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Abstract

Thegeneencodingendoxylanase(xylS)wasisolatedfrom agenomiclibraryof

BacilluslicheniformisNBL420.Twopositiveclones,whichharbor1.5kband0.8kb

insertsrespectively,werescreenedonRBBdyed-xylanplatesandtherecombinant

plasmidswerenamed aspBX3and pBX5.Thenucleotidesequencingsoftwo

insertsrevealedtheexistenceofcommon 639bpofopen reading framewhich

encode232aminoacids.ThexylSgenewassuccessfullysubclonedintopET22b(+)

vectorandoverexpressed.Enzymaticpropertiesincluding optimum pH,optimum

temp,thermostabilityandpH stabilitywereinvestigated.ActivitystainingofXylS

wasidenticalwiththatoforiginalBacilluslicheniformisNBL420.

키워드 :BacilluslicheniformisNBL420,xylanase-cellulase융합단백질

Keywords:BacilluslicheniformisNBL420,xylanase-cellulasefusionprotein

1.INTRODUCTION

Xylan, a major component of plant

hemicellulose,is second only to cellulose in

nature abundance and is now regarded as a

usablebiomassthatisconvertibletobiofuels,

chemicalsandmany othervaluablecompounds

[3].

Xylanase catalyze the hydrolysis ofxylan.

Xylan can be degraded to xylose by the

sequentialreaction ofxylanase(1,4-β-D-xylan

xylanohydrolase;EC 3.2.1.8)and β-xylosidase

(1,4-β-D-xylohydrolase; EC 3.2.1.37) [7,17].

β-Xylosidasedegradesnotonly xylobiosebut

also xyloligosaccharides. The various

* 강원대학교 대학원 생물공학과 박사과정

** 강원대학교 생물공학과 교수,이학박사,책임저자

applications of xylanase have stimulated

research on the biochemical and molecular

aspectsofthisimportantenzymeofthefamily

ofglycosylhydrolases.Microbialxylanase are

thepreferredcatalystsforxylanhydrolysisdue

totheirhighspecificity,mildreactionconditions,

negligible substrate loss, and side product

generation[3,11and18].However,thecostof

enzymatichydrolysisofbiomassisoneofthe

factors limiting theeconomicfeasibility ofthe

process.Xylanaseareproducedbyaplethoraof

organisms like bacteria,algae,fungi,protozoa,

gastropods,andarthropods[5,10].Mostofthe

bacteriaandfungisecreteextracellularxylanases

which act on the hemicellulosic material to

liberate xylose as a directly assimilable end

product allowing the organisms to grow

heterotrophically on xylan. Unlike cellulose,
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xylan is a complex polymerconsisting ofa

β-D-1,4-linked xylopyranoside backbone

substituted with acetyl, arabinosyl and

glucuronosylsidechains.Therefore,thexylotic

enzymesystem carringoutthexylanhydrolysis

isusuallycomposedofarepertoireofhydrolytic

enzymes: β-1,4-endoxylanase, β-xylosidase,

α-L-arabinofuranosidase,α-glucuronidase,acetyl

xylanesterase,andphenolicacidesterase(Fig.

1.).[10]

It was reported that a polymer-producing

Bacillus licheniformis NBL420 secrete various

hydrolases containing xylanase, proteases as

wellascellulase[14].Thegeneticsystem of

xylanseinthisnew Bacilluswasunknownso

far. Forthisreason,weclonedagene(xylS)

encoding a new endoxylanase of Bacillus

licheniformisNBL420and overexpressed in E.

coli.TherecombinantXylSproteinwaspartially

purified by Ni-NTA (Ni
2+
-nitrilotriacetic acid)

column chromatography. The enzymatic

characteristics ofrecombinantxylanases were

furthercharacterized.

2.MATERIALSANDMETHODS

2.1 Bacterialstrains,plasmids,and growth

conditions

E.coliDH5α andDH10B wereusedasthe

hoststrain forthe plasmid maintenance and

genecloning.Ampicillin(Sigma)wasaddedto

themediaatafinalconcentrationof50㎍/㎖.

