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SUMMARY

I. Subject

Development and industrialization of antagonistic microorganism Bacillus to enhance

the productivity of cyclic lipopeptide
II. Objectives and Significance

The improvement of seeds, the use of chemical fertilizers and agrochemicals, the
improvement of soils, and the mechanization of farming have been contributed to the foodstuff
production and the crop protection for the human being for a long time. On the contrary, the
acidification of soils, the remaining toxicity, and the environmental pollution, which are caused
by the repeated use of agrochemicals and the use of the excess amount of chemical fertilizers
have become a social problem. In Korea, the amount of agrochemicals and chemical fertilizers
used was due to be reduced by 40% until 2013. Thus, there was a great need for the research
to develop biological control agents to enhance the production of agricultural products while
reducing the amount of agrochemicals and chemical fertilizers required. In fact, research to
achieve these goals had been conducted, mainly utilizing useful bacteria. At the beginning,
studies were focused on the physiology for plant-bacteria interaction such as nitrogen fixation,
solubilization of phosphorous, the production of antibiotics and plant growth regulators. Various
kinds of antagonistic microorganisms, which show the ability to prevent the plant diseases and
to activate the growth of plant, were investigated and microorganisms such as Bacillus sp.,
Pseudomonas sp., Streptomyces sp., and Trichoderma sp. represent the possibility of such
biological control. More recently, the isolation of useful antagonistic microorganisms and the
improvement of microorganisms using genetic approach have been on trial. Especially, the
necessity of clean crop productions, which are recently prompted by the spread of well-being
culture among the consumers has gradually been increased. Moreover, the needs for the
biological control agents as only alternatives for synthetic organic chemicals are greater than
before. Thus, the acquisition of microorganisms with the outstanding antagonistic action against
phytopathogens is highly demanded.

With such background, this work was initiated to develop biological control agents with
increased iturin production by using the Bacillus, which produced the six types of iturins with
antifungal activity against various phytopathogenic fungi. We have tried to improve the activity
of the antagonistic microorganism, Bacillus and to provide the scientific basis for the
development of the Bacillus strain with high-yielding iturin production on molecular levels, and

then to examine the possibility of practical use of this strain.



1.

Scope of the study

. Establishment of iturin high-yielding mutant by UV irradiation

. Comparison of antifungal activities between commercial products and UV mutant producing

iturin
Sequence determination of iturin biosynthesis genes from the wild-type B. subtilis subsp.

krictiensis and the analysis of secondary metabolites

. ldentification of gene mutations associated with iturin biosynthesis from iturin high-yielding

mutant B. subtilis BSM54

. Comparison of expression levels of iturin biosynthesis genes associated with point mutation

from iturin high-yielding mutant B. subtilis BSM54

. Suppressive effects of iturin high-yielding mutant B. subtilis BSM54 on spore germination of

Botrytis cinerea

. The possibility of change of antifungal activity of UV mutant B. subtilis BSM54 during the

storage period
Comparison of the iturin production from iturin high-yielding mutant B. subtilis BSM54
and wild-type B. subtilis strains

. Construction of transformation vector for site-directed mutagenesis

. Improvement of wild-type B. subtilis strain on the molecular level using the point mutated

iturin biosynthesis gene through the site-directed mutagenesis

. Results

. Establishment of iturin high-yielding mutant by UV irradiation

To obtain the UV mutant with increased iturin production by using the UV mutant M1891
and UVA4-II derived from wild-type Bacillus subtilis subsp. krictiensis, ultraviolet ray was
irradiated with 2.80 mW/cm® and the optimal treatment time of ultraviolet ray that showed the
0.1% survival rate was examined. The treatment times of B. subtilis subsp. krictiensis M1891
and UV4-II strains were determined as 25 min and 30 min, respectively.

To select the iturin high-yielding UV mutants from these two strains, the culture broths of
M1891 and UV4-II strains were spreaded and grown on LB plate and overlayed with the soft
agar containing Fusarium oxysporum, and then incubated at 25°C for 2 days. A UV
transformant BSM54 was selected from the colonies of 30,000 transformants which showed 2-3

fold increased antifungal activity over that of mother strains.



2. Comparison of antifungal activities between commercial products and UV mutants producing

1turin

The antifungal activity of UV mutant B. subtilis subsp. krictiensis No.54 was compared with
that of the B. subtilis strains isolated from commercial products. The isolated strains were
cultivated in the iturin production medium at 30°C for 72 hrs using a rotary shaker and filtered.
The supernatants were used in bioassays against F. oxysporum. The mutant No. 54 showed a
stronger inhibitory activity than commercial products and it was designated as B. subtilis subsp.
krictiensis BSM54 strain.

3. Sequence determination of iturin biosynthesis genes obtained from wild-type Bacillus subtilis

and the analysis of second metabolites

The iturin biosynthesis genes, which are consisted of six ORFs and 37,645-bp sequence in
length, determined by sequence analysis from the genomic library of B. susbtilis subsp.
krictiensis ATCC55079 in previous study were obtained and deposited in GenBank under
assession number KC454625. The mutant-10 strain in which mini-Tnl10 transposon was inserted
into the ORF3 of iturin biosynthesis gene exhibited markedly lower antifungal activity against F.
oxysporum than the wild-type strain on HPLC analysis. The wild-type strain-specific iturin A-F
peaks were reconfirmed on LC-MS analysis. Each ORF of the iturin biosynthesis gene obtained
from wild-type strain was compared with the database published recently. The iturin biosynthesis
genes from ORF2 to ORF5 showed 99% homologies with the surfactin synthetase genes of B.
amyloliquefaciens subsp. plantarum CAU B946 strain. Even though these ORFs showed a high
similarity to the surfactin synthase genes of B. amyloliquefaciens subsp. plantarum, the
iturin-less mutant, which has a disrupted putative iturin biosynthesis gene, exhibited about 30%
decrease in iturin production. In addition, the wild-type strain-specific iturin A-F peaks were
detected on LC-MS analysis. From these results, the putative iturin biosynthesis genes obtained
from the wild-type strain were thought to be iturin biosynthesis genes.

