolytic activity of the fungus was
screened on CMC agar plates. Screening procedure was based
on degradation of CMC by the fungal enzymes resulting in a
transparent zone around the fungal colony which was observed
after inundation of culture plates with 0.1% Congo red dye
solution for 15-20 min, followed by detaining the plate for 15-20
min with 1 M NaCl. Index of Relative Enzyme Activity (Icmc) of the
fungus was estimated as per Bradner et al. (1999) and Peciulyte
(2007). For ligninolytic activity, zone of clearance (ratio of clear
zone diameter to colony diameter) on aniline blue (0.04%)
supplemented malt extract agar medium was calculated.

Enzyme assay: Cellulytic enzymes like CMCase and FPase
were anticipated by the method of Ghose (1987) and the reducing
sugars produced were determined by DNS method of Miller
(1959). Ligninolytic enzymes like laccase, lignin peroxidase and
manganese peroxidase were estimated by the respective
methods of Shandilya and Munjal (1983), Tien and Kirk (1988)
and Paszczynski et al. (1988). The quantity of enzyme required to
release 1 umol of reducing sugars in a minute is designated as
single International Unit (IU) of enzyme.

Culture conditions characterization: Different culture
conditions like temperature, pH, aeration, incubation period,
addition of metal ions, carbon and nitrogen sources were studied.
Equal amounts of mycelial biomass were grown at 25, 30 and
35°C at stationary and shaking conditions and pH4, 5,6 and 7. To
check the relationship between enzyme activity and incubation
period, samples from broth were withdrawn daily for 10 days. All
enzyme activities were estimated by standard procedures stated
above. Different concentrations of MnSQ, (0.003 g I, 0.006 g I
and0.009g!"), FeSO, (0.0025g1",0.005gI"and 0.0075g1") and
ZnSO, (0.0015 g I', 0.003 g I" and 0.0045 g I') were
supplemented to the broth for estimating cellulase activity. For
determining ligninase activity, 0.25 g I', 0.5g I and 1.0 g I" of
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three metallic salts were amended in broth. Varying
concentrations (50 gI", 100 gI", 200 g I and 300 g I") of different
carbon sources like alkali lignin, cellulose powder and
carboxymethyl cellulose powder were added to the respective
broths to check their effect on enzyme activities. Four different
ammonium salts (nitrogen source) viz., ammonium nitrate,
ammonium chloride, ammonium sulfate and ammonium oxalate
(0.5 g I') were added to the broth and their effect on
lignocellulolytic enzymes was observed. Standard culture of
Phanerochaete chrysosporium MTCC-787 was obtained from
MTCC, Institute of Microbial Technology (IMTECH), Chandigarh
and Trichoderma viride QM- 9414 from Department of
Microbiology, CCS HAU, Hisar for comparison. All the
experiments were performed in triplicate and the results obtained
were expressed as mean + SD.

Morphological characterization: Morphological characteristics
like colony color and size, surface, margin and pigmentation, front
and reverse morphology, septation and branching in hyphae,
reproductive structures, sporulation and arrangement of spores
were studied in (Toledo et al., 2013).

Molecular characterization: Fungal isolate was outsourced for
molecular characterization to CHROMOUS BIOTECH Put. Ltd.,
Bangalore, where the sample was subjected to PCR using 600-
650 bp internal transcribed spacer (ITS) specific primers for
18S rRNA. The gel purified sample was sequenced
bidirectionally. Sequence obtained from forward and reverse
primers was subjected to BLAST tool of NCBI for comparison.
The sequence along with other similar sequences was then
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aligned using BioEdit software and a phylogenetic tree was
constructed using MEGA (version X) software (Fig. 1) (Kumar et
al., 2018). The sequence was submitted to GenBank (NCBI)
with accession number MH032749.

Results and Discussion

Fungal isolate HST 9 showed lignocellulolytic activity
after primary screening with 1.12 mm zone of clearance and
0.070 Iemc on carboxymethyl cellulose agar plates. Similarly,
Kale and Zanwar (2016) isolated, screened and compared
cellulolytic activity of four fungal species belonging to
Trichoderma and Aspergillus. They also screened the fungi using
assay described by International Union of Pure and Applied
Chemistry (IUPAC), i.e., by Congo Red staining and NaCl washing.
The clear zone diameter around the fungi indicated the presence of
cellulolytic enzyme. However, Selvam et al. (2012) used poly R-478
and remazol brilliant blue dyes for screening of ligninolytic fungi.
Dye removalin 57 samples ranged 11.5 to 38.4% in poly- R dye and
11.1t072.0 % inremazol brilliantblue.

