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Table 1. Primers used in this study to delete bmyB gene
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Sequence
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spec-fwd
Spec -rev

5'- GTAGAGCCGGTCGTGGGAAT-3'
5'- cgttacgttattagcgagccagtc GCCATATCGGAATGATTCGC-3'
bmyB -Fdn  5'- caataaacccttgccctcgetacgGCGATTTGTATGCCTATTTTACA -3
5'- GCCGTCATACAATTGAATCAGTT -3
5'- GACTGGCTCGCTAATAACGTAACGTGACTGGCAAGAG -3'
5'- CGTAGCGAGGGCAAGGGTTTATTGTTTTCTAAAATCTG-3'
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Figure 2. Natural transformation process of B. subtilis
uTB96
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Table 2. Effects of cell-free supernatants of Bacillus
strains in inhibition of A. flavus growth

Treatment Inhibition zone (mm)
UMAF6639 *14.66+0.6
UMAF6614 13.33+0.6°

UTB96 14.66+0.6 ®
UTB70 5.66+0.6
UTB1 4.66+0.6 ¢
Control 0°
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* Data represent the means +standard deviation from three replicates.
The experiment was conducted two times with three replicates.
** Values followed by the same letter were not significantly different at
P=0.05 using Fisher’s least significant difference test.
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Figure 3. Thin-layer chromatography (TLC) analysis (A) and bioautoghraphy (B) of lipopeptides of strains B. subtilis
UTB1, B. subtilis UTB70, B. subtilis UTB96, B. amyloliquifaciens UMAF6639 and B. amyloliquifaciens UMAF6614.
Strains UMAF6639 and UMAF6614 and also purified iturin A and surfactin were used as positive control. A) The
lipopeptides of the strains were fractionated by TLC and revealed with H,O. B) Bioautographic analysis of the revealed
chromatograms against A. flavus. The inhibition zones of the fungal growth induced by iturin are shown by arrows.
Retention factor (Rf) values of the different lipopeptide families, surfactins (surf), iturins including iturin (itu) and
bacillomycin (bacillo), or fengycins (fengy) are indicated on the left.
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Figure 4. Amplification of the upstream and the end region of bmyB in strains B. subtilis UTB96 and B. amyloliquefaciens
UMAF6639 and also amplification of spectinomycin resistance gene.1) negative control with bmyB-Fup and bmyB-Rup
primers. 2) Amplification of the bmyB upstream in UMAF6639. 3, 4) Amplification of the bmyB upstream in UTB96. 5)
Amplification of the end region of bmyB with bmyB-Fdn and bmyB-Rdn. 6) Amplification of the end region of bmyB in
UMAF6639. 7, 8) Amplification of the end region of bmyB in UTB96. 9) Negative control with spec-fwd and spec-rev
primers. 10, 11, 12) Amplification of spectinomycin resistance gene in one strain of Bacillus sp. which has spectinomycin
resistance cassette. M, HyperLadder I: 200 -10,000bp.
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Figure 5. 2, 3, Fusion PCR products resulted from amplification of the upstream and the end of region of bymB in B.
subtilis UTB96 and also spectinomycin resistance gene in a PCR reaction using bmyB-Fup and bmyB-Rdn and DNA
Phusion polymerase. 1) Negative control without the upstream and the end of region of bymB and spectinomycin
resistance gene. M) HyperLadder I: 200 -10,000bp.
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Figure 6. Molecular diagnosis revealed the deletion of the gene bmyB in transformants of B. subtilis UTB96. (A) PCR
products obtained with the pair of primers bmyB-Fup and bmyB-Rdn on bacterial transformants of UTB96. 1) PCR mix
without bacterial DNA. 2) Strain UTB96. 3) pGEM-T vector containing the desirable fragment (positive control). 4- 8)

