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Abstract

pullulanase from endophytic Aspergillus and Penicillium.

Background: Pullulanases are the significant industrial group in the 13 glycosyl hydrolases category, known as the
a-amylases family. There are very few reports on pullulanase from fungal sources. Based on the above research gap,
the present study was undertaken to explore the endophytic fungi for their pullulanase-producing capabilities.

Results: A total of 126 endophytes were isolated from Tradescantia pallida, Zea mays, and Trifolium alexandrinum.
Aspergillus, Penicillium, and Ganoderma species recovered highest from the stem of Tradescantia palida. Fusarium
was dominant in the stem and leaf of Zea mays. Penicillium, Aspergillus, Ganoderma, Cladosporium, Fusarium, and
Alternaria were recovered from the Trifolium alexandrium. The Shannon index in Tradescantia pallida was highest in
leaves while in Zea mays and Trifolium alexandrinum, it is highest in the stem. The Simpson’s index is highest in the
case of Zea mays stem and root. Species richness was indicated by Menhinick's index, and it was found that this
value was highest in the roots of Trifolium alexandrinum. As per our knowledge, no comparative data is available on
the endophytic diversity of the above plants taken for the study. Out of 126 endophytes, only 2.38% produced
pullulanase while 7.94% produced amylase. The recovery of pullulanase-producing endophytic fungi was very less.
But the importance of pullulanase is high as compared to amylase because it has both a-1,6 and a-1,4 hydrolyzing
ability. Therefore, the most promising isolates were identified by ITS sequence analysis. Based on spore chain
morphology, isolates BHU-25 and BHU-30 were identified as Penicillium sp. and Aspergillus species, respectively. This
is the first report of pullulanase from endophytic Aspergillus and Penicillium.

Conclusion: Endophytes Aspergillus sp. and Penicillium sp. produce pullulanase enzyme. This is the first report of
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Background

Endophytes are microorganisms that are found inside
the tissues of the host and perform ecological relation-
ships without causing any harm to the host. They have
been distributed throughout nature and are the source
of various novel biomolecules such as enzymes, antibi-
otics, antioxidants, and anticancer compounds [1]. The
endophytes also provide resistance to the plants by
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secreting secondary metabolites [2]. The fungal diversity
is associated with different tissues of the same host plant
and is also dependent on its geographical distribution
and climatic conditions [3]. Nowadays, it is an emerging
challenge to analyze the diversity of conglomerated fun-
gal endophytes for the discovery of novel biomolecules
producing species and their role in the ecosystem.
Hence, the diversity of various endophytic microbes have
been explored for their metabolic potential [4—7]. Pullu-
lanase constitutes an important group of industrial en-
zyme which belongs to a family of 13 glycosyl
hydrolases, also called as the a-amylase family [8, 9].
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They hydrolyze the glycosidic bonds in the starch during
the saccharification process which leads to the produc-
tion of glucose, maltose, and maltotriose syrups. Pullula-
nase is produced by animals, plants, fungi, and bacteria.
Among bacteria, many mesophilic, thermophilic, and hy-
perthermophilic bacteria and archaea have been reported
to produce pullulanase. This enzyme is distributed
mostly among bacteria like Clostridium spp., Bacillus
spp., certain species of Bacillus, and Geobacillus [10-
12]. Bacterial pullulanase has a high production cost and
low yield which are major limitations in the industrial
production of this enzyme. The production cost of pull-
ulanase can be minimized by selecting agro-industrial
waste as the substrate for enzyme production under
solid-state fermentation (SSF) processes, which can
mainly be achieved by fungi. Various agricultural wastes
such as wheat bran, rice bran, corn cobs, soy hull, and
sugarcane bagasse have been successfully used for the
production of various metabolites especially enzymes in
solid-state fermentation [13, 14]. However, very little or
limited information is available on fungal pullulanase. In
this context, the present study was undertaken to ex-
plore the fungal diversity of endophytes associated with
Tradescantia pallida, Trifolium alexandrinum, and Zea
mays having pullulanase-producing capabilities.

Methods

The plants were collected from Varanasi, Uttar Pradesh,
India, in January 2014. The samples which were used in
the experiment and their voucher numbers are given in
Table 1. The samples were identified from the Botanical
Survey of India, Dehradun, Uttarakhand, India.

