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Abstract:    An antifungal protein was isolated from a culture of Bacillus subtilis strain B29. The isolation procedure comprised 
ion exchange chromatography on diethylaminoethyl (DEAE)-52 cellulose and gel filtration chromatography on Bio-Gel® P-100. 
The protein was absorbed on DEAE-cellulose and Bio-Gel® P-100. The purified antifungal fraction was designated as B29I, with 
a molecular mass of 42.3 kDa by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), pI value 5.69 by 
isoelectric focusing (IEF)-PAGE, and 97.81% purity by high performance liquid chromatography (HPLC). B29I exhibited in-
hibitory activity on mycelial growth in Fusarium oxysporum, Rhizoctonia solani, Fusarium moniliforme, and Sclerotinia scle-
rotiorum. The 50% inhibitory concentrations (IC50) of its antifungal activity toward Fusarium oxysporum and Rhizoctonia solani 
were 45 and 112 μmol/L, respectively. B29I also demonstrated an inhibitory effect on conidial spore germination of Fusarium 
oxysporum and suppression of germ-tube elongation, and induced distortion, tumescence, and rupture of a portion of the germi-
nated spores. 
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INTRODUCTION 
 

Antifungal proteins and peptides have been iso-
lated from a great number of animals (Iijima et al., 
1993; Wang and Ng, 2002), plants (Benhamou et al., 
1993; Joshi et al., 1998; Lam et al., 2000), bacteria 
(Delcambe et al., 1977; Kim and Chung, 2004; 
Moyne et al., 2004), and fungi (Lam and Ng, 2001b; 
Wang and Ng, 2004; Theis et al., 2005). Based on 
their structures or functions, antifungal proteins and 
peptides can be classified into many different classes, 
such as thaumatin-like proteins (Pressey, 1997; 
Wurms et al., 1999; Ye et al., 1999), glucanases 
(Vogelsang and Barz, 1993), chitinases and chiti-

nase-like proteins (Benhamou et al., 1993; Lam et al., 
2000; Lam and Ng, 2001c), peroxidases (Ye and Ng, 
2002b), ribonucleases (Ng and Wang, 2001; Liu et al., 
2007), protease inhibitors (Joshi et al., 1998), ribo-
some inactivating proteins (Leah et al., 1991; Lam 
and Ng, 2001a), lectins (Broekaert et al., 1989; Ye et 
al., 2001), cyclophilin-like proteins (Ye and Ng, 2000; 
2002a), lipid transfer protein-like proteins (Molina et 
al., 1993; Wang et al., 2004), and miraculin-like 
proteins (Ye et al., 2000). 

Recently, Bacillus subtilis strains have been ap-
plied to control plant diseases (Hwang and Chak-
ravarty, 1992; Asaka and Shoda, 1996; Wulff et al., 
2002; Okigbo, 2005), as they are ubiquitous in soils, 
have high thermal tolerance, grow quickly in liquid 
culture, and readily form resistant spores. Addition-
ally, B. subtilis non-ribosomally synthesizes several 
kinds of small antibiotic peptides (<2000 Da) that 
have antifungal activities, such as iturin (Delcambe et 
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al., 1977; Tsuge et al., 2001; Stein, 2005), surfactin 
(Peypoux et al., 1999; Carrillo et al., 2003), fen-
gymycin, bacilysin (Loeffler et al., 1986), bacillo-
mycin (Peypoux et al., 1980), mycosubtilin (Peypoux 
et al., 1986), and mycobacillin (Majumdar and Bose, 
1960; Sengupta et al., 1971). B. subtilis also secretes 
an abundance of proteins (Moyne et al., 2004; Liu et 
al., 2007). However, little is known about the anti-
fungal activity of these proteins. In our previous study, 
we have isolated an antagonistic strain B. subtilis B29, 
which strongly inhibits pathogens such as Fusarium, 
Pythium, and Rhizoctonia on potato dextrose agar 
(PDA) plates, and controls vegetable and melon wilt 
diseases in field (Li and Yang, 2005). We have also 
found that B29 secretes antifungal proteins and ob-
tained the optimum fermentation conditions to secrete 
antifungal proteins (Li et al., 2008). This study re-
ports the isolation, purification, and preliminary 
characterization of a novel antifungal protein secreted 
by B. subtilis B29. 

