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Abstract. Composting process mainly depends on the metabolic pathways of the microorganism
and involves the activity of different enzymes. Thermophilic cellulase-producing bacteria isolated
from sawdust compost were tested for formation of a visible zone around the colonies on the agar
plates medium containing carboxymethyl cellulose at 50°C. Screening of carboxymethyl cellulase
producing isolates was further realized on the basis in liquid medium by DNS method. Among
29 isolates investigated, V1 and V11 strains exhibited maximum enzyme activity of 1.9 and
2.3 U/mL, respectively. These isolates were selected for morphological, physiological and bio-
chemical studies and 16S rRNA gene analysis. They were found a Gram-positive, rod-shaped
spore forming cells, which were identified as Bacillus megaterium (V1) and Bacillus subtilis
(V11) based on cell morphology, nucleotide homology and phylogenetic analysis. The optimal
temperature for activity of endoglucanases (CMCase) ranged from 35-45°C (strain V1) and 40—
50°C (strain V11). Our findings showed that Bacillus megaterium (V1) and Bacillus subtilis (V11)
cellulase demonstrate thermophilic characteristics within wide range of temperature and meets the
requirements for commercial enzymes.
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INTRODUCTION

Composting is the process of biological decomposition of the organic substrates and
considered as a promising source of new thermophilic bacteria and thermostable enzymes
(Alfreider et al., 2002). During the process of thermophilic composting, the temperature
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SCREENING AND IDENTIFICATION OF THERMOPHILIC CELLULOLYTIC BACTERIA

can reach up to 45-80°C and many pathogenic microbes could be eradicated in this
stage. For all kind of compost, the most recognized group being able to grow well at
temperature ranged from at 30 to 50°C are various members of the genus Bacillus be-
longing to thermophilic Bacilli (Bhattacharya, Pletschke, 2014). In addition, thermo-
philic Bacilli are promising by capability to utilize a variety of compounds as carbon
source and to breakdown different of complex organic substrates including proteins, fats,
cellulose, lignins, pectins (Maheshwari, 2014).

A number of thermophilic cellulolytic bacteria isolated from diverse sources of
compost were reported. Genus Bacillus was reported as the predominant representatives
during the thermophilic phase of compost (Cihan et al., 2012). The various of thermo-
philic bacterial strains of garden (76.1%) with two strains identified as B. thermodenitri-
ficansi and B. licheniformis indicated by Bhattacharya and Pletschke (2014). Mahesh-
wari (2014) indicated a greater number of species of Bacillus from thermophilic compost
samples containing manure, corn and sawdust. By using DGGE to analysis of the micro-
bial community from mushroom compost, Zhang et al. (2014) demonstrated the presence
of bands corresponding to the genus Bacillus. Some thermophilic cellulase-producing
bacteria strains from industrial waste compost also were found and identified as B. amy-
loliquefaciens B13C, B. licheniformis 1, B. subtilis subsp. spizizenii 6, B. subtilis subsp.
subtilis BTB (Amore et al., 2013 a, b).

Cellulases are a group of enzymes including mainly three types are exoglucanases
(FPase), endoglucanases (CMCase) and betaglucosidases. These enzymes are secreted
by different microorganisms such as bacteria, fungi, and actinomycetes. However, fungi
and actinomycetes have several disadvantages, such as long generation time and poor
heat tolerance so unsuitable for industrial-scale fermentation, in ones turn thermophilic
cellulolytic bacteria could grow well at a broad range of temperature, so they are good
object for intensive fermentation process Dees and Ghiorse (2001). Therefore, the aim of
this study was: (1) to isolate cellulase-producing bacteria from the thermophilic com-
posting process, (2) to identify potential cellulolytic bacteria strains and (3) influence of
temperature on the CMCase (endoglucanases) activity.

MATERIAL AND METHODS
Materials

Strains isolated from sawdust compost. The bacteria used for the test antimicrobial
activity of selected strains were as follows: Pseudomonas aureginosa, Escherichia coli,
Staphylococcus aureus, Salmonella.

