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Abstract
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Objective: The objective of the present study is to optimize cellulase produc-
tion in five strains: Pantoea dispersa MLTBY6 (MT646430.1); Pseudomonas
aeruginosa MLTBM2 (MT646431.1); Pseudomonas monteilii MLTBC10
(MT674682.1); Bacillus subtilis MLTBC5 (MT674681.1) and Lysinibacillus
fusiformis MLTBB?7 selected cellulase producers isolated from soils in Braz-
zaville, Republic of the Congo. Materials and Methods: The cellulolytic ac-
tivity of the selected cellulase-producing strains was determined by transfer-
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ring the strains to a petri dish containing CMC culture medium with the fol-
lowing composition: cellulose 1%, K,HPO, 0.2%, MgSO, 0.03%, peptone 1%,
Copyright © 2022 by author(s) and (NH,),SO, 0.2% adjusted to a pH value of 7, previously poured and then fro-
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dishes were then flooded with 1% lugol for 15 minutes. A positive reading is
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indicated by the formation of a hydrolysis zone, the diameters of the hydroly-
sis zone were measured with a ruler. Strains with a broad lysis spectrum were
selected. Optimisation of cellulase production by five bacterial strains isolated
from the soil was done using the following factors: temperature and pH. Re-
sults: The production of cellulase showed that these strains showed a high
production of cellulase at pH values between 5.6 and 9 with an optimum of
pH = 8 and temperature values between 35°C and 40°C with an optimum at
temperature t = 40°C. Of the carbon sources used, two sources, namely glu-
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cose and galactose, showed a high production of cellulase compared to the
other carbon sources. However, the two nitrogen sources, ammonium sulphate
and urea, were favourable for cellulase production by all five strains. Fe**,
CO*™, Zn*" ions are favourable for cellulase production by these strains, with a
referendum for Fe’. Conclusion: From these results, we conclude that the
sources of carbon (glucose and galactose), nitrogen (ammonium sulphate and
urea) and ions (Fe**, CO?**, Zn**) added to these five strains were the elements
favouring the good production of cellulase.
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1. Introduction

Cellulose is the most abundant molecule on earth. It has a basic polysaccharide
structure in plant cell walls and accounts for about 50% of the total mass of or-
ganic matter (Deguchi et al, 2006) [1]. Cellulose [C;H,,O;], is a long-chain po-
lyholoside of cellobiose units, consisting of anhydroglucoses linked by f-1,4
bridge. It occurs in amorphous or crystalline form, generated through the estab-
lishment of hydrogen bonds between the different chains (Oh et al, 2005) [2].
In plants, cellulose is present in the form of microfibrils and has a diameter of
20 - 30 nanometres (Zhao et al, 2007) [3] with a length of 100 - 40,000 nanome-
tres. Each cellulose molecule contains 2000 to more than 15,000 cellobiose sub-
units.

In nature, cellulose is broken down by a group of enzymes of fungal or bac-
terial origin called cellulases. Bacteria synthesise cellulases which are a group of
enzymes acting together and hydrolysis cellulose into simple sugar (Korish,
2003) [4]. It is one of the main members of the glycoside hydrolase family, which
is a complex enzymatic system composed of three main types of enzymes play-
ing different roles in the hydrolysis of cellulose into simple sugar. These groups
are: Endo B(1 - 4) - glucanase or endo cellulase (EC 3.2.1.4) which is a group of
cellulases that degrade internal bonds for the disruption of the crystal structure
of cellulose and exposure of different polysaccharide chains of cellulose, by rapid
decrease of the degree of polymerisation of the substrate (Xu et aZ, 2000) [5].
This group of enzymes cuts cellulose randomly in the amorphous areas of the cellu-
lose, thus generating new chain ends. Exoglucanase or exo-cellulase (EC 3.2.1.91) on
the other hand is a group of enzymes (cellulase) that attack the S (1 - 4) glyco-
sidic bond of the chains of non-reducing ends and exclusively releases cellobiose
(Xu, 2002) [6]. Cellobiase (EC 3.2.1.21) which are a final group of cellulases,
which hydrolyse the B (1 - 4) glycosidic bonds of cellobiose and yield two glu-
cose molecules (Onsori et al, 2005) [7].

Cellulose is a molecule produced abundantly by plants with which fungi and
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some bacteria synthesise cellulase. Moreover, cellulase is a group of enzymes that
are of great interest in several fields for the progress of scientific research. These
enzymes can be used:

In industry: cellulases have a wide spectrum of applications in various indus-
tries, they are applied in the food and brewing industry (Juturu ef al, 2014) [8],
but also in the production and processing of animal feed, detergent production,
laundry, textile and pulp manufacturing (Zhang & Zhang, 2013) [9].

In the food industry: Cellulases can be used to facilitate the filtration of vari-
ous suspension rich in cellulosic fibres handled by the food industry (Scriban,
1993) [10]. Cellulases can be used with other enzymes to degrade plant walls in
fruit and vegetable processing and also in the beverage industry (Leghlimi, 2013)
[11].

In animal nutrition: Cellulosic enzymes can be used as feed additives for li-
vestock and poultry. The addition of cellulases to poultry or pig feed improves the
digestibility of the cellulosic fractions, and thus reduces both the consumption of
energy sources such as starch and the excretion of undigested cellulose. (Gusa-
kov et al, 2000) [12].

