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Cloning and Characterization of a Cellulase Gene from a Plant Growth Promoting Rhizobacterium,
Bacillus subtilis AH18 against Phytophthora Blight Disease in Red-Pepper. Woo, Sang-Min, Hee-
Kyoung Jung, and Sang-Dal Kim*. Department of Applied Microbiology, Yeungnam University, Gyeongsan
712-749, Korea — Using PCR amplification, we cloned a cellulase gene (ce/H) from the Bacillus subtilis
AHI18 which has plant growth-promoting activity and antagonistic ability against pepper blight caused by
Phytophthora capsici. The 1.6 kb PCR fragment contained the full sequence of the cellulase gene and the
1,582 bp gene deduced a 508 amino acid sequence. Similarity search in protein database revealed that the cel-
lulase of B. subtilis AH18 was more than 98% homologous in the amino acid sequence to those of several
major Bacillus spp. The celH was expressed in E. coli under an IPTG inducible /ac promoter on the vector,
had apparent molecular weight of about 55 kDa upon CMC-SDS-PAGE analysis. Partially purified cellulase
had not only cellulolytic activity toward carboxymethyl-cellulose (CMC) but also insoluble cellulose, such as
Avicel and filter paper (Whatman No. 1). In addtion, the cellulase could degrade a fungal cell wall of Phytoph-
thora capsici. The optimum pH and temperature of the ce/H coded cellulase were determined to be pH 5.0 and
50°C. The enzyme activity was activated by AgNOs or CoCl,. However its activity was inhibited by HgCl,.
The enzyme activity was activated by hydroxy urea or sodium azide and inhibited by CDTA or EDTA. The
results indicate that the cellulase gene, ce/H is an antifungal mechanism of B. subtilis AH18 against phytoph-

thora blight disease in red-pepper.
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AREEE FF B AFALCIAM AR ARR] EokellA
213} auxin 2 siderophore® A AYS}E Bacillus subtilis
AH18& A48l th8]. E coli DH5aE host cell2 pUC
182 cloning vecter2 ARE-3}%T}
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B. subtilis AH182 Nutrient brothel] 30°Cel| A, E. coli
DH5a3= LB brothol] 37°Cel| A A ekujek st} E. coli
DH50 3243 759 cellulase 4 2912 ampicillin®]
50ug/mé 2k 0.1% CMCE &3 LB agarS Al Z A}
S35t
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Cellulase A5 2l 0.1% carboxymethyl-cellulose
(CMC)Z *7}8 Nutrient agarell B. subtilis AH18S
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DNA £2[, PCR 2|1 sequencing

B. subtilis AH182] chromosomal DNA #2]*= QIAGEN
AFe] DNeasy® Tissue KitS- ARE-s}ict. £2]%l DNAE 5
302 PCRE 483l 2r], primer: cel H(+); 5'-
AGAAGTGTAGAGCCAAAATGATGCGAAGGA-3, cel H(-);
5".CGGACATCGTTACTGATGTCCGCC-3'2 Hx}el3led o]
£3}9dt}. PCR F71L 94°C(pre-denaturation) 5% F
94°C(denaturation) 1%, 64°C(annealing) 1%, 72°C(poly-
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= gAsl= 1.6 kb AE2] PCR products Eels}ed.em, o]



CLONING AND CHARACTERIZATION OF A CELLULASE GENE FROM BACILLUS SUBTILIS AH18 313

FKDD e
2kbp = Mt

Fig. 1. Confirmation of halo zone and detection of B. subtilis AH18 cellulase gene harboring recombinant E. coli DH5a (pCM 41)
clones by congo-red staining of nutrient and LB agar plates containing CMC and agarose gel electrophoresis of the recombinant
plasmid DNA. A: E. coli DH5a(Bacterium not producing cellulase), B: B. subtilis AH18, C: E. coli DH5a(pCM 41), Line 1: 1kb DNA
Ladder, 2: BamHI and Sacl digested plasmid DNA, 3: BamHI digested, 4: Sacl digested.