 
 

MATERIALS AND METHODS 
 
Chemicals  

All chemicals were of analytical grade. Bovine 
serum albumin (BSA) was obtained from Sigma 
(USA), diethylaminoethyl (DEAE)-52 cellulose from 
Whatman (USA), and Bio-Gel® P-100 from Bio-Rad 
(USA). Low-molecular weight protein standards were 
purchased from TaKaRa Biotechnology (Dalin) Co., 
Ltd. (China). 

 
Organism and growth conditions  

The strain of Bacillus subtilis B29 was isolated 
in the Institute of Microbiology of Heilongjiang 
Academy of Sciences (IMHAS) from a sample of soil 
collected at the suburb of Harbin City (China), and 
identified as Bacillus subtilis on the basis of its 
morphological, biochemical and physiological char-
acteristics, and 16S rDNA analysis (Li and Yang, 
2005). The strain was deposited in the own microbi-
ology strain collection in the IMHAS. B29 was cul-
tured in 250-ml Erlenmeyer flasks containing 50 ml 
of NYD medium (10 g glucose, 8 g beef extract, and 5 
g yeast extract) in a rotary shaker at 150 r/min at 
30  °C for 5 d. Its pH was adjusted to 7.5 before 
autoclaving at 121 °C for 15 min. On completion of 

the culture, the bacteria were removed by centrifuga-
tion at 6000 r/min for 30 min at 4 °C, and the super-
natant was used for crude proteins isolation. 

Fusarium oxysporum f. cucumerinum was iso-
lated from wilted cucumber roots and stored at 4 °C in 
PDA. It was incubated on Petri plates containing 15 
ml PDA under sterile conditions at room temperature 
[(28±2) °C] for 5 d to prepare a conidial suspension 
for later use. 

 
Isolation and purification of antifungal protein  

The precipitate from cell-free culture broth su-
pernatants by ammonium sulphate at 30% (w/v) 
saturation was collected by centrifugation at 6000 
r/min for 30 min and discarded. The crude proteins 
were precipitated from the supernatant at 70% (w/v) 
(NH4)2SO4 saturation. The latter was added in small 
portions with constant stirring for 30 min. The stirring 
was continued for 1 h, and the mixture was kept 
overnight at 4 °C. The precipitate was collected by 
centrifugation at 6000 r/min for 30 min, dissolved in a 
1/15 (v/v) phosphate buffer (0.02 mol/L, pH 6.8), and 
dialyzed for 24 h with 4 changes in the same buffer 
(500 ml each) to remove ammonium sulphate. The 
dialysates were condensed to yield crude proteins, 
which were further purified by column chromatog-
raphy. A part of the crude proteins were dissolved in 5 
ml of phosphate buffer (0.02 mol/L, pH 6.8), and the 
antifungal activity of the crude proteins was tested 
against Fusarium oxysporum.  

Chromatography was carried out on a DEAE-52 
cellulose ion exchange column (2.5 cm×50 cm; 
Whatman) previously equilibrated with 0.02 mol/L 
phosphate buffer (pH 6.8). The column was first 
eluted with 500 ml of the same buffer (pH 6.8) to 
yield unadsorbed proteins, and subsequently with a 
linear gradient of 0~1 mol/L NaCl in phosphate buffer 
(0.02 mol/L, pH 6.8) to desorb the adsorbed proteins 
(fractions I, II, III, IV). Each fraction was dialyzed in 
distilled water to remove NaCl, and then adjusted to 
the same concentration with phosphate buffer. Anti-
fungal activity was tested against Fusarium ox-
ysporum. Fraction I was subsequently chromatogra-
phed on Bio-Gel® P-100 column (1.6 cm×50 cm; 
Bio-Rad). The column was eluted with 0.02 mol/L 
phosphate buffer (pH 6.8) to collect one main protein 
peak (P1) and another small protein peak (P2). The 
antifungal activity of the two fractions was tested. All 
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purification processes were carried out with a Nucleic 
acid-Protein Detective System (8823A-UV MONI-
TOR, Beijing, China). P1 representing the purified 
antifungal protein was designated as B29I. 