Plasmid pUC18 (GibcoBRL) and pET15b(+)

(Novagen) were used for the cloning,

subcloning,andexpression.

2.2Preparationofsolublexylan

Thesolublefractionofcommercialxylan(Oat

speltxylan,Sigma)wasusedasthesubstrate

forallassays.Thecommercialxylan(2g)was

shakenin100㎖ ofdoubledistilledwaterfor20

hratroom temperature.Insolubleand soluble

fractionswereseparatedbycentrifugation.They

werethen lyophilized to completedryness[6,

11].

2.3Preparationofdyedxylan

XylanwasdyedwithRemazolbrilliantblue

R (RBB),following the procedure of Biely,

Mislovicova and Toman [4] with simple

modifications. The RBB dye (0.5 g) was

dissolvedinasolutionofxylan.(1gin30㎖ of

DDW).AsolutionofNa2SO4(10㎎ in10㎖ of

DDW)was added dropwise with stirring for

5min.The mixture was then alkalized with

NaOH (0.5~1gin10㎖ ofDDW)andstirredat

room temperaturefor90min.Thedyeproduct

wasprecipitatedwith 2volofethanol(96%),

collected by filtration, and washed with a

mixtureethanol-0.05M sodium acetateinDDW

2:1(v/v)untilthe filtrate was colorless.The

product was successively washed with

ethanol-DDW 4:1(v/v),ethanol,andacetone,and

driedatroom temperature.

2.4 Genomic library construction and

screening

Electroporation was performed by the

procedureofDoweretal.,(1988).Electroporation

ofbacteria was performed in a MicroPulser

electroporatorsystem (Bio-Rad,USA)with an

amplitudesetting program ofEC2forE.coli.

TransformantswerespreadedonLBagarplates

containing0.1% ofRBB-dyedxylanand50㎍

ofampicillinper㎖.Theplateswereincubated

at37℃ overnight.Xylanase positive colonies

weredetectedbytheappearanceofaclearing

zonearoundactivecolonies.

2.5Xylanasesubcloning

A 558bpoffragmentwhichencodeamature

proteinexcludingthetentativesignalsequence,

wasamplifiedwithspecificprimers(Xyl22Fand

Xyl22R)byPCR (Table1).ThePCR products

were digested with XhoⅠ and BamHⅠ

restriction enzymes and ligated into similarly

cleavedpET-22b(+)(Novagen,Germany)plasmid.

The construct, referred to as pxylS, was

transformed into E.coliBL21(DE3)cellsand

plated on LB agarplatescontaining 50㎍/㎖

ampicillin.

2.6Over-expressionandcrudepurificationof

theXylS

A single colony containing pET-22b-xylS

wasgrown in 50mlLB containing ampicillin

until the cell absorbance reached to

approximately0.6at600nm.Theculturewas

then adjusted to 0.4 mM IPTG,and further

incubated at 30℃ for 8 hour. Cells were

harvestedbycentrifugationat15,000rpm for5

min.,resuspended and incubated in binding
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Table1.PCRprimersandPCR program forxylS

amplification

Primer Sequence

Xyl22F(BamHⅠ) 5’-CGGGATCCGGCTAGTCCAGACTACT–3’

Xyl22R(XhoⅠ) 5’-CCGCTCGAGCCACACTGTTACGT–3’

PCRconditions 28cycle

Pre-denaturation 94℃,1min

Denaturation 94℃,15sec

Annealing 56℃,30sec

Extension 72℃,1min

Last-extension 72℃,7min

buffer(Novagen,Germany).Itwasfollowedby

sonication with a Artec Sys. Co-150

ultrasonicator to release intracellular proteins.

Thecell-freeextractwascentrifugedat15,000

rpm for10min.toremovecelldebris,andthe

supernatantwas used to purify the protein.

Purification procedure was performed by the

manufacturer's method with His•Bind
®

purificationkit(Novagen,Germany).

