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 ABSTRACT 
 

The isolation of filamentous fungi with cellulase activity from the native soil in Furna do Passo 
do Pupo 1, located in Ponta Grossa, Brazil, was studied using the soil dilution plate method. Fungi were 
isolated using the selective culture media for cellulase containing Manachini solution supplemented 
with carboxymethylcellulose 0.5% (w/v). A total of 10 fungal isolates were obtained using the selective 
method and identified by using molecular tools as belonging to Mucor genus, six of them belonging to 
Mucor fragilis species. The cellulase enzymatic index (EI) and growth rates were determined for the 
selected isolates. All strains showed positive results for cellulase production since they presented EI 
higher than 2,0 after five days of incubation. Six of them presented higher mycelial growth rates at 48 
hours, whereas three of them showed higher rates at 72 hours and one at 96 hours. This study suggests 
that the native soil harbors fungal species with cellulase activity. 
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Introduction 
 

In the dynamic landscape of global technological development, the industrial processes are 
redesigned every day, and new practices are added or replaced by more economical and better-operating 
condition options (Mota et al., 2017). Currently, among the different biotechnology research aspects, 
the enzymes are an extremely prominent subject since these biocatalysts are essential in different 
industrial processes and segments, such as pharmaceutical, food, textile, paper, effluent, and industrial 
waste treatment processes, and the enzymatic saccharification in the production of biofuels, (Faaij, 
2006, Ferraz et al., 2008, Singh et al., 2016 and Peciulyte et al., 2017) which has a great high-added 
value (Siqueira and Ferreira Filho, 2010). 

The enzymes can be obtained from several sources (Voříšková and Baldrian, 2013, Satheeja 
Santhi et al., 2014 and Singh et al., 2016); however, several studies have focused on enzymes produced 
by microorganisms, mainly fungi and bacteria, because of the easiest purification process (when 
enzymatic production occurs extracellularly) and the possibility of recombinant production (using gene 
cloning techniques) (Singh et al., 2016, Arshad et al., 2017, Dube and Kumar, 2017, Makhuvele et al., 
2017 and Thomas, Ram and Singh, 2018). 

Cellulase is a complex enzyme produced by several microorganisms. It plays a crucial role in the 
cellulose degradation process and can be used in different fields, including fuel, animal feed, and paper 
and textile industry (Singh et al., 2016 and Florencio, Badino and Farinas, 2017). Cellulases from fungi 
are the main class of enzymes of the lignocellulolytic group, being widely used in various industrial 
branches. At present, it has attracted the interest of the alcohol industry in Brazil, as it acts as the main 
enzyme in the enzymatic hydrolysis of cellulose promoting the biodegradation of this polymer, 
converting it to smaller sugars, which are used in the production of ethanol (Talebnia, Karakashev and 
Angelidaki, 2010, Makhuvele et al., 2017 and Martins et al., 2018). 
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In this context, isolating studies on the sources of new enzymes in unexploited environments, 
such as forests, have gained attention since the diversity of microorganisms in these ecosystems, mainly 
in the soil, is controlled by different physical and chemical properties, for example temperature, pH, 
organic carbon availability, and contents of the soil (Moreira et al., 2001, Jena et al., 2015, Grum-
Grzhimaylo et al., 2016 and Makhuvele et al., 2017). As these properties directly affect the microbial 
activity such as decomposition of macromolecules (celluloses, hemicelluloses, lignin, and peptide) and 
nutrient recycling, it is crucial to know the environment composition to establish the goal of isolating 
(Acharya and Chaudhary, 2012, Voříšková and Baldrian, 2013, Grum-Grzhimaylo et al., 2016 and 
Yang et al., 2017). 

This study aimed to investigate the diversity of fungi with endogenous cellulase production 
ability in native soil from Parque Nacional dos Campos Gerais located in Ponta Grossa, PR, and screen 
and quantify cellulase enzymatic index (EI) activity. 

 
Materials and Methods 
 
Study Area and Sampling Strategy 
 

This study was conducted in a preserved region known as “Furna do Passo do Pupo 1” located 
23 km away from the municipality of Ponta Grossa, in Paraná state, Brazil. The Furna do Passo do Pupo 
is located in a region called “Sumidouro Córrego das Fendas” geosite, which consists of a subterranean 
system located on the Paraná’s second plateau developed in the rocks of Furnas Formation (Silurian to 
Devonian) (Filho and Karmann, 2007). The authorization for the collection of material was obtained 
from the Biodiversity Information and Authorization System (under number SISBIO: 60168–1). 