In this study, at 30°C (Fig. 1a) and pH 6 (Fig. 1b), the
lignocellulolytic activity of HST9 was highest. Although the
enzyme activities improved with rise in the pH from 4 to 7; but, no
significant change was observed in the enzyme activities at pH 6
and 7 (Fig. 1b). Also, at stationary conditions, enzyme activities
were better as compared to shaking conditions with 0.011 [Um I
FPase, 0.015 U m " CMCase, 7.5 IUmI" Lac, 53.5 lU m " LiP
and 41U m " MnP activity (Fig. 1c). Some other researchers have
also reported better lignocellulose utilization under static conditions

69
Aspergillus rugulosus strain DTO 325-A7

Emericella nidulans strain RGT-S3
Aspergillus sublatus strain DTO 325-B9
Aspergillus nidulans isolate TN-85

Emericella nidulans strain RTMH13.C5
Emericella dentata strain: IFM 42021
Emericella dentata strain: IFM 42028

| Aspergillus rugulosus strain APBSDSF104
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Fig. 1 : Evolutionary history of fungal strain HST9 and related fungal species constructed by neighbor-joining method. The evolutionary distances were
computed using the p-distance method and are in the units of the number of base differences per site. The percentage of replicate trees in which the
associated taxa clustered togetherin the bootstrap test (1000 replicates) is shown next to the branches. The tree is drawn to scale, with branch lengths in
the same units as those of the evolutionary distances used to infer the phylogenetic tree. This analysis involved 11 nucleotide sequences. Evolutionary

analyses were conducted by the MEGA X program.
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Table 1 : Lignocellulolytic activities of strain HST9 at different incubation periods

Cellulolytic activities (IU ml”)

Ligninolytic activities (IU mI")

Incubation
periods (Days)  ppage CMCase Lac LiP MnP
Day 0 0.000 0.000 0 0 0
Day 1 0.000 0.000 0 0 0
Day 2 0.000 0.000 0 0 0
Day 3 0.002 + 0.001 0.000 3+0.020 4+0.119 140.109
Day 4 0.004 + 0.001 0.002 + 0.001 45+0.117 6.5+ 0.045 1+0.025
Day 5 0.005 £ 0.001 0.007 + 0.002 6+0.021 472 +1.265 140213
Day 6 0.010 £0.003 0.008 £ 0.002 75+0.136 49 +1.376 3.5+0.564
Day 7 0.012 +0.003 0.016 + 0.008 7.5+0.025 58.3 +£3.412 3.5+0.358
Day 8 0.010 + 0.002 0.016 + 0.005 6.6 +0.267 6+0.750 3+0.257
Day 9 0.010 + 0.003 0.015 + 0.008 6+0.870 2+0.025 2+0.063
Day 10 0.010 + 0.007 0.015 + 0.004 6+0.875 2.5+ 1.450 2+0.764
Values are mean of three replicates + SD for all enzymes
Table 2 : Enzyme activities of strain HST9 in different concentrations of metallic salts

Cellulolytic (IU mI") Ligninolytic (IU mI”)
MnSO, (g 1) FPase CMCase MnSO, (g I) Lac LiP MnP
0.003 0.002 + 0.001 0.001 + 0.001 0.25 1142598 5+0.368 140.048
0.006 0.011 £ 0.002 0.015 + 0.866 0.50 21+1478 10+ 0.075 2+0.065
0.009 0.014 + 0.005 0.015+0.003 1.00 44 +1.476 13 +0.489 2+0.153
FeSO, (g 1) FPase CMCase FeSO, (g I") Lac LiP MnP
0.0025 0.007 +0.002 0.006 + 0.003 0.25 0 0 2+0.866
0.005 0.010 + 0.001 0.010 + 0.002 0.50 10 + 0.500 14 +0.288 140576
0.0075 0.007 +0.002 0.011 £ 0.002 1.00 140.024 9+05 2+0.763
ZnSo, (g I') FPase CMCase ZnSO, (g 1" Lac LiP MnP
0.0015 0.005 + 0.001 0.003 + 0.001 0.25 5+0478 0 2+0.068
0.003 0.011 £+ 0.004 0.015 + 0.006 0.50 20+ 1.076 5+ 0474 0
0.0045 0.010 + 0.003 0.013 + 0.005 1.00 5+0.367 9+ 0.056 2+0.110