2.7Gelelectrophoresisandactivitystaining

The SDS-PAGE was performed in a 15%

SDSpolyacrylamidegelcontaining0.1% soluble

Xylan [9,11].Thesampleswereheat-treated

for5minat80℃ beforebeingloadedandrun

at 40 mA for 40 min using a Bio-Rad

Mini-Protein III Gel Kit. After the

electrophoresis,the gels were washed for30

min.at4℃ withshakingina10mM sodium

phosphatebuffer(pH 7.0)andfurtherincubated

for90 min.at50℃. The protein gelwas

stainedwithComassiebrilliantblueG (Sigma)

whiletheactivitygelswerestainedwitha0.1%

Congo red (Sigma)solution for10 min and

destainedwitha1M NaClsolution.

2.8Enzymeassayofxylanase

The xylanase activity ofrecombinantXylS

protein was determined by measuring the

amountofreleased reducing sugarusing the

dinitrosalicylic acid method. The reaction

mixturescontaining 100㎕ 1%(w/v)ofsoluble

Xylanin20mM sodium phosphatebuffer,pH

6.0,and10㎕ enzymesolution,wereincubated

at50℃ for20min.Oneunitoftheenzyme

activitywasdefinedastheamountofenzyme

thatproduced1μ㏖ ofreducingsugarpermin.

2.9DNAsequenceaccessionnumber

The DNA sequence reported here was

depositedintheGenBankunderaccessionNo.

AF441773(xylS).

(A)

PCR amplification

pET22b

pBX3

pBX5 

Sau3AI Partial Digestion

BamHI Digested.
BAP treated

pUC18

Transformation into E.Coli DH10b

Screening of positive clone
On RBB dyed-xylan LB amp plate

(B)

Fig.2.Strategyforcloningofendoxylanaseand

subcloningprocedure.
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3.RESULTSANDDISCUSION

3.1 Cloning and nucleotide sequencing of

xylS

The chromosomalDNA ofB.licheniformis

NBL420wasdigestedwithSau3AⅠ andligated

toBamHIdigestedanddephosphorylatedpUC18

(Takara,Japan).ItwasthentransformedintoE.

coliDH10B.Visualscreening oftransformants

onLBplatescontainingampicillin(50㎍/㎖)and

RBB-dyed xylan (0.1%, w/v) showed two

positive clones with clear zone.Two clones

carryingtherecombinantplasmids(pBX3,pBX5)

werefurtheranalyzed by DNA sequencing.It

wasrevealedthattwoinserts(0.9and1.5kb

respectively)inrecombinantplasmidscontained

a common 0.8 kb DNA segment carrying

structuralgene ofxylanase. pBX5,a clone

carrying the small insert was selected for

further study (Fig.2A).The xylanase gene,

designatedxylS,consisted ofan open reading

frameof639bpencoding213aminoacidswith

apredictedmolecularmassof23kDa.
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Fig.3.NucleotidesequenceofB.licheniformis

NBL420xylanase(xylS)inpBX5.

TheN-terminusofthededucedaminoacid

sequenceincludesabacterialsignalpeptidewith

suitable cleavage sites fora signalpeptidase

(Ala28-Ala29).The calculated size ofmature

xylS sequencewasalmostidenticalto20kDa

of recombinant protein (XylS) resulted from

activity staining result.A putative ribosome

binding site (Shine-Dalgarno sequence) was

identifiedfrom upstream oftheinitiationcodon

(Fig.3.).TheDH10BhostcellharboringpUC18

itselfdidnotshow anyxylanaseactivity.

ThexylSgeneshowedahighsimilarity(up

to 93.4%)in aminoacid sequencewith other

previously reported xylanases (Fig.4.).The

sequencesshown areCAA84276from Bacillus

subtilis,NP389765from Bacillussubtilis,P09850

from Bacilluscirculans,CAA41783from Bacillus

sp.YA-14andAAD10834from Bacillussp.

