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32 Bl X )R Xanthomonas sp= Candida albicans®l] N3 £749L Vel By g4 =24 chi-
2 2Hlsls Ao = AgHit). 53| chitinase B3-S chitin®) =)ol WiFE o) 3Q vl A HRXE e

igit}. ol&g EAo] Q= Xanthomonas$) chitinase -5 A4S doningd}7] )5}¢d cosmid vectorE: ©}-&-3+ genomic
library & ZHg3slgl 0w, Th2 vlee]o} chitinase -F-2A¢} homologyE 711 A4 ¢] DNA sequences oligonucleotide
2 A1t probe= ALE5 A3} 47)8] =¥ positive cloneS cloning 3131t} 5 pXCHI1(1.2 kb insert) o|2kat
3% clones) T3} SAAIT A} o] TEe] AR chitin MRl HEDS BAIHAOT hE T veo
org o4 o] §Ae) RTINS LA The o] A oF 35 kDas] WAL A= Ao e
o} T3 o] 2HE9] chitinase BAS 5798 A} AT THEA) o Sl v)F) o 1000¢) 4L ERAS
BATH(1997d 12¢ 302 A, 1998 29 9 &)

o] R XAE Xanthomonas sp.2] chitinase AL &

N &

Xanthomonas sp= gram(-) Btejg]o}l 24 FAj2 B
ZhrEd E4F st B84 7] SEE gade
2 A3 A3 EY njAEoltt. chitin(poly-B-1, 4-
N-acetyglucosamine)2 FFo], FHFFE 59 HEHS
T8I Qe TR EFEA 2AA g ExEHY 2
o}’ o}2} %t chitin® 7}4-8-3) &} & 2 (chitinase, EC 3, 2,
1, 14y= 15 AED deEors T} BE AEA &
A= 3 e} Chitinase: chitind- 33l 8 F22
A, Aol Yo AE HdT Yo it Wl Fae
BHE 83 98& )’ wego}le] chitinase= Ser-
ratia,”® Vibrio,” Streptomyces,”™ 12|31 Bacillus® 5ol A
1 A7 cloning H9 018 o]zt G Abe] BE S chi-
tino]] o3 fEHol LT =g olzld uigglo}e]
chitinase -FrH A= AE 20k FeAdE ERA go
multi-gene family?E A3t Y= Aoz L&A ).
B AELS o|2|F chitinase o] J A& o] &3t A E9] AT
ol tist wo] 7| Fe) ] 383} Xanthomonas sp.ol 310
A chitinase f-7 2} A@L] 7|7 ¥3]7] A3l EYoEZR
v £2l¥ Xanthomonas sp.8] chitinase A 2}2] cloningS-
A =8kt

T

Hz H

T, plasmid & Hj %)
T : Xanthomonas sp.(Km", Sm®), E. coli HB101, E. coli

AH=wt : Xanthomonas sp., Chitinase.
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TG1. Candida albicans.

Plasmid : Cosmid pKS13, (Kindly supplied by prof. Tak-
agi, M., The Univ. of Tokoy) pUC119, pAQI™.

8] : L-broth, M9 media+0.2% Colloidal Chitin, YM
media.

Aletgd
¥ AgdA AHEE A%k} &4+ New England Biolabs
A}¢} Boehringer Mannheim Bio-ChemicaAle] A& +¢
sl.0m colloidal chiting Lingappa®2] "9l wla} A=

STt

24

8} Candida &XJ0] =X

C. albicans7} 39 top agar(4% carrot juice, 0.5% agar)
£ plated)] ¥ % Xanthomonas sp.Z plate$}¢) spottings}
of Z9le] AN BRFLZA T CandidaBHE 57
shgict.

Chitinase F4:9] colloidal chitinz} &4 gl &
3, 37ColA 242k B3 F 7Hg4ge] ¥l 3 DMAB A
okS o] gsle] AuH oz =AFHTHY TGl A
BSAZ standard 24, Biocinchoninc acid protein assay A] <}

(Pierce Chemical Co.)& A48t

chE F7|HS
2 o] SDS-PAGEE Laemmli™ ¥l 2]3] 330
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%% Coomassie Brilliant Blue R2502. 2 M3t}

Plate 0| AM2| &4 =X

Colloidal chiting ¥ 33 NBY Bl x|l (1% Peptone, 0.5%
yeast extract, 0.5% NaCl, 0.2% colloidal chitin, 1.5% Agar)
Xanthomonas sp.9} 71E} U ZFFES streakingdl 30°C
of| 4] 2417} vlSF ¥ colloidal chitin®] ¥-3]%E clear zone &
=530 24 BBt

Xanthomonas sp.2| genomic library ZH

Xanthomonas sp.2] total DNAE Little'”o] Wl o) o]s)
23515tk 289 total DNAE Sau3Al A3 542 B2
A3 F 15~30 kb 27]2] ¢H-E sucrose density gradient
A2 olsf Held F cosmid vector pKS13¢] BamH1
Aotk 2o AAAA in virool| A A phageol] packagedt &
E. coli HB1019| 723 A1 A library & A4 shch.