Isolation and screening of fungi-producing pullulan
hydrolyzing enzyme

The different plant parts were used for the isolation of
endophytic fungi. The parts of the plants were washed
with running tap water. The surface sterilization was
done according to the method described previously [15].
The plant parts were cut with a sterilized sharp blade
into small pieces and plated on potato dextrose agar
medium and incubated at 25°C for 4-5 days. The iso-
lates were screened for their ability to hydrolyze the
pullulan by the agar plate method. The fungal strains
were inoculated on pullulan agar medium and incubated
at 25°C for 72 h. The plates were flooded with iodine

Table 1 Plant taken during the study for the isolation of
endophytic fungi

V.No. Plant Plant parts Place

BHUIAS-2 Tradescantia pallida Root, leaf, stem Varanasi
BHUIAS-3 Zea mays Root, leaf, stem Varanasi
BHUIAS-4 Trifolium alexandrinum Root, leaf, stem Varanasi
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and observed for the clear zone around the fungal col-
onies. The solid-state fermentation was carried in 250
ml flask containing 05g (dry weight) powdered solid sub-
strate supplemented with nutrient salts—1% (NHg)>SOy,
1% KH,PO,4 0.2% NaCl, and 0.2% MgSO,. The flasks
containing the above media were sterilized (121°C for 20
min.) and cooled, then added 1 mL of spore suspension
and incubated at 27°C for 5 days. Overall 60% initial
moisture content was maintained in the flask. The agro-
based wastes such as wheat bran were obtained from the
local market of Varanasi have been used as a solid sub-
strate. After fermentation, the flasks were flooded with
phosphate buffer (pH 6.5) and the enzyme was harvested
by centrifuging at 10,000g for 10 min. The extract was
used as the crude enzyme. Pullulanase activity was
assayed by the DNS method [16]. The same extract was
used for well diffusion assay on pullulan agar plates (1%
pullulan and 1.5% agar). 0.1 mL of the enzyme sample
and 0.4 mL phosphate buffer (pH 6.5) were added to 0.5
mL of 1% (w/v) solution of pullulan. The reaction mix-
ture (substrate plus enzyme) was incubated for 30 min
at 40°C. Added 1 ml DNS reagent and incubation of test
tubes were performed 5-10 min in a boiling water bath.
Then, after cooling down, 0.5ml of 1% (w/v) sodium-
potassium tartarate solution was also added. The final
volume was adjusted to 5ml by adding 2.5ml of sterile
distilled water. The absorption was measured at 570 nm
afterward. The protein has been estimated by Lowry
et al. [17] method.

Diversity index

The Shannon diversity index (H), Simpson’s Diversity
Index, and Menhinick’s index were determined accord-
ing to the method described by Chowdhary and Kaushik
[18].

Identification of the endophytic fungi

The promising isolates were initially identified through
colony and spore chain morphology according to the
method described previously [19]. For genotypic identifi-
cation, genomic DNA was isolated from the endophytic
fungi by using a genomic DNA isolation kit (Chromous
Biotech, Bangalore, India). The endophytic fungi were
grown in potato dextrose broth (PDB) and after 48 h
centrifuged at 10000 rpm for 10 min to obtain myce-
lium. This mycelium is used for the preparation of gen-
omic DNA by using DNA extraction kit as per kit
instructions (Chromous biotech, Bangalore, India). PCR
amplification of the ITS region (650-700bp) of the fun-
gal endophytes was performed using two primers ITS1:
TCCGTRSGNGAACYTGHGG and ITS4: TCCTCCGC
TTATTKATDTGC. The final reaction mixture of vol-
ume 100pL contained PCR buffer F, 1.5mM MgCl2,
200uM of each dNTP, 400ng of each primer, 2.5 U Taq
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Plants: Tradescantia pallida, Zea mays and Trifolium alexandrinum

Menhinick’s index Isolation of endophytic fungi
for Species riches

Simpson's Diversity Shannon diversity
Index (species '— Diversity index studies - index: species
dominance in plants) diversity in plants

Screening of endophytic fungi for amylase and pullulanase activity:
Agar plate assay and SSF (Rice bran substrate)