To check the possibility that the wild-type and the mutant-10 strains might produce any
other cyclic lipopeptides, the second metabolites of these two strains were also analyzed by
HPLC and LC-MS. Although several surfactin peaks on HPLC analysis were detected in both
the wild-type and mutant-10 strains, the amounts of surfactin produced were quiet less than that
of iturin. Notably the surfactin produced by the mutant-10 strain, which showed 30% decrease
in iturin production over wild-type strain, was two-fold greater than that of the wild-type strain.
These results suggested that the gene clusters identified in the genome of wild-type B. subtilis
subsp. krictiensis are involved in iturin, but not surfactin biosynthesis, even though these genes
showed high similarities to the surfactin synthase genes of B. amyloliquefaciens subsp.

plantarum.
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4. Identification of gene mutation associated with iturin biosynthesis from iturin high-yielding

mutant B. subtilis BSM54

To examine the cause of increased antifungal activity in the iturin high-yielding UV mutant
BSM54 strain on the molecular level, NGS sequencing for the iturin biosynthesis genes of
mutant strain was performed and the mutation sites were identified by comparing with the
37,645-bp sequences of iturin biosynthesis genes from the wild-type strain. Six types of point
mutations in the iturin biosynthesis genes of the mutant BSM54 strain were found. One point
mutation (M1) was detected in the upstream region of ORF1 and 5 other mutations were noted
in the ORF2 region (M2 - M6). Among them, the M1 point mutation found in the upstream
region of the ORF1 was predicted to cause the change of mRNA secondary structure. The Ml
point mutation, which is located in the promotor in front of ORF, was expected to have the
influence on iturin biosynthesis at the transcription stage, whereas M3 point mutation was likely
to be responsible for the change of phenotype in accordance with final gene products obtained

after translation.

5. Comparison of the expression levels of iturin biosynthesis genes associated with point mutation

from iturin high-yielding mutant B. subtilis BSM54

To investigate whether the changes in the expression of each ORF had occurred, the
expression levels of ORF1 to ORFS5 associated with itrin biosynthesis from iturin high-yielding
UV mutant BSM54 were compared with those of the wild-type strain. Total RNAs of mutant
BSM54 and wild-type strains were isolated after cultivating at 30°C for 24, 48, and 72 hrs in
LB broth. The real-time PCRs of cDNAs synthesized with purified RNAs were performed. The
expression levels from ORF2 to ORF5 in UV mutant BSM54 strain were significantly increased
over that of the wild-type strain after 48 hrs. Especially, the remarkable differences of
expression levels between mutant BSM54 and wild-type strains were observed in the ORF2 to
ORF4. The increased expressions of mutant BSM54 strain were found to be due to the point

mutations of genes associated with iturin biosynthesis.

6. Suppressive effects of iturin high-yielding mutant B. subtilis BSM54 on spore germination of

Botrytis cinerea

The suppressive effects of UV mutant BSM54 and wild-type strains on the spore germination
of Botrytis cinerea were examined as follows. The culture broths cultivated for 3 days were
precipitated with hydrochloride, neutralized, fractionated with butanol, and then evaporated in

vacuo. The spore concentration of B. cinerea, the causative agent of cucumber gray mold, was
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adjusted to reach 10° spores/ml and aliquots of the butanol fractions were added into each hole
slide glass to be in a range of 125-500 pg/ml. The slide glasses were incubated at 25°C for 6
hrs and the spore germination rates were observed under the microscope.

Both UV mutant BSM54 and wild-type strains did not show the significant differences in
groups treated with butanol fractions at the same concentration of 125 pg/ml, but the mutant
BSM54 strain at the concentration of 250 pg/ml inhibited the spore germination over 2-fold
stronger than that of the wild-type strain. Especially, the spore suppressive rate of the wild-type
strain was 43.5% at the concentration of 500 upg/ml, whereas the spore germination in mutant
strain did not completely occur at the same concentration. The mutant BSM54 strain showed a
stronger suppressive activity on the spore germination of B. cinerea at the same concentration of

over 250 pg/ml.

7. The possibility of change on the antifungal activity of UV mutant BSM54 strain during the

storage period

To investigate whether the revertants, which are returned to original conditions through back
mutation, appeared during the storage in the —70°C freezer in glycerol stocks, the changes of
antifungal activities of the mutant strain were measured. The diameter of growth inhibition zones
on bioassay against F. oxysporum was compared with the wild-type strain at intervals of one
month from 2 months up to 2 years, The antifungal activities of mutant BSM54 strain showed
the narrow margins during the storage periods, but the activities of the strain from 2 months to

2 years did not show significant differences.

8. Comparison of the iturin production from wild-type B. subtilis and iturin high-yielding mutant

BSM54 strains

The production capacities of iturin in butanol fractions evaporated in vacuo from the butanol
extracts of wild-type and mutant BSM54 strains were analyzed by HPLC and compared with
authentic iturin A used as control. The amounts of iturins in each butanol fraction obtained
from wild-type and mutant BSM54 strains were calculated as 4.175% and 8,716% from the
quantitative analyses of HPLC chromatograms, respectively. Thus, the production capacity of
iturin produced from the mutant BSM54 strain was about 2-fold higher than that of wild-type

strain.
9. Construction of transformation vector for site-directed mutagenesis

To clone the ORF1 region containing M1 point mutation site in the UV mutant BSMS54
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strain into the wild-type B. subtilis, the 1.8-kb PCR products were obtained by using the primer
ORF1_u-f(5 " -TAATCGCCGTCAGTTCCTCG-3 "), ORF2r (5 -TTCTCATCGACTCATACCGC-
37), and Accu Power Pfu PCR Premix. Both PCR products and pUC19 vector were digested
with EcoRI, ligated at 4°C for 16 hrs, and the aliquots of suspension was added to the
competent cell of E. coli DH5a used in transformation. The pBSM54-orfl transformants
obtained was double-digested with BamHI and Xbal. The isolated insert was ligated with
spectinomycin resistance gene cassette digested with the same restriction enzymes as previously

described from the pIC333 vector to constructed the pBSM54-orfl-sp vector for transformation.