 
Electrophoresis, molecular mass, pI value and 
protein concentration determination 

The molecular mass of the purified antifungal 
protein from B. subtilis strain B29 was conducted by 
sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE), according to the procedure of 
Laemmli and Favre (1973) using a 12% (w/v) gel and 
5% (w/v) stacking gel. The gel was stained with 
Coomassie brilliant blue after electrophoresis. The 
molecular mass of B29I was determined by compari-
son of its electrophoretic mobility with those of mo-
lecular mass marker proteins (TaKaRa Biotechnology 
(Dalin) Co., Ltd., China). The pI value of the purified 
antifungal protein was determined by isoelectric fo-
cusing (IEF)-PAGE. The protein concentration was 
determined using the method of Bradford (1976), with 
bovine serum albumin as a standard. 
 
High performance liquid chromatography (HPLC) 
and mass spectrum analysis 

The purity of the purified antifungal protein 
from B. subtilis strain B29 was analyzed by the C18 
reversed phase column HPLC system. The HPLC was 
conducted on an Agilent zorbax 300SB-C18 column 
(4.6 mm×150 mm; 3.5 µm; 30 nm): the mobile phases 
A 0.1% (v/v) trifluoroacetic acid (TFA)-water solu-
tion and B 0.1% (v/v) TFA-acetonitrile solution, with 
gradient elution. The detection wavelength was 280 
nm and column temperature 25 °C. 

The antifungal protein B29I separated by 
SDS-PAGE was analyzed after in-gel digestion by 
National Center of Biomedical Analysis (NCBA), 
Beijing, China. The peptide-mass fingerprinting 
(PMF) was obtained by matrix assisted laser desorp-
tion/ionization-time of flight (MALDI-TOF) mass 
spectrometry and searched in Mascot. 
 
N-terminal sequence analysis  

The N-terminal amino acid sequence of the an-
tifungal protein B29I was determined by means of 
automated Edman degradation using an ABI Pro-
cise™ 492cLC protein sequencer equipped with an 
HPLC system. 

Assay of antifungal activity 
The assay of the purified protein B29I for anti-

fungal activity toward Fusarium oxysporum f. cucu-
merinum and Rhizoctonia solani was carried out on 
100 mm×15 mm Petri plates each containing 10 ml of 
PDA. After the mycelial colony had developed, ster-
ile blank paper disks (0.65 cm in diameter) were 
placed at a distance of 0.5 cm away from the rim of 
the mycelial colony. An aliquot (10 μl) containing 
either 9 or 36 μg of the purified protein B29I was 
added to each disk. The plates were sealed with 
parafilm, and incubated at 28 °C until mycelial 
growth had enveloped disks containing the control 
and had formed crescents of inhibition around disks 
containing samples with antifungal activity (Lam et 
al., 2000). 

To determine the 50% inhibitory concentrations 
(IC50) for the antifungal activity, three doses of the 
antifungal protein B29I were added separately to 
three aliquots each containing 4 ml PDA at 45 °C, 
mixed rapidly, and poured into three separate small 
Petri dishes. After the agar had cooled down, a small 
amount of mycelia, the same amount to each plate, 
was added. Buffer without B29I served only as con-
trol, and all the plates were cultured at 28 °C. When 
the mycelia colony of the control had grown to almost 
fill the plate, the area of the mycelia colony was 
measured, and the inhibition of fungal growth in the 
other plates was determined by calculating the per-
cent reduction in the area of the mycelia colony 
(Wang and Ng, 2004). 
 
Bioassay of the antifungal protein B29I on Fusa-
rium oxysporum conidial spore germination 

The inhibitory effect of the purified antifungal 
protein B29I on conidial spore germination of Fusa-
rium oxysporum f. cucumerinum was examined. 80 μl 
of 0.2% (w/v) sterile glucose, 80 μl of purified anti-
fungal protein B29I (0.9 μg/μl) and 40 μl of Fusarium 
oxysporum conidial suspension (1×104 spore/ml) 
were mixed completely in an Eppendorf tube. Sterile 
phosphate buffer (0.02 mol/L, pH 6.8) was used as a 
control. 100 μl of the mixture was added into a hol-
low-ground slide with a cover, and then incubated in 
the dark at room temperature [(28±2) °C] in humidi-
fied Petri dishes with three replicates. The sample was 
observed under a microscope at regular intervals, and 
the percentage spore germination was determined. 
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RESULTS 
 
