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Abstract :

The stability of enzymes to heat and pH is one of the most important determining factors in their
application. In this research, achieving thermostable and pH-stable cellulase was aimed by screening
in one of the Hot springs of Garab in northeast Iran. The samples collected from one of the Hot
springs of Garab, in Razavi Khorasan province in Iran, were used to isolate, screen, and identify
bacteria capable of producing thermostable cellulase. The cultures were cultured at 45°C and under
aerobic conditions. The bacteria were isolated on a CMC agar medium. Initial screening of the
isolates was done based on specific culture medium, salt tolerance, and temperature changes. Then,
their additional screening was done by evaluating endoglucanase activity at different temperatures
and pH using qualitative and quantitative methods. Finally, the molecular identification of the
selected isolate was done by 16S rRNA gene sequencing. The results of this study, led to the
introduction of a selected strain identified primarily as Bacillus sp. G362, a moderate halophile
growing in 6%(w/v) salt concentration. It showed high endoglucanase stability at 55°C and high
stability in a wide range of acidic and alkaline pH. The studied Hot spring, like some other Iranian
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Hot springs, has cellulase-producing bacteria, which Bacillus sp. G362 is capable of producing
endoglucanase showing the thermostablity and pH stability at a wide range of alkaline and Acidic
pH. In addition, the specific endoglucanase gene of G362 Bacillus sp. can be identified through
molecular methods and used for further research including structural studies. It may even be used as
a protein template in protein engineering.

Keywords: cellulose, carboxymethyl cellulose, thermostable enzymes, cellulase, salt tolerance

Introduction:

Cellulases are one of the most widely used industrial enzymes that must show stability against
special process conditions such as high temperature and extreme pH values (1). Therefore, obtaining
sources of cellulases that are resistant to high temperatures and extreme pH, to denaturing agents
such as organic solvents, detergents, and inhibitors, is interesting (1, 2). While fungal sources have
traditionally been explored, recent focus has shifted towards bacterial origins due to certain
advantages in industrial production processes (3, 4). The extensive presence of cellulolytic bacteria
in diverse natural habitats such as soil, lakes, animal waste, decomposing materials, and the digestive
systems of certain animals has been reported (5). In addition, hot springs, serving as the main habitat
for thermophilic bacteria, have been of considerable interest in obtaining thermophilic cellulase-
producing bacteria (6). The stability of enzymes to heat and pH is one of the most important
determining factors in their application. In this research, the achievement of thermostable and pH-
stable cellulase was aimed by screening in one of the Hot springs of Garab located in the northeast of
Iran.

Materials and Methods:

The samples collected from one of the Hot springs of Garab, in Razavi Khorasan province, Iran,
were used to isolate, screen, and identify the bacteria producing thermostable cellulase. The cultures
were cultured at 45°C and under aerobic conditions. The bacteria were isolated on CMC agar
medium according to a previously described method (8). Initial screening of the isolates was done
based on specific culture medium, salt tolerance, and temperature changes. To cultivate, isolate, and
determination of the growth temperature, all bacteria were incubated at temperatures of 37, 45, 50,
and 55°C. Subsequently, all isolates were cultured on modified Mandel’s agar with salt
concentrations of 0.5%, 3%, and 6%. Finally, the molecular identification of the selected isolate was
done by Molecular identification of the selected strain was carried out by determining the 16S rRNA
gene sequence. Nucleotide homogeneity based on 16S rRNA sequences was performed using
EzTaxon (https://www.ezbiocloud.net) (12). Phylogenetic trees were constructed using MEGA X
(13). To compare the thermal stability of initially selected strains, the residual endoglucanase
activity was measured at temperatures of 55, 60, 70, and 80 °C for 1, 2, and 3 hours (h). For pH
stability comparison, enzyme solutions were evaluated at different pH levels (4, 7, and 10) for
residual endoglucanase activity at 2, 4, and 6 h. Endoglucanase activity was assessed using the DNS
method (8, 10, 14). Graphs and analyses were performed using the GraphPad Prism 8. A
significance level of P < 0.05 was considered for all samples as indicative of a significant difference.

Results :

Two Bacillus isolates, G3M1 and G362, were selected based on comparative assessments of
endoglucanase activity among 8 isolates that produced endoglucanase. Subsequently, their thermal
stability was compared at temperatures of 60, 70, and 80 °C during a 3h heat treatment period, at
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one-hour intervals. The residual activity and thermal stability of strains G362 and G3M1
significantly decreased compared to their respective controls (p < 0.0001). Conversely, in G3M1, its
thermal stability increased significantly compared to the control at 60 °C, after 3 hours (p < 0.0001).
At 70 °C, G3M1 maintained only 50% of its activity after 2 hours, while G362 exhibited a
significant reduction in thermal stability after 3 hours at 60 °C (p < 0.0001) and lost its activity
within the first hour at 70 °C. Both strains G362 and G3M1 completely lost their enzymatic
activities at 80 °C, as observed in Figure 1.
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Figure 1. The thermal stability of endoglucanase activity in selected isolates. The control group represents the
enzyme without any heat treatment. The reference points include H-60 (at 60°C), H-70 (at 70°C), and H-80 (at 80°C) for
durations of 1, 2, and 3 h of heat treatment. The notation **** indicates a statistically significant difference compared to

the control group (p < 0.0001).

