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Streptomyces spp.
Table 1. Streptomyces strains used in this study
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Strains

Sources

S1 (Streptomyces sp.)
S2 (Sreptomyces sp.)
SGS3 (S griseobr unneus)
4 (Sreptomyces sp.)
S5 (Streptomyces sp.)
SL7-1 (S lincolnensis)
SL7-2 (S lincolnensis)
S8 (Sreptomyces sp.)
S9 (S. fimbriatus)

S10 (Streptomyces sp.)
S12 (Streptomyces sp.)
S14 (Streptomyces sp.)
S15 (Streptomyces sp.)
S16 (Streptomyces sp.)*
S18 (Streptomyces sp.)
S20 (Streptomyces sp.)
SS31 (S saraceticus)*
S38 (Sreptomyces sp.)
SC15 (Streptomyces sp.)
SC17 (Streptomyces sp.)
SC19 (Streptomyces sp.)

Peat moss, Soil Mix, HEVECO, Canada.

Peat moss, Floral Guard, TKS, Germany.

Citrus rhizosphere, Taiping, Taichung County.
Peat moss, Soil Mix, HEVECO, Canada.

Taro rhizosphere, Dali, Taichung County.
Seshania rhizosphere, Hsingkang, Chayi County.
Seshania rhizosphere, Hsingkang, Chayi County.
Taiwan Anoectochilus rhizosphere, Taichung.
Sugarcane rhizosphere, Hsingkang, Chayi County.
Grape rhizosphere, NCHU, Taichung.

Seshania rhizosphere, Hsingkang, Chayi County.
Sugarcane rhizosphere, Hsingkang, Chayi County.
Soil, Datsun, Changhwa County.

Mushroom growth substrate, Sinshe, Taichung County.
Sugarcane rhizosphere, Hsingkang, Chayi County.
Citrus rhizosphere, Taiping, Taichung County.
Dead cicada remain in citrus orchard.

Peanut rhizosphere, Taiping, Taichung County.
Soil, Wufeng, Taichung County.

Soil, Wufeng, Taichung County.

Soil, Wufeng, Taichung County.

t Strain S31and S16 were each respectively kindly provided by Prof. Jenn-Wen Huang and Dr. Tung-Tsuan Tsai, Department of
Plant Pathology, National Chung Hsing University, Taichung, Taiwan.

DNA 12,0009 4 10
70% 12,000 g 4
5
DNA -20
Family 19
Watanabe @ S griseus  ChiC
Lys134  Ala142 lle-256  Cys-262

ChiFF/ChiFR (5
AAGCGCGAGGCCGCGGCCTTCCTCGCC3 /5
GCACTCCAGAGCGCCGTTGAT 3’ )

PCR Streptomyces spp.
DNA Perkin-
Elmer GeneAmp PCR 9600 Thermocycler
30 1 94 4
55 30 72 30 2 29
94 30 55 30 72 30 30
94 30 55 30 72 5 PCR
1.3%(w/v) (agarose)
SGS3

DIG High Prime

DNA Labeling and Detection Starter Kit Il (Roche,
Mannheim, Germany)
SGS3

PCR 1.3%(w/v)

(DNA Clean/Extraction Kit, GeneMark,

Tainan, Taiwan) Bpl( 1u9)
DNA 100 10
4u 1 Dig
High Prime 37
100 10 4
SGS3 ChiF
ZAP Express®

Predigested Vector Kit ZAP Express® Predigested
Gigapack® Cloning Kit (BamHI/CIAP-Treated, Stratagene,
CA, USA) SGS3

DNA BamHI

3 kb

Immobilon-S Transfer
Membranes (Millipore Corporation, Bedford, USA)
DNA SGS3
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B }— pelB chiF His"Tag i1 ari-Kan-facl —|
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SGS3 ChiF pBK-CMV-chi 6-1 pPET26b::ChiF

Fig. 1. Construction scheme of cloning vector pBK-CMV-chi 6-1(A) and SGS3 ChiF overexpression vector pChiF (B).

