Plant Pathology Bulletin 14:147-158, 2005

ChiF

Streptomyces griseobrunneus S3  Rhizoctonia

solani AG4  Pythium aphanidermatum
1 1 1,2
2 dstzeng@nchu.edu.tw +886-4-22851038 +886-4-22851038
94 6 13
. 2005. ChiF Streptomyces
griseobrunneus S3  Rhizoctonia solani AG4  Pythium aphanidermatum
14:147-158.
family 19 ChiF Streptomyces
griseobrunneus S3 (SGS3)  Rhizoctonia solani AG4  Pythium aphanidermatum
SGS3 24
SGS3
(appressorium-like structure)
SGS3-ChiF SGS3 ChiF
R. solani AG4
P. aphanidermatum
SGS3 ChiF
SGS3
family 19
Streptomyces griseobr unneus S3 ChiF
(Streptomyces spp.)
Fusarium® =
uv Phytophthora®" ® Pythiums 2. 41
Rhizoctonia® 23 Sclerotinia®



148 14 2 2005

Verticillium®

(chitinolytic)
S.

griseobrunneus S3 (SGS3) Pilot

Phytophthora parasitica Pythium aphanider matum
Rhizoctonia solani AG4

(22

macrolide benzoquinones®”

aminoglycosides® polyenes® tubercidin®

(mycoparasitism)
Tu (35)
S. albus
Colletotrichum

PDA
Nectria inventa
lindemuthianum
(appressorium-like structure, ALS)
S griseus  C. lindemuthianum
C. lindemuthianum
S. griseus

S griseus  C. lindemuthianum

(36)

Trichoderma hamatum  Sclerotinia sclerotiorum

chit42
prbl @ T.
harzianum
B -1,3- (B -1,3-
glucanase)® f -1,6- (B -1,6-

glucanase)® (r.1n3y
(17, 23, 24, 29, 39) B _1,3_ (19) B -1,6-
(12)
SGS3 DNA family 19
ChiF
E. coli ChiF
(39)
class 1V
SGS3
R solani AG4  P. aphanidermatum
SGS3
ChiF

ChiF

Pythium aphanidermatum

Rhizoctonia solani AG4  Streptomyces griseobr unneus

S3(SGS3)
(Potato sucroseagar PSA 200g 209
159 ) ®
P. aphanidermatum  R. solani AG4 PSA
28 3
10
SGS3 PSA 28 5



10" CFU/g 4
@ P, gphanidermatum R solani AG4
PSA 2
SGS3 PSA 3
0.05%(v/v) Tween 20
108 spores/ml

(22

P. aphanidermatum  R. solani AG4
4x 4 cm?
(121 15 ) 1.5% (w/v)
(water agar, WA) PSA
P. aphanidermatum  R. solani AG4
1.5mmx 4 cm
28
2
SGS3 P.
aphanidermatum R. solani AG4 1
SGS3
28
ChiF
Boyde ®
SGS3 P. aphanidermatum  R.
solani AG4 WA
1x 1 cm? 10ml
4%(w/v) glutaraldehyde ( 100 mMm
pH 7.0 6.5 ml) 100
mM (pH 7.0) 10

60 70 80 90 95%
30
30
ethanol:amylacetate(1:1  v/v) 2
amylacetate
(critical point drier, CPD, LADD 28000)

100%

(JBS, E5150)
(scanning electron microscope, Topcon ABT-
1509)

ChiF SGS3 149
ChiF
SGS3 P.
aphanidermatum  R. solani AG4
WA
5% (w/v) glutaraldehyde
( 50mM pH 7.0) 1
0.1%(v/v) Tween 20 50 mM (pH 7.0)
5 1% (w/v)
(bovine serum albumin  BSA 50 mM
pH 7.0) 500y | (blocking
treatment) 30
ChiF (
10,000
e 50 mM (pH 7.0)
100 500y | 30
5
FITC
(anti-rabbit 1gG FITC conjugate, Sigma,
USA) 100 (50 mM 1%
BSA pH 7.0) 500y | 30
(Leica

DMLB, Germany)
(530 Nm-560 nm)

(470 nm-490 nm)

Jones 9
P. aphanidermatum R solani AG4
WA
500y | 1 mg/ml fluorescein diacetate (FDA,
Sigma, CA, USA 50 mM pH 7.0)
20 0.1% (v/v) Tween 20
50 mM (pH 7.0)
propidium iodide (PI, Sigma, CA, USA 50 ng/ml
50 mM pH 7.0)
(double staining) 3
1 %(w/v)
paraformaldehyde ( 50 mM pH 7.0)
3
(470 nm-
490 nm) FDA  lipase
PI



150 14 2 2005

S o Sl 1
ALS ALS

Streptomyces griseobr unneus S3 (SGS3)  Pythium aphanidermatum (A B C)
Rhizoctonia solani AG4(D E F)