The enzyme stability of G362 and G3ML1 strains were investigated at pH levels of 4, 7, and 10
over a period of 6 hours. In pH levels 7 and 4, the enzyme activity did not show a significant change
during the initial 2 h. Specifically, the remaining enzyme activity relative to their respective controls
was not statistically significant (p > 0.05). The pH effect on endoglucanase activity for the selected
isolates at pH 4 indicated that the remaining endoglucanase activity in strain G362 was 80.85% and
80.65%, over 4 and 6 hours, respectively, showing a significant preservation of endoglucanase
activity. In contrast, for strain G3M1, the residual activities were 96% and 93%, indicating a
significant decrease in activity. However, no decline in activity was observed over the 6 h period
(Figure 6). As the pH increased to 10, the remaining endoglucanase activities for G362 were
91.62%, 88.51%, and 88.71%, over periods of 2, 4, and 6 hours, respectively. Meanwhile, for
G3ML1, the remaining endoglucanase activities were 88.03%, 87.97%, and 68.78%, respectively,
demonstrating a significant reduction in activity. However, the endoglucanase activity of strain G362
was significantly preserved at alkaline pH (Figure 2). These assessments revealed the pH ability of
the endoglucanase of selected strains (G362 and G3M1) over a wide pH range. Overall, the results
suggested that the endoglucanase produced by strains G362 and G3M1 exhibit resistance to both
acidic and alkaline conditions within the pH range of 4 to 10. Additionally, the tolerance of strain
G362 to a 6% salt concentration was significant compared to the 0.5% tolerance of G3M1,
furthermore, its substantial enzyme activity makes G362 a preferred strain for further studies. The
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Strain G362 has been registered in the NCBI (GenBank) based on its 16S rRNA sequence, with the
accession number OP957018.1. The nucleotide sequence comparison revealed a remarkable 99.93%
similarity between the 16S rRNA sequence of strain G362 and those of Bacillus cabrialesii TE3,
Bacillus tequilensis KCTC 13622, and Bacillus inaquosorum KCTC 13429 as well as 99.86%
similarity with the Bacillus subtilis.
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Figure 2. The residual endoglucanase activity in selected isolates over a 6h period, at intervals of 2, 4, and 6 h and
pH 4, pH 7, and pH 10. * indicates a statistically significant difference compared to the control group (p < 0.016). **
indicates a statistically significant difference compared to the control group (p < 0.0013). *** indicates a statistically
significant difference compared to the control group (p < 0.0004). **** indicates a statistically significant difference

compared to the control group (p < 0.0001). ns indicates a non-significant level.

Discussion and Conclusion:

The studied Hot spring, like some other Iranian Hot springs, has cellulase-producing bacteria,
which Bacillus sp. G362, a moderate halophile growing in 6%(w/v) salt concentration is capable of
producing endoglucanase showing thermostability and pH stability at a wide range of alkaline and
Acidic pH. These characteristics make Bacillus sp. G362 as a candidate for more studies and
applications. Moreover, the endoglucanase-specific gene of the isolate can be cloned and expressed
for further investigation and even may be used as an enzyme model in protein engineering.
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difference with the control group (p < 0.0001).

3G362 oS Cdlad Bl Gl Csete a i HESIH Y (o TN Qg S\ BT 2\ K V] "R B 3]
33 o slad b slle 3L Sl Ol G3MI 35 30 S 501 5l ol sl ol sl

http://dx.doi.org 10.22108/BJM.2023.137002.1528



https://doi.org/10.22108/bjm.2023.137002.1528

VEF P ol (s jo Lo (o3 Se pliian ;

\YY

Ol e (G25031) 555 J 58" 4 s 40 S 551 >~
-0 S8) 5,8 bis 1y 3 e T b I (g i
18 Sl 45300 (ol slad b rimen ()
4 g A Lo (G362 a3l ool }UK}KE
b 1y 3 s Sl eree DL 55 (G161) 5.5 J 28
w\tﬂ@u,ggfeg;MJj|uu,>

(o0 JSK) shs olas s

B)o

3 00 glos 53 sl slad Cola ¥ b A4S s 4 e slag e slaUIST 85 5ol ool adsl b5l -0 s
& G25031 s G3MI lawlis 55U o8 5l oile 3b 5 s (slacdlad 4 b gy o o 5 A0 5 F-) (slae,lad (Ll ol 8 sl

Jolie 53 sl aw (b3l F slo ar 300 glabes
5G162) &)l g3l Y g Wgn ;K5 4 g 53
S 35 JaSe G 534S i )y » (G25031
ol B o lab Ll T s 4 L
solis a8 0ye)T el Lol glaaslis
I A R P W G | P -TH PP W

Hles cela Y u_s—b G3M1 afue Wsls OLis S~

N
(A)dl

ol (63U 5l ile 3L 5 Lw (slacles 4 bogy o 5 S A 5 F-) Glaslot (0ol sl o an b &S sacela

Ll ol e an eSS glacsle L G362 G162
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Figure 6. The thermal stability of endoglucanase activity in the selected isolates. The control group
represents the enzyme without any heat treatment. The reference points include H-60 (at 60°C), H-70
(at 70°C), and H-80 (at 80°C) for durations of 1, 2, and 3 h of heat treatment. The notation ****
indicates a statistically significant difference compared to the control group (p < 0.0001).
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