10. Improvement of wild-type B. subtilis strain on the molecular level using the point mutated

iturin biosynthesis gene through the site-directed mutagenesis

To further increase the production capacity of iturin using iturin high-yielding mutant
BSM54, site-directed mutagenesis was performed by using the gene of MI point mutation
region without the exchange of the amino acid among the six point mutation sites. The
transformation vector pBSMS54-orfl-sp-1 for site-directed mutagenesis was finally constructed
using the ORF1 region containing M1 point mutation site obtained by PCR with proofreading
DNA polymerase earlier, the QuickChange II XL site-directed mutagenesis kit, and mutagenic
primers.

To transform the wild-type B. subtilis strain by site-directed mutagenesis, the strain was
cultivated until the absorbance of 0.1 at 580 nm was obtained in modified Spizizen medium.
The aliquots of culture broth were then added to transformation vector pBSMS54-orfl-sp-1. The
suspension were spreaded on LB agar containing 60 ug/ml of spectinomycin and the colonies
grown on the medium were primarily selected. The transformants were analyzed by PCRs with
the orfl-f3, spcfl, spc-f2, hxlrl, and hxl-r2 primers and the resistant colonies that produced the
PCR products of the same size as control were finally chosen. The single colonies of
transformants selected were cultivated in the iturin production medium and the antifungal
activities of the supernatants were examined on bioassays against F. oxysporum. The
transformants T1 and T6 have exhibited larger growth inhibition zones than that of wild-type
strain.

To compare the contents of iturin produced from the wild-type strain and transformants T1
and T6, these strains were cultivated at 30°C for 3 days and the butanol extracts of
supernatants were quantitatively analyzed by HPLC. The iturin production of transformants T1
and T6 obtained by site-directed mutagenesis was increased 16% and 22% over the wild-type

strain, respectively.
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V. Prospects for application

Six point mutations were discovered through the NGS sequencing of the genomic DNA isolated
from UV mutant BSM54 and the comparison of iturin biosynthesis genes between wild-type and
iturin high-yielding UV mutant BSM54 strains. The expression levels of each ORF of UV mutant
BSM54 strain were higher than that of the wild-type strain, with greater than 2-fold inhibitory
activities over the wild-type on spore germination of Botrytis cinerea. The iturin production of the
mutant BSM 54 strain has increased 2-fold over the wild-type strain on HPLC analysis. The
transformants obtained from wild-type strain with the M1 point mutation of UV mutant BSM 54
strain by site-directed mutagenesis have exhibited a larger growth inhibition zone than that of
wild-type strain on bioassay against F. oxysporum. From these results, it was found that the
mutated gene of M1 site occurred by the point mutation in iturin high-yielding mutant BSMS54
strain was associated with the increase of iturin production. The results of the study would lead
to the improvement of antagonistic microorganism B. subtilis strain and development of biological
control agents using UV mutants. In addition, the development of biological control agents with
increased antifungal activities using the synergic effect of iturin and surfactin will be investigated.
When a series of trial has progressed successfully, development and application of biological
agents may provide effective means to cope with decrease in crops production, which would incur

due to the reduced agrochemical usage required in the future.
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Table 1. The prospect of market shares for environmentally-friendly agricultural

products in accordance with certification stages
(G- )]

AR 2008 2009 2010 2011 2014 2015 2016 2020

[}

7 2,536 2,426 3,521 4,118 5,782 6,563 7,226 10,306

F=or 9,193 13,178 15,026 18,449 28,026 32,426 39,249 55,976

Al =oF 20,198 18,514 17,958 17,112 14,814 14,122 - -
Al 31,927 34,117 36,506 39,678 48,622 53,111 46,475 66,283

- I

2005 2006 2007 2008 2009 2010 2011 2012 2013 2018

Fig. 1. Global trends in organically farmed areas 2005-2018.
*Source; Microbial Products: Technologies, Applications and Global Markets
(BCC Research, 2013)

2012 2013 2018

= Biofertilizers ™ Biopesticides @ Microbial feed additives

* Source; Microbial Products: Technologies, Applications
and Global Markets (BCC Research, 2013)

Fig. 2. Global agricultural markets for products made from microbes
by application type, 2012-2018.
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Table 2. Microbial pesticides registered in United

States.'”

Bactericides

Agrobacterium radiobacter k84

Pantoea agglomerans C9-1

Pantoea agglomerans E325

Bacteriophage of Pseudomonas syringae pv. tomato

Bacteriophage of Xanthomonas campestris pv. vesicatoria

Fungicides
Bacillus lichenformis SB3086

Bacillus mycoides isolate J
Bacillus pumilus GB 34

Bacillus pumilus QST 2808
Bacillus subtilis GBO3

Bacillus subtilis MBI 600

Bacillus subtilis subsp. amyloliquefaciens FZB24

Pseudomonas aureofaciens Tx-1
Pseudomonas chlororaphis 63-28
Pseudomonas syringae ESC 10
Pseudomonas syringae ESC 11
Streptomyces griseoviridis K61

Streptomyces Iydicus WYEC 108

Ampelomyces quisqualis M 10
Aspergillus flavus AF36

Aspergillus flavus NRRL 21882
Coniothyrium minitans CON/M/91-08
Gliocladium catenufatum 11446

Muscodor albus QST 20799

Pseudozyma flocculosa PE-A22 UL

Trichoderma asperellum ICC 012 and Trichoderma
harzianum (gamsii) ATCCO80

Trichoderma harzianum ATCC 20476
Trichoderma harzianum Rifai T-22

Trichoderma harzianum T-39

Trichoderma polysporum ATCC 20475

Ulocladium oudemansii U3

Verticillium albo-atrum W C S850

Bacteriophage of Pseudomonas syringae pv. tomato
Candida oleophila O

Fungicides/bactericides
Bacillus subtilis Q8T713

Herbicides

Bacillus cereus BPO1

Alternaria destruens 059
Chondrostereum purpureum PFC 2139

Colletotrichum gloeosporioides f.sp. aeschynomene ATCC

202358
Puccinia thlaspeos woad (dyer’s woad rust)

Taxus

Bacterium
Bacterium
Bacterium
Virus
Virus

Bacterium

Bacterium
Bacterium

Bacterium
Bacterium

Bacterium

Bacterium

Bacterium
Bacterium
Bacterium
Bacterium
Bacterium

Bacterium

Fungus
Fungus

Fungus
Fungus
Fungus
Fungus

Fungus
Fungus

Fungus
Fungus

Fungus
Fungus
Fungus
Fungus
Vims
Yeast

Bacterium

Bacterium
Fungi
Fungus
Fungus

Fungus

Products

Galltroll - A
BlightBan C9-1
Bloomtime
AgriPhage
AgriPhage

EcoGuard

Bacl
GB34

Sonata
Ballad Plus
Companion
Kodiak
Histick N/T
Pro-Mix with
Biofungicide
Taegro

Spot-Less
At-Eze
Biosave 10LP
Bio-Save 11LP
Mycostop
Biofungicide
Mycostop Mix
Actinovate
Actino-Iron
PowderyGon
Aspergillus flavus
AF36
Afla-guard

