Research Paper _

Acta Microbiologica Sinica
49 4 445-452 4 April 2009
ISSN 0001 - 6209 CN 11 - 1995/Q

hitp //journals. im. ac. cn/actamicrocn

Bs-916 Bac

12 1 * 12 2 1 1 1
! 210014
? 100094
Bs-916
Bac Bs-916 Bac
Bac BGG104 BGG105
BGG104 Bs-916
BGG105 6 mol/L Bs-916
HPLC Bs-916 iturin A BGG104
3 BGG105
Bac 1007.7 Da 1021.7 Da 1035.7 Da —CH,
Bac Bs-916
933 A 0001-6209 2009 04-0445-08
surfactin
400 40 iturinA  bacillomycin  mycosubtilin
1 . 15-7
Fengycin
B3
surfactin JA iturinA 810
2 Bs-916 20
90
“ 863" —_— 2006AA10A211 CX 08 109
2007PD6 BK2008350
" Tel +86-25-84390393 Fax + 86-25-84391002 E-mail chzy@ jaas.ac.cn
1979 - E-mail chupingluo @ sina. com luochuping @

163. com
2008-11-11 2009-02-05



446

Chuping Luo et al. /Acta Microbiologica Sinica 2009 49 4

" ” 5000
1.1
Bs-916 1.1.1 @
1 1O
2 Bs-916 ® Bs-916  Bacillus
Bac subtilis 916 BGG104
FJ194462 10 ¢ 5¢
iturinA  mycosubtilin 7.0 28C
bacillomycin PDA 200 ¢
Bs-916 Bac pH7.0 28C Escherichia coli
1 Luria broth 37°C Bs-916
Bs-916 Bac BGG104 Spl Sp2 B @DE. coli
BGG105 2 Bs-916 BGG104  BGG105 SOB EG)
3 Bs- E. coli 100 pg/ml B.
916 subtilis 20 pg/mL
HPLC
1
Table 1~ Strains and plasmids
Strains and plasmids Characteristics® Source
E. coli ]M110 rpsL st thr lew thi-1 lacY galK galT ara tonA tsx dam dem supFA4 Lab stock
Bs-916 Wild strain Lab stock
BGG104 Bs-916 derivative Bac native promoter replaced by P,,,; Nm" This study
BGGI105 Bs-916 derivative Bac operon promoter disrupted strain Nm" This study
pBEST501 pGEM4 carrying the PrepU promoter and neo gene from pUB110 Nm" Reference °
pMDI18-T Cloning vector Ap" TaKaRa
pUCI9 Cloning vector Ap" TaKaRa
pBACI01 0.75-kb IPbacF fragment inserted into pUCI9 Ap" This study
pBAC102 0.80-kb IPbacR fragment inserted into pUC19 Ap" This study
pBAC103 0.80-kb IPbacR fragment from pBAC102 inserted into pBAC101 Ap* This study
pBAC104 PrepU-neo fragment inserted into pPBAC103 Ap" Nm' This study
pBAC105 PrepU-neo fragment inserted into pBAC103 Ap" Nm' This study
* Ap" resistance to ampicillon Nm" resistance to neomycin.
1.1.2 2 [PbacF
Bac primer 1 primer 2 IPbacR
Bac GenBank FJ194462 primer 3 primer 4
2
Table 2 Primer name and sequence
Primer name Size/bp Restriction site Sequence 5'—>3’
Primerl 24 GCATGC  Sph | CCAGCATGCGCTTTGTCCGGGATA
Primer2 26 CTGCAG Pst | CCACTGCAGGGGATACAATATCCTAC
Primer3 26 TCTAGA  Xba | CCATCTAGATAAAGGGATATTTTGTA
Primer4 24 CCCGGG  Xma |1 AAACCCGGGCGCGCGGTGACATTT
1.1.3 DNA Marker DNA
Taqg DNA T4 DNA pUC19 1kb Marker
pMD18-T TaKaRa NEB New England Biolabs Beverly MA USA
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iturinA surfactin Sigma
Agilent
6410 Agilent 1100
MyCycler™ PCR BioRad
1.2
IPbacF 95°C 3 min 94°C 45 s
56°C 45 s 72°C 1 min 30 72°C 10 min
IPbacR 52°C
[PbacF Sph 1 Pst 1
pUC19 pBAC101
[PbacR Xbal  Xma 1
pUCI9 pBAC102
pBAC102  IPbacR Xba 1 Xma |
pBAC101 pBAC103
pBEST501 Xba 1 1280
bp pBAC103  Xba |
pBAC104
pBAC105
1.3
: pBAC104
pBAC105 Bs-916 20 pg/L
LB 37°C
DNA 1.2 1
4 PCR
PCR 95C 3
min 94°C 45 s 54°C 45 s 72°C 3 min 30 72C
10 min PCR pMDI18-T
1.4
Bs-916
250 mlL LB oD 0.2
180 r/min 28°C 2 h OD
72 h Bs-916
0.2 pmol/L
100 pL
5% 37°C
16
1.5 HPLC High-
performance liquid chromatography
7100 mL YPGA 72 h Bs-916