Identification of most promising endophytic fungi producing pullulanase enzyme

Fig. 1 The schematic representation of the present study

30 - I Penicillium sp
Fa) [ Aspergillus sp.
‘_{_’l B Ganoderma sp.
c 25 - [\ Cladosporium sp.
E | B Fusarium sp.
= [ Atternaria so.
5 20 -
[ =~
'.3- -
§ 15 -
L J
y
- 10 - l |
C
L) -
- |
o !
o 5_
o
S
s -
£
7 0+
3 1 1 1 1 1 1 1 |l 1 1
S1 R1 L1 82 R2 L2 $3 R3 L3
Tradescantia pallida Zea mays Trifolium alexandrinum
Fig. 2 Distribution of endophytic fungi in different parts (stem, root, and leaves) of Tradescantia pallida (S1- the stem, R1-root, L1-leaf) Zea mays
(S2- the stem, R2- root, L2-leaf) and Trifolium alexandrinum (S3-stem, R1-root, L3-leaf; bar indicates the +standard deviation
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Diversity index Tradescantia pallida Zea mays Trifolium alexandrinum

Stem Root Leaf Stem Root Leaf Stem Root Leaf
Total species 03 03 03 04 04 00 06 06 06
Total isolates 27 13 13 20 20 00 12 08 13
Shannon index 0.970 0.898 1.012 0.928 0.858 00 0.900 0.888 898
Simpson index 0582 0.556 0615 0977 0.937 00 0.806 0.781 0.793
Menhinick’s index (Dmn) 0577 0.832 0.832 0.894 0.894 00 1732 2121 1.664

DNA polymerase (Genei, Bangalore, India), and 100 ng
template. The amplification was carried out in an
Eppendorf Thermo-cycler 96 with the following proto-
col: a 5-min denaturation stage at 94°C, followed by 35
amplification cycles at 94°C for 30 s, 52°C for 30 s, and
72°C for 45 s, and a 5-min extension step at 72°C. Agar-
ose gel electrophoresis was used for the detection of
PCR products and was visualized by ultraviolet (UV)
fluorescence after ethidium bromide staining. PCR prod-
ucts were purified by HiPurA™ PCR product purifica-
tion spin kit (HiMedia Laboratories, Mumbai, India)
according to the manufacturer’s instructions. The ABI
PRISM® Big Dye® Terminator version 3.1 Cycle Sequen-
cing Kit (Applied Biosystems, Foster City, CA) was used
to sequence PCR products according to the manufac-
turer’s instructions using ITS1 and ITS4 primers. The
sequences of selected isolates were also analyzed using

the BLAST (Blastn) search engine (http://www.ncbi.nlm.
nih.gov) and submitted to the GenBank database
(NCBI).

Molecular characterization of most promising isolates
The software included in the MEGA X package was used
for phylogenetic and molecular evaluation [20]. The ITS
sequences of the fungal type strains were aligned with
the respective type fungal nucleotide sequences obtained
from GenBank using the CLUSTAL W [21] program.
The maximum likelihood method was used to study evo-
lutionary history by using the Kimura 2-parameter
model [22]. The consensus bootstrap tree derived from
1000 replicates represents the evolutionary history of the
analyzed species. Branches that match partitions in boot-
strap replicates reproduced in 50% collapse [23].

with iodine
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Fig. 4 Spore chain morphology of Penicillium sp. BN-1, a-at 1000X (light microscope); b-ESEM at 1000X; ¢-2000X; d-Spore surface (12,000X)
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Results

Biodiversity of endophytic fungi

The schematic representation of the present study has
been shown in Fig. 1. A total of 126 endophytes were
isolated from plants under study and were identified
based on cultural characteristics and spore chain morph-
ology. The distribution of endophytic fungi in different
parts (stem, root, and leaves) of Tradescantia pallida,
Zea mays, and Trifolium alexandrinum has been given
in Fig. 2. Aspergillus, Penicillium, and Ganoderma spe-
cies recovered highest from the stem of Tradescantia
palida. Fusarium was dominant in the stem and leaf of
Zea mays. Penicillium, Aspergillus, Ganoderma, Clados-
porium, Fusarium, and Alternaria were recovered from
the Trifolium alexandrium. This finding suggests that
Aspergillus is most commonly associated with plant
endophytes.

