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| dentification of Antagonistic Strain P-13 and the
Preliminary Studieson Its Antimicrobial Substances
Against Bacterial Spot Diseases of Muskmelon
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Abstract: An actinomycete strain P-13, with antimicrobial activity against muskmelon bacterial spot patho-
gens, was isolated from the muskmelon rhizosphere soil samples in Xinjiang. The strain P-13 was identified
as Streptomyces rochel based on morphological, physiological characteristics and 16S rRNA sequence
analysis. The agar diffusion bioassay showed that the diameter of inhibition zone against Acidovorax avenae
subsp. citrull BFB and Pseudomonas syringae pv. Lachrymans P, was above 19 mm and 17 mm, respec-
tively. The antimicrobial substances obtained from strain P-13 were demonstrated to be alkaline and wa-
ter-soluble compounds according to paper chromatogram analysis and exocellular metabolites. Furthermore,

it was stable to be treated by 100°C for 10 min, pH 6 for 6 h, or ultraviolet treatment for 7 h. Moreover, it
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was insoluble in organic solvents, such as petroleum benzine, diethyl ether, and acetic ether.

Keywords: Sreptomyces rochei, Antimicrobial substances, Muskmelon, Bacterial spot diseases

(Cucurbitaceae)

(Pseudomonas syringae pv. la-

chrymans) (Acidovorax avenae

subsp. citrulli) M

[2]

P-13

16S rRNA )

1 MetEHE
1.1 EHMEEFRE
P-13 ,

(Pseudomonas syringae pv. lachrymans)P,
(Acidovorax avenae subsp. citrulli)
BFB
KB
ISP(International Streptomyces Projects)
(331 P-13
20 g, KNO; 1 g, K,;HPO,3H,0 0.5 g,
MgS047H,0 0.5 g, NaCl 0.5 g, FeSO,-7H,0 0.002 g,
1000 mL, pH 7.2 :

20 g, 20 g, 10 g, KNO; 1 g,

K,HPO43H,0 0.5 g, MgS0,47H,0 0.5 g, NaCl 0.5 g,
FeSO,7H,0 0.01 g, 15 g, 1000 mL, pH

7.2
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1.2 #HIE P-13 S MBI IEEENE
[4]

[5] [6] (7]

1.3 16SrRNA FFINE

DNA, PCR
16S rRNA 16S rRNA
Bl pCR 95°C 4 min; 94°C 1 min, 58°C
1 min, 72°C 2 min, 30 ; 72°C 8 min
Blast GenBank

R Clustal X 1.81
, MEGA 2.1
1 (Neighbor-Joining)

1.4 #HEE P-13 2 BRIV E AN E

P-13
, 30°C 7d , 2mL ,
0.1% 100 mL
250 mL , 30°C
200 r/min 4.5d 6000
r/min 10 min, ( );
3, ,
, ( ) KB
BFB P,
0.22 pm
’ [7,10]
15 MEYRREENE
5 mL P-13 ,
50°C 70°C 100°C 10 min
30 min 60 min 120 min!'"; 1 mol/L HCI
1 mol/L NaOH pH2 4 6 8 10 12
14, 6 h 1 mol/L NaOH 1 mol/L HC1
(2] 5 >
3 mm s 20 W ( 40 cm)
lh 3h 5Sh 7h 9h 10h
, 0.22 pm
, [7,10]
3
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, P-13
1.6 HEYRBHELENE (Streptomyces)
10 mL P-13 , 2.1.2 16S rRNA F3|49#r: P-13 16S
, rRNA (GenBank accession No.
, 0.22 pm FJ224362) 1432 bp GenBank
) [7.10] ’
(Streptomyces) ,
3 MEGA 2.1 (Neighbor-
1.7 Doskochilova iZH| R HZKEN Joining) ( D, P-13
10 P-13 (Streptomyces rochei)
, (7 , Doskochilova 8 16S rRNA ( 99.9% )
, (Re , P-13
) 3 (Streptomyces rochei)
1.8 HFESH 22 MEYRENM
, SPSS 13.0 P-13
. Duncan
( 2) ; ,
2 HRELM
21 HinE P-13¥E
211 HIE P-13 MIEASMEIRSE: 23 HIEYRE T
P-13 , 1 231 FMH|IEEM: 3 , 50°C  70°C
P-13 120 min  100°C 10 min,
(ISP4) (ISP5) ; 100°C 30 min
, 5 P-13
P-13 70°C
; 30°C, pH 72, 232 WMERWEIZE14: 4 , pH6 6 h,
0~7%(W/V)NaCl , pH
, 2% NacCl 2 46 6h ; pHS8 10
30°C 12 14 6h R
7 d, , s ,
: P-13 pH 6~7 ,