Bt oligonucleotide probe2| =M1 hybridization2] =74

Oligonucleotide probes(Fig. 2)Z DNA 34 7]|(Applied bio-
system 381 DNA synthesizer)ol| A &A13}sct. A E oli-
gonucleotide & [r-"P]2 £4]3F ¥ probe 2 AM&-311c}.

Hybridization 2712 6 X SSC, 5 Denhardt, 0.1% SDS 1
2] 12 0.1 mg/mle] WA ssDNAE Al-&3}od 45°Col|A] over-
night 2 incubation AJAH #2742 2% 2 3087t washing

shsich.

2 1

E 0| M Xanthomonas sp.2| &M

B2 ¥l Xanthomonas sp.o] FAWA A& A3} kanamy-
ciny} streptomycin A& JENHZCH Fig. 1 B2 No.
204 H.50]| Xanthomonas sp.= chitinaseE HH|go] &
Q15]¢it}. Xanthomonas sp.= chitinase 84]-& LJERD Wt

4) ®

Fig. 1. Lytic and chitin-hydrolyzing activity of Xanthomonas sp.
Lytic activity against Candida albicans (A) and Chitin-hydrolyz-
ing activity (B) of Xanthomonas sp. was examined on a 1.5%
agar plate contaning Candida (A) and 0.2% Chitin (B). The plate
was incubated at 37°C for 24 h. 1: Pseudomonas putida, 2: Xan-
thomonas sp., 3: Ehrlichia coil, 4: Pseudomonas putida, 5: Serratia
marcescens.

4719 - o7

olUg} C. albicansd) &t lytic@A =3 B {432 JeR)
9th(Fig. 1 A9) No. 3).

vbd |2 #FS] S. marcescens= B2] No. 504 HX%o]
chitinase 2¥]%5-2 AR} C. albicansdl] )3t lyticEA]-&
UehtA] 482 ¢ 5 UthFig. 1 A9l No. 5). o] Ad=
AFFo] AEd lytic&A o] chitinase®2 gt ol g} = &
lytic systemo] o] 3h-& A|AFs}H (o, glucanase system )
E A AL FFe] A WA FE4E& AAE

Oligonucleotide probeE 0|E3} chitinase XX} clon-
ing

Colloidal chitin 8J}o| 4] &7 chitinase A A= cloning
3}7] 918l Xanthomonas sp.2] genomic libraryS ¥ 33k E.
coliZ 0.2% colloidal chitin M9 vj2]9|| replicaE 3t%1 2} i
X]ol| A colloidal chiting #8)3}= chitinase@dL 7} #A
z}e] AA screening ol &= A3tG ). o= Xanthomonas®)
FAAY E. coliol X L& o] 52| A & Hrize Al
¥ gro 2 BulsA X3 71dshs Ao Azdn

oleist Astel o)s) chitinase FHAHE WA 2
©% cloningdhe AL Brbsd Aoz Azl ¥ #3
2} cloningoll &= thE Wgo] PR 3HA HU

webx 7129 ulejEololl ] BHE A chitinase f7Ake]
AEAo] 9= v R (Fig. 2)5 723} oligonucleotide
DNAE 343 & [r-"P]2 EA3 probeE o] 83} E.
coli genomic library9} colony hybridizationg 3 Z3}, oF
20070¢} positive colony S A4 3} c}. Positive colony=
R E] plasmidE 3]4+3}o] Southern hybridization 3 2 3}E
Fig. 3. AdjA eRJit}. Fig. 3. A9] A3 71z} t}E clone
& Awtate] pUC1199] subcloned}SdthFig. 3. B). 1 5 <F
1.2 kbe] @Ho] A9l¥ pXCHI cloneS A&j3le] o}ze]
AYE YA Z

