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) Fig. 2 Inhibitory activities of APn5 treated with different ul-
SDS-PAGE 31.6 kDa trafiltration. A:ultrafiltrate of protein APn5;B:filtrate of protein
APn5 ( 1 APn5 APn5. a, distilled water; treated by ultrafiltering tube with b, 5
kDa molecular weight limit; ¢, 10 kDa molecular weight limit; d,
0.87 mg/mL APNS 5kDa 30 kDa molecular weight limit.
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Table 1  Effect of different temperature on inhibitory activities of protein APn5
Temperature( ) 4 20 40 60 80 100 120

Average diameter of inhibitory zone(mm) 16.0+0.2

15.9+0.1

15.9+0.1 15.6+0.2 10.0£0.1* - -

*: unclear inhibitory zone; —: no inhibitory zone.
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Table 2 Effect of different enzymes on inhibitory activities of
protein APn5

Enzymes Control trypsin proteinase K pronase E
Average
ﬁfgﬁﬁgéf 156£03  8.7+¢04*  11.0:0.1 -
zone(mm)
*:unclear inhibitory zone;  : no inhibitory zone.
pH APRN5
pH pH 2~8
APNS pH
9 APNS pH
pH 12 APN5
( 3
APN5 pH

%3 [ pH AR ER APn5 I E & M4 HI S0
Table 3  Effect of different pH on inhibitory activities of pro-

tein APn5
H Average diameter of H Average diameter of
P inhibitory zone/mm P inhibitory zone/mm
2 16.0+0.1 8 16.1+0.1
3 16.1+0.2 9 13.0+0.1
4 16.0+0.1 10 11.1+0.2
5 16.0+0.1 11 8.2£0.3 *
6 16.0+0.1 12 -
7 16.1+0.2
*: unclear inhibitory zone; —: no inhibitory zone.
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Fig. 3 Inhibitory activities of protein APn5. (A) Erwinia ca-
rotovora subsp. carotovora; (B) Rhodococcus fascians; (C)
Bipolaris maydis; (D) Fusarium oxysporum f. sp. niveum; (E)
Fulvia fulva. a. distilled water; b. protein APn5; c. B. subtilis
strain BSnb5.
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Fig. 4 Inhibitory activities of B. subtilis BSn5 on different
growth stage. (A), Growth curve of B. subtilis BSn5; (B), Aver-
age diameter of inhibitory zone of B. subtilis BSn5 fermentation
supernatant.

© FERZERMEDHARFATIKSHELL http://journals. im. ac. cn



1196 Dongmei Han Su et al. /Acta Microbiologica Sinica (2008) 48(9)
25 {IEEB APn5 MEEA TS RERFIINE MALDI-TOF-MS APN5 Matrix
MALDI-TOF-MS APn5 Science
Matrix Science Q-TOF
Q-TOF 4 4 APn5
AGDDAAGLAISEK GAMLSAVAA- o
ALAR AGDDAGREDALK KTEAQIELASK /
Matrix Science 4 APn5
Bacillus N- APN5
FMN o (FMN-dependent al-
pha-hydroxy acid dehydrogenase)
(glycoside hydrolase 15-related) / APN5 31.6 kDa
(diguanylate cyclase/phosphodiesterase)
GGDEF & EAL 100%
3 Wi
80 BSn5 Z £ X M
[1] ) :
[4.5.8-16] pH (Acta Agriculturae Shanghai), 20086, 22:
109-112.
[2] Kunst F, Ogasawara N, Moszer I, et al. The complete genome
[4,5,9~16] sequence of the gram-positive bacterium Bacillus subtilis. Nature,
BSn5 1997, 390: 177-183.
[3] Stein T. Bacillus subtilis antibiotics: structures, syntheses and
[3-5] specific functions. Mol Microbiol, 2005, 56: 845-857.
[9-16] [4] Wu S, Jia S, Sun D, et al. Purification and characterization of two
novel antimicrobial peptides subpeptin JM4-A and subpeptin
BSn5 K JM4-B produced by Bacillus subtilis JM4.Current Microbiol,
E 2005, 51: 292-296.
[5] Roongsawang N, Thaniyavarn J, Thaniyavarn S, et al. Isolation
and characterization of a halotolerant Bacillus subtilis BBK-1
[4,5,9~16] which produces three kinds of lipopeptides: bacillomycin L, pli-
BSn5 pastatin, and surfactin. Extremophiles, 2002, 6: 499-506.
[6] Moyne AL, Cleveland TE, Tuzun S. Molecular characterization
BSn5 and analysis of the operon encoding the antifungal lipopeptide
bacillomycin D. FEMS Microbiol Lett, 2004, 234: 43-49.
[7] Marahiel MA, Nakano MM, Zuber P. Regulation of peptide anti-
3 B3NS biotic production in Bacillus. Mol Microbiol, 1993, 7: 631-636.
[8] Tijalsma H, Antelmann H, Jongbloed JDH, et al. Proteomics of
protein secretion by Bacillus subtilis: separating the “secrets” of
APNn5