x1 HHPI3EFRBMELER

Tablel Theculturecharacteristicsof strain P-13

Medium Growth Substance mycelium Aerial mycelium Soluble pigment
Gause’s No.l agar Good Puce Gray Negative
Czapek’s agar Abundant Gray Gray Negative
Yeast extract/malt extract agar(ISP2) Poor Puce White Negative
Inorganic salt/starch agar(ISP4) Good Puce Gray Negative
Glycerol/asparagine agar(ISP5) Moderate Puce Gray Negative
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100~ Streptomyces tendae NBRC 12822'(AB184172)

L Streptomyces violaceorubidus NBRC 15463 : (AB184689)

P-13(FJ224362) B
Streptomyces rocheiNBRC 12908 "(AB184237)

96 Streptomyces rocheiNRRL B-1559 " (EF626598)
Streptomyces minutiscleroticus NRRL B-12202 ' (EF178696)
64 | Streptomyces geysiriensis NRRL B-12102 T (DQ442501)
99 Streptomyces tuirus DSM 40505 T(AF503493)
Streptomyces tuirus NBRC 15617 ' (AB184690)

100 Streptomyces flavoviridis NBRC 12772 "(AB184842)
61 ] Streptomyces pilosus NBRC 12807 " (AB184161)
Streptomyces luteogriseus NBRC 13402 ' (AB184379)
15 l|——mm3>¢'e,v azureus NBRC 12744 T (AB184837)

Streptomyces capillispiralis NBRC 14222 " (AB184577)

86

57

Streptomyces aurantiogriseus NBRC 12842 " (AB184188)
Streptomyces afvicanus CPIVR-H ' (AY208912)

100| Streptomyces anandii NBRC 13438 " (AB184402)
L Streptomyces anandii NRRL B-3590 " (AY999803)

— 52 100 Streptomyces calvus NBRC 13200 T (AB184329)
0.001 -
L Streptomyces asterosporus NBRC 15872 " (AB184706)

1 {&k#E 16SrRNA FHIMER E K P-13 FEF E & (Sreptomyces) H X AR BRI R FE X EM R X RE
Fig. 1 Phylogenetic tree constructed from 16S rRNA gene sequences showing the relationships among
strain P-13 and other related Streptomyces strains
Note: GenBank sequence accession numbers are indicated in parentheses after the strain names. Numerals on branches are the percentage
bootstrap values by 1000 repliates. Bar: 1 nucleotide substitution per 1000 nucleotides of 16S rRNA gene sequence.

£2 NEEHEMER F 3 mEXEK P-13 2 BEGHINEIE 8IS0
Table2 The location of antimicrobial activity Table3 Effect of different temperature on the antimicro-
bial activity of the fermentation broth of strain P-13
Diameter of inhibition = Er—
t t
Treatment Do Treatment 1amezzi1§(n11111n)1 ton
BFB P4
Temperature(°C) Time(min) BFB Py
F tation broth 22.43+1.75 19.96+0.73

ermentation bro 50 10 19.31£0.13%  18.65+0.544
Exocellular metabolite 21.67+0.48 19.80+0.53 30 193940224  18.67+0.354
Endocellular metabolite 0.00+0.00 0.00+0.00 60 19.29+0.114 18.75+0.654
120 19.40£0.19* 18.61+0.70*
> hH- . A A