Isolation and purification of antifungal protein 

Ion exchange chromatography of B. subtilis 
strain B29 culture extract on a DEAE-52 column 
contained one unadsorbed fraction and four adsorbed 
fractions (I, II, III, and IV) (Fig.1). Of these fractions, 
only fraction I showed strong antifungal activity 
(Fig.2), and fraction II showed a less antifungal ac-
tivity. Fraction I was resolved on the Bio-Gel® P-100 
column into two fractions (P1 and P2) (Fig.3). Only 
fraction P1 exhibited antifungal activity (Fig.2) and 
showed a single band with a molecular mass of 42.3 
kDa in SDS-PAGE (Fig.4). This single-band anti-
fungal protein was designated as B29I. Its purity was 
97.81% as detected by HPLC and its pI value was 
5.69 as determined by IEF-PAGE. The protein yields 
at various stages of chromatographic purification are 
shown in Table 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Amino acid sequence analysis 
The PMF of antifungal protein B29I was obtained 

by MALDI-TOF mass spectrometry, and was an un-
reported protein as searched in the Mascot database. 
Subsequently, the digestion products of B29I were 
detected by ESI-QUADRUPOLE-OA-TOF (Q-TOF2), 
and three random double electric charge segments 
were chosen to be detected by collision-induced dis-
sociation (CID). The amino acid sequences of three 
peptide segments were KTHVLEDEFK, KGYQTG 
DFGAYLH, and RTYEVAEESPVLGL respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Protein yields of chromatographic fractions 
with antifungal activity obtained at different stages of 
purification 

Fraction Total protein 
(mg) 

Recovery of 
protein (%)

Crude extract 224.1 100.0 
DEAE-52 fraction I 17.0 7.6 
Bio-Gel® P-100 fraction P1 14.3 84.1 
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Fig.1  Ion exchange chromatography on a DEAE-52 
column (2.5 cm×50 cm) 
Sample: crude proteins from the supernatant in Na2HPO4/ 
NaH2PO4 buffer (20 mmol/L, pH 6.8). Slanting line across 
the chromatography indicates linear NaCl concentration 
gradient (0~1 mol/L) employed to elute the absorbed frac-
tions I, II, III, and IV 

Fig.2  Antifungal activity of fractions from DEAE-52 
and Bio-Gel® P-100 chromatographies toward Fusa-
rium oxysporum 
A: control (10 μl 20 mmol/L Na2HPO4/NaH2PO4 buffer 
(PB buffer), pH 6.8); B, C: fraction I from DEAE-52 
column chromatography; D: 9 μg antifungal protein B29I 
(fraction P1) in 10 μl PB buffer; E: 36 μg antifungal protein 
B29I (fraction P1) in 10 μl PB buffer 
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Fig.3  Gel chromatography on a Bio-Gel® P-100 column 
(1.6 cm×50 cm) 
Sample: fraction I from DEAE-52 column chromatogra-
phy. Buffer: 20 mmol/L Na2HPO4/NaH2PO4 (pH 6.8). 
Flow rate: 0.4 ml/min 

Rabbit muscle phosphorylase b (97.2 kDa) 
Bovine serum albumin (66.4 kDa) 

Chicken egg ovalbumin (44.3 kDa) 
Bovine carbonic anhydrase (29.0 kDa) 

Soybean trypsin inhibitor (20.1 kDa) 

Chicken egg white lysozyme (14.3 kDa) 

Fig.4  Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis of fraction P1 from Bio-Gel® P-100 column 
chromatography 
Lane 1: purified antifungal protein B29I; Lane M: low 
molecular mass markers from TaKaRa Biotechnology 
(China) 

1 M 
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The N-terminal amino acid sequence of the an-
tifungal protein B29I was different from those of 
other antifungal proteins from Bacillus subtilis (Table 2). 
However, a random amino acid sequence (RTY 
EVAEESPVLGL) from B29I showed slight resem-
blance to a small portion of those antifungal proteins 
from Bacillus subtilis (Table 2). 
 
Antifungal activity of B29I 

Antifungal activity of B29I toward Fusarium 
oxysporum, Rhizoctonia solani, Fusarium monili-
forme, and Sclerotinia sclerotiorum was observed 
(Fig.5). Of the various fungal species, Fusarium ox-
ysporum and Rhizoctonia solani showed the highest 
sensitivity to the antifungal protein B29I. The IC50 
values of the inhibitory activity of the antifungal 
protein B29I on hyphal growth in Fusarium ox-
ysporum and Rhizoctonia solani were 45 and 112 
μmol/L, respectively. Antifungal activity was dis-
cernible at various temperatures up to 80 °C, but dis-
appeared at 100 °C (Fig.6). 