£ insert® AF8-3}{ v} pUC 18 vecter®} insertE- ligation
F competent®} ¥ E coli DH5ool| 32 33} 4= o]
A 39 colonyS 53t} dubd el Tag DNA
polymeraseZ ©]-83F PCR2| 7% PCR product®] oF gt
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HAASAZ Be|¥ 455 AL wiAol] toothpicksled wil
oFs193-™, 1 BAdS Congo red plate[22] HPH 22 olg)
A7}, pUC 18 vector®] lac promoterE ©]-8-3) B. subtilis
AH18%] cellulase gene®] E. coli DH5oel| Al &3 3hte]
cellulase positived 5 F2l, A3 (Fig. 1). | E.
coli DH5o(pCM 41)e]e} ®rd s} JAAdstg 459
plasmidE AA|te] A TR A2 Sacl, BamHI 2.& &3}
of PAHE X5 Bl vh(Fig. 1). el Ax} F 1.5
kb2 insertZ- Feldlel.en], o] A)33E plasmide= Solgent
Co., Ltd. Koreaol] 2]Z|8}e] inserti-$]2] DNA sequenceZ
ghelsldet. E53F B subrilis AHI82] cellulase gene 97141
& NCBI®] GenBank(http:/www.ncbi.nlm.nih.gov/Genbank)
o 55319 vH(GenBank accession no. EF070194). E. coli
DH5a(pCM 41)= pUC 18 vector Abelell B. subtilis
AH18%) 1,582 bp =712} DNA fragment® &--3lw, B.
subtilis AH182] cellulase structure gene®] 7|+ 1,524
bpel™] 508719 amino acid’} 933l ZHo=E 2R E}, o]
cloning® cellulase gene®] THiAG7| M- X F71A] 4=
A Bacillus spp=°] A= cellulase®} 98% oAt Ux|3}
A=HFig. 2).
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.................................... 332
.................................... 323
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AAK94871 333 ............. 2
AACO2536 324 ........... Aol
AAV3ATE8 324 ... ..ol S...
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AACO2536 444 G..................... ..
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................................ 508

........................... S... 499

Fig. 2. Sequence alignment of deduced amino acid sequences for Bacillus spp. cellulase. The sequences shown here are EF070194 from
E. coli DSo(pCM41), AAK94871 from B. subtilis, AAC02536 from Bacillus sp. 79-23, AAV34758 from Bacillus sp. HY?2-3.
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Fig. 3. Detection of cellulase activity of the celll of E. coli
DH50(pCM 41) on CMC-SDS-PAGE. line 1: protein molecular
weight marker, 2: activity staining band of the ce/H of B. subtilis

AH18.

Table 1. Substrate specificity of ce/H protein of E. coli DHSo,
(PCM 41).

Substrates Relative activity(%)
Carboxymethyl-cellulose 100
Avicel 16.2
Fiter paper (Whatman No. 1) 22.5
Phytophthora capsici cell wall 10.8

p-Nitrophenyl-3-D-glucopyranoside no activity

E. coli DH5a. was cultured in LB containing ampicillin for 36 hr at
37 °C. The mixture was subjected to the enzyme assay. The
numbers were presented enzymatic capacity as percentage (%)
relative to buffer control.

A7 o)y TME BA L HR)3le] 212w 9 Fo)
AEH L §31T 5 932 AAkS. 283 pH 4.0004)
9.07kA] 80% oAkl FAE fxlslelon, HAue pHE
pH 6.0°1%1H(Fig. 4). ol AMAs}El Bkl A% B suprilis
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Fig. 4. Enzymatic properties of the ce/H protein of E. coli DH50. (pCM 41) on different temperature and pH. (A): optimum reaction
temperature, (B): thermostability, (C): optimum reaction pH, (D): pH stability. The relative activity was expressed as % activities at various
temperatures (A) and pH (C) values compared to the enzyme activity. The enzyme was pre-incubated at various temperature (B) for 30 min
and pH values (D) for 12 hr at 4°C. The residual activities were determined under the standard assay conditions immediately after incubation.

AH18%] cellulase®] Aol A= o] 25 ulAof] =A|
7]ed8t Aoz QPztsojzch 28T AgNO; == CoCl, 3
7} Al &Ade] 1mie 2 A= F7FAIZIL, MnSO,4, NaySOs,
ZnSO;,, CuSO; 5 B2 F&o| 5ol EAFAE F7MA
ok, 3} 9F HeClL A7F Al &4 o] 24%1 AL R
FeCls, FeSO, A 84845 % 8tA1Zith(Table 2). ] 4
= 7 E(9], - S{24]e] 2318 CoCly, AgNO; 37} Al
FA o] FUrelslvhe Baret S, B subrilis AHIS8
2] 7% siderophoreZ AJAksle] 9] A o| S AYFS
2 cellulase®] EAZA A3l e A oS ALz AR
o}, =23 o8] A s)AE 5 Sodium azide, Hydroxy
urea, SDS, L-cysteine &4 S A s}x] 319},
CDTA =+ EDTA: Afiaisllss 70% o3t A3l
2 p-CMBe} PMSF 4] B8-S A sfisisdct. 1o 2
=2 Ho}l E coli DHSa(pCM 41)7} A= cellulase:
F4o] &S 7k 9l metalloenzyme 2 2. A o}, E3
PMSF2] A& 72} W] ok 7182 Mo} serine ZH7]7}
ZAEHA] o= AL FAHY, AF7HA] EaA A= 7}
7 gho] Uizl SDS HA] EAFA-E A As&|EA] E3)
At