Contans
Prestop

Arabesque
Sporodex
Tenet
Bioten
Remedier
Binab
PlantShield
RootShield
T-22 Planter box
Trichodex
Binab T
BOTRY-Zen
DutchTrig
AgriPhage
NEXY

Serenade

MepPlus
Smolder
Chontrol Paste
LockDown

Woad Warrior

Targets

Crown gall disease
Fire blight

Fire blight
Bacterial speck
Bacterial spot

Fungal diseases
Cercospora

Seedling discases-
Pythium and Rhizoctonia
Powdery mildew, downy
mildew and rusts
Fusarium, Pythium,
Rhizoctonia

Damping off

Fusarium and Rhizoctonia
wilt diseases

Turf fungal diseases

Soil and seed borne fungi
Post harvest diseases

Post harvest diseases
Fungi causing damping
off, stem and crown rots

Fungi causing damping
off, stem and crown rots
Powdery mildew
Aspergillus flavus
producing aflatoxin
Aspergillus flavus
producing aflatoxin
Sclerotinia minor,
Sclerotinia sclerotiorum
Seed bome, and soil
borne discases

Post harvest discases
Powdery mildew

Soil bome diseases

‘Wound healing
Seed and foliar diseases

Soil and foliar discases
Soil and foliar diseases
Botryris and Sclerotinia
Dutch elm disease
Tomato leaf spot

Post harvest fruit molds

Foliar fungal and bacterial
discases

Plant growth regulator
Herbicide - dodder
Herbicide - stump sprout
inhibitor

Herbicide - northern
jointvetch

Herbicide - Dyer’s woad
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Table 2. Microbial pesticides registered in United

States.'”

Insecticides
Bacillus popillice Bacterinm  Milky Spom Powdar Japanese beatle grubs
Bacillus sphaericus Samtype H5a5b strain 2362 ATCC Bacterinm  WecboLex Moequito Larvas
L1170
Bacillus theringiensis subsp, aipoweai MB 200 Bacterinm  Floobac Moth larvas
Bacillus tharingien sis subsp israelensiz Bacterinm BMP Mosquito and hlack flies
Bacillus thuringien sis subsp israclensis BG2215 Bacterinm  Gnatrol Mosquito, flies

Aquaebac
Bacillus theringiensis sobsp, aipowad dalis-endotoxin in Bacterinm  M-Trak Colorado potato beatle
killed Prendomonras fucrescens
Bacillus thuringiensis subsp, aipowad GC-91 Bacterinum  Agme WG Plella
Bacillus tharingien sis subsp, kurstaki Bacterinm  Thuricide Lepidopteran larvas

Thuricide Forestry

WilburEllis BT 320

Dust

Dipel

Delivar

Biobit HF

Foray

Tavelin WG

Green Light

Hi-Yield Worm Spray

Farti-Lome

Bonide

Britz BT

Worm Whipper

Sacurity Dipal Dust
Bacillus thuringiensis subsp, kwrsraki BMFP 123 Bacterinm BMP123 Lapidopteran laryas
Bacillus theringien sis sobsp. kursiaki BG2343 Bacterinm Condor Lepidopteran larvae
Bacillus thuringien sis subsp, kursraki BGTE41 Bacterinm  Crymax Lepidopteran larvas
Bacillus thuringien sis subsp. tenebrioris Bacterium  MNowodor ‘Colorado potato beetle
Baciiis thuringiensis subsp, kurstaki BGT 326 Bacterium  Lepinox WD Lapidopta ran larvas
Beauveria bassiame 447 Fungus Bail Mobel 5tay-a Ants

while
Beauveria bassiang ATOC T 4040 Fungus MNaturalis L Warious insacts
Beauveria bassiana GHA Fungus Myeotnol Warious insacts

Mycotnod O

Botanigard 22WP

BotaniGard ES
Beauveria bassiana HFZ3 Fungus balEnce House fly
Metarhizium anisopBae F52 Fungus Tick-Ex Ticks and grubs
Paecilomyces flimosoroseus A popka 97 Fungus PFR-5T Whitefly and thrips
Nosema locusae Protczoan  Nolo-Bait ‘Grasshopper and crickets

Samaspore Bait
A ragrapha falcifera nocleopolyhedrosis wirus Wimns CLY-LC Lepidopte ran larvae
Cydia pomonellz pranulosis vims Wimns CYD-X Codling moth
Gypey moth muclecpolyhedrosis virus Wirns Gypchek Gypey moth
Helicoverpa zea nucleopolyhedrosis vims (previoushy Vims GamStar Cotton bolbsorm, tobacco
Hellothiz zza NFY) buadhwcrm
Indian meal moth granulovims (Plodia imerp s ella GW) Wirns FruitGuard Indian meal moth
Mamestra configurata nucleopolybedrosis vims (107308} Wins Wimsodt Bertha armyworm
Spodoprera exigng nucleopolyhedrosis wirus Wirns Spod-X Beat armpyw.orm
Saccharomyoes cerevisiae Yeast BEull Run Fly attractant
Nematicides
Bacillus firmus I- 1582 Bacteriom  BioMem Mamabodas
Pasteuria wsgae Bacterinm  Econem Mematodes
Myrothecium verrucaria Fungus DiTera Mamatodes
Paecilomyces §lacimes 251 Fungus MiloCon WG Mamatodes
Virucides
Zucchini yellow mosaic virus — weak strain VWirus AproGuard-Z Zucchini yellow mosaic

Yirus
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Table 3. Microbial pesticides active ingredients registered in the European Union with

representative products that are registered in at least one Member State as of 2010.