The purified antifungal protein B29I was 
strongly inhibitory to conidial spore germination of F. 
oxysporum, and suppressive to germ-tube elongation 
(Table 3). Percentage spore germination of the control 
increased with time from 18% at 8 h to 97.5% at 16 h. 
At that time, mycelia were growing after germ-tube 
emergence, growth and elongation. However, no 
spore germination was observed after treatment with 
antifungal protein B29I (72 μg). When incubation 
time was increased to 24 h, 22.7% spore germination 
and germ-tube emergence were detected after treat-
ment with B29I. In addition, a portion of germinated 
spores of F. oxysporum appeared distorted, tumescent, 
and ruptured (Fig.7), and the germ-tube was unable to  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  Comparison of N-terminal and a random sequence of B29I with other antifungal proteins 

Antifungal protein Sequence* Origin 
B29I GRIWHN···RTYEVAEESPVLGL Bacillus subtilis  
Bacisubin AQPGIQQI B. subtilisa 
YxjF (fragment) RIGFHGKAAYNSAKHG···VIGLT B. subtilisb  
Endo-1,4-β-glucanase MMRRRK···VIYEIANE···PD···VG B. subtilisb  
YnfF MMSSVK···ISDPILNDP···LGTHLY B. subtilisb  
BamD MNNLA···RPY···EVIEMGP···AGLL B. subtilisb 
Putative sensor kinase MNWRLT···YSYFRGFKNPSLGK···L B. subtilisb 
Bacillomycin D synthetase C MSEFKQ···TYQVVNE···SP···VIGIL B. subtilisb 

*··· is space introduced to maximize sequence similarity and identical amino acid residues were underlined; aData taken from (Liu et al., 
2007); bData searched from National Center for Biotechnology Information (NCBI) 

A B A B 

A B A B 

(a) (b) 

(c) (d) 
Fig.5  Antifungal activity of antifungal protein B29I to-
ward Fusarium oxysporum (a), Rhizoctonia solani (b), 
Fusarium moniliforme (c), and Sclerotinia sclerotiorum (d)
A: 10 μl of 85.2 μmol/L (36 μg) B29I; B: 10 μl of 20 mmol/L 
Na2HPO4/NaH2PO4 buffer (pH 6.8) 

A 

B 

C 
D 

E 

F 

G 
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Fig.6  Thermal stability test of antifungal protein B29I (36 
μg) on Fusarium oxysporum 
A: 0 °C; B: 20 °C; C: 40 °C; D: 60 °C; E: 80 °C; F: 100 °C; G: 
120 °C; H: 10 μl of 20 mmol/L Na2HPO4/NaH2PO4 buffer 
(pH 6.8). Disks (A~G): 36 μg B29I exposed to various 
stipulated temperatures for 10 min prior to assay for anti-
fungal activity 
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elongate anymore, while percentage spore germina-
tion was 100%, and mycelial extension also occurred 
in the control. At 36 h and 72 h, 60% of spores in-
cubated with antifungal protein B29I germinated, but 
less mycelial growth was observed compared with the 
control. The purified antifungal protein B29I showed 
an inhibitory effect on conidial spore germination of 
F. oxysporum, germ-tube elongation, and mycelial 
development. 
 
 
DISCUSSION 

 
This paper reports a novel antifungal protein, 

designated as B29I, isolated from Bacillus subtilis 
strain B29. The molecular mass of the antifungal 
protein B29I was different from those of other re-
ported antifungal proteins from B. subtilis, such as 
bacisubin (41.9 kDa) (Liu et al., 2007), YxjF (frag-
ment) (12.23 kDa), endo-1-4-β-glucanase (46.60 
kDa), YnfF (45.39 kDa), BamD (44.94 kDa), putative 
sensor kinase (53.38 kDa), bacillomycin D synthetase 
C (309.04 kDa) (NCBI search), and X98III (59.0 kDa ) 
(Xie et al., 1998). The N-terminal amino acid 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
sequence of the antifungal protein B29I was distinctly 
different from those of the abovementioned antifun-
gal proteins. However, a random amino acid sequence 
(RTYEVAEESPVLGL) from B29I was slightly 
similar to a small portion of the sequences in BamD, 
bacillomycin D synthetase C, endo-1-4-β-glucanase, 
YxjF (fragment), putative sensor kinase, and YnfF 
(Table 2), and those antifungal proteins from Bacillus 
subtilis demonstrated antifungal activity toward As-
pergillus flavus (Moyne et al., 2004).  