CAA84276

NP389765

P09850

CAA41783

AAD10834

AF441773

Fig.4.PhylogenictreeofxylS(AF441773)from

BacilluslicheniformisNBL420.

TheopenreadingframeofxylS withoutits

putativesignalsequencewasamplifiedbyPCR,

and ligated into plasmid pET22b(+)(Novagen,

Germany).Theresultingplasmidwasdesignated

aspxylS,andintroducedintoE.coliBL21(DE3)

(Fig.2B).The cloned xylanase activity was

furtherconformedbyRBB-dyedxylanplateand

activitystaining(Fig.5,6).

Fig.5.Detectionofxylanase activityofNBL420

andrecombinantE.coliclonesonLBand

LBampplatecontainingRBBdyedxylan

(1)B.licheniformisNBL420onLB plate;

(2)E.coliBL21(DE3)containingpxylS;(3)

E.coliBL21(DE3)containingpET22basa

negativecontrol;(4)E.coliDH5α containing

pBX5;(5)E.coliDH5α containingpBX3and

(6)E.coliDH5α containing pUC18 as a

negativecontrol.
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3.2SouthernHybridization

To demonstrate thatthe cloned XylS was

originated from B. licheniformis NBL420,

Southern hybridization analysiswasperformed

usingchromosomalDNAsfrom E.coliandB.

licheniformisNBL420(Fig.7)

A 558bpofPCRproduct(xylS)encodingthe

mature XylS was used as a probe. The

DIG-labelledprobewashybridizedtoapositive
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Fig.6.Activitystainingon0.1% solublexylan+

12% SDS-PAGE gel. (A), (1) B.

licheniformis NBL420 culture broth; (2)

E.coli DH5α containing pUC18 as a

negativecontrol;(3)E.coliDH5α containing

pBX5; (4) E.coli BL21(DE3) containing

pxylS (IPTG -); (5) E.coli BL21(DE3)

containingpxylS (IPTG +)(B)80℃ 5min

heattreated sample,(6)B.licheniformis

NBL420 culture broth;(7) E.coliDH5α 

containing pBX5; (8) E.coli BL21(DE3)

containingpxylS(IPTG+)

control as well as HindⅢ, EcoRⅠ

double-digested B. licheniformis NBL420

chromosomal DNA. On the contrary, any

hybridizationbandwasnotdetectedinE.coli

DH5α chromosomal DNA. These results

confirmed thatxylS was originated from B.

licheniformisNBL420.

3.3Enzymaticcharacterization

ActivitystaininganalysisofXylS expressed

from pxylS revealed a single activity band

approximately20kDainsize,whichcorresponds

tothepredictedsizeofXylSbasedonthexylS

genesequencing(Fig.8).

EnzymecharacteristicsofrecombinantXylS

were determined using crude XylS proteins

purifiedfrom Ni-NTA column.
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MW
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Fig. 7. Southern hybridization of Bacillus

licheniformis NBL420 chromosomalDNA.

(A):Agarose gelpattern with Et-Br,(1)

B.licheniformisNBL420chromosomalDNA;

(2)PCR productofxylS as a positive

control;(3)E.coliDH5α chromosomalDNA

asanegativecontrol.(B):DNApatternof

southernblot.
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Fig.8.Partialpurification ofXylS using Ni-NTA

column.(A)proteinbandprofile,(1)Crude

extract of E.coli BL21(DE3) containing

pxylS(2)80℃ 5mintreatedcrudeextract

ofE.coliBL21(DE3)containing pxylS;(3)

Partially purified XylS; (4) 80℃ 5min

treated,PartiallypurifiedXylS;(B)Activity

stainingresult.