11)

Bactericides
Aureobasidium pullulans

Fungicides
Phlebiopsis gigantea (several strains)
Pseudomonas chlororaphis

Pseudomonas sp. DSMZ 13134
Streptomyces griseoviridis K61

Ampelomyces quisqualis AQ10
Candida oleophila strain O
Coniothyrium minitans C ON/M-91-05

Gliocladium catenulatum J1446

Pseudozyma flocculosa PF-A22 UL

Pythium oligandrum

Trichoderma aspellerum (ICC012) (T25) (TV1) (formerly T.
harziarnum)

Trichoderma asperellum (T34)

Trichoderma atroviridae IMI 206040 (formerly T. harzianum)
Trichoderma atroviride 1-1237

Trichoderma gamsii (formerly T. viride) (ICC080)

Trichoderma harzianum Rifai T-22 ITEM 108 or KRL-AG2
Trichoderma harzianum Rifai T-39 (IMI 206039)

Trichoderma polysporum and T. harzianum

Verticillium albo-atrum (WCS850) (formerly Verticillium dahliae)

Bacterium

Bacterium
Bacterium

Bacterium
Bacterium

Fungus
Fungus
Fungus

Fungus

Fungus
Fungus
Fungus

Fungus
Fungus

Fungus

Fungus

Fungus
Fungus

Fungus

Fungus

Blossom Protect*

Rotstop*
Cedomon
Cerall

Proradix*
Mycostop

AQ10
*
Contans WG

Prestop
Prestop Mix

Sporodex*
Polyversum
Tenet

*

Binab T Pellets
Esquive*
Remedier

Trianum P
Trichodex
Rootshield

Binab T Vector

Dutch Trig

Fire blight, postharvest diseases
in apples

Conifer root rots

Pyrenophora teres,
Pyrenophora gramineq, Tilletia
caries, Septoria nodorum,
Fusarium spp.

Root rots

Fusarium wilt, Botrytis grey
mold, root rot, stem rot, stem-
end rot, damping off, seed rot,
soil borne damping off, crown
rot, Rhizoctonia, Phytophthora,
wilt, seed damping off, early
root rot

Leaf diseases

Post harvest diseases
Scleratinia sclerotiorum,
Sclerotinia minor

Damping off, gummy stem
blight, grey mold, root rot, stem
rot, wilt, storage diseases, foliar
diseases, seed rot

Powdery mildew

Root rots

Fungal infections (Pythium,
Phytophthera, Botrytis,
Rhizoctonia)

Fusarium spp.

Botrytis cinerea, pruning
wound infection
Chondrostereum purpureum
Fungal infections (Pythium,
Phytophthera, Botrytis,
Rhizoctonia)

Fungal infections (Pythium,
Phytophthera, Botrytis,
Rhizoctonia)

Root discases

Botritis cinerea,
Collectotrichum spp., Fulvia
fulva, Monilia laxa,
Plasmopara viticola,
Pseudoperonospora cubensis,
Rhizopus stolonifer, Sclerotinia
sclerotiorum

Fungal pathogens, fairy ring,
Botrytis, Verticillium, Pythium,
Fusarium, Phytophthora,
Rhizoctonia, Didymella,
Chondrostereum,
Heterobasidion

Dutch elm disease
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Table 3. Microbial pesticides active ingredients registered in the European Union with
representative products that are registered in at least one Member State as of 2010.""

Fungicides/bactericides

Bacillus subtilis QST713 Bacterium  Serenade
Insecticides

Bacillus thuringiensis subsp, o gawai GC-91 Bacteriovm  Tomx
Bacillus thuringiensis subsp. israelensis AMGS Bacterinm  VectoBac

Bacillius thuringiensis subsp, kursiaki HD-1 Bacterim  Dipel WP
Bacillus thuringiensis subsp. kursraki ABTS 351, PB 54, SA 11, Bacteriom  Batik
SA12, and EG 2348 Delfin
Bacillus thuringiensis subsp. kurstaki BMP 173 Bacteriom  EMP 123

Prolong
Bacillias thuringiensis subsp. tenshrionis NB 176 Bacterinm  Nowvodor
Beguveria bassigna ATCC 74040 Fungus Naturalis L
Beauveria bassiana GHA Fungus Botanigand
Lecanicillien muscariwen (¥ ef) (former Verticillium lecarii) Fungus My coital

Vertalac
Paecilomyces fumosoraseus Apopka 97 Fungus Preferal WG
Paecilomyces fumosorossus Fa %201 Fungus Nofly*
Adaxophyes orans BY-0001 grannlosis vins Virus Capex*
Cydia pomomeila granulosis virus Virus BioTepp
Helicoverpa armigera noclaopolybedrosis vims (HearMPY) Yirus *
Spodoptera exigia nucleopolyhedrosis vims Yirus Spod-X GH
Spodoptera lintoralis nuclaopolyhedrosis virus Yirus *
Nematicides

Paecilomyces lilacinus FL 251 Fungus Biodct WG

Virucides
ZFuechini Yellow Mosaic ¥Wirus, weak strain Wirus Curhit

Fire blight, Borryris spp.

Lapidoptam pests
Sciarids

Lapidopter peste
Lepidoptara pests

Lepidoptara pests

Coleoptera pasts

Thrips, whitefly, mites

Whiteflies, aphids, thrips

Whiteflias, thrips, aphids

{except the Chrysanthemm
id: Macrosiphonialia

vl

Geenhouse whiteflies

{Trialenwrodes vaporariorum)

Whiteflies

Summer fruit tortrix

{Adomophyes orand)

Codling moth (Cydia

pomonella)

Helicoverpa armigera

Spodoptera exi gua

Spodoptera littoralis

Common plant parasitic
nematodes

Yellow mosaic virus

Nematode (7%)

Fungal [1?%}\\_____

Other bacteria(13%)

B. thuringiensis (63%)

Fig. 3. Global microbial pesticide market by segment, 2013.

