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THE AIM of the present work is to”isolate and identify”the different fungi from the 
debris of the brown outer scaly leaves of Colocasia corm. The isolated fungi were tested 

for”cellulase producing”activity. The species were primarily”recognized on morphological 
bases”and then identified on”molecular level.”The Internal Transcribed Spacer (ITS)”domain 
of the ribosome large subunit (LSU)-comprising the ITS1/5.8S/ITS2”regions (≥ 500bp) was 
subjected to”Sanger sequencing”for the new isolates using primer pair ITS1/ITS4. BLAST 
analysis indicated”entities of the eight-isolated fungal isolates. Among the isolates, three of the 
species were found-closely related to”Fusarium solani”whereas, the other five isolations were 
found to be closely related to F. proliferatum,”F. fujikuroi, F.”equiseti, Penicillium lanosum 
and P. flavigenum. Screening of the fungal species for cellulase production”was performed 
on cellulose-agar plates using clear zone technique. The results showed that”out of theses 
isolates, ”the maximum zone”of clearance was obtained for isolate that is closely related 
to”P. lanosum, whereas,”the minimum-zone of clearance”was recorded for isolates”closely 
related to”Fusarium solani.”Penicillium isolate showing”significant-potentiality”in cellulase 
production will be a subject for a detailed investigation.

Keywords: Plant debris, Penicillium,”Fusarium, rDNA, ITS, Cellulase.
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Introduction                                                                 

Cellulose is a major”renewable form of 
carbohydrate,”with approximately” 1011 tons 
produced- annually. Cellulose is a”linear 
unbranched homopolymer”of glucose -joined 
together via β 1-4 glycosidic -linkages and are 
vary in”length and arranged”in bundles or fibrils 
(Walsh, 2015). It is the most abundant component 
of plant biomass that is found in nature almost 
exclusively in plant-cell walls,”albeit cellulose 
is produced by few”fungi”(oomycetes), animals 
(tunicates) and bacteria. However, the”plant 
materials are considered the ideal supply of 
cellulose to the environment” (Lynd et al., 
2002). Within the bundles,”cellulose molecules 
can occur in crystalline or paracrystalline” 
(amorphous) structures (Walter, 1998).

Processes to efficiently and economically 
convert cellulosic materials to”glucose are of 
massive industrial significance (Walsh, 2015). 
However, the crucial approach in cellulose 
conversion is the enzymatic hydrolysis through 
cellulase enzyme. Cellulase catalyzes the 

conversion of insoluble cellulose to simple, water 
soluble products”(Alexander, 1961). Cellulase 
is”a complex system of enzymes, comprising 
endoglucanase (endo-1,4-β-D-glucanase, EC 
3.2.1.4), exoglucanase (exo- 4-β-D-glucan-
cellobiohydrolase, EC 3.2.1.91) and β-D-
glucosidase (β-D-glucoside glucanhydrolase, 
EC 3.2.1.21). These enzymes act”synergistically 
to degrade cellulosic substrates in which action 
of the first and the second involves the recovery 
of short cellulose chains, while the third makes 
complete breakdown into glucose (Singhania 
et al., 2010 and Sajith et al., 2016).”Previous 
studies”indicated that the number of genes 
governing the production of endoglucanase 
enzyme is two, while eight and seven for 
exoglucanase and glucosidase enzymes,  
respectively”(Aro et al., 2005 and Sukumaran et 
al., 2005).

Fungi and bacteria are ”the main natural potent 
agents for cellulose degradation (Lederberg, 
1992). The ”cellulose-utilizing organisms 
include” aerobic and anaerobic mesophilic 
bacteria, filamentous- fungi, thermophilic and 
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alkaliphilic bacteria,  actinomycetes ”and certain 
protozoa”(Alexander, 1961). However, fungi are 
the main cellulase-producing microorganism that 
is also known for decomposing other  organic 
matter (Lynd et al., 2002). Examples of cellulase-
producing fungi include species of the genera 
Fusarium and Penicillium, in addition to those of 
genera Basidiobolus,”Aspergillus, Arthroderma, 
Geotrichum, Arthrographis and Alternaria”(Vries 
& Visser, 2001).

Cellulases have been used for years in 
several industries including food processing, 
feed preparation, wastewater treatment, textile 
production, paper and pulp production. Additional 
potential applications include the production of 
wine, beer and fruit juice”(Philippidis, 1994). 
Furthermore, glucose produced from degrading 
cellulosic substrate by cellulase could further 
contribute as a substrate in fermentation or 
processes which could yield valuable end 
products such as ethanol, butanol, methane, amino 
acids,”single-cell protein and others (Walsh, 
2002).

