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Abstract 

Higb-throu뱅put screening was perforrned for the isolation of soil rnicroorganisms secreting celluJase. A motile rod 
sha야d bacterium, Bacillus subti/is subsp. subtilis designated strain DW02 (EF538682), was isolated from forest soil 
sampJes collected from Mt. Baekwoon near Gwangyang, Korea. The neighbour-joining tree based on gyrase A gen~ 
sequences showed that strain DW02 fonned a monophyletic c1ade with Bacillus subtilis subsp. subtilis KCTC 3135' 
(AF272021) with lüO% bootsπap support. The highest cellulase activity was found in the bacterial cell pellet lysis 
extracts. The pH and temperature of the highest celluJase activity were measured by a reducing sugar assay, where 
their optimal pH 때d temperature were 7.0 뻐d 50"C, respectively. After ceUulose hydrolysis reaction using 1% car­
boxymethyl celluJose (CMC) at 50"C for 2 hr. the bacterial cell pellet lysis extracts (2.29 mglmL) produced cello­
biose, cellotriose and cellotetraose 띠 a thin layer chromatography. 
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Introduction 

BaciLlus subtìlis is an aerobic. G때n-positive， endospore­

forming. rod-sha야d bacterium commonly found in soil, 

water and manY plant-derived molecules. A large propo띠on 

of translated genes 띠-e related to the metaboLism of 

carbohydrates and related molecules. Dwing nutritional 

starvatioo, these strains can utilize a variety of carbon 

sour-∞s using indus띠싫Jy important hy이úlases such a~ 

prote잃es and carbohyφases (Kunst et al., L997). Compost 

microorganisms such as Bacill따 spp., Actinomycetales, 
까lermus spp., Streptomycetes spp., Aspergill따 spp. are able 

to break down a large variety of carbohydrates, lipids and 

proteins into smalJer units (Strom, 1985; Beefa 잉 외. ， 1996; 

McCaig et al.. 200 1; Song et 띠.， 2(01). The 

I띠croorganisms convert 01딩뻐c material into carbon 

dim이de， biomass and themlal ene땅y (Tuomela et al., 2α)()). 
Res않rch or developmeot interest in these microorganisms 

has incæased due to potential source for the indusσial 

production of antibiotics and hydrolases α뼈herbe & 

Cloete, 2(02). Leemhuis et al. (2003) developed sensitive 
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screening assay to detect cellulolytic strains producing 

carbohyφ-ate hydr이ase. The aims of this study were to 

screen the isolates for cellulase activity, to perfonn 

temperature optimum 뻐d temperature stability studies 00 

the enzymes and to identiη the microorganisms with 

enzyme activity using gyrA sequence an외ysis. 

Materials and Methods 

Bacterial strains and culture media 

Using standa떠 dilution plating tec비úqu않， Baciilus subtilis 

subsp. subtilis designated strain DW02 (EF538682) was 

isolated from forest soil 앓mples coUected from Mt. 

BaeJc\νoon near Gwangyang, Korea (35"06’ N, 121'37’ E), in 

June 2007. lsolation was achieved using plate count agar 

(pcA, Difco) at 350C for 7 없ys. The isoJates were 

tnmsfen-ed to 200 μ1 LB (Luria Bertani) m잉ium in 96-weU 

microtiter plates by pickiog colonies grown on PCA and the 

microtiter plates were incubated ovemight and maintained as 

a glycerol suspension (20%, w/v) at -80"C. 

High-throughput screening 

After incubation at 350 Ç ovemigbt in microtiter plates, 25 

띠 of each cultw'e was σaosferred to a second microtiter 

plate (polystyrene, Coming lnc., NY, USA) and was mixed 

witb 10 띠 bacterial protein extraction reagent (pierce, 



232 Duwoon Kim, Seong Chan Park, Chi Narn Seong 

Rockford, ι， USA) per well in order to rel않se enzymes 

located within ceLls. After addition of 200 j.1L of 1% (w/v) 

carboxymethyl cellulose (α1ÍC) in 10 mM sodium citrate 

buffer (pH 7.0), the microtiter plates were incubated in an 

oven at 5αC for 2 hr. Ne1son-Somogyi assay was used for 

the screening of strains producing cellulase by measuring 

reducing sugars with a specσophotometer (Mecasys Co., 
Ltd., Da멍eon， South Korea) at an absorbance of 525 nm 

(Green et al., 1989). 

Tris buffer (pH 7) at 40C. The en강me optim외 pH and 

temperature were estinlated by the reducing sugar assay 

over the range pH 4.0 to pH 8.0 뻐d 400C to 6O"c. 