The sampling strategy was made as described by Teixeira et al, (2011) who suggested 30 
sampling points per 1000 m2 of the area. Thus, an estimate of the collection area resulted in 
approximately 1,216 m2 and then a total of 36 collection points were established. These collection points 
were determined to cover the entire sampling accessible area. The largest real diameter of the Furna 
was estimated to be approximately 60 m, which was named as the master line. This line was divided 
into seven points that were designated from A to G, and from these points, the subsequent ones were 
branched out to left (E) and right (D). These points were 10 m apart from each other and were spread 
to the edges of the Furna or until an inaccessible area was reached due to the high slope of the ground. 

A total of 36 soil samples were collected on April 14, 2015, and the coordinates of the collecting 
site were 25°08ʹ49ʺS 49°57ʹ22ʺW. During sampling, the temperature of each point was individually 
measured to estimate the mean incubation temperature for the isolation of the promising fungal isolates. 
Each sample was collected at approximately 10 cm depth, using metal spatulas and tubes of 50 mL, 
both sterilized to avoid external contamination of the samples. 
 
Inoculum Preparation and Fungal Isolation 
 

A serial dilution (1:10 and 1:100) of each sample (n = 36) was prepared according to Teixeira, et 
al (2011) using distilled sterile water and vortexing for 10 min. Subsequently, an aliquot of 1 mL of 
each dilution was transferred and inoculated in the surface of plates containing solid Manachini solution 
medium (Manachini, Fortina and Parini, 1987) (phosphate monopotassium 2 g/L, ammonium sulfate 1 
g/L, magnesium sulfate heptahydrate 0.1 g/L, sodium phosphate dibasic dihydrate 0.9 g/L, yeast extract 
1 g/L, and agar 18 g/L) supplemented with carboxymethylcellulose 0.5% (w/v) (Teixeira et al., 2011). 
The plates were incubated at 20 °C without light incidence for seven days, and the microbial growth 
was monitored daily with the subsequent isolation of cellulase production strains. 

The selection of cellulase producers was made according to the method described by Kasana, et 
al (2008). The plates were flooded with 0.1% (w/v) Congo Red for 15 to 20 min and subsequently with 
1 M NaCl for 20 min. After that procedure, it was possible to observe the appearance of a clearance 
zone around the colony (hydrolysis halos), which indicates the cellulase production by the strains. The 
obtained strains were deposited to the Microbiological Collections of Paraná Network-CMRP.  
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Qualitative Cellulase Activity and Mycelium Growth Curves 
 

Qualitative cellulase activity and mycelium growth curves were determined in Manachini 
solution medium using the cup plate (ɸ = 12.5 mm) method. The inocula were prepared placing 200 µL 
of a spore suspension of each isolate in the cup plates. The incubation took place at 26 °C in the dark 
for five days. Perpendicularly radial mycelium measurements were taken from the edge of the disc daily 
for five days in two replicates, and the mean daily mycelial growth was calculated. 

The EI of each strain was determined according to Teixeira, et al (2011) using the following 
formula 

EI= 
Halo diameter 

…………………………………(1) 
Cup plate diameter 

 
an admensional parameter. 
 
Fungal Identification 
 

The protocol for genomic DNA extraction from fungal isolates was proceeded as described by 
Vicente, et al (2008). The fungal isolates were cultivated on Sabouraud dextrose agar (dextrose 40 g/L, 
peptone 10 g/L, and agar 15 g/L) for five days. Approximately 1 cm2 of the cultures was transferred to 
a 1.5 mL microtube filled with 300 mL 2% cetyltrimethylammonium bromide (CTAB) buffer and 
approximately 80 mg of a silica-celite mixture (2:1, w/w). The cells were disrupted manually with a 
sterile pestle for approximately 5 min. Subsequently, 200 µL of CTAB buffer was added, and the 
mixture was incubated at 65 °C for 10 min. After incubation, 500 µL of chloroform: isoamyl alcohol 
(24:1) was added. The tubes were centrifuged for 7 min at 20500 ×g, and supernatants were collected 
in new 1.5 µL tubes with 800 µL of ice-cold 96% ethanol. DNA was allowed to precipitate overnight 
at −20 °C and then centrifuged again for 7 min at 20500 ×g. Pellets were washed with 1 mL ice-cold 
70% ethanol, dried at room temperature, and resuspended in 100 µL water.  