Culture Media. Carboxymethyl cellulose (CMC) agar medium (w/v): 1% CMC,
0.25% (NH4),SO4, 0.025% K,HPO,.3H,0, 0.01% NaCl, 0.0125% MgS0,4.7H,0, 1.5%
agar.

Nutrient broth medium (NB) (w/v): 0.5% glucose, 1% peptone, 0.5 NaCl, 0.3 beef
extract and 1 L of distilled water at pH 7.0-7.2.

Nutrient agar medium (NA): adding 2% agar to NB. The medium was used to scan
the antimicrobial activity of the tested bacterial strains.
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Methods

Isolation of Cellulase Producing Thermophilic Bacteria. Cellulolytic bacterium was
isolated from compost samples obtained in southern region of Vietnam and extracted at
7™ day of sawdust composting process (50-60°C). A 1 kg representative samples were
extracted from the internal core (at depth about 30-50 cm) and external zona of the pile
(at depth about 5-10 cm). The samples were exposed before use at 70°C for 24 h to ex-
clude non-sporeforming bacteria (Baharuddin et al., 2010). To each of the 90 mL sam-
ples were added 10 g (w/v) of sterile water in Erlenmeyer flasks (250 mL) and it have
been shaking to make suitable suspensions dilutions. A 100 puL dilutions was expand
onto CMC agar plates and then incubated at temperature 50°C for 24 h. The cellulolytic
bacteria clones were traced by good colony development and visible clear zone around
the colonies after Lugol drops on CMC agar. Selected grown colonies were harvested
and transferred to NB agar plates and incubated at 37°C for 24 h. Colony morphological
characteristics such as colony size, growth, form and color were tested.

Morphological, Physiological and Biochemical Studies of Bacterial Isolates. For
the observation of selected isolates, colony morphology such as form of colony, size,
surface, pigmentation, Gram reaction and their rate of growth was studied. Catalase test,
Hydrolysis of casein, Hydrolysis of Gelatin, Hydrolysis of starch tests, Growth response
of the isolates at different concentrations of NaCl, growth pH and growth temperature
range were performed in agreement with standard procedures following Bergey’s Man-
ual of Systematic Bacteriology. Cell morphology was studied with an Axio Image 2
(Imager.Z2) microscope with integrated Zeiss Axiocam 503 Color Camera Unit under
100x magnification, by Zen 3.3 software (blue version).

Identification of isolates by 16S rRNA gene analysis. Genomic DNA was ex-
tracted and purified from cells grown on NB agar by using a Thermo Scientific GeneJET
Plant Genomic DNA Purification Mini Kit (UK). The 16S rRNA gene fragments were
amplified as previously described (Do et al., 2021) by using two pairs of primers 27F:
5-AGAGTTTGATCATGGCTCAG-3' and 1492r: 5'-TACGGYTACCTTGTTACGACTT-3'.
The PCR reaction was run by GeneAmp™ PCR System 9700 (Life Technologies Ap-
plied Biosystems, Singapore). PCR protocol was performed as follows: 5 min denatura-
tion at 94°C, followed by 30 cycles of 1 min at 94°C, 1 min at 52°C, and 1 min 30 s at
72°C, and, finally, extension incubated at 72°C for 5 min. PCR products were analyzed
on 1% agarose gel (product size 1420 bp) and were sent for directly sequencing at 1st
Base Laboratories Sdn. Bhd., Malaysia. The 16S rRNA gene sequencing data were con-
firmed and compared with GenBank sequences by the basic local alignment search tool
(BLAST).