Thin layer chromatography 

The product formed by hydro1ysis of CMC was 

assessed by thin-1ayer chromatography (TLC). Hydro1ysis 

products were separated by TLC on silica ge1 p1ates 

(Analtech, Inc., Neward, DE, USA) by using a mixture of 

chloroform, glacial ace디c acid, and water (6:7:1, voUvoU 

8acterial identification v이) as the solvent (Li et al., 1997). 

To identify a bacterium based on gyrA fragments, 

correspon이ng to B. subπlis gyrA numbe미19 positions 43- Results and Discussion 

1065 (Kunst et al., 1997), genomic DNA was eXlr'àcted using 

a bacterium grown ovemi뱅t on LB by an Accuprep 

Genomic DNA ext:raction kit foUowing the manufacturer's 

protoc이. DNA 때ψlification was carried out in the following 

manner: 5 min of pre-soaking followed by 30 cycl않 at 

940C, 30 sec at 550C for denaturing, 30 sec at 720C for 

annea피19， 40 sec for extension, 뻐d finishing with an 

incubation at 720C for 5 min using two oligonuc1eotide 

primers, gyrA-f (5α-CAG TCAGGA AAT GCG TAC GfC 

CIT -30) and 잃rrA-r (50-CAA GGf AAT GCT CCA GGC 

따T GCT -3이， as descri뼈 pre띠ously (Chun & Bae, 

2뼈1). 까le res버때t amp1icons were p따ified us띠g WIzard 

PCR Prep Kits (Promega, Madison, WI, USA) and 

sequenced in both directions using an ABI 310 automated 

DNA sequencer and BIG-dye cyclic sequencing kits (PE 

Biosystems, Foster City, CA, USA), following the 

manufacturer’s instructions. The s없ue primers were μed for 

the sequencing reactions. The closest known relatives of the 

new iso1ates were detelTI1in~엉 by perfolTI1ing sequence 

database searches and the sequences of close1y related st:rains 

were retrieved from GenBank or the Ribosomal Database 

Project (RDP) 1ibraries. NucJeo디de (NT) sequence sim iJarities 

were calculated using the PHYDIT program (Weisbtrrg et al., 
1991; Chun. 1995). 

Production of bacterial cell비ase in batch fermentation 

Bacillus subtilis subsp. subtilis was grown at 350C for 24 

hr in a 7-liter fermenter (KoBioTech Co., Inch∞n， Korea) 

containing 5 L of LB medium φer liter): 10 g of tryptone, 
5g of y않st extracl, and 5 g NaCI. After centrifugation at 

7 ，α)() xg for 30 min, the bacterial cell peUet was mixed 

with 500 mL of bacterial protein extraction reagent and 

then the bacte.디외 Jysis ext:racts were concent:rated using an 

Amicon concent:rator (10 kDa. cut-off 짐lter) against 50mM 

As the result of high-throughput screening, bacterium 

capab1e of degra이ng CMC was is이ated from forest soi1 

sampJ않 colJected from Mt. Baekwoon near Gwangyang, 

Korea β5006’ N, 127영7’ E). 까le st:rain isolated is a motiJe 

rod sha야d bacterium; Bacillus subtilis subsp. subtilis 

desigJlated str없n DW02 (EF538682). 까le neighbour-joining 

σ.ee based on gyrase A gene sequences showed that strain 

DW02 formed a monophy1etic clade with BaciL/us subtilis 

subsp. subtilis KCTC 3135T (AF272021) with 100% 

bootst:rap support (Fig. 1). P때al 앙I꺼 S여uences， c여띠g 

for DNA gyrase subunit A of B. subtilis and allied taxa 

was used to determine the bacterial identification of close1y 

related aerobic, endospore-forming bacilli instead of bacterial 

cJassification using 16S rRNA gene, which shows ωnited 

variation for close1y re1ated species (Fox et al., 1992; Chun 

& Bae, 2α)()). πle pH range (pH 3-8) and NaCl tolerance 

Baci’lIus atrophaeus KCTC 3701T (AF272016) 

Bacil/us lichenif，αmis KCTC 1918T (AF272017) 

01 

Fig. 1. Neighbour-joining tree (Saitou 때d Nei, 1987) based on 
gyrase A gene sequences of Bacillus subt따 complex and 
Bacillus velezensis. The gyrll$e A gene sequence 01 Salmollelkl 
typlumurium SLPSI-3 (AY612609) were included as Outgroups. 
Numbers at the nodes indicate 야le leveIs of bootstrap support 
based on a neighbour-joining an외ysis of 1，아)() resampl어 

dataset. Scale bar indicates 0.1 nucleotide substitution 야r 
nucleotide position. T, type str외n. 
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8acillus sllbtilis subsp. sllbtilis secreting cel1ulase 
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[0.5, 1, 2, 3, 4, 10% (w/v)] were checked u성ng LB, for 

49 hr. Growth occurs in pH 4-7 (op미nurn pH 5) and 0.5-

10% (w/v) NaC1 (opr.i mum 0.5%) (da1a nOl shown). 