Sambrook (DE3) (Novagen, EMB Biosciences Inc., Darmstadt,

@ ChiF Germany)
ChiF pBK-CMV ( SGS3 ChiF ChiF
A ChiF
) I pET26b pelB
, , , E. coli periplasmic space
National Center for Biotechnology Information (NCBI, ChiF
htp:/A .nchi.nim.nih.govi Blast2
PG ihgov) pChiF (pET26b::ChiF gene; Km") E. coli
Web Version 2 Software (http:/apdbiLnhri org.tw:8003) Rosetta™ (DE3) LB (Luria-Bertani broth)
: .nhri.org.tw:
S (httpiiapd g 1mM IPTG ChiF

osmotic shock solution [30 mM TrissHCI 1
mM EDTA  20%(w/v) sucrose]

SGS3 ChiF 10 (10,000 g, Sorvall RC5C, GSA
SGS3 ChiF rotor) 5 mM MgSO,
N- C- PCR 10 periplasmic
5 - MgSO, 4 10,000 g 10
GATCCATGGTGTTCAAACGTGTCCTC-3 5
Ncol N 5 - 90%
GATGAATTCCCGCAGCTCAGGTTCGA-3 (binding buffer: 20 mM sodium phosphate 0.5 M
5 EcoRlI C ( NaCl 10mM imidazole pH 7.4)
B) PCR 30 1 ChiF Unicorn
9 4 5 30 72 30 2 29 AKTA FPLC system (Amersham Biosciences,
94 30 55 30 72 30 30 Hong Kong, China) HiTrap Chelating
94 30 55 30 72 5 HP Ni2
1mg

pET26b E. coli Rosetta™ 0



05M imidazole ( 20 mM sodium
phosphate 0.5 M NaCl) 1 ml/min
A

280

HiTrap™ Desalting Column (Amersham
Biosciences, Hong Kong, China)
imidazole  NaCl
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12% (w/v)
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0.2 sample buffer [60mM Tris-HCI pH 6.8 25%
(viv) glycerol 2% (w/v) SDS 144 mM 2-
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100 10 80V
(Mini-PROTEANE® |1, Bio-Rad, Hercules, CA)
Renaturing buffer [0.1 M
sodium acetate pH 5.0 1% (v/v)Triton X-100] 37

20 0.5M Tris-HCI (pH
8.9) 0.01% (w/v) Calcofluor white M2R
(Sigma, CA, USA) 30
uv

Coomassie blue
[0.1%(w/v) Coomassie blue 45% (v/v)

methanol  10%(v/v) glacial acetic acid)] 30
[10%(v/v) methanol  10%(v/v) glacial acetic
acid]
E. cali ChiF (8
mm ) 0.5%(w/v) @
1.5% 28 2
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Rad transblot apparatus (Bio-Rad, Hercules, CA)
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family 19
Table 2. Chitinase peptide sequences used for comparison in this study

Accession Number organism Protein ID.

AAA56787 Barley chitinase, class|

AAA51377 Rice chitinasg, class|

AAA32769 Thale cress chitinase, class|

CAAB87072 European elder chitinase, class|

CAA33517 Potato chitinasg, class|

CAA34812 Tobacco chitinase, class|

CAA39535 Rice chitinase, class |

AAA34107 Tobacco chitinase, classl|

CAA47921 Potato chitinase, class||

CAA35791 Petunia chitinase, classl|

AAA32941 Barley chitinase, class||

CAA40474 Kidney bean chitinasg, class IV
AAA32916 Beet chitinasg, class IV
CAA43708 Rape chitinase, class IV
AAA33444 Maize chitinase, class IV
BAA84194 S. coelicolor Partial family 19 chitinase
BAA84195 S lividans Partial family 19 chitinase, f1
BAA84196 S lividans Partial family 19 chitinase, 2
BAAB84197 S lividans Partial family 19 chitinase, f3
BAA84199 S. coelescens Partial family 19 chitinase
BAA84200 S ipomoeae Partial family 19 chitinase, f1
BAA84201 S prasinopilosus Partial family 19 chitinase, f1
BAAB84202 S prasinopilosus Partial family 19 chitinase, f2
BAA84203 Streptomyces sp. Strain S15 Partial family 19 chitinase
BAAB84204 Streptomyces sp. Strain S84 Partial family 19 chitinase
BAAB84205 Streptomyces sp. Strain S100 Partial family 19 chitinase
BAAB4206 Sreptomyces sp. Strain S159 Partial family 19 chitinase
BAA23739 S griseus Complete family 19 chitinase, chitinase C
AY 953370 S lincolnensis (SLS7) Partial family 19 chitinase

Fig. 2. PCR amplification of family 19 chitinase gene from 21 Streptomyces spp. tested strains by using primer pair ChiFF

ChiFF ChiFR

21  Sreptomyces

family 19

b0, 2.0
PN

and ChiFR. The arrow indicated the predicted 387 bp amplicon of the partial family 19 chitinase gene.