Values are mean of three replicates + SD

as compared to that of shaking conditions (Balaji et al., 2012;
Muthukumaran et al., 2014); however there are also reports stating
that shaking conditions are helpful in lignocellulose degradation.
Abdel-Fatah et al. (2012) observed that for Aspergillus terreus strain
DSM 826, favorable conditions for the production of CMCase were
30°C incubation temperature, 150 rpm shaking, pH 4.5-5 with rice
straw and sugar cane bagasse as lone carbon source and
ammonium chloride as nitrogen source. On third day of
incubation, enzyme yield was maximum.

While observing enzyme activity at successive days, an
increase in activities was seen up to 7 days of incubation,
reaching the highest value of 0.012 U mI" FPase and 0.016 IU ml”
CMCase. After 7" day, no significant changes were observed.
Laccase, lignin peroxidase and manganese peroxidase activities
also showed similar trend with maximum values of 7.5 IU ml”,
58.30 IU mi" and 3.5 IU ml” respectively, on 7" day. Therefore, for
further experiments, estimation of enzyme activities on 7" day of

incubation was standardized (Table 1). Addition of different
concentrations of MnSO,, FeSO, and ZnSO, to the growth
medium surprisingly decreased all enzyme activities (Table 2).

This concluded that these metal ions were inhibiting the
fungal activity. In a similar study, Guillén et al. (2011) studied the
effect of copper and cadmium ions on the ligninocellulolytic
activities of 71 fungal isolates and concluded that maximum
fungal strains showed tolerance to 3mM copper in solid medium,
but were inhibited in the presence of 1mM cadmium. From Table
3, itis clear that, lignocellulolytic activities increased with increase
in substrate concentration up to 200 mg I Several many other
substrates like pre-treated groundnut shell (Vyas et al., 2005), oil
palm empty fruit bunch fiber (Shahriarnour et al., 2011), coir waste
(Mrudula and Murugammal, 2011), rice straw and sugarcane
bagasse (Abdel-Fatah et al., 2012; Kumar and Parikh, 2015) have
also been reported for producing cellulases by fungi. In a similar
study conducted by Kausar et al. (2010), the lignocellulolytic
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Table 3 : Enzyme activities of strain HST9 at different concentrations of carbon sources

Cellulolytic activities (IU ml") Ligninolytic activities (IU ml”)

Cellulose powder CMC powder Alkali lignin
Conc.* (mg ')
FPase CMCase FPase CMCase Lac LiP MnP
50 0.009 + 0.002 0.011 £ 0.002 0.010 + 0.002 0.011 £0.001 6+ 0.256 50.5+2.647 1+0.856
100 0.010 + 0.001 0.013 +0.003 0.012 + 0.003 0.011 £ 0.001 7+1547 545+3.764 0.5+0.025
200 0.013 £0.005 0.015 £ 0.002 0.019 £0.008 0.017 £0.004 11+0.149 55.5+1.488 4.5+1.043
300 0.010 £0.002 0.015 £ 0.005 0.017 £0.009 0.015 £ 0.005 7+0.236 55+ 3.767 4+0.727
Values are mean of three replicates + SD
Table 4 : Comparison of different enzyme activities of strain HST9 with standard cultures
Fungal isolate Cellulolytic activities (IU ml") Ligninolytic activities (IU ml")
FPase CMCase Lac LiP MnP
Strain HST9 0.011 £ 0.002 0.015 + 0.002 6.5+ 0.736 57.5+2.547 4+0.763
T. viride-QM 9414 0.121+0.017 0.106 + 0.023 14.5 +1.765 52.69 + 2.877 3.5+0.043
MTCC 787 0.080 + 0.008 0.029 + 0.005 0.50 £ 0.053 93.500 + 3.856 6.210 + 0.975