iturins-deficient transformants.
(B) Amplification of the spectinomycin resistance cassette using the pair of primers spc-fwd and spc-rev primers. Lane 1)
PCR mix without bacterial DNA. Lane 2) wild strain UTB96. Lane 3) pGEM-T vector containing the desirable fragment.
Lanes 4-8) iturins-deficient transformants. M) HyperLadder I: 200-10,000bp.
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Figure 7. The transformants from B. subtilis UTB96 fail in production of the lipopeptide iturin and suppression of A.
flavus in vitro. (A) Butanolic extracts fractionated by TLC and treated with water revealed the presence of the three
lipopeptides in wild-type UTB96, and no water-extruded halo at retention time of iturins the mutants (UTB96::bmyB2,
UTB96::bmyB4 and UTB96::bmyB8). (B) TLC-bioautographic analysis against A. flavus. The TLC plates were covered
with a suspension of PDA medium containing A. flavus conidia. Arrow: Zone of inhibition of fungal growth induced by

iturins. The UTB96::bmyB2, UTB96::bmyB4 and UTB96::bmyB8 transformants lost completely the ability to inhibit the
growth and sporulation of A. flavus.
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Table 3. Effects of cell-free supernatants of bmyB
mutants in inhibition of A. flavus R5 growth

Bacterial isolates inhibition zone (mm)

UTB96 *13.660.6 ™
B964bmyB5 13.33+0.6
B964bmyB7 13.33+0.6
B964bmyB6 131 *°
B964bmyB1 131 *°
B964bmyB2 11.660.6 ™
B964bmyB8 11.3340.6 ©
B964bmyB3 5.6620.6 ¢
B964bmyB4 5.33+0.6 ¢
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* Data represent the means +standard deviation from three replicates.
The experiment was conducted two times with three replicates.
** Values followed by the same letter were not significantly different at
P=0.05 using Fisher’s least significant difference test.
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Figure 8. Inhibitory effect of dilutions of cell free supernatants of B. subtilis UTB96 and iturins-deficient mutants
(UTB96::bmyB2, UTB96::bmyB4 and UTB96::bmyB8) against A. flavus using a microplate bioassay. Control is PDB
medium inoculated with only A. flavus conidia (1x10° conidia/ mL). All dilutions of the wild type supernatant inhibited
the fungal growth, and only 1:1 dilutions of the mutant’s supernatants were capable inhibiting the fungal growth.
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Table 4. Spore population of A. flavus R5 and pathogen control efficacy after inoculation of pistachio
nuts with lipopeptide-enriched extracts of B. subtilis UTB96 or iturins-deficient transformants

Treatment Spore population Pathogen control efficacy (%)
Untreated *2.84x10%" 0
UTB96::bmyB4 2.56x10% 9.86
UTB96::bmyB2 2.46x10% 13.38
UTB96::bmyB8 2.42x10% 14.79
UTB96 1.5%x10°%¢ 47.18
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The control treatment is pistachio nuts inoculated just with 1x10%A. flavus spores.
*Each value represents the means of two independent experiments with three replicates.
**Values followed by the same letter within a column are not significantly different at P= 0.05 using Fisher’s least

significant difference test.
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ABSTRACT

Members of the genus Bacillus are among the most promising candidates for biological control of plant
pathogenic bacteria. In this study, cell free supernatants of three strains B. subtilis UTB96, B. subtilis UTB1
and B. subtilis UTB70 against Aspergillus flavus R5 were investigated using dual culture assay. Strain B.
subtilis UTB96 showed the highest inhibition effect. Thin lyer chromatography in extracted lipopeptides of
the bacterial cell free supernatants proved the presence of the three families of lipopeptides iturin, fengycin
and surfactin. Bioautography analysis of the chromatogarams against A. flavus R5 revealed the antifungal
potential of iturins in strain B. subtilis UTB96. Gene bymB (the third gene in iturin biosynthesis) was
disrupted usisng targeted mutagenesis to confirm role of iturins in antifungal activity. Molecular study (PCR
analysis and sequencing the amplified fragment) of the mutants revealed that the targeted gene (bmyB) was
replaced by spectinomycin resistance gene, hence the gene was disrupted. The phenotypical comparison of
the bmyB mutants with the parental strain demonstrated that the antifungal activity of cell free supernatants
and extracted lipopeptides was decreased interestingly in a dual culture assay with A. flavus, bioautography
analysis and also on pistachio nuts. To sum up, these findings allowed us to conclude that iturin-like
lipopeptides are indispensable for the biocontrol ability of the strain UTB96 against A. flavus R5.
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