Table 2. Effect of various metal ions on the cellulase activity of
celH protein of E. coli DHSo (pCM 41).

Metal ions Relative activity(%)
None 100
CoCl, 214.5
AgNO3 174.7
MnSO4 164.3
Nast4 117.6
ZnSOy 1172
CuSOy4 116.3
MgSO, - 7TH,0 113.1
KCl 110.9
LiCl 108.6
N32M004 105.9
ZnCl, 105.4
BaCl, - 2H,0 102.3
CaCl, 95.9
FeSOy4 91.4
FeCly 79.6
HgCl, 24.0

The enzyme was pre-incubated with various metal ions in 50 mM
citrate-phosphate buffer (pH 6.0) for 12 hr at 4 °C. After incubation, the
mixture was subjected to the enzyme assay. The numbers were pre-
sented enzymatic capacity as percentage (%) relative to buffer control.
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Table 3. Effect of various chemical inhibitors on the cellulase
activity of ce/H protein of E. coli DHS5c (pCM 41).

Chemicals Relative activity (%)
None 100
Sodium azide 114.0
Hydroxy urea 108.6
SDS 101.9
L-cystein 101.4
p-CMB* 98.2
PMSF 95.5
EDTA(pH 7) 65.6
CDTA(pH 7) 63.8

The enzyme was pre-incubated with various inhibitors in 50 mM
Citrate-phosphate buffer (pH 6.0) for 12 hr at 4°C after incubation,
the mixture was subjected to the enzyme assay. The numbers were
presented enzymatic capacity as percentage (%) relative to buffer
control. SDS; sodium dodecyl sulfate, p-CMB: p-chloromer-
curibenzenesulfhonic aicd, PMSF: phenylmethylsulfonylflouride,
EDTA: ethylenediamine tetraacetic acid, CDTA: trans-1,2-diami-
nocyclohexanetetraaectic acid.

a : Final conc.: 10-5M

o [o]3
L |
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A& g Aol=ka & 4= gl

ZMel 2

2 A7 F221EA Biogreen 21 A @I E:105649)
Aol &J3te] o] FojF o o]o] A=Y

Ll

|

o
rot

1. Beguin, P. and J. P. Aubert. 1994. The biological degradation
of cellulase. FEMS Microbiol. Rev. 13: 25-58.

2.Bisaria, V. S. and T. K. Ghose. 1981. Biodegradation of
Cellulosic materials : substrate, microorganisms, exzymes
and products. Enz. microbiol. technol. 3: 90-104.

3.Chung, Y. C, Y. W. Kim, S. K. Kang, J. S. Rho, J. H. Park,
and N. K. Sung. 1991. Cloning of Thermophilic Alkalophilic
Bacillus sp. F204 Cellulase gene and Its Expression in
Escherichia coli and Bacillus subtilis. Kor. J. Food. Sci.
Technol. 23: 31-36.

4, Daw, 1. W. and I. W. Sutherland. 1992. Microbial physiology.

2nd ed. Blackwell Scientific. Lomdon.

. Gilbert. H. J. and G P. Hazlewood. 1993. Bacterial cellulase

and xylanases. J. Gen. Microbiol. 139: 187-194.

6. Her, S., D. S. Kim, S. J. Choi, and D. H. OH. 1993. Cloning
and DNA Sequence of Carboxymethylcellulase(CMCase)
Gene from Cellulomonas sp. YE-5. J. Microbiol. Biotechnol.
3: 86-90.

7.Hong, I. P, H. K. Jang, S. Y. Lee, and S. G Choi. 2003.
Cloning and Characterization of a Bifunctional Cellulase-
Chitosanase Gene from Bacillus licheniformis NBL420. J.
Microbiol. Biotechnol. 13: 35-42.

8. Jung, H. K., J. R. Kim, S. M. Woo, and S. D. Kim. 2006. An
auxin producing plant growth promoting rhizobacterium
Bacillus subtilis AH18 which has siderophore-Producing
biocontrol activity. Kor. J. Microbiol. Biotechnol. 34: 94-100.