Values are mean of three replicates + SD

activity of ten lignocellulolytic isolates were tested and an
increase in enzyme activity was observed with increase in the
concentration of substrate i.e., powdered rice straw in the
media showing their ability to utilize complex lignocellulosic
materials by producing oxidative and hydrolytic enzymes.
Similarly, Neethu et al. (2012) supplemented basal salt medium
with synthetic (CMC, glucose, sucrose, dextrose, lactose or
maltose) and natural (flours of banana, banana peel, jack seed,
potato or tapioca) carbon sources and observed improved
cellulase activity of 173 U ml" at 1.25% CMC concentration.
Also, 1.0 and 0.5 % CMC was able to induce CMCase
effectively in sugar cane bagasse and rice straw, (Abdel-Fatah
etal., 2012). Likewise, Naseeb et al. (2015) studied the effect of
different substrates like xylan CMC and salicin on enzyme
activities and observed that these substrates were responsible
for inducing the production of hydrolytic enzymes like xylanase
endoglucanases and B- glucosidase respectively.

Nitrogen in the form of ammonium ions is easily
accessible and acts as a nutrient for fungal growth as it is
essential for the regeneration of NADH (Subramanian et al.,
2014). Amongst four differentammonium salts added, ammonium
sulfate proved to be a better nitrogen source giving 0.015 IU ml"
FPase activity, 0.007 IU mI" CMCase, 4 IU ml" Lac, 15.50 IU ml’
LiP and 0.50 IU mI" MnP activity (Fig. 1d). Similarly, Membrillo et
al. (2008) studied the effect of ammonium sulfate on enzyme
production and reported that among the two strains of Pleurotus
ostreatus under consideration, i.e., Pleurotus ostreatus |E-8
and Pleurotus ostreatus CP-50, strain IE-8 produced highest
levels of all enzymes with and without the addition of AS but

strain CP-50 showed better enzyme production i.e. 48% on
substrate particle size of 1.68 mm after adding of ammonium
sulfate as nitrogen source when compared to media with no
additional nitrogen source.

The enzyme activity of HST9 was compared with enzyme
activities of Phanerochaete chrysosporium (MTCC- 787) and
Trichoderma viride QM- 9414 under optimized conditions (Table
4). HST9 showed less FPase and CMCase activities in
comparison to MTCC- 787 and T. viride QM- 9414. The isolate
was showing 6.5 IUmI" Lac activities which was better than the
Lac activity of MTCC- 787, however, less than T. viride QM-
9414. LiP activity was more in the standard culture MTCC- 787
(93.5 1U mI") than the selected isolate (57.5 IU ml"). MnP
activity of HST9 was equivalent to the standard culture T. viride
QM- 9414 and slightly less than MTCC-787 (Table 4). Mishra
and Pandey (2007) also studied the lignocellulolytic activities of
two Phanerochaete chrysosporium strains (NCIM- 1073 and
MTCC- 787). They observed that MTCC- 787 possessed higher
CMCase (0.36 - 0.42 IU mI") and FPU (0.55 — 0.88 IU ml")
activities after 15 days of submerged fermentation and lignin
peroxidase activity of 0.857 IU ml" and 1.477 IU mI" after 7 and
15 days, respectively. However, laccase activity of 0.116 IU ml”
was recorded after 15 days of incubation.

HST9 grew very fast, covering full plate after 7 days of
incubation. Hyphae were white, cottony and septate with
separate conidia. These morphological characteristics revealed
that fungal isolate belongs to phylum Ascomycota and it might be
of genus Aspergillus. After sequencing and molecular analysis, it
was confirmed by BLAST that the fungal strain HST9 was 99.48%
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similar to Emericella rugulosus strain APBSDSF 104 and
Emericella rugulosa isolate 14. Production of lignocellulolytic
enzymes by fungal isolate HST9 (Emericella dentate) could be
enhanced by growing the fungus under optimum culture
conditions. This fungus in association with other fungi could be
used as a consortium to degrade lignocellulosic waste. The
above findings are important not only for farmers to convert the
residual lignocellulose into compost but also for different
lignocellulose based industries.
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