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cloning 3! subcloning vector2 = pLC19(2)¥ pBR322(14)7}
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Cellulolytic aylanase E-9& Lehl= f4d%E W30 o5
2HE] AFY Zetiv|E DNAS Boldh pulo s Al ¥
#H7|HEE 9% A3 05 kb 13 kbe] 2714 DNA band?t
EAak -2 FR1Fhe = £ Ahdde] 18 kb cellulolytic
xylanase 444 4 ZES zhe AR L0 =8 58
S, o2 pxL180SE wrslEr)

2 AAy] AYE Ik Lol 71t vleg G5 K

(4.5 kb)

cellulolytic xylanase
gene fragment{1.8 kb)

Fig. 1. Restriction map of recombinant plasmid pXL180. The thick
bar represents Pl fragments of B. errendans DNA inscrted nto the
pUC19 vector indicated by the thin line. The recombinant plasimd
carried the total 1.8 kb Pstl insert composed of 0.5 kb and 1.3 kb
fragmenis which is responsible for the cellulolytic xylanase activity.
Symbeols: Ap, ampieillm resistance; B, BamHl; E, EcoRI. MCS,
multiple cloning site; O, replication ongin from pUCI9; P, Psil; Plac,
lac promoter; Pv, Prull.

Kor. J. Microbiol

pBR322
{(44Kkb)

pXL180B
(6.2 kb)

celiulolytic xylanase
gene fragment(1.8 kb)

Fig. 2. Restriction map of recombimant plasmid pXL180B. The thick
bar represents Pl fragments of B circulans DNA inserted mto the
pBR322 vector indicated by the thin linc. The recombinant plasnud
carried the total T8 kb Psfl nserl composed of 0.5 kb and 1.3 kb
fragments wiich is responsibie lor the cellulolytic xylanase activily.
Symbels: B, BamHI; E, EcoRI; B Fsil; Py, Pwdl, Te, tetracycline
resistance.

Tahle 1. Actrvity and localization of xylanase, CMCase and lichenase
in £, eofy transformants and 8. circulans

Actrvaty(mU/mf of culture broth)

Strauns and fraction

Kylanase CMCase Lichenase

E. coli(pXL180)

Calture supematant 773 452 3346

Cell exiract 6257 3178 18134

Total 7030 5630 53480
E. colil(pXL180B)

Culture supernatant 506 553 3994
Cell extract 5374 4057 40386
Total 5970 4610 44380
B. ewrculans

Culwre supematant 52 43 155
Cell extract ] 0 0
Total 52 43 135

E coliand B. circulans strains were acroically grown m LN medium
for 16 hrat 37°C.

7} Al el sz ddsied Algad A= 2 dHs]
subclonings A =3H4TE

Cellulolytic xylanase 4% VERIE pXL180 AZXT ST+~
v=Z o8 7}A) AFEsE Adsie] AgtEd A=E e
A7} Pig, 17 29t AUE DNA EHNE BamIDT EcoRl,
Pstl, Pl Aele EA85. fval™ HindlT, Xbal, Xhol 7
gl EA8HA] ottt
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Subcloning

pXL1502] cellulolytic xylanase E-43) PElE & Zo] 1.8 kb
o] pyl APE 0.5 ke 1.3 kbe] AHo = Be|ste] iz st
H pyl BAFE HEEEE puCI9e) subcloningdls] Bgltl 2 4
T} 0.5 kb BT 13 kb DNA A¥e] shiy 29 AFE £
2l=V| == cellulolytic xylanase @492 2% Heolx gt} &
U3} W02 pRR3229] subcloningdle] = 22 Ants Lleh]]
itk Zeut pBR322%H2] subcloning®l A1 0.5 kb DNA Y
o] upstream 4Gl 1A &l I Holl puC1ee] A5 5o
7b ubak) e AMIEEeF 13 kb DNA ZHHo] AT o=
cellulolytic xylanase E52 K9t) pBRIZZ Zelsn|=o) 49
2 0.5 kb 1.3 kb DNA YL BemHl E49] vy Antd
BumHIZ} Prgll 549 o]&E Zgd) o8 4dxzddg) whako
pXL1803) FLEE FQ18kaL, o] cellulolytic xylapase S
il Alzd Sk =2 pXLisoBEkal WY SHETHFIL. 2).

feisi]
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Rat0] dMEE 5421 FEF FEHEHTI diske E
49 SYH|ln

1
crcufens2] EAE oA el EREA] AR 74 =

o]

BHES1em, pXL1807 pXLISOBE F-H3t E coli DH3a2
xylanase (CMCase, lichenasey= A M3 ol 88-0207] ¥+
FElo] ez g-la%ute] Ml 2lE wlEEgch o
pXL180& FHE £ cofie] 712 Holdo] W3t HA] 24
Table 29 Z40F Xylang H[ES}] CMC, lichenan & ZHE
71de] Ba| AXZE E3E ] cellulolytic xylanased) 7)8 &
o] A A3 CMCE} lichenane] WAL w$ =&
248 Jeplisin.