BGG104 BGG105

pH 2.0 8000 g 25 min
10 mL
2 h 0.22 pmol/L
iturinA 1 mg/mL
HPLC C18
5 pm 250 by 4.6 mm VYDAC 218 TP VYDAC Hesperia
CA HE 40:60:0.5 V/
\Y 1 ml/min 205 nm '
1.6
1.5
a- -4- 0.1%
3:1 1000
32V
20 kV 320C
2
2.1
Bac Bs-916 DNA
Bac IPbacF BacD
IPbacR IPbacF IPbacR
PrepU-neO
pBAC104  pBACI105
1
pBAC104 Bac
Mo12 3 4 5 6
bp
19320—
7743 — 352
4“4_ 3-4:313““.
EPERT oy 50 e W 77
2690 — [l EREN U i
1882 — =
1489 —

Fig.1  Agarose gel electrophoresis analysis of the procedure of the
construction of integrational vectors. M DNA marker Lanes 1-6 stand for
pUCI9 pBACI101 pBACI102 pBACI03 pBAC104 pBACIOS vectors

digested by Pst | restriction enzyme.
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pBAC105 Bac pBAC104 P, u-neo 2-B
BGG104 pBAC105
2.2 PCR 2-C BGG105
13 primerl  primer4 PCR
pBAC104  pBAC105 Bs-916 P,y-neo Bs-916 DNA
20 pg/mlL LB 2.8 kb
16 Bs-916 1.5 kb 3
DNA  EcoR1  Hindll 1.5kb 2.8 kb
P,u-neo Bac
,—y
Pabc bacT} ‘ bacA ‘ bacl | bacC ‘
{58‘?%5 ﬁ (o) | (733800 trseriedin pc:19)
Sphr | Xha Xbee | M |
R l
| "Phac” neo | Bach ‘ BacA ‘- - -
C
| ‘Phac” ‘ neo Rach ‘ BacA ‘- - &

'2 Bs-916 Bac Ppac P

Fig.2  Replacement in Bs-916 of the original Py, promoter by the P,y and distuption. A Recognition of homologous regions located i partial region of
the Py, was generated by PCR and was designated IPbacF ii immediately downstream of the Pbac promoter was designated IPbacR. Four genes bacD bacA
bacB and bacC constitute the bac operon and code for a malonyl coenzyme A transacylase and three peptide synthetases respectively. P,y promoter of the
replication gene of pUB110 neo gene conferring resistance to neomycin/kanamycin from pUB110. B Construct obtained for the genomic DNA of the strain
following homologous recombination. The bac operon came under control of the constitutive promoter P,y C  According to the methods described above

construct obtained for the genomic DNA of the strain following homologous recombination the Py,,. was disrupted by the insertion P,.,u-neo cassette.

M | 2 3 2.3 Bs-916
bp Bs-916 BGG104 BGG105
16329 — Bs-916
7743 — Bs-916
6223 — 37°C
3472 — 2800 bp BGG105
2690 — BGG104 4  Bs-
1882 —| 916 BGG104 BGG105
i ~— 150K bip BCGI04
BGG105 3
BGG104
'3 1 4 PCR Prgu Bac
Fig.3 Agarose gel electrophoresis analysis of PCR product generated by
primer 1 and primer 4. 1.the PCR product from Bs-916 genomic DNA 2. BGG105 Bac

the PCR product from BGG104 genomic DNA 3. the PCR product from
BGG105 genomic DNA.


Absent Image
File: 0

Absent Image
File:
0


Bs-916 Bac v

2009 49 4 449

3 Bs-916 BGG104 BGG105

Table 3 Antifungal activities of supernatants obtained from the Bs-916 and
the mutants BGG104 BGG105 culture broth

Supernatant antagonistic activity"

a
'4 Bs-916

Fig.4 Hemolytic activities of supernatants obtained after growth of the
Bs-916 and Mutants. a Bs-916 b BGG105 ¢ BGG104.