Theoptimum activityofXylSwasshowedat

50℃ (Fig.9A)whilethehalfofXylS activity

wasdisappearedat55℃ (Fig.9C).Theoptimum

pH was found near6.0 (Fig.9B).However,

XylSenzymeshowedasubstantialhighactivity

acrossa broad pH range,with over50% of

maximum activityfrom pH 5.0tooverpH 10.0

(Fig.9D).
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3.4ComputermodelgenerationofXylS

A secondarystructurepredictionofXylSwas

done by SOPMA,toolfor protein secondary

structure prediction by consensus prediction

from multiplealignments.(InstitutdeBiologieet

deChimiedesProteines,UPR412-CNRS,Lyon,

France)(Fig.10)andpossiblethree-dimensional

structure of XylS was predicted by

Swiss-Model, a knowledge-based protein

modelingtool(Fig.11).

The XylS consists of mainly a typical

beta-sheetdomain motifwhich was found in

otherBacillussp.xylanases.

(A)

(B)

(C)

Fig.9.EnzymaticpropertiesofXylS.(A)Optimum

temperature (B) Optimum pH (C)

Thermostability(D)pHstability.

Fig.10.Secondary structure prediction ofXylS.

Total213 amino acids sequence were

analized by SOPMA,toolfor protein

secondary structure prediction by

consensus prediction from multiple

alignments.(Institutde Biologie etde

Chimie desProteines,UPR 412-CNRS,

Lyon,France)

(D) 

Temperature(℃)

Temperature(℃)
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Fig.11.3-D modelprotein ofXylS based on

previously identified Engineered Bacillus

BifunctionalEnzymeGluxyn-1A fragment

(PDB Number :1AXKA). The homology

betweentheaminoacidsequenceofCelA

and the modelprotein was about91.5

percent.(A)A modelprotein 1AXK.(B)

Predicted3-DmodelofXylS

참 고 문 헌

[1] AlbertoR.A.,L.Garda,andI.S.Ramon,

“Overproduction, purification, and

biolchemicalcharacterization ofaxylanase

(Xyl1)from Streptomyces halstediiJM8”,

Appl.Environ.Microbiol.,61:pp.2414-2419,

1995.

[2] ArakiT.,S.Hashikawa,andT.Morishita,

“Cloning, sequencing, and expression in

Escherichiacoliofthenew geneencoding

β-1,3-xylanase from a Marine bacterium,

Vibriosp.SrtrainXY-214”,Appl.Environ.

Microbiol.,66(4):pp.1741-1743,2000.

[3] Beg Q.K.,M.Kapoor,and L.Mahajan,

“Microbialxylanases and their industrial

applications: a review”,Appl.Microbiol.

Biotechnol.,56:pp.326-338,2001.

[4] Biely P.,D.Mislovicova,and R.Toman,

“Soluble chromogenic substrates for the

assayofendo-1,4-β-xylanasesandendo-1,

4-β-glucanases”, Anal. Biochem., 144:

pp.142-146,1985.

[5] BlancoA.,P.Diaz,P.parascandola,andF.

I.J.Pastor,“A multidomainxylanasefrom

aBacillussp.witharegionhomologousto

thermostabilizing domains of thermophilic

enzymes”,Microbiology,145:pp.2163-2170,

1999.

[6] CazemierA.E.,J.C.Verdoes,andH.J.M.

OP den camp,“Molecularand biochemical

characterization oftwo xylanase encoding

genesfrom Cellulomonaspachnodae”,Appl.

Environ.Microbiol.,65:pp.4099-4107,1999.

[7] Cho S.G.,and Y.J.Choi,“Nucleotide

sequenceanalysisofanendo-xylanasegene

(xynA)from Bacillus stearothermophilus”,

J. Microbiol. Biotech., 5(3): pp.117-124,

1995.

[8] Gibbs M.D.,R.A.Reeves,and P.L.

Bergquist, “Cloning, sequencing, and

expression ofa xylanase gene from the

extreme thermophile Dictyoglomus

thermophilum Rt46B.1 and activity ofthe

enzyme on fiber-bound substrate”,Appl.

Environ.Microbiol.,61:pp.4403-4408,1995.

[9] Gupta N.,V.S.Reddy,and A.ghosh,

“Cloning,expression,andsequenceanalysis

of the gene encoding the alkali-stable,

thermostableendoxylanasefrom alkalophilic,

mesophilicBacillussp.StrainNG-27”,Appl.