[°]

the secretome. Microbiol Mol Biol Rev, 2004, 68: 207-233.
Hou X, Boyetchko SM, Brkic M, et al. Characterization of the

anti-fungal activity of a Bacillus spp. Associated with sclerotia

© FERZERMEDHARFATIKSHELL http://journals. im. ac. cn



APN5 1 (2008) 48(9) 1197

from Sclerotinia sclerotiorum. Appl Microbiol Biotechnol, 2006, . (Acta Microbiologica
72: 644-653. Sinica), 1999, 39: 339-343.
[10] Liu Y, Chen Z, Ng TB, et al. Bacisubin, an antifungal protein [15] , , . X98I1I
with ribonuclease and hemagglutinating activities from Bacillus . (Acta Microbiologica Sinica), 1998, 38:
subtilis strain B-916. Peptides, 2007, 28: 553-559. 13-19.
[11] , , .. [16] , , B, . TG26
( )[Journal of BI . (Journal of Integrative
zhejiang university (agriculture & lifesciences)], 1999, 25: Plant Biology), 1994, 36: 197-203.
491-494. [17] . : :
[12] , , .. B_916 . (Acta Microbiologica Sinica), 2007,
(Jiangsu journal of agricultural 47:1076-1079.
sciences), 2005, 21: 288—293. [18] Kanjo N, Nakahigashi K, Oeda K, et al. Isolation and characteri-
[13] , , .. B115 zation of a cDNA from soybean and its homolog from Es-
(Acta hydrobiologica cherichia coli, which both complement the light sensitivity of
sinica), 2005, 29: 689-693. Escherichia coli hemH mutant strain VS101. Genes Genet Syst,
[14] , , . B034 2001, 76: 327-334.

Identification and characterization of novel antimicrobial protein APn5
against Erwinia carotovora

Dongmei Han, Huifang Ban, Ziquan Yu, Ziniu Yu, Ming Sun”
(State Key Laboratory of Agricultural Microbiology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [Objective] Amorphophallus soft rot disease, caused by Erwinia carotovora, affects Amorphophallus industry
development. We identified and characterized protein APn5 against Erwinia carotovora, isolated from Bacillus subtilis
strain BSn5. [Methods] Protein APn5 was purified from BSn5 culture by ammonium sulfate precipitation with 30% rela-
tive saturation and ultrafiltration. Inhibition activity was tested by agar well diffusion assay. Protein APn5 was treated at
different temperatures, pH conditions and proteinase. The growth curve of BSn5 was examined; meanwhile, the inhibition
activity of supernatant of BSn5 culture in different growth phase was tested. Amino acid sequence of protein APn5 was
analyzed by matrix-assisted laser desorption ionization time of flight mass spectrometry (MALDI-TOF-MS) and quadru-
pole-time-of-flight (Q-TOF). [Results] Protein APn5 showed a narrow inhibition spectrum, mainly strongly inhibiting the
growth of a few plant pathogenic bacteria. Protein APn5 was sensitive to high temperature and alkaline pH, and partial
sensitive to trypsin, proteinase K and pronase E. During strain BSn5 growth phase, the inhibition activity was unstable,
which would gradually lose on stationary phase and disappeared finally. [Conclusion] On the basis of the difference on
inhibition spectrum and characteristics, protein APn5 was suggested as a novel antimicrobial protein.
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