*Source; Microbial Products: Technologies, Applications and Global Markets

(BCC Research, 2013)
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| city
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NH2

s
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ns

CHy

Variants

Esperin®**
Lichenysin##*
Pumilacidin
Surfactin

## the B-cark
=#% or halob:

llin

XL, =Gln or Glu; XL,

XP;=Valorlle;
XS,=Val, Leuorl

Bacillomycin >
Bacillomyein F
Bacillomycin L.

L-Glu-L-Leu-D-Leu-L-Val-L-Asp-D-Leu-L-Leu-COOH

L-XL;-L-XL,-D-Leu-L-XL-L-Asp-D-Leu-L-XL,
L-Glu-L-Leu-D-Leu-L-Leu-L-Asp-D-Leu-L-XP,

L-Glu-L-XS,-D-Leu-L-XS, -

le

Bacillomycin LC*

Tturin A
Tturin A,
Iturin €
Mycosubtilin

#or bacillopeptin

Fengycin A**
Iengycin B*#
Plipastatin A
Plipastatin B

L-Asp-D-Leu-L-XS;

/| of Asp, is engaged in the lactone

=LeuorIle; XL and XL, = Valor Ile ;

~G
-G

;XS =Ala, Val, Leuor [le ; XS;=

I
lu
lu
I

Val, Leu or He

L-Asn-D-Tyr-D-Asn-L-Pro-L-Glu-D-Ser-L-Thr
L-Asn-D-Tyr-D-Asn-L-GIn-L-Pro-D-Asn-L-Thr
L-Asp-D-Tyr-D-Asn-L-Ser-L-GIn-D-Ser-1-Thr
L-Asn-D-Tyr-D-Asn-L-Ser-L-Glu-D-Ser-L-Thr
L-Asn-D-Tyr-D-Asn-L-GIn-L-Pro-D-Asn-L-Ser
L-Asn-D-Tyr-D-Asn-L-GIn-L-Pro-D-Asn-L-Ser
L-Asp-D-Tyr-D-Asn-L-GIn-L-Pro-D-Asn-L-Ser
L-Asn-D-Tyr-D-Asn-L-GIn-L-Pro-D-Ser-L-Asn

*# doublebondbetween carbons 2-3, 3-4 or 13-14 werereponed for some acyl chains

~Glu-D-Om-D-Tyr-D-aThr-L-Glu-D-Ala-L-Pro-L-Gln-L-Tyr-L-lle
-D-Orn-D-Tyr-D-aThr-1.-Glu-D-Val-L-Pro-L-GIn-L-Tyr-L-1
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e
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Lenghtand branching
of the acyl chain

i-Cy3, ai-Cyy. n-Cy. 1-Cy5.ai-Cg

i-Cyys 1-Cyy i-Cygeti-Cig

n, lingar

50 A
ai. anteiso e

n- (wl(,..ur-(.,
i-Cyq ai-Cpq
C,; m( 5

i-Cig. 11-Cig

52 1-Cy. -G, Cpy
n-Cy.ai-C

n-Cg. ai-C;

TRENDS in Microbiology

Fig. 4. Structures of representative members and diversity within the three lipopeptide
families synthesized by Bacillus species. Boxed structural groups are those that were shown to
be particularly involved in interaction with membranes and/or are supposed to be important for

biological activity in addition to the cyclic nature of the molecular.
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Surfactins lturins Fengycins

1 |
| | |
L L L L
Biofilm/pellicle Spreading Anti-bacterial Anti-fungal Signal for plant cells

Sovl inocutalian

v

Pathogan
Resistance
induction

Rhizosphere competence Direct inhibition of phytopathogens Host plant immunization

Fig. 5. Overview of Bacillus lipopeptide interactions in the context of biological control of
plant diseases. From left to right, the three photographs show bacterial spreading, fungal growth
inhibition through the production of fungitoxic compounds by blue bacterial cells and leaf disease
reduction following inoculation of the beneficial bacterium on roots. They illustrate how to get
experimental indications about the potential involvement of one particular strain in the three
phenomena schematically represented in A, B, and C. Establishment in biofilm and/or microcolonies
of the rhizobacterium is represented in A, B represents direct antibiosis that can be exerted by the
established biocontrol strain toward pathogens sharing the same microenvironment. In C, the arrows
illustrate the emission of a signal following perception of the rhizobacterium at the root level. This
signal moves over the entire plant leading to some systemic reinforcement allowing pathogen

restriction at distal sites of infections (Trends Microbiol., 16: 115-125, 2008)
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Table 3. Examples of modes of action exhibited by potential biological disease control

agents.
Antagonists Pathogens
ol oF A of 7]7¥(Parasitism or predation of hyphae)
Arthrobacter spp. Pythium debaryanum
A Bdeellovibrio bacteriovorous Pseudomonas syringae
Gliocladium catenulatum Fusarium spp., Sclerotinia sclerotiorum
Pythium acanthicum E2
R Pythium oligandrum %y
- -. Run . . .
o= Talaromyces flavus Sclerotinia sclerotiorum
Trichoderma hamatum Pythium spp., Rhizoctonia solani
Trichothecium roseum Puccinia horiana, Spaerotheca fuliginea
- R 0 . *
L ALz 7 o]l 7] ¥ (Parasitism of predation of propagules)
FER Actinoplanes spp. Phttophthora megasperma
L BT :
1 Bacillus sp. Sclerotium cepivorum
Fod Serratia marcescens . g
©oe Sclerotium rolfsii
Gliocladium spp. %%
Nectria inventa Alternaria brassicae
R Talaromyces flavus Rhizoctonia solani
AT . .
0 Sclerotinia sclerotiorum
Trichoderma spp. E
Verticillium biguttatum Rhizoctonia solani
&+~¥(Antibiosis)

o R

=
tlc} ]

Agrobacterium radiobacter
Bacillus subtilis
Enterobacter aerogenes
Erwinia herbicola

Agrobacterium tumefaciens
Fusarium oxysporum f. sp. dianthi
Phytophthora cactorum

i Pseudomonas cepacia Fusarium culmorum
Streptomyces friseoviridis Rhizoctonia solani, Verticillium dahliae
Alternaria brassicicola, Rhizoctonia solani
Gliocladium virens Pythium ultimum
ApAb Penicillium frequentans Mon?'li.ni.a laxa .
: Talaromyces flavus Verticillium dahliae
Trichoderma spp. Fusarium oxysporum f. sp. conglutinans
PN

it U (Competition)

Alcaligenes sp.