In bioethanol production: Lignocellulosic biomass is a source of fermentable
sugars that are used for the production of liquid fuels such as bioethanol. These
polymerised sugars, which are cellulose and hemicellulose, are used to produce
bioethanol by fermenting glucose after several physical, chemical and biological
hydrolysis treatment stages known as biorefining. Bio-refining is a process of
transforming biomass into bio-based products used in food, chemicals and ma-
terials. Bioethanol has been used to substitute gasoline in many countries (Mood
et al,2013) [13].

Finally, in the production of biofuels (oil and coal) are the main sources of
energy, but these have many adverse effects on the environment such as air pol-
lution, global warming and emission of greenhouse gases. In order to reduce these
negative environmental effects, alternative energy sources are being developed.
The energy yield of ethanol obtained from plant biomass is almost equal to that
of petrol, it is obtained from fermentable substrates such as sugar cane, sugar
beet, maize, barley, wheat, ..., this biofuel is called first generation fuel, and the
second generation fuel is obtained from the cellulose of agricultural residues
such as straw or maize cane or forestry residues.

In this study, the optimization of physicochemical and nutritional parame-
ters related to the production of cellulase of five strains isolated from soil in
Brazzaville selected as cellulase producers were carried out. These strains have
already been identified by molecular biology techniques and their accession
numbers in GenBank are Pantoea dispersa MLTBY6 (MT646430.1); Pseudomo-
nas aeruginosa MLTBM2 (MT646431.1); Pseudomonas monteilii MLTBC10
(MT674682.1); Bacillus subtilis MLTBC5 (MT674681.1) and Lysinibacillus fusi-
formis MLTBB7. The optimised factors are: temperature, pH, carbon sources and

nitrogen sources.
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2. Materials and Methods

2.1. Screening of Cellulase Producing Strains

The screening of the selected cellulase producing strains was carried out by sub-
culturing the strains on the petri dish containing CMC culture medium with the
following composition: cellulose 1%, K,HPO, 0.2%, MgSO, 0.03%, peptone 1%,
(NH,),SO, 0.2% adjusted to a pH value of 7, previously poured and then solidi-
fied. The plates were incubated in an oven at 37°C for 24 hours. One colony of
each strain was grown in a 50 ml Erlenmeyer flask containing 20 ml of LB cul-
ture medium. The mixture was incubated under agitation at 37°C for 18 hours.
The supernatant was recovered by centrifugation at 6000 rpm for 20 minutes at
4°C. After centrifugation, 100 ul of the supernatant was placed in the wells pre-
viously prepared. The petri dishes were incubated at 37°C for 48 hours. Devel-
opment was done by flooding with 1% lugol for 15 minutes. A positive reading is
indicated by the formation of a hydrolysis zone, the diameters of the hydrolysis

zone were measured with a ruler (Andro et al,, 1984) [14].

2.2. Bacterial Identification

The bacterial strains that were the subject of this study were presumptively iden-
tified by means of phenotypic examination and some biochemical characterisa-
tions. The parameters studied included colonial morphology, microscopy, Gram
reactions, endospore formation, catalase production. In addition to the microbi-
ological identification, a molecular identification was carried out following mo-

lecular biology techniques, based on the analysis of the rRNA16S gene.

2.3. Cellulase Production

The cellulase production medium is a medium containing (g/L) glucose 0.5 g,
peptone 0.75 g, FeSO, 0.01 g, KH,PO, 0.5 g and MgSO, 0.5 g. Ten millilitres of
medium was taken in a 50 ml Erlenmeyer flask. The flasks containing the me-
dium were autoclaved at 121°C for 15 min, and after cooling, the flask was in-
oculated with a bacterial culture grown overnight. The seeded medium was in-
cubated in an oven at 37°C for 24 h. At the end of the fermentation period, the
culture medium was centrifuged at 6000 rpm for 20 min to obtain the crude ex-

tract, which served as the enzyme source.

2.4. Enzyme Assay

Cellulase activity was measured according to the method of Miller (1959) [15]. In-
deed, a reaction mixture consisting of 0.5 ml crude enzyme solution plus 1 ml of
1% carboxymethylcellulose (CMC) in 0.05 mM phosphate buffer (pH 7.4) was
incubated at 50°C in a water bath for 30 min. The reaction was stopped by adding 3
ml of dinitrosalysilic reagent (DNS). The colour was then developed by boiling the
mixture for 5 min. The OD of the samples was measured at 575 nm against a blank

containing all reagents minus the crude enzyme.
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2.5. Study of the Monitoring of Cellulase Kinetics

The catalytic potential of cellulase in the selected strains (Bacillus subtilis, Pan-
toea dispersa, Pseudomonas aeruginosa, Pseudomonas monteilii and Lysiniba-
cillus fusiformis) was evaluated. These strains were inoculated into a CMC cul-
ture medium containing 1% cellulose and incubated at 37°C for 24 hours. The
supernatant was recovered by centrifugation at 6000 rpm at 4°C for 20 minutes
and the crude cellulase activity was assessed by the DNS (Dinitrosalicylic Acid)
method. A volume of 0.5 ml of the supernatant was added to a volume of 1 ml of
0.05 M phosphate buffer solution (pH 7.4) containing 1% cellulose, incubated in
a water bath at a temperature of 50°C at time intervals of (1, 2, 5, 10, 20, 30 mi-
nutes) and the amount of reduced glucose was measured by the Dinitrosalicylic
Acid method.