(secretory signal peptide domain) AKWWTQ® 62 86
[chitin binding domain (ChtBD)] C TTGAGT(-10)
296 TTGACA(-35) ( ) -10  -35
31.5 kDa
24 29 ChtBD (direct repeat sequence)
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TG TIC kA CXFT OTC CTC ADC CTE CTE O1C GO0 CTC (0C 006G 070 G7C (00 000 TTC G1C

7TC CTC OO GO0 GOC ADC G0G OAG 0T O0C ACC TGC TIC AGC (0T 165 AAC TOC TUG TG
L F & A T & 9 A A4 T C F B 8 8 N 5 & 5|
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L

-

A0 000 TAC OO0 GO TTC GOC MG ACC GOC AGC GAC GAG ATC AMG ARG OGC GAG GO0 GLG

GOC TIC CTC GOC ASC GTC AGC Cal GAG ACC GOC (GG CTF OTG TAC ATC GAG (AL OTC AAC

GAG OO0 AAC TAC COC CaC TAC TOC OAC GCC AGC CAG OO0 TAC 0aC TEC Q0 GO (00 CAG

TCC GG TAC TAC (T A GO0 O0G ATC CAG CTG AGC TOG Al TTC mal Tal sl OOC GO0

el

OGT GAC (X6 CTC OIC ATC GAC CFG CTG ARC A&C J0C TAC CTO OTC GAG TAG AMC GOC (0T

G WL Tl AS AL WL UL TU TAL Tl AL AU GG AT DOC GO GO0 AT ATU Al

@0 CAC AAC OOC ATC GIC AAC OOC OOC OEC TTC GOC OAG AT ATC OO0 TOC ATC ANC GUT

005 ATC G5 TOC AMC GRC GEC ANC 006 OO0 Cal OTC CAG AGC (C ATC GAC ARG TTC MG

Gl TTC M CAG GTT CTC GEC 00 06 A0 GGG TOG aal OTG aGC TGC TGA

SGS3 ChiF
Fig. 3. Nucleotide sequence and deduced amino acid sequence of SGS3 ChiF gene of S griseobrunneus S3. Amino acids
are specified in single-letter code under the first of each codon. Shadow box and open box indicated the secretory signal
peptide and chitin binding domain (chtBD) each respectively. Catalytic domain is printed in white on black boxes. It
consists 891bp in length, which encodes a 296 amino acid peptide with a molecular weight of 31.5 KDa. A ChtBD
consensus sequence AKWWTQ (shown in bold type) was found in the gene at 24-29" amino acids of the peptide sequence.

prehiF puacgeangtignac REENRRINC RURR g RN A WCERYRMN o oo pettpagtatgoctecacace

8083 ChiF cegacgicacgaapon] P ST LT et poitgagiglogeaccors

Consensus  TGGTC(C/THA/GIGACC(AT)

SGS3 ChiF
Fig. 4. Nucleotide sequence of the promoter regions of ChiF gene (p-chiF) of S. coelicolor A3(2) and ChiF gene of S
griesobrunneus S3. The — 35 and — 10 sequence of each promoter are double- and single-underlined, respectively.
Nucleotide sequences of direct repeats are printed in upper-case letters and those identical to the consensus sequence (Saito
et al. 2000) are printed in white on black background.