As enzymes hyψ'Olyze the glycosi마c bonds of C 1 
carb이lydrates， the number of reducing sugar ends increases 

the color intensity in a reducing sugar assay (Leernh띠s et 

외.， 2003). A reducing sugar assay showed the Iùghest 

ceUulase acr.ivity in the bacterial cell 야Uet 1ysis extracts 

rather than in the cell culture su야matant obtained from 5 

liters of LB medium (data n01 shown). 까le opr.ima1 pH 

and tempera1ure of 8acíllus sllbtilis subsp. subtilis 

designated s없un DW02 were 7.0 뻐d 50"C, respec디vely 

(Fig. 2). H삶삐，ada et a1. (1997) isola1ed 8acil/us sp. 

KSM-237 from a soil sample and the strain had a pH 

opr.imum of 8.6-9.0 and showed the bighest 

carboxymethylcellulase (CMCase) ac디vity at 450C. 

Fukumori et a1. ( 1985) and Horikoshi et a1. ( 1984) 

is이ated 8acillus sp. slrains N4 and 1139 secreting 
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Fig. 2. The effcct of pH (A) and temperature (B) on the 
cellulase actlvity of bacterial c에1 pellet 1ysis e앙racts (above 10k 
dalton) of BacillllS slIbtilis subsp. SIIbtilis in a reducing sugar 
ass‘ay. 
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Fig. 3. car뼈xyrnethyl 야lIu10se hydrolysis reaction 뼈ing 
bacteri외 cell 야lIet Iysis extraαs in a thin 1ayer chromato맑aphy. 
200 띠 of 1% carboxyrnethyl CelJ띠ose (CM디 and 2s 버 이 
bacteri외 ceU 뼈Jet Iy찌s extracts (2.29 mglmL) were incubated at 
5O"C for O.5hr and 2hr prior 10 a thin 1ayer chromato흉'8phy. M. 
짧e marker: CI 냉uαlSC)， c2 (떼obiose)， c3 ~뼈lotriose)， c4 
(생lotetraose)， CS (cellopentaose). 
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따ka1ine CMCases. 8acilhα sp. strain N-4 showed its 

optimum CMCases activity over a pH range from 5 to 

10. 8acillus sp. strain 1139 disp1ayed optimum CMCase 

activity at pH 9.0 뻐d the enzyme activity was 

unwavering over the pH range from 6 10 11 for 24 hr a1 

40C and 10 min at up to 때oc (Fukumori et a1., 1987). 

The Sinorhizobillm fredii strain CCRC 15769 required pH 

7.0 때d 350C for the optimum CMCase acti씨ty (Chen e1 

al., 2(04). 

After cellulose hydrolysis reaction using 200 μL of 1% 

carboxymethyl cel1ulose (CMC) and 25 μL of bacterial 

ceU pellet Iysis extrac“ (2.29 mglmL) at SOC for 2 hr. a 

thin layer chromatogJ낀phy showed cellobiose, ceUotriose 

and cellotetraose. indicaúng the presence of ceUulase 

aClivity (Fig. 3). Apiraksakom et 피. (2008) characterized 

the crude enzyme with ß- I 죄 ,4-G1ucanase activity 

obtained from 8. subtilis GN 156. 꺼le crude eozyme had 

opωnum pH values of 6-6.5 and fi:fc. lncuba디00 with 

the crude enzyme preparation for 6 hr produced ceUoπiose 

as lhe m헤or product. After 12 hr incubatioo, the crude 

enzyme produced three differen1 oligosaccharides with 1,3 

U따ages triose, tetrOse and pentose. 

The Iùgh-1hroughput screening assay used in t1ùs study 

has the advanlage that cellulose degrading activity can be 

directly measured using liquid cu1tures grown in núcroúter 

plates withoU1 the need of separation or purification steps 
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and is fast and easy to perfonn more adaptable for 

screening of a large number of 앓mples. With this hìgh 

level of ceUulose degrading ac디에ty， it would be expected 

that thìs cellulase has the potenù띠 to be used in 

industrial applicaùons. 
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