2.6. Optimisation of the Physical Parameters Involved in the
Maximum Production of Crude Cellulase
2.6.1. Effect of pH on Cellulase Production
The optimum pH value for cellulase production of the five selected cellulase
producing strains was determined by inoculating a 0.5 ml volume of the super-
natant containing crude cellulase with 0.05 M phosphate buffer solution at 0.5%
cellulose, adjusted to different pH values (5.0; 6.0; 7.0; 8.0; 9.0; 10.0 and 11.0).
The reaction was initiated by incubating the reaction mixture consisting of 0.5
ml volume of the supernatant with 1 ml volume of 0.05 M Phosphate Buffer pH
= 7 containing 1% concentration of cellulose at a temperature of 50°C in the
water bath for 30 minutes. Crude cellulase activity was measured by the DNS
method (Ifran et al, 2012) [16].

2.6.2. Effect of Temperature on Cellulase Production

The optimal temperature for cellulase production of the five selected strains was
determined by inoculating a 0.5 ml volume of the cellulase-containing superna-
tant with a 0.05 M phosphate buffer solution with 1% cellulose, adjusted to a pH
value of 7. The reaction was initiated by incubating the reaction mixture at dif-
ferent temperatures (25°C, 30°C, 35°C, 40°C, 45°C, 50°C, 55°C and 60°C) for 24
hours. The cellulase activity was measured by DNS method (Ifran et al, 2012)
[16].

2.6.3. Optimisation of the Nutritional Conditions Involved in Cellulase
Production

1) Effect of Carbon and Nitrogen Sources on Cellulase Production

In order to optimise the nutritional conditions for cellulase production, strains
isolated from selected cellulase-producing soils were inoculated at 37°C for 24
hours in CMC culture medium containing different carbon sources at a concen-
tration of 0.5% such as starch, glucose, sucrose, galactose, fructose, mannose and
nitrogen sources at a concentration of 0.5% such as peptone, yeast extract and
ammonium sulphate and urea were demonstrated. Cellulase activity was meas-
ured by the DNS method (Ifran et al, 2012) [16].
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2) Effect of Ions on Crude Cellulase Production

In order to explore the effect of ions on crude cellulase activity, the selected
cellulase-producing strains isolated from the soils were inoculated into 250 ml
Erlenmeyer flasks containing a volume of 100 ml of sterile CMC production
culture medium, supplemented with ion source: Fe**; K*; CO**; Zn** and Mg** at
a concentration of 1%, the mixture was incubated at 37°C under shaking at 100
rpm for 48 hours and cellulase activity was measured by the dinitrosalycilic acid
(DNS) method (Ifran et al, 2012) [16].

3. Results

Five selected cellulase-producing strains isolated from the soils of Brazzaville
were characterised morphologically, biochemically and identified by modern
molecular biology techniques. These are: Pantoea dispersa MLTBY6 (MT646430.1);
Pseudomonas aeruginosa MLTBM2 (MT646431.1); Pseudomonas monteilii
MLTBC10 (MT674682.1); Bacillus subtilis MLTBC5 (MT674681.1) and Lysini-
bacillus fusiformis MLTBB7. From these strains, a study of the monitoring of
cellulase kinetics, an optimisation of the physical parameters and nutritional
conditions involved in the maximum production of crude cellulase was carried

out.

3.1. Study of the Monitoring of Cellulase Kinetics

The study of the monitoring of cellulase kinetics in selected strains presumed to
produce cellulase (Bacillus subtilis, Pantoea dispersa, Pseudomonas aeruginosa,
Pseudomonas monteilii and Lysinibacillus fusiformis) was tested. The results
obtained are presented in Figure 1. This figure shows that the more the product
is consumed (amorphous region of the cellulose) the more difficult the degrada-

tion of the remaining cellulose (crystalline region) becomes. This figure shows

® Bacillus subtilis MLTBC5

Centimeters (cm)

Figure 1. Cellulose hydrolysis monitoring study (1%) in Pantoea dispersa MLTBY6 (MT646430.1);
Pseudomonas aeruginosa MLTBM2 (MT646431.1); Pseudomonas monteilii MLTBC10 (MT674682.1);
Bacillus subtilis MLTBC5 (MT674681.1) and Lysinibacillus fusiformis MLTBB7.
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that the growth of cellulase production is proportional to time. There is an in-

crease as a function of time: from t = 1 minute to t = 30 minutes.

3.2. Optimisation of the Physical Parameters Involved in the
Maximum Production of Crude Cellulase
3.2.1. Effect of pH on Crude Cellulase Production
The effect of pH value on cellulase production in selected strains presumed to pro-
duce cellulase (Bacillus subtilis, Pantoea dispersa, Pseudomonas aeruginosa, Pseu-
domonas monteilii and Lysinibacillus fusiformis) was tested. The results ob-
tained are presented in Figure 2, which shows that in Bacillus subtilis MLTBC5,
Lysinibacillus fusiformis MLTBB7 and Pseudomonas monteilii MLTBC10, cel-
lulase production is proportional to the increase in pH up to pH = 8, however,
above pH = 8, cellulase production decreases rapidly up to pH = 9, and then
continues to decrease slowly. The optimum value for cellulase production in

these strains is at pH = 8.

3.2.2. Effect of Temperature on Crude Cellulase Production

The effect of temperature value on cellulase production in selected strains pre-
sumed to produce cellulase (Bacillus subtilis, Pantoea dispersa, Pseudomonas
aeruginosa, Pseudomonas monteilii and Lysinibacillus fusiformis) was tested.
The results obtained are presented in Figure 3. This figure shows that in Bacillus
subtilis MLTBCS5, Lysinibacillus fusiformis MLTBB7 and Pantoea dispersa MLTBY®6,
the production of cellulase is proportional to the increase in temperature up to a
temperature of T* = 40°C, however, above 40°C, the production of cellulase de-
creases rapidly until it becomes null at 60°C. The optimal temperature for the

production of cellulase in these strains is 40°C.