139
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Fig. 5. Purification of ChiF protein by chelating gel on an AKTA FPLC system. Ammonium sulfate precipitated SGS3
ChiF protein was dissolved in binding buffer (20 mM sodium phosphate, 0.5 M NaCl, 10 mM imidazole, pH 7.4) and
resolved by HiTrap Chelating HP column. The arrow indicates SGS3 ChiF protein peak eluted.
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Fig. 6. Detection of recombinant SGS3 ChiF protein by SDS-PAGE (A and B), western blot (C), and by clear zone
formation on 0.5% colloidal chitin amended agar plate (D). Recombinant ChiF was extracted by ammonium sulfate
precipitation and purified by chelating gel chromatography. For SDS-PAGE analysis, approximately 10u g of the protein
sample were loaded on each lane, and the resolved gel was stained with Coomassie blue (A) or with Calcofluor white M2R
under UV illumination (B). Lane M, molecular weight marker (ProSive® color protein markers, BioWhittaker Molecular
Applications Inc., USA). Lane 1, sample from ammonium sulfate precipitation; lane 2, sample purified from chelating gel
chromatography. The arrow indicates the recombinant ChiF protein with the molecular weight at 31.5 KDa. The proteins
were trans-blotted onto a nitrocellulose membrane (Bio-Rad, Hercules, CA, USA), and reacted with the ChiF antiserum.
The existence of ChiF was revealed by indirect enzyme-linked immunoassay (C) by use of phosphatase |abeled goat anti-
rabbit 1gG (KPL, Gaithersburg, MD, USA) as secondary antibody. For the plate assay (D), approximately 100u g of the
purified enzyme were applied on the paper disc laid on 0.5% colloidal chitin containing agar. The picture shown was
taken 2 days after treatment.
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Fig. 7. Pileup alignment of amino acid sequences of family 19 chitinase catalytic domain. Aligned amino acid sequences
were processed by MegAlin program of DNASTAR sequence analysis software (DNASTAR, USA) by the method of

Clustal W. * -*

surrounded with boxes.

indicated the amino acid sequence deletion site (gap). The sequences identical to SGS3 ChiF were
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ABSTRACT

Yang, S. S, Lee, M. H.%, Tzeng, D. D. S. *2 2005. Cloning of full length sequence of afamily 19
chitinase gene ChiF from Sreptomyces griseobr unneus S3 and the molecular characterization of the
recombinant protein. Plant Pathol. Bull. 14:133-146. (*Department of Plant Pathology, National
Chung-Hsing, University, Taichung, Taiwan, R.O.C.; 2Corresponding author, Email:
dstzeng@nchu.edu.tw; Fax: +886-4-22851038)

A preliminary survey of existence of family 19 chitinase gene among Taiwan native chitinolytic
Streptomyces strains was conducted. Among 21 tested strains, 11 were detected positive by PCR
(polymerase chain reaction) with the use of afamily 19 chitinase gene specific primer pair. A full-
length chitinase gene SGS3 ChiF was cloned from Sreptomyces griseobrunneus S3-a chitinolytic
strain known to have great potential in plant disease control application. Sequence analysis revealed
that the gene contains 891 bp which encodes a 296 amino acid peptide with a molecular weight around
31.5 KDa. The gene contains a chitin binding domain (ChtBD) with ChtBD consensus sequence
AKWWTQ. On its upstream was a promoter region with characteristic direct repeat sequence
(T/A)GGTC(T/C)AGACC(T/A) known to be critical in chitin induction and glucose repression. From
a SGS3 ChiF transformed Escherichia coli Rosetta™ (DE3), the ChiF recombinant protein with a
predicted size around 31.5 KDa was extracted and purified by Fast Performance Liquid
Chromatography. The polyclonal antibody for immuno-detection of the recombinant protein was
successfully prepared. The enzyme appeared to survive denaturing during SDS-PAGE analysis, the
enzyme characteristics of recombinant protein was demonstrated by activity stain and western
blotting. A phylogenetic analysis revealed that the cloned gene was highly homologous to the
comparative gene known on S. griseus, S. coelicolor, and Nocardiopsis prasina, which might be
adapted evolutionarily from the class IV chitinase of plant system. The molecular characteristics of
the gene and its possible connection to antifungal characteristic of Streptomyces are herein discussed.

Keyword: Sreptomyces griseobr unneus S3, ChiF gene, family 19 chitinase, molecular characteristics,
phylogenetic relationships, preparation of polyclonal antibody