Preparation of Crude Enzyme Solutions. Initial cultures were prepared by transfer-
ring cells by inoculation loop into 100 mL of CMC liquid medium with initial pH 7.0.
After 24 h cultivation by shaking at 37°C, 5 mL starter culture was transfer into 500 mL
of CMC liquid medium (in 1000 mL flasks). This medium was the same as the medium
using before cellulolytic bacteial isolation; yeast extract (1.0 g/L) was added to provide
additional nitrogen source and increase the growth rate. These flasks were again incu-
bated at 37°C for 24 h on a shaker at 180 rpm. The crude enzyme solutions were har-
vested after centrifugation of cell-free supernatants from cultures at 4°C (8,000xg, 10 min)
and investigated for cellulolytic activities (Meng et al., 2014).
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Enzyme Activity Assay. The cellulolytic reaction was carried out in glass tubes, by
adding 0.5 mL of crude enzyme solution to 1 mL of 1% (w/v) CMC, readied in a buffer
(sodium acetate 0.1 M (pH 5.0) and 1.0 mL of sodium acetate 0.05 M (pH 4.8). This
mixture was incubated for 30 min at 50°C. The reducing sugars liberated estimation
were made by DNS method with some modifications. DNS reagent was prepared as fol-
low: C;H4N,O; (3,5-dinitrosalicylic acid) 10.6 g, NaOH, 19.8 g, C;H4KNaOg (potassium
sodium tartarate) 306 g, C¢HgO (phenol) 7.6 mL, Na,OsS, (Natri metabisulfite) and dis-
tilled water up to 1416 mL). The enzyme reaction was stopped by inclusion of 3.0 mL,
heated in closed glass tubes for 5 min and then cooled in frozen water. This solution was
measured for optical density (OD) at 540 nm using a spectrophotometer. One unit (IU)
of CMCase activity was defined as the amount of enzyme releasing 1 pmole of reducing
sugar per min (Islam, Roy, 2018).

Influence of temperature on the CMCase activity. To screen the influence of tem-
perature on the activity of the CMCase, the mix of the crude enzyme extract and CMC
1% was incubated (w/v) in the buffer (pH 4.8) for 30 min. The different temperatures
values were tested in range of 20 to 60°C with 5°C intervals. CMCase activity was de-
termined by the DNS as described by Li et al. (2016). The results reported obtained as
mean values of the three independent replicates.

Antimicrobial activities of bacterial strains. Antimicrobial activity on all bacteria of
study was tested by the agar-well diffusion method. The fermentation broth of each bac-
terial strain (100 mL) was extricated with ethyl acetate, then the ethyl acetate phase was
recalled and evaporated at 50°C by using rotary evaporator to obtain 1 ml concentrated
extract (Amin et al., 2015; Chu et al., 2019).

The bacteria investigated were incubated on NB medium at the temperature 30°C
for 24 h. After that, 100 ul suspensions of each strain were spread on the nutrient agar me-
dium plates. Eight mm diameter wells in agar plates were punched by using a steel borer.
After that, 100 ul concentrated extract of each sample were directly contended into the
wells. These plates were incubated for 24 h at 30°C, and antimicrobial activity was ob-
served as a clear disk-like zone of inhibition around the wells (Balouiri et al., 2016).

Statistical and genetic analyses. Statistical data analyses were performed using the
software packages MS Excel 2000 (Microsoft Corp.), PAST 2.17¢c (Hammer et al., 2001)
and Statistica 6.0 (Statsoft Inc., OK, USA). The Neighbor-Joining phylogenetic tree was
constructed using a MEGA7 software based on 16S rRNA gene sequences.

RESULTS AND DISCUSSION

Isolation of thermophilic cellulose degrading bacteria. In this study, cellulolytic
bacterial isolates were obtained from 9 different samples collected from sawdust com-
posts. After incubation at 50°C for 24 h, the bacterial isolates were selected based on
morphological colonies characteristics and a visible clearing zone on the agar plate. A
total of 29 bacterial isolates were selected for cellulose degradation in the first round of
screening. Cellulase activity were confirmed by both the halo zones around the colonies
on CMC agar medium and by using the crude cellulase extract obtained from the liquid
cultures by the lugol-staining method on agar medium with CMC as an exclusive carbon
source. Of all positive isolates, strain V1 and V11 from the sawdust compost showed
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both maximum zone of clearance
(Fig. 1) and the highest activity
(exhibited maximum enzyme ac-
tivity of 1.9 and 2.3 U/mL) so was
selected for further study.
Morphological, biochemical
and physiological characteriza-
tion of strain V1 and V11 and its
16S rRNA identification. The
morphology of strain V1 and V11 is