0.9 =& Bacillus subtilis MLTBC5
MT674681
0.8
Pseudomonas monteilii
:.E~ 0.7 MLTBCI10 MT674682
E 0.6 Pantoea dispersa MLTBY6
E: . MT646430
=
g 05 / —8— Pseudomonas aeruginosa
s MLTBM2 MT646431
& 04
E Lysinibacilus fusiformis
2 03 MLTBB7
0.2
0.1
0
5 6 7 8 9 10 11
pH

Figure 2. Profile of cellulase production as a function of pH in Pantoea dispersa MLTBY6
(MT646430.1); Pseudomonas aeruginosa MLTBM2 (MT646431.1); Pseudomonas mon-
teilii MLTBC10 (MT674682.1); Bacillus subtilis MLTBC5 (MT674681.1) and Lysinibacil-
lus fusiformis MLTBB?7.
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Figure 3. Temperature-dependent profile of cellulase production in Pantoea dispersa
MLTBY6 (MT646430.1); Pseudomonas aeruginosa MLTBM2 (MT646431.1); Pseudomo-
nas monteilif MLTBC10 (MT674682.1); Bacillus subtilis MLTBC5 (MT674681.1); and Ly-
sinibacillus fusiformis MLTBB7.

3.3. Optimisation of Nutritional Conditions for the Production of
Crude Cellulase

3.3.1. Effect of Carbon Sources on Cellulase Production

The effect of carbon sources on cellulase production in selected strains presumed
to produce cellulase (Bacillus subtilis, Pantoea dispersa, Pseudomonas aerugino-
sa, Pseudomonas monteilii and Lysinibacillus fusiformis) was tested. The results
obtained are presented in Figure 4, which shows that glucose and galactose are
two favourable carbon sources for Pantoea dispersa MLTBY6 and Pseudomonas

aeruginosa MLTBM2 for maximum cellulase production.

3.3.2. Effect of Nitrogen Sources on Cellulase Production

The effect of carbon sources on cellulase production in selected strains presumed
to produce cellulase (Bacillus subtilis, Pantoea dispersa, Pseudomonas aerugino-
sa, Pseudomonas monteilii and Lysinibacillus fusiformis) was tested. The results
obtained are presented in Figure 5, which shows that ammonium sulphate and urea
are the favourable nitrogen sources for Pantoea dispersa MLTBY6 and Pseudomo-
nas monteiliif MLTBC10.

3.4. Effect of Ions on Crude Cellulase Production

The effect of ions (CO**, K*, Fe**, Mg®") on cellulase production in selected cel-
lulase-producing strains (Bacillus subtilis, Pantoea dispersa, Pseudomonas aeru-
ginosa, Pseudomonas monteilii and Lysinibacillus fusiformis) was tested. The
results obtained are presented in Figure 6. This figure shows that Fe’* and CO**
ions are two sources of ions favourable to these five strains for maximum cellu-

lase production.
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Figure 4. Effect of carbon sources on cellulase production in Pantoea dispersa MLTBY6 (MT646430.1);
Pseudomonas aeruginosa MLTBM2 (MT646431.1); Pseudomonas monteilii MLTBC10 (MT674682.1);
Bacillus subtilis MLTBC5 (MT674681.1) and Lysinibacillus fusiformis MLTBB?7.
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Figure 5. Effect of nitrogen sources on cellulase production in Pantoea dispersa MLTBY6 (MT646430.1);
Pseudomonas aeruginosa MLTBM2 (MT646431.1); Pseudomonas monteilii MLTBC10 (MT674682.1);
Bacillus subtilis MLTBC5 (MT674681.1) and Lysinibacillus fusiformis MLTBB7.

4. Discussion

Cellulose is the main constituent of plants and has the major fraction of organic
carbon in the soil. Microorganisms, which live in the soil, are responsible for re-
cycling this organic carbon into the environment Wang et a/ 2008 [17]. The de-
gradation of cellulosic materials is a complex process and requires the participa-
tion of microbial cellulolytic enzymes. Habitats where these substrates are
present are the best sources for the isolation of cellulolytic microorganisms Das
et al. 2010 [18]. About one fifth of freshwater and soil samples contain cellulose
degrading bacteria after enrichment, but some samples do not contain this type
of bacteria Ivanen et al. 2009 [19]. This is due to the existence of microenviron-
ments in which different conditions for the cultivation of cellulose-degrading

bacteria are present. These bacteria are generally present in pit manure soils
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Figure 6. Effect of ions on cellulase production in Pantoea dispersa MLTBY6 (MT646430.1);
Pseudomonas aeruginosa MLTBM2 (MT646431.1); Pseudomonas monteiliif MLTBC10
(MT674682.1); Bacillus subtilis MLTBC5 (MT674681.1) and Lysinibacillus fusiformis
MLTBB?.