The present work aims at isolating and 
identification of new fungal isolates grown on 
rotten peel of Colocasia corm at the morphological 
and molecular levels and detect their potential 
ability to produce cellulase enzyme.

Materials and Methods                                                  

Colocasia corm
Colocasia rotten corms were obtained from 

the local market of Al-Madinah Al Munawwarh. 
Corms were brought to the laboratory and kept at 
the refrigerator until further used. 

Isolation and morphological identification of the 
recovered fungi

Czapek Doxs agar medium (HiMedia, 
Mumbai, India) was used for growing fungi. 
Fungi grown on”dry scales of a rotten Colocasia 
were picked up by a sterile-needle and placed 
on Petri dishes containing sterilized Dox’s agar 
medium. The”plates were incubated”at 30°C for 
7 days, then the fungal-isolates were”purified and 
identified morphologically up to the species level 
via microscopic examination”(Gilman, 1950; 
Gomori, 1955; Ellis, 1971; Moubasher, 1993 and 
Seifert, 1996). The recovered isolates were named 
as M1-M8.

Molecular identification of fungi
DNAs of the eight isolates were extracted 

and sent to Macrogen Inc. (Seoul 08511, Rep. 
of Korea) for genus and species identification 
via Sanger sequencing. The analysis used for 
the identification of the eight fungal isolates 
was based on the divergence of rDNA gene 
region namely internal transcribed spacer or 
ITS (Fig. 1). Two taxon-specific primers (White 
et al., 1990) used were namely”ITS1”(5`-
TCCGTAGGTGAACCTGCGG 3`) and”ITS4 
(5` TCCTCCGCTTATTGATATGC 3`) were 
used for forward and reverse sequencing of the 
ITS region (˃450bp). The obtained-sequencing 
results were submitted to the “National”(NCBI,” 
https://www.ncbi.nlm.nih.gov/) and received 
accession numbers MH553280-MH553287 
referring to isolates M1-M8, respectively. These 
sequences were subjected to BLAST search 
engine (https://blast.ncbi.nlm.nih.gov/Blast.
cgi) for the identification of the fungal species 
with similar sequences in this rDNA region. 
Nucleotide sequences of the eight isolates alone 
as well as along with those retrieved from the 
gene bank were aligned in Ugene (Okonechnikov 
et al., 2012) using the T-Caffee-algorithm (https://
www.ebi.ac.uk/, EMBL-EBI,”Cambridgeshire, 
CB10 1SD, UK) and a phylogenetic”cladogram 
was”inferred. One of the two trees generated 
from Ugene program was displayed using iTOL/
interactive tree (http://itol.embl.de/index.shtml), 
(Letunic & Bork, 2011) in order to-describe 
the phylogenetic-relationships among the new 
isolates versus the available similar sequences in 
the-NCBI.

Medium used for cellulase production
The cultural medium used for the production 

of cellulase enzyme has the following 
constituents:”Cellulose (Sigma) (0.5g), NaNO2 
(0.2g), K2HPO4-(0.1g), MgSO4.7H2O (0.05g) 
and KCl (0.05g) up to 100ml distilled water and 
the pH was adjusted to 5.7. Fractions”of 50ml of 
the medium were”poured into 250ml Erlenmeyer 
flasks and autoclaved for 15min at 121°C and 1.5 
bars. After sterilization, the flasks were inoculated 
with a fungal disc (9mm diameter) taken from 
the periphery of 7-day-old cultured fungi grown 
in Dox agar”plates.”The inoculated flasks were 
incubated at 30°C for 7 days, then, the”culture 
broth was filtered and cell filtrates were kept in the 
fridge to be-used as a source for”crude cellulase 
enzyme solution.
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Fig. 1.    Structure of the rDNA gene in fungi indicating the two regions that were sequenced using ITS1 and ITS4 
primers for amplifying ITS (ITS1/5.8S/ITS2) region [The drawing was edited after Macrogen Inc. (Seoul 08511, 
Republic of South Korea)].