Fusarium oxysporum f. sp. dianthi

d = . :
= = |Pseudomonas putida Fusarium oxysporum
Bk o Pseudomonas spp. F. oxysporum, F. oxysporum f. sp. cucumerinum
Fusarium oxysporum F. oxysporum f. sp. cucumerinum
(non-pathogenic)
5 Pythium nunn Pythium ultimum
Apsk

Rhizoctonia solani
(non-pathogenic)

Trichoderma harzianum

Rhizoctonia solani
F. oxysporum f. sp. melonis and vasinfectum
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Ky 1
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27kt LRIl T Y meks 40% dEslEls A ddwo] oo T 2001d32t 2005
2b2h u) AL eokgl AlFISHeoke] st B2 do] viEywa] BAddel Ahelst o Lyt 70s
B39l oy, A |5l E Azprh 9l MAoL) s+ o]
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ol F7184 o2 thAlsts ol w2 7l E & Jlew spwdrh
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Table S. List of biopesticides registered in Korea as of December 31, 2012.

ot g = | 1o [2zol 22y SE3ZH%)
1 [z Ao = opd w2 4 0 e o) AT u[u]1501 3317 1x10° cfu/g
2 | e A ] BB 224 BE 2] AT H]H] 1501 & A 1x10° cfu/g
e e R B el e e e e R A B e b e e e he e al | 110" cfu/ml
4 | b A v e F 2 BE g 2127 T AR 2x10° cfu/g
5 ||| A Bl & 2o BE B 22 Q] 0}o] 600 21| 2x10"" cfu/g
6 4|l B b 2 1R R 225101336 4517 1x10° cfu/g
7 b d A | e B T Bha F 2] BY ] 2o T B542-1 KAk ERA| 1x10" cfu/ml
8 || Al o] Al = b A el R Af o] o] #|o]238 o )= 5x10" cfu/ml
9 | b | || AL Bha B 2sa] B B] 22 1] 365 4=31A 3x107 cfu/g
10 | b | 2| o] AR T B B 2o a] BUED 2] 22 2] 4] 365 o 443} 1x107 cfu/ml
11 | b (A | e A e 224 B8 2] 270 H]401 43 ek 2x107 cfu/ml
12 | b [H] 2 o] A | Bl B 2ox] B el 8] 29 0| H]401 - 4F3H T 2x107 cfu/ml
13 |l |2 | o) Al & | b g2 el a2 3o u] A[1010 =547 1x10° cfu/g
14 | | || A B 2] B e 2] 2 ghof 2T] 713 =5t 5x10” cfu/g
15 [ || v i B F 2] B e 2] 2 qhof 2T]713 el At S| 1x10” cfu/g
16 | b |4 7| | A = | Bhd F 2eotR] B el [ Tha] ol 2 A o[ H] A[1121 =34 1x10° cfu/g
17 | ad |4 2| | A = | Bl F 2otRd B el ] ha] ol 2 A o[ H] A] 1121 -3LA| 1x10° cfu/g
18 | |- | | Al | B 2 R R A of| AT 2808 o At =3 A 1x10° cfu/g
19 |- | A 24| B | A Tulto] M| AT A 7] A AT] EF2fo]0]324 oM 1x10° cfu/ml
20 | o A e S| 2B B uto] | AFEH| A AT E-F-2fo]o] 20 oA 1x10* cfu/ml
21 | abot|of | ) B |1 e el bl o] Reul 1] 7] -3 5%10' cfulg
22 || A 2| ] A= | B outo M 23] 203 2] 2of|o] §:94013 4-FHA| 13107 cfu/g
23 [ | e A R | Tel AT ufol 2w H] o] Sof 3o E|-1 -3 1x10° cfu/g
24 | +h 3 | H] || A | Se] 2 T]ulsl R o 2fo] 1459 714k 1x10° cfu/g
25 |k | Al 4 e A [l U] P 2B e B fef o] 4]-1 el s 5x10° cfu/ml
26 | & | A ||| R R 2B TR ubE A o] -] A]3017 T AA| 1x10* cfu/g
27 | = o L A = A el obHbA]oLER| ef o A of[ o] {2 H EFA| 1x10° cfu/ml
28 | = | |1 A = | Rl oFHEA] o LT[ HI ofo] -1 el 2t 1x10° cfu/ml
29 | = L = Bl Tl oo AF2fo] e AbaThA 8.5 BlU/kg
30 | A= -¢d | 1| A [B] Tl oo RF2fo] Q) AtahA| 35,000 DBMU/mg
31 | 4b3 | Al ] A 5 2] Tl ofo] Abete] <lT] 423 =34 1x10” cfu/g
32 | b | A 2| u| B I E] Tl ote] 2F2fo] QlT]1423 ol Ak 4=FA| 1x10° cfu/ml
33 [ bz [H] v A 5 [ Tl ofo] AL gfo | H|413 ol 4k 314 1x10” cfw/ml
34 | abz | &) || I B E] T AT 23 16 BIU/kg
35 | | oA = VB[ T2 2EF7] YAl - Fh 10%

36 | =Y | = BB F EATH] A2 64 BIU/kg
37 | = | A EtetofxiT] ehel oA 0.15 %
38 | abE A 2 || A F A Fouto] M 225 W A T M- AT H]8]-2032 4-EHA| 5x10" cfu/g
39 [ A& || A st e e ek 5 53 %
*Source: y= 727 -5m| o] 7] (http.rda.go.kr/board/boarde/do?catgld=menu_id=ofc&boardld=openda)

_37_



Table 6. Current Status of the types of microorganism-induced disease resistance in plants

