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Isolation and Identification of High Cellulolytic Bacteria from Spent Mushroom Substrate and Determina-
tion of Optimal Medium Conditions for the Growth. Kim, Young-il, Se-Hyung Jung, Joon-San Seok, Si-
Yong Yang, Jeong-Weon Huh, and Wan-Sup Kwak*. Animal Science, School of Life Resource and Fnviron-
mental Sciences, College of Natural Sciences, Konkuk University, Danwol-dong 322, Korea — This study was con-
ducted to isolate and identify bacteria producing xylanase and cellulase from spent mushroom substrates and to
determine the optimal medium conditions for their growth. Bacteria showing high xylanase and carboxymethyl! cellulase
activities and low protease and amylase activities were strain 201-3 and strain 206-3. Strain 201-3 was identified as
Enterobacter ludwigii and named Ent. ludwigii KU201-3. 206-3 was identified as Bacillus cereus and named B. cereus
KU206-3. The optimal medium condition of Ent. ludwigii KU201-3 was obtained when 1%(w/v) of soybean meal and
3%(w/v) of sucrose were used as nitrogen and carbon source, respectively. That of B. cereus KU206-3 was obtained
when 3%(w/v) of soybean meal and 1%(w/v) of molasses were used as nitrogen and carbon sources, respectively.
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Table 1. Screening media and dyes used for the detection of various enzyme activities

Enzyme Substrate(basal medium:NA') Dye Identification
Protease 2% (w/v) skim milk Clear zone
Cellulase(CMCase) 1% (wiv) CMC? 0.2% (w/v) Congo red sol. Clear zone
Amylase 1% (w/v) soluble starch 0.2% (w/v) I + 2%(w/v)KI sol Clear zone
Xylanase 1% (w/v) oat spelt xylan Clear zone

'Plate count agar(casein peptone 5 g, yeast extract 2.5 g, dextrose 1 g, agar 15 g/L)

Carboxymethyl cellulose.

composition= Miller[10]2] ¥} w2} Gas Chromato-
graphy(6890 series, Agilent technologies, USAYS ©]-§-3}ed,
16S rDNA sequence¥= Thompson 5[12]2] ¥l e} &
A & BLASTN Z2 138 o]-23}e] GENEBANK®] ribo-
somal DNA sequence®} B]Z3}19] 21| sequence2] AHEA]-S
Clustal X9} Mega 2 program ©]-&3le] | mEA s},
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Table 2. Enzyme activities of 1%-selected 8 strains’

Enzyme activity at 30°C>
Strain No.
Xylanase = CMCase  Amylase  Protease

96-1 + 4+ + ++
196-2 +++ ++ +++ +++
196-5 +++ ++ +++ +++
201-3 +++ ++ o+ -+
201-7 ++ +++ +4+ ++
201-8 ++ ++ ++ ++
206-1 - +++ - -

206-3 +++ ++ +++ +++

The enzyme activity was evaluated after 24hr of incubation on
plate count agar with 1% xylan, CMC, starch and skim milk,
respectively.

Z4++ represents excellent clear zone formation on the screening
medium; ++ good; + fair. ; - negative.
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Table 3. Enzyme activities of 2"-selected strains'

Enzyme activity(30°C)  196-5  201-3  206-1  206-3
CMCase(unit/ml) 1695 2097 1928  162.6
Xylanase(unit/ml) 85.2 1144 74.3 116.9
Laccase(unit/min) 3.7x107 4.0x102 3.7x102 1.8x1072
MnP(unit/sec) 8.7x10%° 2.2x10* 4.8x10° 1.3x10™

"Basal medium: 2.0%(w/v) spent mushroom substrates + 0.5%(w/v)
urea.

< AZE Bl NEA AWz A 3H(Table 59 16s
DNA sequenceZ #H(Fig. 1, 3)ll &3t A= Fig 2, 40l
747 BAIsI . o) 48] AIEE B 201392 FHEH
S 2. Enterobacter ludwigiiZ-, 206-38-2 Bacillus cereus=.
FA = Ent. ludwigii KU201-3, B. cereus KU206-322
Zhzh e siodet.