Fig. 1. Growth of bacterial V1 (@) and V11 (b), isolated SHOWN in Figure 2. Both of them
from sawdust compost, and CMCase activity on CMC agar Were ~Gram-positive, sporulating
plates with 1% CMC and pH 7.0 at 50°C. Cellulase acti- rod—shaped bacteria. The cells of
vity could be detected by clear halos around the colonies V1 strain ranged in size from 4.0 to

6.5 um in length and from 1.5 to
2.0 um in width. The cells of V11 strain ranged in size from 2.0 to 3.5 in length and from
0.5 to 1.0 um in width when grown in NA media at 30°C.

They were also found catalase-positive, moderate thermophiles, able to growth at

varying NaCl concentration (0-9%), hydrolys1s of gelatln casein, starch. Besides that,

‘ these strains showed effective an-
tibacterial activity against other
bacteria  tested.  Biochemical,
physiological and morphological
characterizations of the two strains
showed minor differences from
each other (see Table).

Partial 16S rDNA gene se-
quences obtained (~1420 bp) of
isolates V1 and V11 were submit-
ted to GenBank and deposited
with the accession numbers
MW093073 and MW093074. The
results of comparative phyloge-
netic analyses of the two strains
based on BLAST search (Fig. 3)
determined the attribution of the
strain V1 as a single clade to Ba-
‘ cillus megaterium strain FJAT and
_ v 5w | B megaterium strain NBRII3G

c d (the highest identity at 99.79%).
Fig. 2. Morphological characterizations of the two The strain V11 was the most rela-
strains. The colony morphologies of V1 (a) and V11 (b) .. o -7 :

strains on NB agar and the Gram-stained V1 (¢) and V11 EVSGM(?S '9211/((’1) tg BszZiZils zgziﬁ

1Is ob: d under 1,000x light mi , Te-
g‘;icifveslyo served undet 1ght mieroscope, Te UCMBS5021. Therefore, based on

A Distance 3.073 pm|
)

4 »
!, ﬁ-stance 0.982 um 32 -
d - WA

352 TMTOBOJDKCKHI DKOJIOTMYECKHM XKYPHAJT Ne3 2021



SCREENING AND IDENTIFICATION OF THERMOPHILIC CELLULOLYTIC BACTERIA
morphological, biochemical and physiological characteristics, along with 16S rRNA
identification, our isolates were attributed to Bacillus megaterium (V1) and Bacillus sub-

tilis (V11).

Table. Morphological, biochemical and physiological characteristics of the strain V1 and V11

. Bacterial isolates
Characteristics Vi Vi
Gram stain Gram-positive bacteria Gram-positive bacteria
Cell shape Rod Rod
Size in length, pm 4.0-6.5 2.0-3.5
Size in width, pm 1.5-2.0 0.5-1.0
Spore-forming + +
Colony morphology (on nutrient agar plate) Irregular, smooth, Irregular, dry, cream-colored,
cream-colored, opaque opaque colonies

Growth temp range, °C 20-60 20-60
Growth pH range 4.0-8.5 5.5-8.0
NaCl, g/l 0-7 0-9
Catalase + +
Hydrolysis of

Gelatin + +

Casein + +

Starch + +
Antimicrobial activity

Escherichia coli + +

Salmonella typhimurium + +

Staphylococcus aureus + -

Pseudomonas aureginosa - +

Note. +, positive; —, negative.