The diversity index is a quantitative indicator that
measures the number of different species and the degree
of distribution of individuals among those species. The
Shannon index in Tradescantia pallida is highest in
leaves, While in Zea mays and Trifolium alexandrinum,
it is highest in the stem. The Simpson’s index is highest
in the case of Zea mays stem and root as shown in Table

2. Species riches are indicated by Menhinick’s index, and
it is found that this value is highest in the roots of Trifo-
lium alexandrinum. As per our knowledge, no compara-
tive data is available on the endophytic diversity of the
above plants taken for the study.

Occurrence of endophytic fungi-producing amylase and
pullulanase

The plates showing the clear zone around the colonies
and wells indicate the presence of pullulanase enzyme
(Fig. 3¢, d and Table S1). Out of 126 endophytes, only
2.38% produced pullulanase while 7.94% produced amyl-
ase (Fig. 2). The recovery of pullulanase-producing
endophytic fungi was very less. But the importance of
pullulanase is high as compared to amylase because it
has both a-1,6 and «-1,4 hydrolyzing ability. Therefore,
the most promising isolates producing pullulanase were
taken for secondary screening (in solid-state fermenta-
tion using rice bran as a substrate). In solid-state fer-
mentation using rice bran (agro-waste) as substrate, an
enzyme activity of 8.24+1.38 U/gds (protein, 2.1+
0.36mg/mL) and 6.14 +1.03 U/gds (protein 1.8+0.26 mg/
mL) has been obtained by the isolates BHU-25 and
BHU-46, respectively.
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Fig. 5 Spore chain morphology of Aspergillius sp.BN-2 , a-light microscope 10X;b- ESEM (200X); ¢-500X; d-spore surface (4000 X)
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Characterization of promising isolates

Based on colony morphology and spore chain morph-
ology isolates, BHU-25 and BHU-46 were identified as
Penicillium sp. and Aspergillus species, respectively (Figs.
3 and 4). ESEM study showed that spore chains of Peni-
cillium were composed of spores, all of which had
smooth surfaces (Fig. 4) while in Aspergillus species, the
chains were composed entirely of rugose surfaces (Fig.
5). ITS sequences were submitted to the NCBI Genbank,
the USA with the accession number given in Table 3.
The pairwise sequence similarity index with type strains
of most promising isolates has been given in Table 3.
The pairwise sequence analysis showed that the isolates
BHU-25 and BHU-46 are most closely related with Peni-
cillium viridicatum FRR963" and Aspergillus flavus
ATCC16883" with a sequence similarity of 99.1% and
99.4%, respectively. The evolutionary history was in-
ferred by using the maximum likelihood method based
on the Kimura 2-parameter model revealed the position

Table 3 Genbank accession number of promising isolates

of BHU-46 with Aspergillus flavus ATCC16883" with a
confidence level of 100% while that of BHU-25 with
Penicillium viridicatum FRR963 with confidence of 99%
(Figs. 6 and 7).

Discussion

Endophytic fungi have been explored from various plant
sources for their industrial potential. Therefore, re-
searchers focused on terrestrial plants for endophytic
fungi. In this context, the present study plants the diver-
sity of endophytic fungi associated with Tradescantia
pallida, Zea mays, and Trifolium alexandrinum has been
explored. Aspergillus, Penicillium, and Ganoderma spe-
cies recovered highest from the stem of Tradescantia
palida. Fusarium was dominant in the stem and leaf of
Zea mays, Penicillium, Aspergillus, Ganoderma, Clados-
porium, Fusarium, and Alternaria were recovered from
the Trifolium alexandrium. This finding suggests that
Aspergillus is most commonly associated with plants