Bac
3
iturinA
344 mg/L Bs-916
5 BGG104
1
5 BGG105
3
2
8§ 9 10 11 min

Strain
Bs-916 BGG104 BGG105
Rhizoctania solani + + + + + +
Fusarium oxysporum + 4+ + + 4+ + +
Alternaria brassicae + + + + + +
Alternaria solani + + + + + + iturinA
Sclerotinia scolerotiorum + + + + + - 5
Pyricularia oryzae + 4+ + + 4+ + +
Botrytis cinerea + + + 4+ + - Bs-916
The intensity of the antagonistic activity was rated on the basis of the size of 111 mg/ L. BGG104
growth inhibition zones from the wells in which supernatant were deposited to 3
the edge of the spreading fungal mycelium or cell colony. = Omm + 1to4
mm + + S5to8mm + + + 9 mm or more. Bs-916
2.2 2 3
2.4 Bs-916 HPLC
Bs-916  BGG104
o Bac
iturinA
iturinA 3
225 A 225 B
200 200 1
= 175 = 175
< 150 < 150
g 125 1 g 125
100 100
75 23 75
50 50
3 4 5 6 7 8§ 9 10 11 min 3 4 5 6 17
225 c 225 D
200 200
o 175 o 175
< 150 < 150
g 125 £ 125 1
100 100
75 75 23
50 50

3 4 5 6 7 8§ 9 10 11 min 3 4 5 6 17

Fig.5

HPLC

lipopeptides extracts from BGG105 D Standard iturinA 1 mg/mL .

§ 9 10 11

min

HPLC spectrograms for lipopeptides production. A Crude lipopeptides extracts from B-916 B Crude lipopeptides extracts from BGG104 C Crude

2.5 m/z BGG104 Bs-916
Bs-916 BGGI104  BGG105 BGG105 4
iturin
6 Bac iturinA 1028.4 1042.4 1056.5
1008.7 1022.7 1036.7 1030.7 1044.5 mycosubtilin 1056.6 1076.6 1084.6
1058.7 bacillomycin 1030.6 1044.7 1058.77° '

—CH,

1007.7 1021.7  1035.7

Bac
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Fig.6  Matrix-assisted laser desorption ionization-time of flight spectra analysis of the extracted lipopeptides.

4

M5 1

20 10

25 1

Bs-916

5 1040 1045 1050 1085 1080 1085 1

Counts (%] ws. Massto-Charge [m/z)

BGG104 BGG105

B0 1085 1080 1035 1100 1105 1110

Table 4  Lipopeptide products extracted from wild type Bs-916 and mutants BGG104 BGGI05 detected by MS

Intensity

Strain

1008.7 m/z

1022.7 m/z

1030.7 m/z

1036.7 m/z 1044.5 m/z

1058.7 m/z

Bs-916 1.0
BGG104 2.5
BGG105 0

3.0 11.0
7.6 28.0

0 0

15.0 27.0
38.0 84.0
0 0

Bac

BGG104

Bac

916

3 iturinA
s 516
mycosubtilin

Bac

BGG104

iturin

Bac
BGG105

Bac

B . subtilis Bs-916
Bacisubin

Bac

Bs-916

Bs-

15

Bs-916

20

21

Bac

Bs-916
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Construction and function analysis of Bac operon mutants of bio-control strain
Bacillus subtilis Bs-916
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Abstract Bacillus subtilis Bs-916 is an effective biocontrol agent in control rice sheath blight caused by Rhizoctonia solani. We

identified and analyzed the operon Bac in Bs-916 responsible for synthesis of iturin-like lipopeptides. The research plays an
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important part in genetic engineered Bs-916 for further improving its bio-control activity. Taking advantage of homologous
recombination method the one mutant obtained by replacement of the Bac original promoter by a constitutive promoter P,y and
designated BGG104 the other mutant was obtained by disruption of the Bac promoter by insertion and designated BGG105. The
biological activities results showed the mutant BGG104 enhanced antagonistic activities against several pathogenic fungi and also
clearly increased in hemolytic activities. However the mutant BGG105 decreased clearly in both antagonistic activities and
hemolytic activities. Crude lipopeptides were extracted with methanol from precipitates which were obtained by adding 6 mol/L
HCI to the cell-free culture broth. The results of reversed-phase high-performance liquid chromatography HPLC analysis of
crude lipopeptides showed lipopeptides produced by Bs-916 have a different retention time compared to iturinA. The mutant
BGG104 produced up to 3-fold more lipopeptides than Bs-916. However the mutant BGG105 has not been detected countpart
lipopeptides production. The molecular weights of the lipopeptides synthesized by Bac determined by matrix-assisted laser
desorption ionization-time of flight mass spectrometry MS were 1007.7 Da 1021.7 Da and 1035.7 Da. They were presumed to
belong to homologues differed by a structure of —CH, and their molecular weights were not the same as the other iturin-like
liopeptides’ such as iturinA mycosubtilin and bacillomycin molecular weights. In conclusion this paper showed the lipopeptides
synthesized by Bac play crucial part in Bs-916 antifungal activities and the lipopeptides overproduction were able to enhance Bs-
916 bio-control activities.

Keywords Bacillus subilis lipopeptide operon mutant function
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