| Hiek AjZHY| 2 M3 5 A8 o] Hel

SEER Bjoker = kS 10 i) LB MRS 1% Bl
& FFstol ek Al wlE §ehe] 48 vy AxEsielh
Fig. 3¢ viERt vlel 2ol B crewlans®) E. col DH3eE 25
ARzl Aol Tt FHFT T 12~1447k AA7) 2g6lg]
5™ cellulolyiic xylanase 42 B circudans®] 7% 14-164|71F
ol, E coli DH5a(pXL180)2| 79 12A]71e] &) F4e] =g
SHTh 22T cellulolyic xylanase BE A8 Fso] #lgst
of AMEE S g Sl m o ARY FFYU E cob
DH5e(pXL180Y= Fo 5% B, cirondanss] W18) < 13508) &)
=2 cellulolylic xylansse £448 B 9lch

SA4EM O0iX= pHe| HE

pXLIB0E EH¢ E cofi DH5a7t A4HelE  cellulolytic
xylanase®) WA Q] A= S el BT} Cellulolytic xylanase
Aol vlR= pHel dEE AET A Fig 49 29 A
=Y #F = pH 52004 7Fg FAde] B33 pH 118M Bt

B 0,

B. circulans cellulolytic xvlanase 307K 2=+ 7199

Table 2, Substrate specificity of lhe cellulolytic xylanase produced in
E. coli{pXL180)

Substrate Activity(mU/m/ of culture broth)
Kylan{oat spelt) 7030
CMC 3630
Lichenan 53480
Larmnann 0
Pustulan 0
Mannan ]
Starch i
Pullulan ¢

All reactions were carried oul al 60°C in 0.05 M citrate buffer, pH 5.2.
Activities were detenmined as descrnibed in Materials and Methods.
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Fig, 3. Productim  of cellulolytic  xylanase by B. cweulans

ATCC21367 and £, cofi DH5 a(pX1L.180) transformant during growth.
The two smaws weie grown aerobically in LN medium at 37°C
Culture supematants and whole cell extracls were prepared
periodically and cellulolytic xylanase activities of them were assayed.
Symbols: O - O, activity of B. circuians, @ - @ | growth of £.
coli(pXLI80); & - A&, prowth of B, clreulans;, & - A& | activity of E.
colfpXL180), > 30, enzyme activity magmfied thuty times,
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Fig. 4. Effect of pH on activity of the cellulolytic xylanase. The

enzyme reaction was camrted out at 60°C for 10 min in 0.05 M

citrate(pH 3-6), 0.1 M phosphate{pH 7-8), and (.1 M bicarbonate(pH

0-11) buffer.
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Fig. 5. Effect of temperature on activity of the cellulolytic xylanase.

The enzyme reaction was carried oul at various temperature for 10 min
it 0 05 M citrate butfer(pH 5.2).
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Fig. 6. Thermal stabdity of the cellulolytic xylanase The enzyme
reaction was carried out at optimal condition after preincubaling the
enzyme solution at various temperatares for 1 hr.
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e Ao e

TLCE S3t 28 L8229 Sl

T 05w 2% xylan B9 IEE CMC 29005 M Al
ezt gbEgl g 52) 2 1 mie] EFHE 450 A 124)7F
T} 244)3F Fok wkEA1 A TLC A A 2 AAES A 29
E. coli DH3gel| A A celhulolytic xylanase= xylan®l Zr-8-81
o] FHE 7leiE] AEEA xylose?} xylobiose, xylotrioses: A
eldchFg, §). 223 E4 dReAITR] Bl e 12417
T} 24417F whgoll A 1] AHE 2F A Ak gpoES 9l
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Fig. 7. Thermal siabihty of the cellulolytic xylanase. The enzyme
reachon was carried oul at optimal condition after preheating the
enzyme solution at lhe mdicated temperatures for the different time
periods. Symbols: O -, 65°C, @ - @, 60°C; & - & 55°C,

1 2 3 4 5 &6 7 8§

Fig. 8. Thin-layer chromatogram of the products released from the
hydrolysis of xylan by the cellulolytic xylanase i £ cofi
DH3o(pXL 1803, 0.5 m/ of whole cell extracts werc mixed with [ !
of 2% xvlan(0.05 M citrate buffer, pH 3.2} and incubated for 0, 12 or
24 hr at 45°C, and each sample(lanes 3 and 4, 10 g/, lanes 5 and §, 30
i) was applied to the thin-layer chromatography plates. Lanes 1 and
6. standard xylosc and cellobiose(G2). lanes 2 and 7, before starl of
xylanase reaction; lanes 4 and 5, xylanase reaction for 12 hr; lanes 3
and 8. xylanase reaction for 24 hr