9.Kim, J. H,, J. C. Lee, Y. K. Lee, K. H. Kim, S. B. Chun, and
K. C. Chung. 1993. Purification and chracterization of
carboxymethyl cellulase IV from Penicillium verruculosm.
Kor. J Mycology 21: 28-37.

10.Kim. J. Y., S. H. Hur, and J. H. Hong. 2004. Isolation and
chracterization of an alkaline cellulase produced by
alkalophilic Bacillus sp. HSH-180. Kor. J. Microbiol. 40:
139-14e0.

11.Kim. S. H, S. G Cho, and Y. J. Choi 1997. Purification and
characterization of carboxymethyl cellulase from Bacillus
stearothermophilus No. 236. J. Microbiol. Biotechnol. T
305-309.

12.Kim, S. J, and W. W. Kim. 1982. Studies on the isolation,
purification and chracterization of Cx enzyme produced by
Pyricularia oryzae C-7. Kor. J. Mycology 10: 67-73.

13.Kim. S. S, S. W. Kwom, S. Y. Leg, S. J. Kim, B. S. Koo, H.
Y. Weon, B. Y. Kim, Y. S. Yeo, Y. H. Lim, and S. H. Yoon.
2006. Taxonomy of a soil bacteria YNBS54 strain which
shows specific antagonistic activities against plant pathogenic
phytophthora spp. J. Microbiol. Biotechnol. 34: 101-108.

w



14.

15.

16.

17.

18.

19.

CLONING AND CHARACTERIZATION OF A CELLULASE GENE FROM BACILLUS SuBTILIS AH18 317

Lee, J. K., K. H. Yoon, B. H. Kim, G. S. Kwon, and S. B.
Kim. 1992. Cloning and Expression in Escherichia coli of
Cellulase Genes from a Mesophilic Clostridium sp. J.
Microbiol. Biotechnol. 2: 50-55.

Lim, S. T., Y. Y. Park, S. J. Cho, and H. D. Jun. 1997.
Phytopathogenicity of Erwinia carotovora subsp. carotovora
LY34 and Procuction of CMCase Isozymes. Kor J. Appl.
Microbiol. Biotechnol. 25: 468-476.

Lim, W.J,, S. K. Ryu, S. R. Park, M. K. Kim, C. L. An, S. Y.
Hong, E. C. Shin, J. Y. Lee, Y. P. Lim, and H. D. Yun. 2005.
Cloning of celC, Third Cellulase Gene, from Pectobacterium
carotovorum subsp. carotovorum 1Y34 and its Comparison
to Those of Pectobacterium sp. J. Microbiol. Biotechnol. 15:
302-309.

Miller, G L 1959. Use of Dinitrosalicylic Acid Reagent for
Determination of Reducing Sugar. Anal. Chem. 31: 426-428.
Park, Y. W,, S. T. Lim, K. Y. Kang, and H. D. Yun. 1995.
Clonig of CM -cellulase Gene of Rhizobium meliloti
TAL1372 in Escherichia coli. J. Kor. Agr. Chem. Soc. 38:
313-319.

Sambrook, J., and D. W. Russell. 2001. Molecular Cloning:

20.

21.

22.

23.

24.

A Laboratory Manual, Vol. 1, 2, 3. 3th ed. Cold Spring
Harbor. New York.

Stephen C. Fry. 1989. Cellulase, hemicelluloses and auxin-
stimulated growth: a possible relationship. Physiol. Plant 75:
532-536.

Sul, O. J,, D. K. Chungi, I. S. Han, and C. S. Jeong. 2005.
Chracterization of Endoglucanase (F-I-III) Purified from
Trichoderma sp. C-4. Kor. J. Microbiol. 41: 81-86.

Teather, R. and P. J. Wood. 1982. Use of Congo red-poly-
saccharide interactions in enumeration and characterization
of cellulolytic bacteria from the bovine rumen. Appl
Environ. Microbiol. 43: 777-780.

Tomme. P, R. A. J. Warren, and N. R. Gilkes. 1995.
Cellulose hydrolysis by bacteria and fungi. Adv. Microb.
Physoil. 37: 1-81.

Yoo, K. H. and H. S. Chang. 2002. Purification and
chracterization of carboxymethyl cellulase from Stropharia
rugosoannulata. Kor. J. Mycology 30: 113-118.

(Received Oct. 4, 2006/Accepted Dec. 8, 2006)