The bacteria of genus Bacillus isolated from thermophilic compost were reported
recently. Xie et al. (2021) reported about the isolation and identification Bacillus
megaterium L2 strain. This strain showed good cellulose degradation activity and anti-
bacterial bioactive compounds. A number of thermophilic bacterial strains including
B. subtilis, B. licheniformis, Bacillus sp., Paenibacillus sp. and Geobacillus sp. were
isolated and identified from hot compost in Nepal by Acharya et al. (2012). Among these
strains, B. subtilis indicated highest enzyme activity on carboxymethylcellulose (CMC)
in the pH 7.2 and 50°C. Alfreider et al. (2002) reported the isolation bacteria belonging
to the genus Bacillus from organic waste of Innsbruck town. These strains B. subtilis and
Bacillus sp. showed an optimal performance at 70 and 80°C, respectively. By using
CMC as substrate, Kim et al. (2012) isolated thermophilic bacilli from composting vege-
table wastes and investigated enzymatic activities of ferments, such as CMCase, avice-
lase, B-glucosidase, and xylanase. These bacteria were identified as B. licheniformis 1,
B. subtilis subsp. subtilis BTB, B. megaterium 6, and B. amyloliquefaciens B31C.

Influence of temperature on the CMCase activity. Screening the influence of
temperature on the activity of the CMCase was performed under different temperatures
conditions ranging from 20 to 60°C. The results shown in Figures 4 demonstrate that
both strain V1 and V11 appear considerable CMCase activity in the crude enzyme solu-
tion in a wide temperature range and there exists a strong influence of temperature on
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97

Basillus megaterium FIAT-46905 MG651518.1

99| Basillus megaterium NBRI13G KX495297.1

Strain V1
Basillus nealsonii DSM 15077 EU656111.1

Basillus circulans ATCC4513 AY724690.1
Basillus niacini TFO 15566 AB021194.1

Basillus idriensis SMC 4352-2 AY904033.1
Basillus cibi JG-30 AY550276.1

Basillus indicus Sd/3 AJ.583158.1

Basillus sonorensis NRRL B-23154

Basillus licheniformis B-14 MN595080.1
90| Basillus velezensis CS1.13 MN865799.1
Basillus amyloliquefaciens NBRC 3035 AB679994.1

Strain V11
Basillus subtilis UCMB5021 CPO51466.1
Basillus subtilis DSM10 AJ276351.1

63 L—  Basillus crescens JC247 KY864917.1

Basillus sporothermodurans M215 U49078.1
L Basillus oleronius ATCC 700005 AY988598.1

0.050

Vibrio harveyi ATCC 14126 KC954162.1

Fig. 3. Phylogenetic tree (NJ) of Bacillus and positions of strains V1 and V11. The scale bar
refers to a phylogenetic distance of 0.050 nucleotide substitutions per position. Numbers at the

node are bootstrap values (1,000 replicates)

enzyme activity. The results of the test at different temperatures showed that the tem-
perature optimum for cellulase activity of strain V1 was found between 35 and 45°C,
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reaching maxima at 40°C (2.1 U/mL)
while temperature optimum for cellu-
lase activity of strain V11 was found
between 40 and 50°C, reaching
maxima at 45°C (2.52 U/mL) after
24 h cultivation. When the tempera-
ture increased above 50°C or de-
creased below 30°C, the results
showed that the enzyme activity de-
creased.

There are a few studies that
show the potential of cellulolytic
enzymes of bacteria isolated from
compost. De Marco et al. (2017) re-

TTOBOJDKCKUM SKOJIOTMYECKUI XKYPHAJT Ne3 2021



SCREENING AND IDENTIFICATION OF THERMOPHILIC CELLULOLYTIC BACTERIA

ported B. licheniformis 380 isolated from compost producing a thermostable alkaline
cellulase and identified favorable temperature conditions for maximal CMCase activity
at 50°C in the presence of different substrates. Siu-Rodas et al. (2018) identified of
B. subtilis isolated in the thermophilic phase from composting coffee remains (piles).
Endocellulase and exocellulase activities of this strain were shown. Partanen et al.
(2010) isolated and identified bacteria including the phyla Actinobacteria, Bacteroidetes,
Firmicutes, Proteobacteria and Deinococcus-Thermus. Most of them belong to Bacillus
genus. These strains showed the cellulases exhibited optimum temperature at 50-60°C.
B. subtilis, B. megaterium, B. licheniformis and B. amyloliquefaciens were considered to
be tolerant to thermophilic conditions and the enzyme allowed these strains to be treated
as an ideal candidate for application in biofuel and food industry.