Screening for”cellulose producing fungi
Filtrates were used for screening of 

cellulolytic activity on assay medium, which 
contained cellulose (Sigma) (0.1%) and agar 
(1.5%) in phosphate buffer (0.05M, pH 5.7) 
(Gomori, 1955), using cup clear zone technique 
(Ingram, 1951). The medium was sterilized 
as previously mentioned. The assay plates 
were prepared by pouring 20ml of the assay-
medium in each sterile Petri dish (9cm) and 
then allowed to cool”and solidify. Two cups 
were made per each plate by a sterile cork 
borer (9mm in diameter).”Aliquots of 100ul of 
the crude-enzyme preparation was introduced 
into each cup. The plates were left for 15min, 
then incubated at 37°C for 48hr. At the end of 
incubation period, the plates were flooded with 
10ml Lugol’s iodine solution (Biotic Research 
Corporation). The diameters of the developing 
clear zones were measured and the means of two 
clear zones per plate were calculated and taken 
as a criterion for cellulose activity. Experiment 
was done in completely randomized design with 
three replicates and multiple comparisons were 
performed based on Duncan’s New Multiple 
Range test (Duncan, 1955).

Results                                                                                                       

Fungal isolation and molecular identification 
for cellulytic fungi 

In the present study, eight cellulytic fungal 

isolates were recovered from rotten peel of 
taro corm (Colocasia esculenta) as a source of 
cellulase. These fungi were carefully identified 
by morphological characteristics including 
color of the colony, ”growth and presence or 
absence of exudates. Some of the microscopic 
characteristics include hyphae and spore 
structures.”These new isolates were shown to 
belong to”Fusarium solani, F. proliferatum, F. 
fujikuroi, F. equiseti, Penicillium-lanosum and P. 
flavigenum.”These primarily identified isolates 
were further  characterized at the molecular 
level based on the divergence of the ITS-region 
of rDNA gene. 

BLAST analysis involving the”sequences 
of the ITS region in the eight isolates was 
conducted and multiple comparison has 
proven that these isolates are closely related”to 
Fusarium (M1-M6 isolates) and Penicillium 
(M7-M8 isolates)”genera. A cladogram tree 
was generated for the DNA sequences of the 
eight isolates as well as those of other fungal 
genera and species (Fig. 2). These isolates 
were distributed in”six different clades of 
which three isolates of Fusarium. namely M2 
(accession no.”MH553281), M5”(accession 
no. MH553284) and M6 (accession no. 
MH553285)”exist in one clade, while each of 
the other-isolates exists in a separate clade. The 
M2 isolate was closely related to”Fusarium 
solani strain D866 (accession no. MH266068.1, 
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Fig. 2. Cladogram to describe phylogenetic relationships of the new isolates (M1-M8) with fungal genera whose 
sequences of ITS region of the rDNA gene are available in the NCBI [M1= Fusarium proliferatum, M2/
M5/M6= Fusarium solani, M3= Fusarium fujikuroi, M4= Fusarium equiseti, M7= Penicillium lanosum and 
M8= Penicillium flavigenum].

99% identity),”while  M5 and the M6 isolates 
were closely related to Fusarium solani isolate 
KUSF301 (accession no. MF136401.1, 100% 
identity) and Fusarium solani isolate AA2I4F2 
(accession no. KX421443.1, 96% identity). The 
M1 isolate (accession no. MH553280) was closely 
related to Fusarium proliferatum isolate LSNZI7 
(accession no.-MH277349.1, 97% identity), while 
M3 (accession no. MH553282) and M4 (accession 
no. MH553283) were closely related to F. fujikuroi 
strain Fv1 (accession no. MH282573.1, 100% 
identity) and F. equiseti strain D83 (accession 
no. KX878912.1, 99% identity), respectively. 
The M7 isolate (accession no. MH553286) was 
closely related to”Penicillium lanosum strain 
F-7 (accession no. MF077234.1, 100% identity), 
while M8 isolate”(accession no. MH553287) was 
closely related to Penicillium flavigenum strain 

CML 2965 (accession no.”KR261446.1,”100% 
identity) (Figs. 2 and 3). 

Multiple sequence alignment of the eight 
cellulase-producing fungi resulted in the 
generation of cladogram tree”describing the 
phylogenetic relationships within the new isolates 
is shown in Fig. 3.

The generated tree has proven that the three 
Fusarium solani M2, M5 and M6 isolates are 
closely related, while the highest relationship was 
found between the two Penicillium spp. M7 and 
M8 isolates (Fig. 4). Interestingly, the latter two 
species are in close relationship with the three 
Fusarium solani as compared to the three other 
Fusarium species.”
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Fig. 3. Multiple sequence alignment for the eight new fungal isolates to generate cladogram tree describing 
phylogenetic relationships among them [M1= Fusarium proliferatum, M2/M5/M6= Fusarium solani, M3= 
Fusarium fujikuroi, M4= Fusarium equiseti, M7= Penicillium lanosum and M8= Penicillium flavigenum].

