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Abstract

BACKGROUND: Bacterial shot hole of stone fruits is a
seriuos plant disease caused by Xanthomonas arboricola
pv. pruni (Xap). Techniques to control the disease are
required. In this study, microorganisms with antibacterial
activity were isolated to develop as a microbial agent
against the bacterial shot hole.

METHODS AND RESULTS: An isolate with the strongest
activity among the isolates was identified as Streptomyces
avidinii based on 16S rRNA gene sequence analysis and
designated Streptomyces sp. J46. 146 showed suppression of
bacterial leaf spot with a control value of 90% at 10
times-diluted cell free supernatant. To investigate antibacterial
metabolites produced by J46, the supernatant of J46 was
extracted with organic solvents, and the extracts were
subjected to chromatography works. Antibacterial metabolites
were not extractable with organic solvents. Both reverse and
normal phase techniques were not successful because the
metabolites were extremely water soluble. The antibacterial
metabolites were not volatiles but protein compounds based on
hydrolysis enzyme treatment.
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CONCLUSION: Our study suggests that Streptomyces sp.
J46 may be a potential as an microbial agent against
bacterial shot hole. Further study to identify the metabolites
is required in more detail.
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Table 1. Growth medium composition of the isolate J46
Medium Composition (g/L)
M1 Beef extract 10, Polypeptone 10, Glucose 15, Glycerol 10, CaCO; 4.0
M2 Soluble starch 10, Glucose 20, Soybean meal 25, Beef extract 1, Yeast extract 4.0, NaCl 2.0, K,HPO,
0.25, CaCO; 2.0
M3 Soluble starch 10, Glucose 20, Molasses 5.0, Yeast extract 5.0, Peptone 5.0, CaCO; 2.0
M4 Soluble starch 10, Soybean meal 15, Yeast extract 2.0, CaCO; 4.0
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Table 2. Antibacterial activity of the isolates against
Xanthomonas arboricola pv. pruni

based on carbon utilization

Table 3. Biochemical characteristics of the isolate J46

Isolate Activity" Isolate Activity Carbon source Carbon utilization”
1 . 33 . 3-Methyl-D-Glucoside -
2 34 . D-Galactonic acid -
3 35 : L-Arginine ++
4 + 36 : Pyruvic acid methyl ester +
5 + 37 : D-Xylose -
6 + 38 + D-Galacturonic acid -
7 ’ 39 : L-Asparagine +
8 + 40 t+ Tween 40 +
9 : 41 + Erythritol -
10 42 ) 2-Hydroxy benzoic acid -
11 43 + L-Phenylalanine ++
12 4 Tween 80 ++
13 * 45 * D-Mannitol -
14 ) 46 AR 4-Hydroxy benzoic acid ++
15 * 47 L-Serine ++
16 48 a-Cyclodextrin -
17 49 N-Acetyl-D-glucosamine ++
18 + 50 S
19 51 v-Hydroxybutyrlc acid -

L-Threonine ++
20 52
21 53 Glycog.en . ++
2 54 D-Gulcosamine acid -
23 55 . Itaconic ac1fi . -
24 56 . Glycyl—L—Glutgrmc acid ++
o5 57 . D-Cellobiose +
2% . 58 A Glucose-1-Phosphate -
97 + 59 . a-Ketobutyric acid +
08 60 . Phenylethyl-amine -
29 . 61 . a-D-Lactose -
30 + 62 . D,L-a-Glycerol phosphate -
31 63 . D-Malic acid -
32 + 64 . Putrescine -

D Tnhibition zone (mm): +(0.10~0.20), ++(0.21~0.50),

+++(0.51~0.80), ++++(>0.81).

Streptomyces flavovirens NBRC 3716 (AB184834)
Streptomyces nitrosporeus NBRC 3362 (AB184751)
Streptomyces polyantibioticus SPR (DQ141528)
Streptomyces luridiscabiei S63 (AF361784)
Streptomyces fulvorobeus NBRC 15897 (AB184711)
Streptomyces xanthochromogenes NRRS B-5410 (DQ442559)
Streptomyces anulatus NRRS B-2000 (DQ026637)
-Streptomyces chryseus NRRS B-12347 (AY999787)
Streptomyces enissocaesilis NBRC100763 (AB249930)
Streptomyces nefropsis NBRC 3723 (AB184792)
Streptomyces avidinii NBRC 13429 (AB184385)

% | streptomyces sp. J46
Streptomyces shaanxiensis CCNWHQO0031 (FJ465151)
Streptomyces fractus MV32 (FJ857947)

Streptomyces hyderabadensis OU-40 (FM998652)
93 E Streptomyces thinghirensis DSM 41919 (FM202482)
81 Streptomyces tacrolimicus ATCC 55098 (FN429653)

Streptomyces similanensis KC-106 (AB773850)

a7

Brachybacterium nesterenkovii DSM 9573 (X91033)

—_
0.01

Fig. 1. Phylogenetic tree of the isolate J46 based on 165 rRNA gene sequences analyses.

The numbers on the tree represent similarities between the strains.

R ++: >ODggp 0.7, +: ODg9g 0.4~0.7, -: <ODggo 0.4.
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Fig. 2. Growth (@) and inhibition activity (O) of the isolate J46 against Xanthomonas
arboricola pv. pruni. The values indicate means + SD of triplicates.
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Fig. 3. Antibacterial activity of cell free supernatant of the isolate J46. The data means
average values of triplicates. The different letters over the columns are significantly different
each other by Duncan's multiple range test (P < 0.05).
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Table 4. Effects of changes in pH on the antibacterial
activity of the isolate J46 against Xanthomonas arboricola
pv. pruni

pH Inhibition zone diameter (mm)"?
2.0 16.00 + 0.82a
4.0 14.67 + 0.47ab
6.0 14.33 + 1.25ab
9.0 13.00 + 0.82b
11.0 15.33 + 0.47ab

Y The values are means + SD of triplicate.
? The data with the same letter in are not significantly
different (/%0.05).