Araee] Aol whd Fdell9] Jsk2 Table 60l
AA sl ALY R ¥ F5 BE soybean mealo] 7}
A 43t e 7 5 5 8lhE) Xa]ii}s;}%(non
protein nitrogen)2tHe= THERA A (protein nitrogen)H ol A1

Table 4. Biochemical (carbohydrates) characteristics of strain 201-3 and strain 206-3

Strain Strain
Characteristics Characteristics
201-3 206-3 201-3 206-3
Glycerol - + Salicine + +
Ertythritol - - Cellobiose + +
D-Arabinose - - Maltose + +
L-Arabinose - - Lactose + +
Ribose + + Melibiose - -
D-xylose - - Saccharose + +
L-xylose - - Trehalose + +
Adonitol - - Inuline - -
B Methyl-xyloside - - Melezitose - -
Galactose - - D-Raffinose - -
D-Glucose + + Amidon + +
D-Fructose + + Glycogen + +
D-Mannose - - Xylitol - -
L-sorbose - - B Gentiobiose - -
Rhamnose - - D-Turanose - -
Dulcitol - - D-Lyxose - -
Inositol - - D-Tagatose - -
Mannitol - + D-Fucose - -
Sorbitol - - L-Fucose - -
o Methyl-D-mannoside - - D-Arabitol - -
o Methyl-D-glucoside - - L-Arabitol - -
N Acetyl glucosamine + Gluconate - -

Arbutine -

+
Amygdaline - +
+
Esculine + +

2 ceto-gluconate - -
5 ceto-gluconate - -
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Table 5. Cellular fatty acid composition of strain 201-3 and
strain 206-3

Strain

Fatty acids 201-3 206-3
.................. % ceresstesiennte

C9:0 0.19
C11:0ISO 0.51
C12:01SO 1.30 2.02
C12:0 0.77 1.20
C13:01SO 20.97 20.07
C13:0 ANTEISO 1.57 2.14
C14:01SO 3.82 5.33
C14:0 3.54 4.71
C15:.0ISO 35.37 27.27
C15:0 ANTEISO 2.91 3.55
Cl15:0 0.61
C16:1 w7c alcohol 0.97 0.85
C16:0ISO 3.12 4.54
C16:0 2.28 5.46
C15:0 20H 0.89 0.59
I1SO C17:1 wloc 1.86 1.86
ISO C17:1 w5c¢ 4.06 3.03
C17:1 ANTEISO A 0.76
C17:01SO 4.71 4.60
C17:0 ANTEISO 0.73

Table 6. Effect of nitrogen sources on total bacteria counts’*?

Strain 201-3 Strain 206-3

Nitrogen sources(1%)

............ Logyo cfu/g4
Ammonium chioride - -
Ammonium citrate - -
Ammonium nitrate - -
Ammonia solution - -
Ammonium sulfate - -
Beef extract 8.18 6.34
Casamino acid 6.15 6.78
Casein - -
Malt extract 4.32 -
Peptone 5.61 -
Skim milk 5.63 7.23
Soybean 5.04 7.32
Soybean meal 8.23 7.58
Soytone 8.11 -
Tryptone 8.08 7.08
Urea - -
Yeast extract 8.20 7.57

"Basal carbon source : 1.0%(w/v) glucose.

The rate of growth was evaluated after 12 hr of incubation on plate
count agar.

3Culture : casein peptone 5 g, yeast extract 2.5 g, dextrose 1g, agar
15 g /L; “” : no growth.

*Colony-forming unit per gram of wet sample.

GGGGACTGCGGCAGGCTACCATGCAAGTCGAACGGTAGCACAGAGAGCTT
GCTCTCGGGTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCC
TGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAACGTC
GCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCAGATGTGCCCA
GATGGGATTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCC
TAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCA
GACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAAGCC
TGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTAC
TTTCAGCGGGGAGGAAGGTGTTGTGGT TAATAACCGCAGCAATTGAGGTT
ACCCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATAC
(GGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCACGCAGGT
GGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCAT
TCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGT
AGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCC
CCCTGGACAAAGACTGACGCTCAGGT GCGAAAGCGTGGGGAGCAAAGAGG
ATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTTG
TGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGG
GGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGAGGBGBGCCCGCAC
AAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCT |
ACTCTTGACATCCAGAGAACTTAGCAGAGATGCTTTGGTGCCTTCGGGAA
CTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTT
GGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTC
CGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGG
GATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTA
CAATGGCGCATACAAAGAGAAGCGAACTCGCGAGAGCAAGCGGACCTCAT
AAAGTGCGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTC
GGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCACACCATGGGAGTGGGTGCAAAAGAAGTT
AGGTAGCTTAACCTTCGGGAGGGCGCTTACCACTTGTGATNCAGAACGGG