Screening for cellulase producing fungi on 
cellulose-agar plates 

Screening for cellulase-producing fungi 
on”cellulose-agar plates”revealed that the”widest 
clear-zone diameter”was detected for M7 isolate, 
which belongs to P. lanosum followed by M8 and 
M1 isolates, which belong to P. flavigenum”and 
F. proliferatum,”respectively showing a mean 
clear-zone”diameters of 44.5, 43.3 and 41.3mm, 
respectively (Fig. 5). 

M3 and M6 isolates, which”belong to F.-

fujikuroi and F.-solani, respectively, showed 
moderate clear zone diameters of 31.8 and 
32.4mm, respectively. However, the other 
two F. solani M2 and M5 isolates”as well 
as”F. equiseti isolate M4 recorded”the lowest 
clear zone”diameters of 30, 31 and 30mm, 
respectively (Fig. 5). It is well known that the 
widest the clear zone diameter,”the highest the 
cellulase-production by the fungus. As a-model, 
two isolates with the highest (M7 isolate) and 
the”lowest” (M4 isolate) mean clear-zone 
diameters are shown in”Fig. 6.
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Fig. 3. Cont.

Discussion                                                                                                           

Cellulose is the structural component 
of the primary cell wall of plants, many 
forms of algae and oomycetes (Chesson, 
1987). Degradation of”cellulosic materials is 

a”complex process, which requires participation 
of microbial”cellulolytic enzymes.”Over-years, 
a number of organisms, e.g., fungi and bacteria, 
that possess”cellulose-degrading enzymes”have 
been isolated and”studied extensively”(Budihal 
et al., 2016 and Ahmed et al., 2017). However, 
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Fig. 4. Phylogenetic relationships among the fungal isolates (M1-M8) based on sequences of ITS region of the 
rDNA gene. Isolates inside red boxes belongs to Fusarium spp., while those in the blue box belong to 
Penicillium spp [Digital numbers on the scales represent the relationships between or among fungal 
species and genera].

fungi are well known agents of decomposition 
of organic-matter, in general and of 
cellulosic substrate in particular (Lynd et al., 
2002).”Cellulolytic enzymes play an important 
role in natural biodegradation processes in 
which”plant lignocellulosic materials”are 

efficiently degraded by”cellulolytic-fungi, 
bacteria,”actinomycetes”and protozoa (Wen 
et al., 2005). These enzymes also”play a key 
role”in cleaning the environment from harmful-
wastes, which are the main sources of pollution.

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Means of diameter of clear zone (mm) to screen the new fungal isolates for their cellulase production on 
cellulose-agar plate after incubation for 48hr at 37oC. Isolates represented in red columns (i.e., M1-M6) 
are closely related to Fusarium spp., while those represented in blue columns (i.e., M7 & M8) are closely 
related to Penicillium spp. [M1= F. proliferatum, M2/M5/M6= F. solani, M3= F. fujikuroi, M4= F. equiseti, 
M7= P. lanosum and M8= P. flavigenum].
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Fig. 6. As a model, performance of two out of the eight fungal isolates in terms of clear zone reflecting the potential 
production of cellulase on cellulose-agar plates [M4= Fusarium equiseti and M7= Penicillium lanosum].

 

M7 isolate M4 isolate 

In the present study, eight fungal species 
were isolated from rotten peel of taro corm 
(Colocasia esculenta). These fungi were screened 
for the”potential production of”cellulase enzyme 
where they gave”clear zones”ranging from 30.0-
44.5mm. In this connection, a number of other 
cellulolytic fungi were previously isolated from 
Indian habitat (Ram et al., 2014 and Rathore et 
al., 2014). In Saudi Arabia, Bahkali”& Khiyami 
(1996) showed that”thirty”fungal”species related 
to 15 genera collected from 30”soil samples”were 
cellulase producing fungi. According to locations, 
the maximum number of fungal species was isolated 
from Dammam (20 species) followed by Niomas 
(18 species), Makkah and Riyadh (17 species each), 
Tabouk (16) species and Jizan (11 species). The 
dominant”isolated fungal”genera were Aspergillus, 
Pencillium, Alternaria, Ulocladium and 
Curvularia. Several investigations”revealed that 
species of Trichoderma-and Aspergillus”are”the 
main producers of cellulase followed by few species 
of bacteria and actinomycetes. Jahangeer et al. 
(2005) also isolated”cellulolytic-fungi”belonging 
to genera Trichoderma, Fusarium, Alternaria, 
Rhizopus, Aspergillus and Penicillium. The latter 
two genera showed highest potential for producing 
cellulose by Lakshmi & Narasimha (2012). 
Plants used as”substrates”for cellulase-production 
include”sugarcane”(Brijwani et al., 2010) and 
wheat bran (Sun et al., 2008). More-recently, taro 
root was proven to be a”suitable substrate”for 
producing cellulase (Jadeja & Verma, 2017). The 
latter plant was our-target for isolating the different 
fungal isolates.