S.No. Isolates GenBank Accession numbers Sequence identities (Diff./total nt) Most closely related with
1 BHU-25 MG672442 99.1% (5/587) Penicillium viridicatum FRR963"
2 BHU-46 MH145369 99.4% (518/521) Aspergillus flavus ATCC16883"
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64 Aspergillus parasiticus NRRL 502" (NR 121219)
Aspergillus sojae CBS 100928 (NR 111545)
Aspergillus toxicarius CBS 822,727 (NR 111545)
Aspergillus parasiticus var. globosus CBS 260.67" (NR 15178)
Aspergillus terricola var. americanus CBS 580.65" (NR 151785)
Aspergillus transmontanensis CBS 130015 (NR 137520)
Aspergillus mottae CBS 130016" (NR 137519)
BHU 46(MH145369)
Aspergillus flavus ATCC 16883 (NR 111041)
Aspergillus fasciculatus CBS 110.55" (NR 138285)
a5 _E Aspergi{lus oryza(-.T NRRL 4477 (NR 135395)

100 Aspergillus subolivaceus IMI 44882 T(NR 135328)
Aspergillus bombycis NRRL 260107 (NR 131261)
100 Aspergillus alliaceus NRRL 315" (NR 121331)
48 Aspergillus lanosus NRRL 3648 (NR 135394)

53 Aspergillus nomius NRRL 131377(NR 121218)
Aspergillus pseudonomius NRRL 33537 (NR 137444)

99 Aspergillus zhaogingensis CBS 399.93" (NR 137150)

— Aspergillus pseudotamarii NRRL 255177 (NR 135329)

L Aspergillus tamarii NRRL 20818"(NR 135325)
Aspergillus caelatus NRRL 255287 (NR 135326)
Fig. 6 Phylogenetic tree of isolate BHU-46 obtained by maximum likelihood method based on the Kimura 2-parameter model. The percentage of

replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The
position of Isolate BHU 46 is shown with blue color. It is most closely related with Aspergillus flavus and supported by boot strap value of 100
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endophytes. These findings are similar to previous re-
ports by other authors [24]. However, most dominating
fungal endophytes belonging to the genus Fusarium,
Sarocladium, Aspergillus, and Penicillium are not tissue-
specific [25].

The diversity index is a quantitative indicator that
measures the number of different species and the degree
of distribution of individuals among those species. The
Shannon diversity index (H) is commonly used to
characterize species diversity in a community. The Shan-
non index in Tradescantia pallida is highest in leaves.
These findings are similar to the results of Choudhary
et al. [18], in which they also reported the highest Shan-
non index in leaves. While in Zea mays and Trifolium
alexandrinum, it is highest in the stem which is compar-
able with previous studies [18, 26]. Simpson’s diversity
index tells us about species dominance. It considers both
the number of species present and their relative abun-
dance. Simpson’s diversity index (species dominance) is
a measure of diversity that takes into account the num-
ber of species present, as well as the relative abundance
of each species. The diversity of species increases as the
richness and evenness increase. Its value (D) ranges be-
tween O and 1, where 1 represents infinite diversity and
0 represents no diversity. The Simpson’s index was high-
est in the case of Zea mays while Menhinick’s index was
highest in roots of Trifolium alexandrinum. Species
riches are indicated by Menbhinick’s index. As per our
knowledge, no comparative data is available on the

endophytic diversity of the above plants taken for the
study. When we compared the diversity with other
plants the results are comparable. Li et al. [27] reported
that in the root, the fungal richness was significantly
higher in Salsola nitraria other plants. Furthermore, the
fungal richness was significantly higher in roots than in
stems. Moreover, in recent times, the diversity analysis
of fungal endophytes has been performed by several au-
thors and revealed the discovery of new species produ-
cing novel metabolites. Diversity analysis is also helpful
in understanding the role of endophytes in ecosystems
[28, 29].

Among the various microbial enzymes available, starch
processing enzymes are one of the prominent groups ap-
plied in processes like brewing, baking, and pharmaceu-
ticals. Amylases are the group of enzymes that are
generally used for the processing of starch [30, 31]. The
starch processing enzymes are classified into four differ-
ent categories which include exoamylases, endoamylase,
transferases, and debranching enzymes. Among the dif-
ferent hydrolyzing enzymes, the a-Amylases and pullula-
nase are the more versatile enzymes used in the
industrial sector and their contribution is about 25% of
the whole enzyme market [32]. These enzymes act ran-
domly on starches, glycogen, and oligosaccharides to
yield-reducing sugar. Pullulanase is the significant indus-
trial group in the 13 glycosyl hydrolases category, known
as the a-amylases family [8, 9]. They hydrolyze the
glycosidic bonds in the starch during the saccharification
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69 [— Penicillium goetzii CBS 285.73" (NR 111820)
{ Penicillium rubens CBS 129667 T (NR 111815)