Fig. 1. 16s rDNA sequence of strain 201-3.
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AGCAGGGGGCTATCTGCAGTCGGCGATGGATTAGAGCTTGCTCTTATGAA
GTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCCATAAGACTG
GGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACCGCA
TGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGS
GTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGT
AGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAG
ACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCT
GACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCT
GTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGT
ACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATAC
GTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGT
GGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCAT
TGGAAACTGGGAGACT TGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGT
AGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACT
TTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGG
ATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAG
AGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTG
GGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCA
CAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACC
AGGTCTTGACATCCTCTGAAAACCCTAGAGATAGGGCTTCTCCTTCGGGA
GCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGT
TGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATT
AAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGG
GATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTA
CAATGGACGGTACAAAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTCAT
AAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCGTACATGAAGCT
GGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGT
CGGTGGGGTAACCTTTTGGAGCCAGCCGC

Fig. 2. 16s rDNA sequence of strain 206-3.

Pantoea agglomerans AY335552
—————— Enterobacter dissolvens 296079
| 2013
91 Enterobacter ludwigii AJ853891
i ~—— Leclercia adecarboxylata AJ276393
| Enterobacter cancerogenus Z96078
Mieﬂa oxytoca AJ871859
| Morganella morganii AY043390
‘ Citrobacter freundii AJ233408

749 Kluyvera cryocrescens AF310218
9“99[% Kiuyvera ascorbata AF310219

g
0.002

Fig. 3. Phylogenetic tree of strain 201-3 (Enterobacter Ilud-
wigii).
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B0 Bacillus mojavensis AB021191
83 Baciltus vallismortis ABO21198
- 993 — Bacillus amyloliquefaciens AF045057
1ob " Baciitus atrophaeus ABO21181
1 1 Bacilius licheniformis AEO17333
106- Bacillus sonorensis AF302118
A Baciltus aguaemaris AF483625
3&*7"7 - Baciius acidogenesis AF547209
Baciitus alcalophilus X76436
Bacillus cereus AE0O17013

%Ba‘cz/lus subtilis Z99104

106 206-3
Bacillus cohnii X76437
 — Bacilius benzoevorans D78311
Qe — Bacilius circulans AY043084

Bacillus acidovorans X77789
¥ —
0.01

Fig. 4. Phylogenetic tree of strain 206-3 (Bacillus cereus).

Table 7. Effect of nitrogen source (soybean meal) concentra-
tions on total bacteria counts'>?

Nitrogen concentration (%)  Strain 201-3 Strain 206-3
............ Log1o Cfu/g3

0.5 7.26 7.48

1.0 8.23 7.59

1.5 8.00 7.68

2.0 8.11 7.56

3.0 8.18 8.46

'The rate of growth was evaluated after 12 hr of incubation on plate
count agar.

2Culture : casein peptone 5 g, yeast extract 2.5 g, dextrose 1 g+agar
15Sg/L

3Colony-forming unit per gram of wet sample.

Table 8. Effect of carbon source at 1% and 3% of soybean meal
on total bacteria counts'?

Strain 201-3

Soybean meal 1%

Strain 206-3

Soybean meal 3%

Carbon Source(1%)

............ L0g1och/g3

CcMC 7.81 -
Dextrose 8.43 -
Fructose 8.23 8.46
Glucose 8.23 8.41
Maltose 8.49 8.40
Molasses 8.11 8.76
Starch 8.34 8.34
Sucrose 8.63 8.46
Wheat flour 8.30 -
Xylan - 8.20
Xylose 7.98 -

'The rate of growth was evaluated after 12 hr of incubation on plate
count agar.

2Culture : casein peptone 5 g, yeast extract 2.5 g, dextrose 1 g+agar
15 g/L; “-” : no growth.

3Colony-forming unit per gram of wet sample.

g 2N E F IF 27 FAbEelH Aol AHE
molassesZ 1% ol ARS8k 7o) Bapdoje} et
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Table 9. Effect of carbon source concentrations at 1% and 3%
of soybean meal on total bacteria counts'?

Strain 201-3

Strain 206-3

concei:rr;c(i)(r)ln %) Soybean meal 1% Soybean meal 3%
Sucrose Molasses
............ Logyo cfu/g3
0.5 7.98 8.00
1.0 8.61 8.79
1.5 7.74 8.32
2.0 8.95 8.65
3.0 8.26 8.18

'The rate of growth was evaluated after 12hr of incubation on plate
count agar.

Culture : casein peptone 5g, yeast extract 2.5g, dextrose 1g, agar
15g /L

3Colony-forming unit per gram of wet sample.
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