233 MEIMEBEM: 5 , 70 10 19.3740.08*  18.61+0.60
1h~7h 30 19.25+0.12*%  18.45+0.49*

b 2
60 18.91+0.08% 18.41+0.71%*
10 h,
120 18.77£0.24"* 18.31+0.88*
P-13 100 10 18.85£0.50*  18.32+0.65*
30 17.50£0.61% 16.19+0.53®
2.4 IEYIRBRMYE 60 15.85+0.21%  15.99+1.57°€
6 , 120 14.24£0.21¢  13.20£0.43"
, Control 20.14+0.274  18.75+£0.16*
P-13 :A,B,C,D: 0.05

Note: A,B,C,D: The different letters in the same column means
significant difference at 0.05 level.
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F 4 BERFEXTEMK P-13 & BRI S E 1R 220
Table4 Effect of different pH on the antimicrobial

activity of the fermentation broth of strain P-13

Diameter of inhibition zone(mm)

pH
BFB P,
2 18.01+0.24 B 15.76+0.618
4 18.13+0.13 B 15.88+0.215
6 18.77+0.46 P 17.31+0.334
8 16.19+0.66 € 14.31+0.54 €
10 13.19+0.57° 13.93+0.76 €
12 10.61+0.45 " 12.75+0.79 °
14 7.42+0.54 " 9.98+0.68 &
7(Control) 19.28+0.16* 17.43+0.344
: A,B,C,D,E,F: 0.05

Note: A,B,C,D,E,F: The different letters in the same column means
significant difference at 0.05 level.

4 B 82 Mg

Table5 Effect of ultraviolet on the antlmlcroblal
activity of the fermentation broth of strain P-13

F 5 LIEXEHK P-13 ZEIRHIE

Diameter of inhibition zone(mm)

Time (h)
BFB P4
1 21.37+0.36% 19.45+0.03*
3 21.16+0.544 19.35+0.1148
5 20.90+0.26* 19.32+0.06 AB¢
7 20.79+0.23 4B 19.30+0.06 AB¢
9 20.12+0.575¢ 19.21+0.05 B¢
10 19.86+0.43 € 19.09+0.14 €
Control 21.41+0.114 19.47+£0.25*
:AB,C: 0.05

Note: A,B,C: The different letters in the same column means sig-
nificant difference at 0.05 level.

*6 MEYERARESER

Table6 Solubility of antimicrobial substance

Diameter of inhibition zone(mm)

Test strains Acetic ether

Diethyl ether Petroleum benzine

Organic phase  Aqueous phase Organic phase Aqueous phase Organic phase Aqueous phase
BFB 0.00+0.00 22.24+0.41 0.00+0.00 21.49+0.77 0.00£0.00 22.22+0.38
Py 0.00+0.00 18.07+0.85 0.00+0.00 17.94+0.38 0.00£0.00 17.93+0.06
2.5 Doskochilova iZFI RFER B 031
8 0.4+
s ) 03 F
.
8 Re 02 f
’ 0.1}
2 , | 0
4 2% Solvent system
7 : (4LVNV) R 0 B 2 #E4RKEE Doskochilova & R4t h R B 4 R
2 29, Fig. 2 The paper chromatography result of antimicrobial
substance in Doskochilova system
(2:1:1’V/V/V) H ;2 2% ;3
8 o B:LVV) R ; (2:1:1, VIVIV); 4 2% ;
5 0.5 mol/L (pH 7) 5: 0.5 mol/L (pH 7); 6: 2%
;70 (4:1, VIV); 8: (3:1, VIV).
0
6 2% Note: 1: Water-saturated butanol; 2: Water-saturated butanol con-
Ry . Ry taining 2% p-toluene sulfonic acid; 3: Butanol: acetic acid: water
’ (2:1:1, VIVIV); 4: Water-saturated butanol containing 2% hexahy-
5 P-13 dropyridine; 5: Butanol-saturated 0.5 mol/L PBS (pH 7); 6: Bu-

3 AEHW®R

16S rRNA

tanol-saturated water containing 2% p-toluene sulfonic acid; 7:
Benzne: methanol (4:1, V/V); 8: Methanol: water (3:1, V/V).

, P-13
(Streptomyces rochei)
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