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Isolation of Bacillus amyloliquefaciens ATC6 Producing Acidic Cellulase
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ABSTRACT

A bacterium producing acidic cellulase was isolated from pig feces. The isolate, ATC6 strain, was found to be Gram-positive,
non-motile, catalase-positive, and spore-forming stain. Under an electron microscope, the cells were observed to be rod-shaped.
The isolate was identified as Bacillus amyloliquefaciens ATC6 on the basis of morphological and biochemical properties as well
as 16S rRNA gene sequences. Optimum pH and temperature for the cellulase activity of the culture supernatant of B.
amyloliquefaciens ATC6 were found to be pH 4.5 and 55T, respectively. More than 80% of its maximum activity was
maintained at pH 4.0. The cellulase activity was maintained at temperatures ranging from 35 to 55°C after 2 h incubation at pH
4.5, whereas it's activity decreased rapidly at 65C.
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olE WAashd BrElE, 53 celluloseE E8H0E o]fapy] 9 AW v pHE F3shdA Agalof stew, 4 pHZF AHd
8] cellulase (EC 3.2.1.4)7} A2 37Fe E4RA de] o&¥a  oAY Wi 54s 7He Zlo] niAleitt (Castanon 5,

gtk o= 71%e] AUelN FE AR o] g4 wYomM AL 1997). dHARL FEolRnt A%EEsE wET RIS Y L
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Nutrient agar (Difco, USA)el =23sla 37Tl wljYst4

iAol A A& e 79 replica plateE THEIL 24271 %
kg 2o 0.35% congo red (Sigma, USA) &0z JA3}9]
o9, 1 M NaClZ A3 o Yehte wgtdo] Frgslo] &
TFEs Adeisitt s #F5 CNY (0.5% Na-carboxymethyl-
cellulose, 0.5% NaCl, 0.5% yeast extract, 0.3% peptone, 0.2%
(NH)2804, 0.05% MgSO; - TH:0, 0.2% KoHPO,, pH 6.8)
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ThHog ALgEte] pH 49 oA FAo] =& IFE F
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Microscopy) 2.2 #3301, Sohn 5 (2004)2] #3511
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kit (Qiagen, Germany)< ©]&3lo] 25 EH  genomic
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TGG CTC AG-3")$} reverse primer (5-AAG GAG GTG ATC
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< 4833tk 50 pmole primer, 50ng template DNA, 10 x Tag
DNA polymerase buffer 5pL, 2.5mM dNTP mixture 4yL,
Tag DNA polymerase (TaKara, Japan) 1uL7} 3% PCR
mixture 50 LS 95TCAIA 57F WAL Foll 95TAA 132,
55~60CollA 1, 72 COHH 137k 30 cycles W80 24 PCR
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Sob mjeFEdth wiel Edt uAMIAE 0.35% congo red
(Sigma, USA)Z Al om, wabd Euldh & Yepl= #55
Attt (Fig. 1). HEHo=2 AdE ATC6 #5E5 43}
A3l 54 A 23 Gram 9439 (MO EA (Fig. 2), 571
e A} PAolRlth. ATC6 w39 T wa/o)84s AN
ZA3=  Table 1914 He  we} 2OW, Bacillus
amyloliquefaciens®| 438l= A2 YEPITH(AEE 99.9%). T
st ATC6 2] 16S tDNA9] 9A7|MES BAgk S (Fig. 3),
NCBI®] BLAST search programe ©]-8-3}o]
3} 99.9%9] NFHEZ B, amyloliquefaciens®| %3dl=
eong AWt 55 B amyloliquefaciens ATC6Z B3}
Ak M, B amyloliquefaciens ATC67} A4ksh= cellulase ]
848 A A3 avicelase 2 B-glucosidase B %A
B7] wiitol, B. amyloliquefaciens ATC67} AJAbehs S4%
endo-3-1,4- glucanase$l CMCase?l Ao F4E %t} (data not
shown).
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Fig. 1. Detection of cellulase activity of ATC6 strain,
by congo-red staining of solid medium containing
0.5% Na-CMC. Clear zone around cells
indicates degradation of Na-CMC.
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Fig. 2. Scanning electron microscopy (SEM) micrograph
(x20,000) of ATC6 strain.