pXCHI1 clone2| Northern £
wtgl 2o} chitinase AR AAMIEL $% EFQ

(A) Position

S oliva exo-Chi 01 363 - ---------- FVYSSVSKII!DEYGLDGLDIDFH
B. circulans ChiD 299 - - - -~ - - - - - FEDSLKSIISTYGFINGLDIODLH
B, circulans ChiAl 180 - - - - - - - - - EVFANSAVDFLRKYNF|DGVDLD¥H
S. plicatus Cht63 410 AVKNPAAFALSCHDLVEDPRYADVFIDGIDLDVY
S. plicatus EndoH 182 - ---=------ AFAKQLSDAVAKYGLIDGVODFDDY
S, erythreus 96 A----------- - GAYQKVIDAYGLKAIDVDIq
S. marcescens ChiA 291 -------- DRFVGBYVKEFLQTY¥KFFDGVDIDW
S. marcescens ChiB 113 AVKTPAA-RTKFAQSCVRIMKDYGFDGVDIDWHY
5. cerevisiae 126 AQTL¥DT-FGEGTGASERPPDSAVVIDGFDFDIH
K. lactis alpha 464 AVKTDQN-RNTFANNLINFMNKYNLIDGIDLDWH
4, thaliana 126 ADYLWN--NFLGGKSSSRPLGDAVLIDGIDFNI
0. sativa 122 ANFI‘N*~SYLGGDSDSRPLG.—\AVLzgygfnlj

B) D-G-V-D-1-D-W-E
5" GAC GGC GTG GAT ATC GAC TGG GAG -3 (24mer)

Fig. 2. (A): Alignment of catalytic regions from various chi-
tinases and (B): Oligonucleotide probe used in this study.
Oligonucleotide probe was synthesized to match the sequence of
S. marcescens chitinases. The box indicated catalytic regions for
synthesizing probe in this study.




EofollA] B-2]% Xanthomonas sp.2] Chitinase 52} cloning} E.colicllx] 2] @3 127
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1.2.3.4.56.7.89.10.11.

BS B
pXCHIl (#3) : 1.2kb
H—
B E B
pXCHI2 (#38) i | 1 2.3kb
B P S K B
pXCHI3 (#33) | | | 43kb
! 1 ‘l‘_l 1
B P K B

pXCHI4 (#35)

, - 6kb
= 1
(P:Pstl, S: Sall, B: BarnHl, E : EcoRL K @ Kpnl )
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Fig. 3. Southern hybridization of isolated clones from genom-
ic library and its restriction enzyme maps.

A: Tsolated clones were digested with BamHI and electrophoresed
on a 0.5% agarose gel. Lane 1-10: Isolated clones, 11: A DNA-
Hindlll as a size marker (right). Autoradiogram of Southern hy-
bridization of the same gel with labelled oligonucleotide as a
probe (left). B. Restriction enzyme maps of isolated clones

chitinol] 9] §E "o} &alx 2}t Cloning3dt 1.2kb &
Ao AAMFEC] chitind] 98] FrEXH=AE 23] A
8] 1.2kb ©+H-Z probeZ Northern ¥44-8 3t 23}, Fig.
40| A R5o] o] THe| HAMIEL chitind| AT €&
ot 4= ¢l31, 71 Av]|= ok 1kbe}t 0.8kbe] A7 oM o)F
1kb2] MAMIEO] cloningdt 1.2 kbe] ©He] =79 g
Tl BdE GmAAEe) A7|2Ho} chitinase 4}
o] AR R FA o))

CHZEE expression vectorS 0|88} chitinase F& X|2]
Wi UHLE Q| chitinase &4 EF

B A A chitinase F-9A1Z cloningd}l7] $13l E. coli
genomic library 2 €} 2% A<} cloning S 4 33}33t. ©)
= YoAME AFs 5ol Xanthomonas sp.2] FHAE]
E. colio| A 7)5& 3HA] &2 AAA] ol d gl g e gt
AE AE Btog Bulso] QA 7Fsdol Aok w
2}4] cloning® 1.2 kbe] TH o] chitinase EA4S 2t3 U=
AZE #Bsl7] 98} E. coli HEH vector(pAQDe] pUC119
€20 9] multi-cloning site®] EcoRI-HindlIF %} cloning®
1.2kbo] GRS A3l E. colio A o] LEE A%t

Fig. 4. Total RNA of Xanthomonas sp. cells which were grown
on various carbon sources was analyzed by Northernblot us-
ing the 1.2 kb fragment of pXCH1 as a probe.

Total RNA (5 pg) was electrophoresed. Lane 1: Total RNA from
glucose-grown cells, lane 2: Total RNA from chitin-grown cells.
The arrows indicate the size of transcripts which bind to the 1.2
kb probe fragment (about 1000 nt and 800 nt).

- Sal !