CONCLUSIONS

Bacillus megaterium V1 and Bacillus subtilis V11 are Gram-positive, sporulating
rod-shaped bacteria, both isolated from sawdust composting, had the ability to produce
thermophilic cellulase at wide range of relatively high temperatures (20-60°C). Beside
that, these strains can hydrolysis of gelatin, casein, starch and tolerate against some other
bacteria. These strains can be successfully applied for degradation of organic substances
in compost.
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CKpUMHUHT U UAeHTUPUKAUA TEPMOPHIBHBIX
pa3jaraplnmx nejJIrJ03y 0aKkTepuii, BbiieJeHHbIX
U3 KOMIOCTHPOBAHHBIX ONMJIOK
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Poccuticko-Bvemnamckuii Tponuueckuil HAy4HO-UCCI008aAMENbCKULL U MEXHOI02UYECKUT YeHMP
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AnnHoTanus. IIponecc KOMIIOCTHPOBAHHS B OCHOBHOM 3aBUCUT OT META0OIMYECKUX ITyTed MHK-
POOPraHU3MOB U BKJIIOYAET B ce0s aKTMBHOCTh Pa3aM4HBIX (epmeHToB. TepmoduibHbie Gakre-
PHH — MPOYIICHTHI LIEIUTFONA3bl, H30JISITH KOMITOCTA M3 OIMJIOK MCCIICA0BAIN Ha 00pa30BaHUE BH-
JIMMBIX 30H BOKPYT KOJIOHHMI Ha 4amkax ¢ arapoM. Cpena cozepikana KapOOKCHMETHIIEILTION03Y
npu 50°C. Kpome TOro, fanpHEHIINA CKPUHUHT H30JIATOB, MPOAYLUPYIOMIUX KapOOKCHUMETHIIIIEN-
NIoNIasy, Ha KHUIKOHM cpeie ObUT MpOBesieH ¢ ucronb3oBanueM Merona DNS. Cpenu 29 uccieno-
BaHHBIX 00pa3oB u30iThl V1 1 V11 nokaszann MakCUMalbHYI0 (pepMEHTATUBHYIO aKTHBHOCTD —
1.9 1 2.3 en./mi COOTBETCTBEHHO. J{aHHBIE U30JIATHI ObLIM 0TOOPaHBI U1t MOP(HOIOTHYECKUX, HH-
3HOJIOTHYECKUX ¥ OHOXMMHYECKHX HCCICNOBAaHMH M aHaIM3a I[IOCICAOBATEIBHOCTH TI'CHA
16S rRNA. D710 OKa3aIKch rpaMIIOIOKUTENBHBIC MaJOUYKOBHUAHBIC COPOOOpasyone OakTepHHn.
Ha ocHoBaHMM KJIETOYHOH MOP()OIOTHHU, TOMOJIOIHH HYKJICOTHIHBIX MOCIEI0BATEIBHOCTEH U (-
JIOTEHETHYECKOT0 aHaJIN3a M30JISTHI ObUTH MACHTH(GUINPOBAHBI KaK WTaMMbl Bacillus megaterium
(V1) wu Bacillus subtilis (V11). OnrtuManbHas TemIeparypa aKTUBHOCTH OHIOTIIOKAHA3EI
(CMCase) cocraisuia ot 35 o 45°C (mramm V1) u ot 40 1o 50°C (mramm V11). Hamm pesysb-
TaThl TI0Ka3aJH, 4TO UeIIronasbl Bacillus megaterium (V1) u Bacillus subtilis (V11) nemoHcTpH-
poBau TepMO(IIBHOCTS B MIMPOKOM JHAIa30He TeMIIepaTyp M COOTBETCTBOBAIN TPeOOBAHHIM
KOMMEpUYECKUX (PepPMEHTOB.

KioueBble €JI0Ba: KOMIOCTHPOBAHHE, KOMIOCT M3 OINMIOK, TEPMO(UIBHEIC LEIUTIOIOINTHYC-
ckue Oakrepuu, Bacillus megaterium, Bacillus subtilis
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