The sequence of rDNA, the internal transcribed spacer (ITS) region, was determined according 
to White et al. using the universal ITS markers (White et al., 1990). Polymerase chain reaction (PCR) 
mixtures contained 1 µL template DNA (30 ng), 2.5 µL 10× PCR buffer, 1 µL MgCl2 (2 mM), 2 µL 
dNTP mix (2.5 mM), 1 µL of each primer (10 pmol), 0.2 mL Taq polymerase (Invitrogen - Thermo 
Fisher Scientific - BR; 5 U/mL), and water to complete the final volume of 25 µL. PCR was performed 
in a MaxyGene II Thermal Cycler (Axygene, Tewksbury, USA). Amplifications were performed as 
follows: 95 °C for 5 min, followed by 30 cycles consisting of 94 °C for 45 s, 52 °C for 45 s, and 72 °C 
for 2 min and a post elongation step at 72 °C for 7 min. PCR products were visualized by electrophoresis 
on a 1% (w/v) agarose gel and sent for sequencing (Myleus Biotechnology, www.myleus.com). The 
sequencing was performed on an ABI3730 automatic sequencer (Applied Biosystems - Thermo Fisher 
Scientific - BR). 

Sequences were adjusted using the SEQMAN package (DNAStar, Madison, USA). Comparisons 
of ITS regions were performed using the National Center for Biotechnology Information (NCBI; 
https://www.ncbi.nlm.nih.gov/) database using the BLAST tool (https://blast.ncbi.nlm.nih.gov/). 
 
Results 
 

The strains with cellulase activity were isolated using the selective method, resulting in a total of 
10 fungal isolates obtained from the native soil from “Furna Passo do Pupo 1” region. Out of the 36 
analyzed samples, fungi with cellulase activity were isolated from 6 samples (Table 1; samples from 
points BE1, CE2, DD2, DE1, DE2, and G0). 

The isolated fungal strains were identified by molecular tools on the basis of rDNA ITS 
sequences; subsequently, a comparative analysis was performed with the NCBI database using the 
BLAST tool, with a nucleotide sequence matching up to 99% or more. The analysis of the sequence 
data showed that Mucor was the only genus observed among the isolates. Mucor fragilis (n = 6) was 
the predominant species, and five isolates (Table 2) were classified at the general level as Mucor sp.  
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Table 1: Isolated strains from native soil of Furna do Passo do Pupo 1. 

Sample point Collection Number Molecular identification GenBank accession number 

CE2 CMRP3217 Mucor fragilis MH424490 

DE1 CMRP3218 Mucor fragilis MH424491 

G0 CMRP3219 Mucor sp. MH424492 

G0 CMRP3220 Mucor fragilis MH424493 

DD2 CMRP3221 Mucor fragilis MH424494 

DE2 CMRP3222 Mucor fragilis MH424495 

G0 CMRP3223 Mucor fragilis MH424496 

BE1 CMRP3224 Mucor fragilis MH424497 

DE2 CMRP3225 Mucor fragilis MH424498 

BE1 CMRP3226 Mucor sp. MH424499 

 
Table 2: Occurrence of fungi isolated from native soil of Furna do Passo do Pupo 1. 

Species / Isolate code Sample point 
Total 

isolates 
Frequency of 

occurrence (%) 
Mucor sp. / CMRP3226 
Mucor fragilis / CMRP3224 

BE1 2 20 

Mucor fragilis / CMRP3217 CE2 1 10 

Mucor fragilis / CMRP3221 DD2 1 10 

Mucor fragilis / CMRP3218 DE1 1 10 

Mucor fragilis / CMRP3222 / CMRP3225 DE2 2 20 

Mucor sp. / CMRP3219 / CMRP3220 /CMRP3223 G0 3 30 

Total - 10 - 

 
All the isolates were grown on Manachini medium to determine cellulase EI. Hydrolysis halos 

were measured for five days, and the EI of each isolate was determined. All the obtained isolates were 
high cellulase producers and presented an EI of 2.0 or more after five days (120 h) of incubation as 
shown in Table 3.  

 
Table 3: Isolated strains from native soil of Furna do Passo do Pupo 1. 

Collection Number 
Enzymatic index (EI) at 120 

hours 
The higher mycelial growth  

rate in hours 

CMRP3217 6,52 72 

CMRP3218 6,52 48 

CMRP3219 6,16 96 

CMRP3220 5,76 72 

CMRP3221 6,25 48 

CMRP3222 6,88 48 

CMRP3223 7,17 48 

CMRP3224 3,60 48 

CMRP3225 4,80 48 

CMRP3226 6,88 72 

 
Evaluating the growth rates (mm/hours) of the isolates, some strains showed similar growth 

profiles with variations in the apices and declining time (Fig. 1). The isolates CMRP3218, CMRP3221, 
CMRP3222, CMRP323, CMRP324, and CMRP3225 presented the apices in 48 h, whereas CMRP3217, 
CMRP3220, and CMRP3226 showed the apices in 72 h and CMRP3219 in 96 h. 