Morris et al. 2008 [20]. Several microorganisms have been discovered over the
decades that have the ability to convert cellulose into simple sugars Perez et al.
2002 [21]. Among these microorganisms with cellulolytic potential is Bacillus
subtilis which is a microorganism capable of synthesising significant amounts of
cellulase at temperatures ranging from 35°C to 45°C Nguimbi et al. 2014 [22].
The results of the effect of pH on crude cellulase production showed that the
selected cellulase producing strains (Bacillus subtilis, Pantoea dispersa, Pseudo-
monas aeruginosa, Pseudomonas monteilii and Lysinibacillus fusiformis) gener-
ally exhibited high productions of cellulase at pH values between 5.6 and 9. In-
deed, high cellulase production was observed in Bacillus subtilis, Pseudomonas
monteilii and Lysinibacillus fusiformis at an optimum value of pH = 8. Conse-
quently, in Pantoea dispersa, Pseudomonas aeruginosa and Lysinibacillus fusi-
formis, a high production of cellulase was observed at an optimum value of pH =
9. These results are close to those found by (Reffas, 2017) [23] who, working on
the isolation and characterization of cellulase producing bacteria proved that se-
lected cellulase producing bacteria showed excellent cellulase activity at pH val-
ues between 6.2 to 7.45 and those found by (Mawadza et al, 2000) [24]; (Kim et
al, 2009) [25] who demonstrated that the optimal pH for cellulase activity is
between 5 and 6.5 for strains belonging to the genus Bacillus, 6.5 for Bacillus
subtilis. Our results are also in line with those found by the study conducted by
(Lynd et al, 2002) [26] who reported that most of the cellulases produced by
different microorganisms studied possess activities at pH values of 3 to 7. Our
results are also close to those found by (Sonia Sethi et al, 2013) [27] who, work-
ing on the optimisation of cellulase producing bacteria isolated from soils found

optimal pH values for cellulase production between 9 and 11 in E. coli, Pseudo-
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monas fluorescens, Bacillus subtilis, and Serratia marscens. Based on these re-
sults, we argue that the optimal pH values for cellulase production vary from one
bacterial species to another.

The results of the effect of temperature on cellulase production showed that
the selected cellulase-producing strains (Bacillus subtilis, Pantoea dispersa,
Pseudomonas aeruginosa, Pseudomonas monteilii and Lysinibacillus fusiformis)
exhibited high cellulase production at optimum temperatures of 35°C - 40°C.
High cellulase production was observed in Pseudomonas aeruginosa and Pseu-
domonas monteilii at the optimum temperature of 35°C. In addition, at an op-
timum temperature of 40°C, high cellulase production was observed in Bacillus
subtilis, Pantoea dispersa and Lysinibacilus fusiformis. Above these temperatures
(from 45°C onwards), cellulase production decreased in all strains and became in-
active at 60°C. In this study, we found that our selected cellulase-producing strains
have an optimal temperature of 35°C to 40°C for maximum cellulase production.
Indeed, the amount of enzyme produced depends from one strain to another, but
especially from one temperature to another. These results are not similar to those
found by (Ifran et al, 2012) [16]; (Yin et al, 2010) [28]; (Mawadza et al, 2000)
[24]; (Mahjabeen et al, 2016) [29] who, working respectively on Isolation and
screening of cellulolytic bacteria from soil and optimization of cellulase produc-
tion and activity, on Isolation of Cellulase-Producing Bacteria and Characteriza-
tion of the Cellulase from the Isolated Bacterium Cellulomonas sp. Y]5. ] Agric
Food Chem, on the Purification and characterization of cellulases produced by
two Bacillus strains and on Isolation of Cellulolytic Bacteria from Soil, Identification
by 16S rRNA Gene Sequencing and Characterization of Cellulase. Have shown that
the optimal temperature for cellulase production is 60°C and 65°C in Bacillus
subtilis. Our results are similar to those found by (Sonia et al, 2013) [27] who,
working on the optimisation of cellulase producing bacteria isolated from soils
proved that the optimal temperature for cellulase production is 40°C in bacteria
of the Bacillus group, in E. coli, Pseudomonas aeruginosa and Sarratia. Our re-
sults also confirm those found by (Ray et al, 2007) [30] who found optimal cel-
lulase production temperatures of 30°C - 35°C in Bacillus subtilis and Pseudo-
monas fluorescence. Following these results, we find that not all selected strains
have the same optimal cellulase production temperature, so that the amount of
enzyme produced varies from strain to strain.

The results of the effect of carbon sources on cellulase production showed that
Bacillus subtilis and Pseudomonas monteilii showed better cellulase production
in the presence of starch as carbon source with production rates of (0.49 IU/ml;
0.633 IU/ml) respectively; Pantoea dispersa showed better cellulase production
in the presence of Glucose as carbon source with a rate of 0.872 IU/ml; Pseudo-
monas aeruginosa and Lysinibacillus fusiformis showed better cellulase produc-
tion in the presence of galactose as carbon source with production rates of (0.856
IU/ml; 0.522 TU/ml) respectively. These results prove that not all bacterial strains
have the same carbon source requirements. Indeed, we note in this work that the

source of carbon depends from one strain to another. In sum, we conclude that
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glucose and galactose are the carbon sources that gave the best cellulase produc-
tion respectively in Pantoea dispersa and Pseudomonas aeruginosa with produc-
tion rates reaching 0.872 IU/ml and 0.856 IU/ml. These two elements are therefore
preferential carbon sources for these strains. Therefore, glucose is not a good source
of carbon in Jysinibacillus fusiformis because in the presence of carbon, this strain
showed the lowest production rate of cellulase with a value of 0.14 IU/ml. Our
results are similar to those found by (Reffas, 2017) [23]; (Shabeb et al, 2010)
[31]; (Robson et al, 1984) [32] which demonstrated the variability and preferences of
carbon source from one strain to another with production rates of (0.93; 1.43; 1.61
IU/ml) on cellulase production in different bacterial species such as Cellulomonas
sp., Clostridium, Bacillus sp.