L— Penicillium vanluykii CBS 131539 7 (NR 111813)
Penicillium chrysogenum CBS 306.48" (NR 077145)

—— Penicillium halotolerans CBS 131537 T (NR 111812)

40 Penicillium flavigenum CBS 419.89" (NR 103695)

40_[ Penicillium mononematosum CBS 172.87" (NR 111817)

Penicillium nalgiovense CBS 353.48" (NR 103694)
Penicillium commune CBS 311.48" (NR 111143)

— Penicillium crustosum FRR 1669" (NR 077153)

Penicillium solitum FRR 9377 (NR 119494)

Penicillium robsamsonii CBS 1405737 (NR 144866)

Penicillium expansum ATCC 78617 (NR 077154)

Penicillium fimorum CBS 140575 (NR 153267)

Penicillium griseofulvum CBS 185.27" (NR 103692)

s — Penicillium verrucosum FRR 9657 (NR119495)
Penicillium paneum CBS 101032" (NR 103620)

a9 [— Penicillium polonicum CBS 222.28 "(NR 103687)
Penicillium tricolor CBS 635.93" (NR 077206)
Penicillium viridicatum FRR 9637(NR 119496)

99 L BHU 25 (MG 672442)

Fig. 7 Phylogenetic tree of Isolate BHU-25 obtained by maximum likelihood method based on the Kimura 2-parameter model. The percentage of
replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The
position of Isolate BHU 46 is shown with blue color. It is most closely related with Penicillium viridicatum and supported by boot strap value of 99

process and vyield glucose, maltose, and maltotriose
syrups. These products have found their significant ap-
plications in food and other related industries. Being a
member of starch hydrolyzing enzymes, pullulanase hy-
drolyzes both a-1,6 and a-1,4 bond in pullulan and on
other carbohydrates [33-35]. Therefore, the endophytes
were screened for their pullulanase and amylase-
producing capabilities. The recovery of pullulanase-
producing endophytic fungi was very less. But the im-
portance of pullulanase is high as compared to amylase
because it has both a-1,6 and a-1,4 hydrolyzing ability.
In SSF using rice bran (agro-waste) as substrate, a good
yield was recovered and merit future interest for scale
up the process.

Based on colony morphology, spore chain morphology,
and ITS sequence analysis, the isolates BHU-25 and
BHU-46 were identified as Penicillium sp. and Aspergil-
lus species, respectively. Wagqas et al. [36] reported Peni-
cillium and Aspergillus species from tissues of sunflower
(Helianthus annuus L.). Endophytic fungi like Synnema-
tous sp., Nodilusporium sp., and Acremonium sp. have

reported starch degrading enzymes [37, 38] reported
forty-four endophytic fungal strains belonging to genus
Penicillium, Cladosporium, Monodictys, Phoma, Tetra-
ploa, and Acremonium, producing enzymes of industrial
importance. However, pullulanase-producing endophytic
fungi have not been reported so far.

Conclusions

Tradescantia pallida, Zea mays, and Trifolium alexan-
drinum are rich sources of endophytic fungi. The Shan-
non index in Tradescantia pallida was highest in leaves
while in Zea mays and Trifolium alexandrinum, it is
highest in the stem. The Simpson’s index is highest in
the case of Zea mays stem and root. Species richness
was indicated by Menbhinick’s index, and it was found
that this value was highest in the roots of Trifolium alex-
andrinum. As per our knowledge, no comparative data
is available on the endophytic diversity of the above
plants taken for the study. The endophytes from these
plants can produce pullulanase (2.38%) and amylase
(7.94%). The recovery of pullulanase-producing



Naik et al. Journal of Genetic Engineering and Biotechnology (2021) 19:110

endophytic fungi was very less. But the importance of
pullulanase is high as compared to amylase because it
has both a-1,6 and a-1,4 hydrolyzing ability. This is the
first report of pullulanase from endophytic Aspergillus
and Penicillium producing pullulanase.
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