(=)

anes? o rHindlll
o @

Pvul

( Pvull/ HindIll)

pACI(4.9Kb)

4
60/9

e

( Pvuli/Kpnl)

Fig. 5. Expression vector (pAC1) for 1.2 kb fragment of pXCHI.
Expression vector (pAC1) was constructed from plasmid pAQ1(26).
The Aqualysinl gene (protease) in pAQ1 was eliminated by cut-
ting with EcoR1 and HindIll and replaced with the 1.2 kb frag-
ment of pXCH1. The expression of the cloned gene in the vector
can be induced by IPTG.

o] vectord] clone® WS Q13 plasmidE Fig. 5o Y
ehiich |

o] ¥ vectory= pUC119 plasmid& 7| 22 tac promo-
ter®} ribosomal DNA terminatorE Zr3 &= A2 = IPTG
o ola] HAA WA FEE opAAE FEE AXT
AL} o]@ A &4 plasmidE E. colio]l BFA1A PTG
o) o8] S =417l AFHE Fig. 6o bWl chitinase™ E.
coli A ¥to 2 EH|HX|& ot PTG o3 f=Al7]



128 BAY - AZA -
) Il
10 i
supernatant
NAG 8 |
(uM) pellet
6
4
2 ]
pUC119 pACl pUC119 pACl
Aa) (B)

Fig. 6. Chitinase activity (A) and SDS-PAGE analysis (B) of
E. coli cell harboring pAC1 (containing 1.2 kb chitinase gene).
E. coli harboring plasmids was induced by 2 mM IPTG, then,
disrupted and chitinase activity was measured using DMAB rea-
gent (A), (See Materials and Methods). The supernatant of dis-
rupted cell harboring plasmid was analyzed by SDS-PAGE (B).
The arrow indicates induced protein of the cloned gene.

E. coli celld THfdte] drlEe]l $ A3 Ao gk chi-
tinase B4 Z74¢] A gj7 o 1089 FAdo] ehyt
9] SDS-PAGE9)| ¢]3} chitinase §-3 2} AHE9] 7= 2k
35kDacE FAHY o] A7|= AR HAAMMER} UX)
s Ao g
ML

22 dhe)go} chitinase -f- AHE-S multigene-family > &
FAst Jom 2 Fof vhe|g]o} chitinase?] APAHS S
G HE zlo]7} &S ¢ 5 AUk B =FoME 2 A
9} Xanthomonas sp.9} chitinase A2 A= cloneE
& ol cloning 319120, o|5& AFtg s HAY A
T} Z+zt "7 e) cloneS = yha] At

Northemn £4] Z3} F7je] AAMLE0] (0.8 kb2} 1kb)
A=A o} 1.2kb FHL T 7|0 HFo] & cloned] chi-
tinase9] FAAL AAMIE-L 1kbE A AT} wabd 0.8
kbo] HAMIE-2 1kbel Ea kot 22 1.2kb s
454 M Aoz 4 AR} o]2d AL o] fAR}
9] f71vid ZA 7 clEo] BEA Aotk A& %2 &
chiting ¥ 3} plate $Jo) A )3 genomic library 2 H-E)
chitinase positive clone& #-2l3le]x 3t o} BaslAE
A3l c). o] olvl% chitinase A7 TA gtogw B
H == Abgol7ldl ddds} Xanthomonas sp.£}e] E-H)
system®] 2} o] 7|3l Ro2 AzbE)

S2AEH 5B Xl )3 >
o}
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Cloning of a Chitinase Gene of Xanthomonas sp. Isolated from Soil and its Expression in E. coli.
Hwang Cher Won'*, Kim Ho Sang, Seong Ki Young’, Eun Moo Young’(‘Dept. of Environmental Microbiology,
Handong University, Pohang, Kyeoung buk Korea, ‘College of Agriculture, Chonnam National University, .
Kwangju and *Cytogenetic Division, National Agricultural Science and Technology Institute, RDA, Suwon)

Abstract : Xanthomonas sp. isolated from soil exhibited cell wall lytic activity of Candida albicans and secreted chi-
tinase in chitin media. Especially, the chitinase activity was induced by chitin and reached a maximum level at 3
days culture in chitin media. We constructed genomic library of Xanthomonas sp. using cosmid vector in E. coli. Oli-
gonucleotide probe was synthesized from the consensus sequence corresponding to chitinase active site, which was
derived from the comparison of amino acid sequences of bacterial chitinase genes. Using this oligonucleotide probe,
we screened the genomic library. By restriction enzyme mapping of the positive clones, we identified 4 independent
clones which may contain the chitinase gene. One of the clones, named pXCH1 (1.2 kb insert), was further analyzed.
Northern blot analysis indicated that ifs transcripts, 1 kb and 0.8 kb, were induced by chitin. When the cloned gene
was induced by IPTG in E.coli cell, chitinase activity which was secreted onto culture media was not observed.
However, when the cell was disrupted by using sonicator and then centrifuged, the supernatant exhibited chitinase ac-
tivity. SDS-PAGE of the supernatant indicated that about 35 kDa protein was induced by IPTG. From these results,
it was concluded that the cloned DNA was one of the chitinase genes of Xanthomonas sp.

Key words : Xanthomonas sp. Chitinase
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