Table 5. Effects of changes in temperature on the
antibacterial activity of the isolate J46 against Xanthomonas
arboricola pv. pruni

)1),2)

Temperature (C) Inhibition zone diameter (mm

0 12.67 + 0.58a
20 12.33 + 0.58a
40 12.00 + 0.00a
60 9.00 + 0.00b
80 D
100 -
120 -

U The values are means + SD of triplicate.

? The data with the same letter are not significantly
different (/%<0.05).

% Inhibition zone was not observed.

%StKTable 5). Tk A ds A9MsE oF thy e
S AV A3} gdo] EEA] i) ulebs A E
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Fig. 4. Antibacterial activity of supernatant of the isolate J46 cultivated on M1 (<), M2 (x), M3 (A), M4 (O)
and Bennett ((O) medium. The values indicate means + SD of triplicate.

Fig. 5. Symptoms of bacterial leaf spot on detached peach leaves treated with water (A), a commercial
fungicide at a recommendation dose (B), and 10 times-diluted J46 supernatant (C) at 5 days after
inoculation of Xanthomonas arboricola pv. pruni.

Table 6. Antibacterial activity of the isolate J46 supernatant against plant pathogens

Plant pathogens Inhibition activity”

Acidovorax avenae subsp. cattlyae -

Acidovorax komjaci -
Agrobacterium tumefaciens -
Burkholderia glumae -
Clavibacter michiganensis supsp. michiganensis -
Pectobacterium carotovara supsp. carotorova -
Pectobacterium chrysanthemi -
Pseudomonas syringae pv. actinidiae -
Pseudomonas syringae pv. lachrymans -
Xanthomonas euvesicatoria +++
Xanthomonas axonopodis pv. citri +++
Xanthomonas oryzae pv. oryzae -
Ralstonia solanacerum -
D Relative inhibition rates (%): +(31~50), ++(51~70), +++(=71).
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Fig. 6. Antibacterial activity of cell free supernatant of the isolate J46 against plant pathogenic
bacteria. The values indicate means + SD of triplicate. Different letters indicates different mean
value significantly by Duncan's multiple range test (/<0.05).

Table 7. Antibacterial activity of the organic extracts of cell free supernatant of the isolate J46 against
Xanthomonas arboricola pv. pruni

Organic extract Inhibition zone diameter (mm)"
Control 20.00 + 0.82
Ethyl acetate 2
Ethyl acetate (pH 2.0) -
n-Butanol -
Aqueous 22.33 + 047

U The values are means + SD of triplicate.
2 Inhibition zone was not observed.

Table 8. Antibacterial activity of the fractions of the isolate J46 supernatant filtered though activated
charcoal adsorbent

Solvent Inhibition zone diameter (mm)"
HO (pH 2.0) 21.00 + 0.82
Acetone (pH 9.0) 2
MeOH -

U The values are means + SD of triplicate.
? Inhibition zone was not observed.

Table 9. Antibacterial activity of the fractions of the isolate J46 supernatant eluted from SPE C18
cartridge column

Fraction No. Elution solvent Inhibition zone diameter (mm)”
1 H,O:MeOH (10:0, v/v) 16.00 + 0.82
2 H,O:MeOH (8:2, v/v) 2
3 H,O:MeOH (6:4, v/v) -
4 H,O:MeOH (4:6, v/v) -
5 H,O:MeOH (2:8, v/v) -

6 H,O:MeOH (0:10, v/v) -
U The values are means + SD of triplicate.
2 Inhibition zone was not observed.
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Table 10. Antibacterial activity of the fractions of the isolate J46 supernatant eluted from SPE coconut

charcoal cartridge column

Solvent

Inhibition zone diameter”?

Supernatants before SPE
HO (pH 2.0)
Acetone (pH 9.0)
MeOH

1933 + 1.25a
2

6.67 + 1.25b

7.00 + 0.82b

U The values are means + SD of triplicate.

? The data with the same letter are not significantly different (/<0.05).

% Inhibition zone was not observed.
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Fig. 7. Antibacterial activity of J46 samples
obtained from SPE column (A), cell free
supernatant of the isolate J46 (B) and TLC

plate (C).
200000y WVL:210 nim
1,500
1,000
500+
-‘-33_""1""1""1"'|""|"'r'mn
0.0 5.0 10.0 15.0 20.0 250 30.0

Fig. 8. Typical HPLC chromatogram of J46 supernatant eluted from C18 SPE
cartridge column.

Fig. 9. Effects of volatiles produced by the isolate J46 against Xap. A: Bennett
agar, B: J46 (right) and Xap (left).



Antibacterial Activity of Streptomyces sp. J46 against X. arboricola pv. pruni 31

Fig. 10. Antibacterial activity of J46
volatiles adsorbed on PS/DVD fiber. A:
solvent, B: cell free supernatant, C: Volatile
extracts adsorbed on PS/DVD fiber.

Table 11. Antibacterial activity of acetone precipitates of cell free supernatant of the isolate J46
against Xanthomonas arboricola pv. pruni

Sample Inhibition zone diameter (mm)”
Control 14.67 + 0.47
Acetone precipitation

U The values are means + SD of triplicate.
? Inhibition zone was not observed.

25 r

Untreated

Treatment
Fig. 11. Effects of protease on the antibacterial activity of cell free
supernatant of the isolate J46. The different letters over the columns are
significantly different each other by Duncan's multiple range test (/%0.05).
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