Our results of the effect of nitrogen source shows that, the selected cellulase
producing strains showed excellent cellulase production in the presence of am-
monium sulphate as nitrogen source in Pantoea dispersa with a production rate
of 0.599 IU/ml, in the presence of urea in Bacillus subtilis with a production rate
of 0.514 IU/ml, in the presence of yeast extract in Pseudomonas aeruginosa with
a production rate of 0.466 IU/ml, in the presence of peptone in Lysinibacillus fu-
siformis with a production rate of 0.412 IU/ml This variability is sufficient evi-
dence that the choice and preference of nitrogen sources differs from strain to
strain in this study. Our results are in perfect agreement with those found by
(Reffas, 2017) [23] who found an excellent production of cellulase in the pres-
ence of ammonium sulphate in strains EC4', EC3', EC3" with rates of (8.66; 1.86;
0.92 IU/ml) respectively and in the presence of peptone with a production rate
of 1 IU/ml in strain EC2'". Our results are similar to those found by (Jaradat et al,
2008) [33] who obtained a maximum production of cellulase in the presence of
ammonium sulphate. Our results are also in perfect similarity with those found by
(Vyas et al, 2005) [34] who confirm that ammonium sulphate is the best source of
nitrogen for good endoglucanase and exoglucanase activity.

Our results of the effect of ions on cellulase production show that, the selected
cellulase producing strains (Bacillus subtilis, Pantoea dispersa, Pseudomonas aeru-
ginosa, Pseudomonas monteilii and Lysinibacillus fusiformis), exhibited high cel-
lulase activity in the presence of Fe’* ions with production rates of (2.544; 2.490,
2.432; 2.391; 2.327 IU/ml) respectively in Pantoea dispersa, Bacillus subtilis,
Pseudomonas aeruginosa, Lysinibacillus fusiformis, and Pseudomonas monteilii,
in the presence of CO?*" ions with production rates of (2, 205, 2.197, 2.172, 2.171,
2.11 IU/ml) in Bacillus subtilis, Lysinibacillus fusiformis, Pseudomonas aerugi-
nosa, Pseudomonas monteilii, Pantoea dispersa, in the presence of K*, CO** and
Zn** ions respectively. In contrast, a low rate of cellulase production (1.082
IU/ml) was observed in Pseudomonas aeruginosa in the presence of Mg** ions.
Our results are similar to those found by (Reffas, 2017) [23]; (Ifran et al, 2012)
[16]; (Saha et al, 2004) [35] who found excellent cellulase production in the
presence of K ions. Our results are close to those found by (Irfan et al, 2012)
[16] who, working on Isolation and screening of cellulolytic bacteria from soil

and optimization of cellulase production and activity found excellent cellulase
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production in the presence of CO**, Mg** ions. However, in the presence of Fe**
ions, our results do not collaborate with those found by (Irfan ez al, 2012) [16].
In sum, the need and preference for ion source differs from strain to strain in
this study. Indeed, Fe** in this study is the preferred ion source for all the se-
lected strains, as it is in the presence of Fe** that good cellulase productions were
observed in these strains.

5. Conclusion

The objective of the present work was to optimise the physical and nutritional
parameters involved in the maximum production of cellulase in five strains iso-
lated from soils. From the results obtained, we can conclude that our strains (Ba-
cillus subtilis, Pantoea dispersa, Pseudomonas aeruginosa, Pseudomonas monteilii
and Lysinibacillus fusiformis) produced maximum cellulase yield. The optimum
temperature and pH were determined to be 35°C - 40°C and 5.6 - 9. The best
sources of carbon, nitrogen and ions were glucose, galactose, ammonium sulphate,
urea, Fe’*, CO*, and Zn*". This information allowed us to draw the conclusion
that: the choice and preference of carbon, nitrogen and ion sources differ from
strain to strain in this work. Finally, due to its production at high temperatures,
crude cellulase produced in this study may be beneficial for industrial applica-

tions.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this pa-

per.

References

[1] Deguchi, S., Tsujii, K. and Horikoshi, K. (2006) Cooking Cellulose in Hot and Com-
pressed Water. Chemical Communications, 31, 3293-3295.
https://doi.org/10.1039/b605812d

[2] Oh, S.Y., Yoo, D.I, Shin, Y., Kim, H.C,, Kim, H.Y., Chung, Y.S., Park, W.Y. and
Youk, J.H. (2005) Crystalline Structure Analysis of Cellulose Treated with Sodium
Hydroxide and Carbon Dioxide by Means of X-Ray Diffraction and FTIR Spectros-
copy. Carbohydrate Research, 340, 2376-2391.
https://doi.org/10.1016/j.carres.2005.08.007

[3] Zhao, Y., Wu, B. and Gao, P.J. (2007) A New Approach to Measurement of Saccha-
rifying Capacities of Crude Cellulase. Bioresources, 1, 189-200.

[4] Korish, M. (2003) Production, Purification, Properties and Application of the Cel-
lulases from a Wild Type Strain of a Yeast Isolate. Johannes Gutenberg University
of Mainz, Mainz.

[5] Xu, B., Hellman, U., Ersson, B. and Janson, J.C. (2000) Purification, Characteriza-
tion and Amino-Acid Sequence Analysis of a Thermostable, Low Molecular Mass
Endo-beta-1,4-glucanase from Blue Mussel, Mytilus edulis. European Journal of
Biochemistry, 267, 4970-4977.