Table 1. Characteristics of ATC6 strain

Characteristics Result| Characteristics Result
Shape rod

Gram stain + Arbutin +
Catalase + Esculin +
Control - Salicin +
Glycerol + | Celliobiose +
Erythritol - Maltose -
D-arabinose - Lactose -
L-arabinose + Melibiose +
D-ribose + Sucrose +
D-xylose - Trehalose +
L-xylose - Inulin -
D-adonitol - Melezitose -
Methyl-B-D-xylopyranoside - Raffinose +
D-galactose - Starch +
D-glucose + Glycogen +
D-fructose + | Xylitol -
D-mannose + | Gentiobiose +
L-sorbose - D-turanose -
Rhamnose - D-lyxose -
Dulcitol - D-tagatose -
Inositol + D-fucose -
Mannitol + L-fucose -
Sorbitol + D-arabitol -
a-Methyl, D-Mannopyranside - L-arabitol -
a-Methyl, D-glucoside + Gluconate -
N-Acethyl-glucosamine - 2-keto-gluconate -
Amygdalin - S-keto-gluconate -

1) +: positive result, -: negative result
2) API 50CHB kit was used.
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1 GTGCCTAATA CATGCAAGTC GAGCGGACAG ATGGGAGCTT GCTCCCTGAT GTTAGCGGCG

61 GACGGGTGAG TAACACGTGG GTAACCTGCC
121 GGCTAATACC GGATGGTTGT CTGAACCGCA
181 CCACTTACAG ATGGACCCGC GGCGCATTAG
241 GACGATGCGT AGCCGACCTG AGAGGGTGAT
301 ACTCCTACGG GAGGCAGCAG TAGGGAATCT
361 CGCCGCGTGA GTGATGAAGG TTTTCGGATC
421 GCCGTTCAAA TAGGGCGGCA CCTTGACGGT
481 GCCAGCAGCC GCGGTAATAC GTAGGTGGCA
541 GCTCGCTGGC GGTTTCTTAA GTCTGATGTG
601 TGGAAACTGG GGAACTTGAG TGCAGAAGAG
661 TGCGTAGAGA TGTGGAGGAA CACCAGTGGC
721 TGAGGAGCGA AAGCGTGGGG AGCGAACAGG
781 CGATGAGTGC TAAGTGTTAG GGGGTTTCCG
841 ACTCCGCCTG GGGAGTACGG TCGCAAGACT
901 CAAGCGGTGG AGCATGTGGT TTAATTCGAA
961 ATCCTCTGAC AATCCTAGAG ATAGGACGTC

1021 TGGTTGTCGT CAGCTCGTGT CGTGAGATGT
1081 TGATCTTAGT
1141 GGAAGGTGGG
1201 CAATGGACAG
1261 TCAGTTCGGA
1321 ATCAGCATGC
1381 GAGTTTGTAA
1441 ACAGATGATT

GATGACGTCA AATCATCATG
AACAAAGGGC AGCGAAACCG
TCGCAGTCTG CAACTCGACT
CGCGGTGAAT ACGTTCCCGG
CACCCGAAGT CGGTGAGGTA
GGGGTGAAGT CGTAACAAGG

Fig. 3. 16S rDNA sequences
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4. Growth and enzyme production of B. amyloli-
quefaciens ATC6. B. amyloliquefaciens ATC6
was grown in Nutrient broth at 37°C with vigorous
shaking. The cell growth was determined by
measuring ODsy Of the cell culture. Enzyme activity
was determined with the culture supernatants.
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71As kel oM 27t mAE 9FE AR 2
+ Fig. 6914 B vle} 2t} wYF A5S Amicon Ultra 10K

(Milipore USA)E AMEEle] B3A17) S0 §484 4L 98

FAdoF AMEon HkEenE 3to cellulase B4
24819tk Cellulase &9 HA 2%+ 55To|9len, 37C~
65T WA Y& WM =2 aAdAS JeRfQITh. T3
37C o]ate] &ZolME cellulase EAlo] 23] 7hash whd, 75
T =2 2EAAME Hu &9 50% 4= sdste &S
UERASIEE Al el cellulases WEAS 71 497t Bo

— 68 —



Lee et al. ; Bacillus amyloliquefaciens ATC6 Producing Acidic Cellulase

120

100 r

80

60

40 }

Relative activity(%)

20 +

pH

Fig. 5. Effect of pH on the activity of the cellulase
from B. amyloliquefaciens ATC6. The maximum
specific activity of crude enzymes was set as
100%. The buffer solutions used were 50 mM
citrate-NaOH (pH 3-5), 50 mM potassium phosphate
buffer (pH 6-8), and 50 mM glycine-NaOH buffer
(pH 9-10).
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Fig. 6. Effect of temperature on the activity of the
cellulase from B. amyloliquefaciens ATC6. The
maximum specific activity of crude enzymes
was set as 100%. Assays were performed in
50 mM citrate-NaOH buffer (pH 4.5).

Y, Trichoderma sp. SO-5719] 79 & Wg-2%7F 60T o]
Aom (Oh 5, 2003), Aspergillus niger MS829] 4 W%
= 35T ©]3t}(Sohail &, 2009).
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Fig. 7. Effect of temperature on the stability of the
cellulase from B. amyloliquefaciens ATC6. Assay
was carried out after exposure to different
temperatures for 2 hr.
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