The antifungal spectra of those reported anti-
fungal proteins from B. subtilis were different. Baci-
subin secreted from B. subtilis strain B-916 strongly 
inhibited mycelial growth in some species of Alter-
naria and Botrytis, while the antifungal protein B29I 
inhibited mycelial growth in Fusarium oxysporum, 
Rhizoctonia solani, Fusarium moniliforme, and Scle-
rotinia sclerotiorum. The IC50 values of antifungal 
activity of B29I toward F. oxysporum and R. solani 
were as low as 45 and 112 μmol/L, respectively. The 
antifungal protein B29I was also strongly inhibitory 
to conidial spore germination of F. oxysporum, sup-
pressive to germ-tube elongation, and induced dis-
tortion, tumescence, and rupture of a portion of  

Table 3  The inhibitory effect of the antifungal protein B29I on Fusarium oxysporum spore germination 
Control B29I Incubation time 

(h) Spore germination (%) Morphology Spore germination (%) Morphology 
8 18.0 Germ-tube emergence 0 − 
10 27.0 Germ-tube growth 0 − 
12 53.0 Germ-tube elongation 0 − 
16 97.5 Mycelial growth 0 − 
24 100.0 Mycelial extension 22.7 Germ-tube emergence 
36 100.0 Compact mycelia 60.0 Germ-tube elongation 
72 100.0 Compact mycelia 60.0 Limited mycelial growth 

 

(a) (b) (c) 
Fig.7  Inhibitory effect of B29I on Fusarium oxysporum spore germination as seen under the light microscope 

(a) Normal spore germination of F. oxysporum; (b) Ungerminated spores of F. oxysporum after treatment with B29I (72 μg) 
for 24 h; (c) Abnormal germinated spores of F. oxysporum appeared distorted, tumescent, and ruptured after treatment with 
B29I (72 μg) for 24 h 

10 μm 10 μm 5 μm 
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germinated spores of F. oxysporum. The fairly high 
thermostability of antifungal protein B29I was 
noteworthy.  

The antifungal protein B29I was absorbed on 
DEAE-cellulose, unlike most of the antifungal proteins 
and peptides reported earlier (Wang and Ng, 2002; 
2004; Ngai et al., 2005). Its chromatographic behav-
iors on DEAE-cellulose and Bio-Gel® P-100 were 
distinct from those of other antifungal proteins (Lam et 
al., 2000; Ng and Wang, 2001; Liu et al., 2007). 

Bacillus subtilis can produce more than two 
dozens of antibiotics with an amazing variety of 
structures. Most of the anti-microbial active com-
pounds produced include peptides that are either ri-
bosomally synthesized and post-translationally 
modified (lantibiotics and lantibiotic-like peptides), 
or are non-ribosomally generated. Some non-peptidic 
compounds such as polyketides, an aminosugar, and a 
phospholipid are also produced (Stein, 2005). The 
lipoheptapeptide (surfactin) is the most powerful 
biosurfactant known; it exerts a detergent-like action 
on biological membranes (Carrillo et al., 2003), and is 
distinguished by its exceptional emulsifying, foaming, 
anti-viral and anti-mycoplasma activities. The 
iturines and the bacillomycins possess strong 
anti-fungal and haemolytic properties, but exhibit 
only limited anti-bacterial activity. The properties, 
activities, and genes for biosynthesis of lipopeptide 
antibiotics have been intensively investigated (Stein, 
2005; Tsuge et al., 2001). The differences of anti-
fungal protein B29I in biochemical and biological 
characteristics from known antifungal molecules 
produced by Bacillus subtilis indicate that the anti-
fungal protein B29I is a novel antifungal protein. 
Additionally, the report of antifungal protein B29I 
constitutes an addition to the scanty literature on Ba-
cillus subtilis antifungal proteins.  
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