[6] Xu, B.Z. (2002) Endoglucanase & Mannanase from Blue Mussel, Mytilus edulis. Pu-
rification, Characterization, Gene & Three Dimensional Structure. Thése de Docto-

DOI: 10.4236/jbm.2022.108002

26 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2022.108002
https://doi.org/10.1039/b605812d
https://doi.org/10.1016/j.carres.2005.08.007

T. M. Lingouangou et al.

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

rat, Faculty of Science and Technology, Uppsala University, Uppsala.

Onsori, H., Zamani, M.R., Motallbei, M. and Zarghami, N. (2005) Identification of
over Producer Strain of Endo--1,4-glucanase in Aspergillus Species: Characteriza-
tion of Crude Carboxymethyl Cellulase. African Journal of Biotechnology; 4, 26-30.
Juturu, V. and Wu, J.C. (2014) Microbial Cellulases: Engineering, Production and
Applications. Renewable and Sustainable Energy Reviews, 33, 188-203.
https://doi.org/10.1016/j.rser.2014.01.077

Zhang, X.Z. and Zhang, Y.P. (2013) Cellulases: Characteristics, Sources, Production,
and Applications. In: Yang, S.T., El-Ensashy, H. and Thongchul, N., Eds., Biopro-

cessing Technologies in Biorefinery for Sustainable Production of Fuels, Chemicals,
and Polymers, John Wiley & Sons, Inc., Hoboken, 139-146.

Scriban, R. (1993) Biotechnologie. 4éme édition, Technique et Documentation Lavoisier,
Paris.

Leghlimi, H. (2013) Cellulase de souche fongiques issue du sol d’un milieu extréme
(sol proche de sources thermales) selection des souches et étude des caractéristiques
des enzymes. These de doctorat, Université de Constantine 1, Algerie.

Gusakov, A.V., Sinitsyn, A.P., Markov, A.V., Skomarovsky, A.A., Sinitsyna, O.A.,,
Berlin, A.G. and Ankudimova, N.V. (2000) Indigo-Binding Domain in Cellulase
Molecule. Biocatalysis. Fundamentals and Applications, 11, 77-80.

Mood, S.H., Golfeshan, A.H., Tabatabaei, M., Jouzani, G.S., Najafi, G.H., Gholami,
M. and Ardjmand, M. (2013) Lignocellulosic Biomass to Bioethanol, a Comprehen-
sive Review with a Focus on Pretreatment. Renewable and Sustainable Energy Re-
views, 27, 77-93.

Andro, T., Chambost, J.P., Kotoujansky, A., Cattano, J., Barras, F., et al (1984) Mu-
tants of Erwinia chrysanthemi Defective in Secretion of Pectinase and Cellulase.
Journal of Bacteriology, 160, 1199-1203.
https://doi.org/10.1128/jb.160.3.1199-1203.1984

Miller, G.L. (1959) Use of Dinitrosalicylic Acid Reagent for Determination of Re-
ducing Sugar. Analytical Chemistry, 31, 426-428.

Irfan, M., Safdar, A., Syed, Q. and Nadeem, M. (2012) Isolation and Screening of
Cellulolytic Bacteria from Soil and Optimization of Cellulase Production and Activ-
ity. Turkish Journal of Biochemistry, 37, 287-293.
https://doi.org/10.5505/tjb.2012.09709

Wang, C.M., Shyu, C.L., Ho, S.P. and Chiou, S.H. (2008) Characterization of a Nov-
el Thermophilic, Cellulose-Degrading Bacterium Paenibacillus sp. Strain B39. Let-
ters in Applied Microbiology, 47, 46-53.
https://doi.org/10.1111/j.1472-765X.2008.02385.x

Das, A., Bhattacharya, S. and Murali, L. (2010) Production of Cellulase from a
Thermophilic Bacillus sp. Isolated from Cow Dung. American-Eurasian Journal of
Agricultural & Environmental Sciences, 8, 685-691.

Ivanen, D.R,, Rongjina, N.L., Shishlyannikov, S.M., Litviakova, G.L, Isaeva-Ivanova,
L.S., Shabalin, K.A. and Kulminskaya, A.A. (2009) Novel Precipitated Fluorescent
Substrates for the Screening of Cellulolytic Microorganisms. The Journal of Micro-
biological Methods, 76, 295-300. https://doi.org/10.1016/j.mimet.2008.12.008

Morris, H.J., Almarales, A., Carrillo, O. and Bermudez, R.C. (2008) Utilisation of
Chlorella vulgaris Cell Biomass for the Production of Enzymatic Protein Hydroly-
sates. Bioresource Technology, 99, 7723-7729.
https://doi.org/10.1016/j.biortech.2008.01.080

DOI: 10.4236/jbm.2022.108002

27 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2022.108002
https://doi.org/10.1016/j.rser.2014.01.077
https://doi.org/10.1128/jb.160.3.1199-1203.1984
https://doi.org/10.5505/tjb.2012.09709
https://doi.org/10.1111/j.1472-765X.2008.02385.x
https://doi.org/10.1016/j.mimet.2008.12.008
https://doi.org/10.1016/j.biortech.2008.01.080

T. M. Lingouangou et al.

(21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

Perez, J., Munoz-Dorado, ., de la Rubia, T. and Martinez, J. (2002) Biodegradation
and Biological Treatments of Cellulose, Hemicellulose and Lignin: An Overview.
International Microbiology, 5, 53-63. https://doi.org/10.1007/s10123-002-0062-3

Etienne, N., Gabriel, A., Rachel, M., Raoul, A., Vouidibio, A., Nina, O.E., Charle,
K.S. and Delphin, L. (2014) Optimization of Growth, Fibrinolytic Enzyme Produc-
tion and PCR Amplification of Encoding Fibrinolytic Enzyme Gene in Bacillus
amyloliquefaciens Isolated from Ntoba Mbodi at Brazzaville. International Journal
of Science and Research, 3, 2319-7064.