Fig. 1. Scanning electron microscopy (SEM) illustrating the mycoparasitism of of Streptomyces griseobr unneus S3 (SGS3)
on Pythium aphanidermatum (A, B and C) and Rhizoctonia solani AG4(D, E and F) respectively. Photos shown were
taken 24 hours after inoculation of SGS3 on the mycelial mass of the two target fungi. The bacterial mycelia appeared to
grow vigorously on, tangle and interwove well on the host mycelium (Figs. A and D), and formed prominent etching lesion
along the colonized parts (Figs. B, C, E and F); some of them even formed appressorial like structure (Figs. A and F, ALS
asindicated by arrow head). The aerial hyphal branching of SGS3 (AHB as shown on Figs. E and F) was apparent on the
samples examined.
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Fig. 2. In situ detection by fluorescent microscopy of ChiF gene expression of Streptomyces griseobrunneus S3 (SGS3)
during the course of mycoparasitism on Rhizoctonia solani AG4. Photos presented were taken from samples obtained 24
hours after SGS3 inoculation. The expression of ChiF gene was detected by immunostaining with application of an anti-
rabbit 1gG FITC conjugated ChiF specific antiserum as that described in the text. The fluorescent microscopy images A, C
and E are presented each respectively with their comparative images revealed by phase contrast microscopy (B, D and F)
to illustrate the morphological detail of the mycoparasitism. Photo A shows the detection of green fluorescence all over
the SGS3 colonized parts on the host mycelium. Photo C shows the image of fluorescent microscopy on the same
inoculation treatment where that ChiF specific antiserum was not applied. Whereas photo E is the compared detection on
the control treatment without SGS3 inoculation.
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Fig. 3. In situ detection by fluorescent microscopy of ChiF gene expression of Streptomyces griseobrunneus S3 (SGS3)
during the course of mycoparasitism on Pythium aphanidermatum. Photos presented were taken from samples obtained 24
hours after SGS3 inoculation. The expression of ChiF gene was detected by immunostaining with application of an anti-
rabbit 1gG FITC conjugated ChiF specific antiserum as that described in the text. The fluorescent microscopy images A, C
and E are presented each respectively with their comparative images revealed by phase contrast microscopy (B, D and F)
to illustrate the morphological detail of the mycoparasitism. Photo A shows the detection of green fluorescence only on
SGS3 mycelial crowd colonizing on host mycelium. Photo C shows the image of fluorescent microscopy on the same
inoculation treatment where that ChiF specific antiserum was not applied. Whereas photo E is the compared detection on
the control treatment without SGS3 inocul ation.
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FDA P Streptomyces griseobrunneus S3(SGS3) Rhizoctonia
solani AG4
Fig. 4. Fluorescent microscopy illustrating the effect of Sreptomyces griseobrunneus S3 (SGS3) mycoparasitism on the
viability of Rhizoctonia solani AG4. The fluorescence images A and C are presented with their respective images revealed
by phase contrast microscopy (B and D) to show the detail of the morphological effect. Photo A shows the detection of
green florescence among the invading bacterial propagules in contrasting to the red fluorescence detected among the host
fungal mycelium. Photo C shows the detection of the green fluorescence on the control host fungal mycelia without SGS3
inoculation.
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FDA Pl Pythium
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Fig. 4. Fluorescent microscopy illustrating the effect of Streptomyces griseobrunneus S3 (SGS3) mycoparasitism on the
viability of Pythium aphanidermatum. The fluorescence images A and C are presented with their respective images
revealed by phase contrast microscopy (B and D) to show the detail of the morphological effect. Photo A shows the
detection of green florescence among the invading bacterial propagulesin contrasting to the red fluorescence detected
among the host fungal mycelium. Photo C shows the detection of the green fluorescence on the control host fungal

myceliawithout SGS3 inoculation.
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ABSTRACT

Yang, S. S, Chen, T. Y.}, and Tzeng, D. S.*¢ 2005. The role of ChiF gene expression in relating to
mycoparasitism of Streptomyces griseobrunneus S3 on Rhizoctonia solani AG4 and Pythium
aphanidermatum. Plant Pathol. Bull. 14:147-158. (*Department of Plant Pathology, National Chung-
Hsing University, Taichung, Taiwan; 2Corresponding author, Email: dstzeng@nchu.edu.tw; Fax: +886-
4-22851038)

The explicit role of ChiF, amember of family 19 chitinase, in mycoparasitism of Streptomyces
griseobrunneus S3 (SGS3) was explored using Rhizoctonia solani AG4 and Pythium aphanidermatum
astargeted fungi. Upon artificial inoculation on an agar plate system, the bacterial spores appeared to
germinate readily on the mycelium of both host fungi and develop well into mycelial mass on the
colonized part within 24 hours. The examination by scanning electron microscopy revealed that the
bacterial mycelia grew on, and in some cases penetrated the host mycelium. The mycoparasitic effect
was manifested by the development of etching lesions indicating the involvement of cell wall
degrading enzymes. Also worth noting was the formation of an appressorium like structure (ALS) on
host mycelium, although its role in the mycelial penetration remained to be determined. The
involvement of ChiF in the observed mycoparasitism was well illustrated by an immuno-fluorescent
microscopy where that SGS3-ChiF specific polyclonal antibody was applied. The fluorescent signal
indicating the expression of ChiF gene was detected along the contact interface of SGS3 on the host
mycelium. The detected signal was strong especially among those colonizing on R. solani; the
fluorescence detected from that on P. aphanidermatum was comparatively low. The differential
response observed implicated a preferential expression of the gene on the fungal cell wall with chitin
as amajor constituent. The low expression detected on the non-chitin cell wall of P. aphanidermatum
further implicated the functioning of co-regulation of cohorts of cell wall degrading enzymes in the
applied mycoparasite. By double staining of fluorescent diacetate and propidium iodide, it was shown
further a complication of antibiotic in the observed mycoparasitism since the colonized cells of both
targeted fungi lost their viability before the dismantling effect of the bacteria-secreted cell wall
degrading enzymes became apparent. Thisisafirst report of in situ detection of family 19 chitinase
gene expression illustrating the involvement of ChiF chitinasein Streptomyces mycoparasitism.

Key words: Streptomyces griseobrunneus S3, mycoparasitism, ChiF potein, chitinase, scanning
electron microscopy (SEM), immuno-fluorescent staining, viability staining