P qisith 5 loadmgdE W] A= EH Y R 82
lane 814 B nke o] T8 AFEA Gl o A S
Saldh = sk

EX12F £ gl Processing 045 &2l

SDS-PAGE % zymogram Y28 Z4%F 2182 Fig 99
HAE] 9l ukst o] <F 4500082 AEE AT £ coli
DHSoqpXL180) 57} A4kele B9 AS denaturing polyacryl-
amide gelZ 43} H2]al3(Fig 9B). o] Eel¥ whld &
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Fig. 9. SDS-PAGE  analysis and zymogram of the cellulolytic
xylanase produced by £ coli(pXL180). The E. coli cells were grown
for 16 hr at 37°C in LN medium. Whole cell extracts or culture
supernalants were appropriately concentrated and applied to 12%(w/v)
polyacrylanmde gel confaining 1% xylan. Lanes 1-3, Congo red
stained gel; lanes 4-8, Coomassie blue stained gel; lanes 1-3, cell
extracts; lanes 7 and 8, cullure supernatants; lanes L, 3, 4 and 7, F
coli(pXL180); lanss 2, 5 and 8, E. coli(pUC19) as a control; lane 6,
high molecular weight markers(220, 97.4, 66, 46, 30, 21 5 and 4.3
kDa)
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E coli ol AFHew FEYH T 2 e rns AR
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pXL1802 B ciradans=2E] fellEl 0.5 kb¥ 13 kb Perl 4H
L2 o]Fe|F & [ 8§ kb DNa AL 71T 959 pXLI180
o E29E 9= cellulolytic xylanase 332 DNA AT ¢
AT AE B3] 2 Z3} vang 5190 B cireulans
NRC9024¢) 4 S22 8} nylanase F3AIELS TH8lS ps49-R]

xylose s}

B cireulans cellulolytic xylanase 7021 224 201
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P349-R1F ps49-p3e] A4 whlid EAeEe zkzb 22,0003

59,0009 WIS pXL180%] TEE BAERE 45000024 6]

ZA o). 283 Yang F(19)°] SEYE BAEL xylanTh

L FlpBEaEiod HEA B a4 xylan B9 <hzZk oMe
% lichenand 7Hrisehe 54 7FA )lgith o) dE S5

g E ] B A7 Ao cellulolytic xylanase 82 o}
= Bogl b gle A28 #os ddEn),

0.5 kb&} 1.3 kb Perl H¥E o] pxL1seel] AdE wak 543k
wake 2 Add A5 pBR322 E2u[=(pXLISR)I M=
cellulolytic xylanase E4de] 2k vl Ao E Hol cellulolytic
xylanase A2 W) pUC192] lac promoters| 25 oIS
Ae ge Aoz ALREC: pXL180 F7) pXLIBOBR T
Hlg] =& #4E& Hels Z2 puc1od} pBR322 F vector 71
9 copyT T FZ 710 T Zo R o AFI
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ABSTRACT : Molecular Cloning and Expression of a Cellulolytic Xylanase Gene from Bacillus circulans

in Escherichia coli

Ji Yeon Kim,! Han Bok Kim?, and Dong Seok Lee*(Department of Medical Laboratory Sci-
ence and 'Biohealth Industry Upbringmg Center, Inje University, Kimhae 621-749, “Department

of Life Science, Hoseo University, Asan 336-795, Korea)

A gene for cellulolytic xylanase of Bacillus circulans ATCCZ21367 was cloned on pUC19 in Escherichia coli.
The recombinant plasmid pX1.180 contained an 1.8 kb insert composed of 0.5 kb and 1.3 kb Psd fragments
derived from B. circulans. The 0.5 kb fragment in the upstream region of 1.3 kb one was confirmed 1o be
indispensable for not only expression bul also hyperexpression of the cloned gene. The transformant over-
produced the xylanase 135 times greater than that produced by the onginal 8 circulans. The optimum pH
and temperature of the cloned enzyme were pH 5.2 and 60°C, respectively. Heal pretreatment at 55°C for 1 hr
did not cause inhibition of the activity of this enzyme. The enzyme could hydrolyze CMC and lichenan as
well as xylan to produce gylose(or G1), xylobiose(or G2) and xylotriose(or G3) as main products. Hence We
defined the cloned enzyme as a cellulolytic xylanase. The SDS-PAG electrophoretic mobility and zymogram
of this enzyme derived from whole cell extracts or culture supermatants of E. coli(pXL.180) indicated a
molecular weight of 45,000 and nonprocessing of the enzyme in the permplasm of £. coli.