Reffas, F.Z.1. (2017) Isolement et caractérisation des bactéries productrices de la
cellulase. Thése de doctorat.

Mawadza, C., Chatti-Kaul, R., Zyauya, R. and Mattiasson, B. (2000) Purification and
Characterization of Cellules Produced by Two Bacillus Strains. Journal of Biotech-
nology, 83, 177-187.

Kim, B., Lee, B., Lee, Y., Jin, H., Chung, C. and Lee, J. (2009) Purification and Cha-
racterization of Carboxymethylcellulase Isolated from a Marine Bacterium, Bacillus
subtilis subsp. Subtilis A-53. Enzyme and Microbial Technology, 44, 411-416.
https://doi.org/10.1016/j.enzmictec.2009.02.005

Lynd, L.R., Weimer, P.J., Vanzyl, W.H. and Pretorius, L.S. (2002) Microbial Cellu-
lose Utilization: Fundamentals and Biotechnology. Microbiology and Molecular Bi-
ology Reviews, 66, 506-577.

Sethi, S., Datta, A., Lal Gupta, B. and Gupta, S. (2013) Optimization of Cellulase
Production from Bacteria Isolated from Soil. International Scholarly Research No-
tices, 2013, Article ID: 985685. https://doi.org/10.5402/2013/985685

Yin, L., Lin, H. and Xiao, Z. (2010) Purification and Characterization of a Cellulase
from Bacillus subtilis Y]1. Journal of Marine Science and Technology, 18, 466-471.
https://doi.org/10.51400/2709-6998.1895

Mahjabeen, F., Khan, S., Choudhury, N., et al (2016) Isolation of Cellulolytic Bacte-
ria from Soil, Identification by 16S rRNA Gene Sequencing and Characterization of
Cellulase. Bangladesh Journal of Microbiology, 33, 17-22.

Ray, A.K.,, Bairagi, K.S., Ghosh, A. and Sen, S.K. (2007) Optimization of Fermenta-
tion Conditions for Cellulase Production by Bacillus subtilis CY5 and Bacillus cir-
culans TP3 Isolated from Fish Gut. Acta Ichthyologica et Piscatoria (Poland), 37,
47-53. https://doi.org/10.3750/AIP2007.37.1.07

Shabeb, M.S., Younis, A.M., Hezayen, F.F. and Nour-Eldein, M.A. (2010) Produc-
tion of Cellulase in Low-Cost Medium by Bacillus subtilis KO Strain. World Ap-
plied Sciences Journal, 8, 35-42.

Robson, L.M. and Chambliss, G.H. (1984) Characterization of the Cellulytic Activi-
ty of a Bacillus Isolate. Applied and Environmental Microbiology, 47, 1039-1046.
https://doi.org/10.1128/aem.47.5.1039-1046.1984

Jaradat, Z., Dawagreh, A., Ababneh, Q. and Saadoun, I. (2008) Influence of Culture
Conditions on Cellulase Production by Streptomyces sp. (Strain J2). Jordan Journal
of Biological Sciences, 1, 141-146.

Vyas, A., Vyas, D. and Vyas, K.M. (2005) Production and Optimization of Cellulas-
es on Pretreated Groundnut Shell by Aspergillus terreus AV49. Journal of Scientific
and Industrial Research, 64, 281-286.

Saha, B.C. (2004) Production, Purification and Properties of Endoglucanase from a
Newly Isolated Strain of Mucor circinelloides. Process Biochemistry, 39, 1871-1876.
https://doi.org/10.1016/j.procbio.2003.09.013

DOI: 10.4236/jbm.2022.108002

28 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2022.108002
https://doi.org/10.1007/s10123-002-0062-3
https://doi.org/10.1016/j.enzmictec.2009.02.005
https://doi.org/10.5402/2013/985685
https://doi.org/10.51400/2709-6998.1895
https://doi.org/10.3750/AIP2007.37.1.07
https://doi.org/10.1128/aem.47.5.1039-1046.1984
https://doi.org/10.1016/j.procbio.2003.09.013

	Optimization of Cellulase Production Conditions in Bacteria Isolated from Soils in Brazzaville
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Screening of Cellulase Producing Strains
	2.2. Bacterial Identification
	2.3. Cellulase Production
	2.4. Enzyme Assay
	2.5. Study of the Monitoring of Cellulase Kinetics
	2.6. Optimisation of the Physical Parameters Involved in the Maximum Production of Crude Cellulase
	2.6.1. Effect of pH on Cellulase Production
	2.6.2. Effect of Temperature on Cellulase Production
	2.6.3. Optimisation of the Nutritional Conditions Involved in Cellulase Production


	3. Results
	3.1. Study of the Monitoring of Cellulase Kinetics
	3.2. Optimisation of the Physical Parameters Involved in the Maximum Production of Crude Cellulase
	3.2.1. Effect of pH on Crude Cellulase Production
	3.2.2. Effect of Temperature on Crude Cellulase Production

	3.3. Optimisation of Nutritional Conditions for the Production of Crude Cellulase
	3.3.1. Effect of Carbon Sources on Cellulase Production
	3.3.2. Effect of Nitrogen Sources on Cellulase Production

	3.4. Effect of Ions on Crude Cellulase Production

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