The variations found in growth rates during the evaluation period are not associated with the 
increase or decrease of the number of cells in the medium but due to the variation of the cell increase 
over the incubation time. 
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Fig. 1: Growth curves of the isolated strains in 120 h of native soil from Furna do Passo do Pupo 1 

divided into groups according to the profiles that show the apices in 24 h (a), 72 h (b) and 96 h 
(c). 

 
Discussion 

Isolating is a nonaccurate exploration method, since it is impossible to state whether the analyzed 
area or sample contains microorganisms with the specific characteristics expected at the beginning of 
the study. The unexplored native soil from Furna Passo do Pupo 1 was found to be an interesting 
environment for isolating fungal species with extracellular cellulase activity, and the selective method 
used favored the isolation of fungal isolates with this enzymatic activity. At present, it is known that 
fungi can occupy a diverse habitat and also play a crucial role in the soil ecosystem (Jena et al., 2015, 
Grum-Grzhimaylo et al., 2016 and Yang et al., 2017). 

On the basis of ITS sequence identification, Mucor was the unique recovered genus in this 
isolating study. The genus Mucor belongs to the order Mucorales and is a group of filamentous fungi 
mainly found in the soil, plants, and decaying fruits (Hermet et al., 2012). Several publications have 
shown the frequent recovery of Mucor species from soil (Mari et al., 2000, Soares et al., 2010, Lu et 
al., 2013, Santiago, Parreira dos Santos and Maia, 2013 and Souza et al., 2017). 

On the one hand, Mucor species is reported to cause mucormycosis in immunocompetent and 
immunocompromised patients (Iwen et al., 2007, Mignogna et al., 2011 and Suthananthan, Koek and 
Sieunarine, 2017). On the other hand, Mucor species is used in pharmaceutical and biotechnological 
industry (Alves et al., 2002, Millati, Edebo and Taherzadeh, 2005 and Huang et al., 2014) and has been 
used in the preparation of fermented foods in Asia and Africa (Ayumi et al., 2004 and Hermet et al., 
2012). M. fragilis has been recovered from different sources such as fresh olives and gut of soldier fly 
larvae (Baffi et al., 2012 and Nguyen, Duong and Lee, 2016) and recently was reported to cause bunch 
rots of grapes (Ghuffar et al., 2018). 

The highest cellulase activity (EI ≥ 6.0) was shown by the strains CMRP3222, CMRP3223, and 
CMRP3226, all identified as M. fragilis. In the literature, M. fragilis has been evaluated for enzymatic 
activity (Yamamoto et al., 1986) and was described by Baffi, et al (2012) as a producer of β-glucosidase, 
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carboxymethylcellulase, polygalacturonase, and lipase at different levels of activity. In addition, 
Yamamoto, et al (1986) described the production of β-N-acetylgalactosaminidase by these species. 
Different methodologies aim to evaluate and determine the enzymatic activity by radial diffusion in 
solid medium (Martínez et al., 2005, Sharma et al., 2012 and Avellaneda-Torres, Pulido and Rojas, 
2014). 

Furthermore, strain CMRP3223 showed the highest EI (8.18) and presented the apex of the 
growth rate in approximately 36 h, suggesting that this strain has potential to be a new microbial source 
of cellulase. The determinant factors involved in the selection included the direct correlation between 
the size of the halo and the degradative capacity of the microorganisms. Teixeira, et al (2011) Lima, et 
al (2005) and Soares, et al (2010) recommend a value of enzyme index (IE ≥ 2.0) as a demonstration 
of the microorganism’s ability to degrade cellulose in the solid medium because of extracellular 
enzymatic secretion.  

Despite variations in the growth rate of the fungal colony, it is necessary to evaluate the 
parameters that interfere in the growth of the microorganism to establish the optimal pH, temperature, 
and incubation time for optimum growth. Also, it is necessary to evaluate the influence of the light 
supply on the growth of the colonies for assessing the interference of this parameter in the enzymatic 
production of each individual strain. 

This study shows the potential of an unexplored area for isolating studies focusing on the fungal 
species with specific enzymatic activity. The species M. fragilis obtained in this study showed a higher 
extracellular activity of cellulase and in the future could be used for different biotechnological processes 
in industries, which use enzymes in the productive processes. 
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