Environ.Microbiol.,66:pp.2631-2635,2000.

[10] Henrik D.,“Expression cloning offungal

enzyme genes; a novel approach for

efficient isolation of enzyme genes of

industrialrelevance”,FEMS Microbiology

Rev.,21:pp.29-42,1997.

[11] JeongK.J.,P.C.Lee,M.S.Kim,andS.

C. Kim, “Molecular cloning and

characterizationofanendoxylanasegeneof

Bacillussp.inEscherichiacoli”,Enzyme

Microb.Technol.,22:pp.599-605,1998.

[12] Khowala S., M. Mukherjes, and S.

Sengupta,“Carboxymethylxylan-aspecific

substrate directly differentiatinf

backbone-hydrolysing and side

chain-reacting β-D-(1→4)-xylanases of

the mushroom Termitomyces clypeatus”,

EnzymeMicrob.Technol.,10:pp.563-567,

1988.

[13] KulkarniN.,A.Shendye,and M.Rao,

“Molecularandbiotechnologicalaspectsof

xylanases”,FEMSMicrobiologyRev.,23:

pp.411-456,1999.

[14] KulkarniN.,M.Lakshmikumaran,andM.

Rao, “Xylanase II from an alkaliphilic

Bacillus with a distinctly different

structure from other xylanases:



산업기술연구(강원대학교 산업기술연구소 논문집),제29권 A호,2009.

홍 인 표,최 신 건

-176-

Evolutionary relationship to alkaliphilic

xylanases”, Biochem. Biophys. Res.

Comm.,263:pp.640-645,1999.

[15] LapidotA.,A.Mechaly,andY.Shoham,

“Overexpression and single-step

purification of a thermostable xylanase

from BacillusstearothermophilusT-6”,J.

Biotech.,51:pp.259-264,1996.

[16] Na K.H.,J.M.Kim,and J.H.Yu,

“Recombinant plasmid DNA Containing

xylanase and β-xylosidase gene of

Bacillus sp.YA-14”, Kor. J. Appl.

Microbiol.Biotech.,18(2)pp.195-198,1990.

[17] SungN.K.,H.R.Ko,Y.,H.,Kho,H.K.

Chun,andY.C.Chung,“Subcloningand

enhanced expression ofthe β-xylosidase

geneclonedfrom alkalophilicBacillussp.

k-17”,Kor.J.Appl.Microbiol.Bioeng.,

17(4)pp.283-288,1989.

[18] Tabernero C., P. Perez, and R. I.

Santamaria,“CloningandDNA sequencing

of xyaA,a gene encoding an endo-β

-1,4-xylanasefrom analkalophilicBacillus

strain (N137)”,Appl.Environ.Microbiol.,

61:pp.2420-2424,1995.

[19] TommeP.,S.Mccrae,andM.Claeyssens,

Chromatographic separation ofcellulolytic

enzymes, Affinity Chromatography of

Cellulases187-193.

[20] YoonK.H.,H.N.Yun,andK.H.Jung,

“MolecularcloningofaBacillussp.kk-1

xylanasegeneandcharacterizationofthe

gene product”, Biochem. Mol. Biol.

International.,45:pp.337-347,1998.

[21] YuJ.H.,D.C.Park,Y.J.Chung,andI.

S.Kong,“Cloning and expression ofa

xylanasegenefrom alkali-tolerantBacillus

sp.YA-14 in Escherichia coli”,Kor.J.

Appl.Microbiol.Bioeng.,17(2):pp.154-159,

1989.

[22] YuJ.H.,Y.S.Park,D.Y.Yum,I.S.

Kong,andD.H.Bai,“Nucleotidesequence

and analysisofaxylanasegene(xynS)

from alkali-tolerant Bacillus sp.YA-14

andcomparisonwithotherxylanases”,J.

Microbiol.Biotech.,3(3):pp.139-145,1993.