The concept of”waste-to-energy”is recently 
adopted towards the”avoidance of pollutants and 

utilization of biomass encompasses in industry. 
Among plant-based biomass, ”lignocellulose 
is a potential substrate for renewable  
energy.”Conversion of plant biomass avoids 
burning off and generation of air pollution. Fungi 
is almost responsible for 80% of the”cellulose 
biodegradation on the globe”(Moore Landecker, 
1996). Fungi isolated in the present-study 
belong to members of ”cellulose-decomposing 
fungi”(Mehrotra & Aneja, 1990). These new 
fungal isolates can be further utilized for 
commercial”exploitation”after being checked 
for”thermostability” (40-70oC and stability for 2hr) 
that makes cellulose easily accessible for hydrolytic 
enzymes (Li et al., 2011). Fortunately, Penicillium, 
which is”a potential-producer of”cellulase in the 
present study, has thermophilic versions that can 
grow well and decompose cellulose rapidly via 
action of thermostable cellulases (Picart et al., 
2007).

It could be concluded that the ideal source for 
isolating cellulolytic fungi”is the crude organic 
cellulose-containing material”such as taro 
root. The fungal cultures isolated in the present 
investigation require further analysis to decipher 
their cellulolytic potential for converting cellulosic 
waste material into useful products to human and 
the environment.
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مماثلة عزلات فطرية مختلفة من البقايا الحرشفية لكورمة نبات القلقاس مع الانتاج المحتمل 
لانزيم السيليوليز

نهله السيد بوقله
قسم الأحياء - كلية العلوم - جامعة طيبة 42317- 8599  المدينة المنورة - المملكة العربية السعودية. 

الهدف من العمل الحالي هو “عزل وتحديد” الفطريات المختلفة من حطام الأوراق الحرشفية الخارجية البنية 
السيليولاز  لانزيم  نشاط  وجود  مدى  لاختبار  عزلها  تم  التي  الفطريات  اختبار  تم  القلقاس.  نبات  كورمات  من 
فيها. تم التعرف على الأنواع في البداية وذلك على أسس مظهرية مورفولوجية، ومن ثم تم تم تعريفها وتحديد 
الأنواع على المستوى الجزيئي. الفواصل الداخلية المكتوبة اعطت مجال للوحدة البنائية الكبرى للريبوسوم والتي 
ضمت أجزاء  ITS1/5.8S/ITS2 والتى تعتبر ≤ 500 زوج أساسي. تلك الأجزاء تم تعريضها لتسلسل سانجز 
استخدام  الجزيئي من خلال  التحليل  ITS1/ITS4. وأشار  البادءات  باستخدام زوج  ذلك  وتم  الجديدة  للعزلات 
قاعدة بيانات بلاست وجود ثمان كيانات فطرية من العزلات الفطرية التي تم عزلها. فيما يتعلق بالعزلات الفطرية 
العزلات  تبين  حين  في  الفيوسيريم سولاني،  بنوع  وثيقة  ذات صلة  الأنواع  من  ثلاثة  وجد  فقد  عزلها  تم  التي 
الخمس الأخرى ترتبط ارتباطاً وثيقاً بأنواع فيوزيريم بروليفرانتم، فيوزيريم فيوجيكيوري، فيوزيريم ايكيويزيتي، 
بينيسيليوم لانوزم و بينيسيليوم فلافيجينم، على التوالي. تم فحص واختبار الأنواع الفطرية المعزولة لإنتاج انزيم 
السيليوليز وذلك باستخدام تقنية المنطقة الواضحة في أطباق آجار السيليلوز. وقد أظهرت النتائج أنه من ضمن 
السلالات الفطرية التي تم عزلها وجد أن المنطقة القصوى من التخليص والتى نتجت عن تحلل السيليولوز في 
أطباق الآجار كانت في العزلة الفطرية القريبة من البينيسيليوم لانوزم، بينما أقل منطقة من التخليص الناتج عن 
تحليل السيليلوز كانت في العزلة الفطرية القريبة من فيوزوريم سولاني. وفيما يتعلق بعزلات فطر البنيسليوم التي 

أظهرت إمكانات كبيرة في إنتاج انزيم السيليولاز سيكون موضوعاً للبحث المفصل في المستقبل.