Species, strain Pathosystem
B. subtilis sp. Cotton/Meloidogyne
GBO3 Cucumber/Erwinia, beetle: Arabidopsis/Erwinia
IN937b Tomato/Cucumber mosaic cucumovirus (CMV), Tomato mottle virus (TMV)
5499 Cucumber/Colletotrichum Tomato/Pythium Bean/Botrytis
FZB-G Tomato/Fusarium
BacB Sugar beet/Cercospora
B. pumilus SE34 Tobacco/Peronospora; Arabidopsis/Pseudomonas: Cucumber/beetle; Tomato/Fusarium;
Phytophthora, CMV; TMV
T4 Tobacco/Pseudomonas; Arabidopsis/Pseudomonas
INR-7 Loblolly pine/ Cronartium Cucumber/ beetle
203--6 Sugar beet/Cercospora
B. amyloliquefaciens IN937 Tomato/CMV, TMV; Cucumber/beetle; Arabidopsis/Erwinia
EXTN-1 Tobacco/Pepper mild mottle virus (PMV); Cucumber/Colletotrichum Arabidopsis/PMV
B. thuringiensis Berliner Coffee/Hemileia
B. mycoides Bacl Sugar beet/Cercospora
B. pasteurii C-9 Tobacco/Peronospora
B. sphaericus B43 Potato/nematode
B. cereus Bl White clover/nematode
*Source: % 3. 2011, v[g4 oo AL} apd e L v Fo4 YIS A,

14(4): 1~11.
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dAE Azt iAol Sz 25CollA] 1~347 wfergh 7 e AsoHd 4RE
s rbsheiTh

ch 2}al 2l alo] o|s) iturin AAEHAe] ZuiE EdwHe] TEe] M

(D). #Fe]s 2l glof o3t Hodo]F2] F2

of M B, subtilis subsp. krictiensis 7~ LB ‘H3lo| streak$l 5, 30°Cofl ] &l5=yl gl

sforotel s whel gebz 2 mie] LB brothel 4 Z-skel 30°C, 200 rpm ol 4 16~18 ~] 2t
Zol pjoksl oo njored s 4zl o LBoi®| 100 mled 1%%] Al ”7;04 550 nmol 4|

4T} 060 L ul7ha] vfersieirh oforals 8000 x gofl 4 1087 gkl T 7
= Zo(5 mM caffein, 0.IM MgSOs4 - 7TH0, 0.03% tween 80)2_+_ 2% A 2 St
As50mm=0.4 = _{_{:§_I ? Flefal ol gaks AlA[ g Ao 1.5 ml%) Tsko] UV box (27! 6)

Lf-e] gk 2lofl S, 25 em 42| 10W short wave UV lamp 1709} 15 W short
wave UV lamp 27H7} AFzb R UV boxE o]s} bol | UV #Abeko] 2.80 mW/em?o] ¥ &
E zg|slelon, HaAzt 2% AERES 2aAste] MES 0.1% 2 e A #
stelth

(2). Wol- 7] A 2 jn viro 34 A4

olsl iturin AT o] ZUiH EdMo]FE Muksly] glste] 2l on x| ]8

T OI:)OT
10020072 Qetol AR & olm s

2ol o v FHawio| AlZl ofAlFE B subtilis subsp. krictiensis é’é 2pe] 4 =] e]of
e
| < Y 7
aslol, g Q48 Zatolxlol 49 TUHGUCL TUT AT gl A4 wET

B. subtilis subsp. krictiensis Tﬂ‘% & Anb 2

it
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Fig. 6. Photograph of UV box used in this study.

= AFE Fusarium oxysporum FHEleMo] g3 soft agar +--5ho
=.

£
el
r
—d
N
(9]
3
2
E
7
[\9)
©,

boofjerstelth nfer = obdF B. subtilis subsp. krictiensis w2 A1z B WSto], A&
o]

Az o]l F7bd Ho|FE 12 ddsigl o, dabd #HolwE2 iturin A 4HE S|
Al 48~7241 7 F ok ZIEE ufeksto] 15,000 x gollA] €lidmalstelch wAlE o 2ksk 7 4bE
kS Foooxysporume] 3 CERE o]l sE[d# 22 U cylinder(9] 4 8 mm, o] 10

mm, Fisher Co.)& &&{%&7, 250 pl# o 2}3t Ar=oh2 cylinder L Fol Z71ste], 25T

A 12907 Shok S A Re] £7) o £E wabste]® #HE4LT ol Bacillus
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Fegel S 2Rl mdels

ob 5 Bacillus subtilis w75 #te|d e v #|e|ste] #F oAgh zpeld FZadol+
B. subtilis BSM54 = 7-2] 3lqefat 7[Zo| A3 d wARlE sl qerg Daslo] gl
J B

#¢l 4% (Serenade 2%, of 7 A E

lrI

2

213t Bacillus vF52 LB broth vfz|e] 4-ZE3t7 30T 4] 200 rpme. & 164] 7t

Fob wHoFSHeIth  TRA LB broth wforel S turin A ARE SLuhAo] HAl Burel 2%7)

1

5 HE3te] 30Tel 4] 200 pme . 7241 7F E=ok vfokstgich vfolel S 8,000 x gof 4]
1057 ol olstel Fals 2 A 4ol S paper diskol 22b 250 pl#l #H7pstol F
oxysporum 4% Axt oF|of Ea{n 25TCoA] 1327 uforst £ Aol Edme| R
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k7] glsted &gt 7| zhubch B F<l #F & 41448k LB agar vf=| ol recoveryshi A&t
single colony S iturin #;luf=[of| 3 71 vjekste] F. oxysporumol tf3l Stoedz] wsts &
shelct

Hao|F B, subsilis BSM542] 47] B ttel ulE Shtwd #i3p vhea] gl

ZFe] M Eadrlo] 2] single colonys 41413F LB broth nfz]ef 4 &3St 30Co|A] 355

feret T glycerols} o] HE w7l 20%7) ¥ EE T F -70To] WEsHA 274
OlFHT] 1Y AL Huoh 2d7kx] BgsiEA B 7 2ol wl2 sbgele] MBS )

A].

vh Zpelad EelRdo]F B subsilis BSM54-E o &8t iturin A gk w7 & He] el

=19

todnq B. subtilis BSM54& o|-&3te] of5 B, subtilis BTl St

=3 f1elEs EAbeEol Al sk g18ke] BSMS542] gDNAE 2] steich A2
T BSM54_°,I chol deke 2k 25 mle| LB broth v=|ef] -4 =Z5te] 30T, 250
pm 2 2 TH 7] T (Age=1.0-2.0)7k=] B oFSEe] 8,000 x gol| 4] 10427 &l 4l Zifste] -2
Z[Z 10 ml2] 1y51s 2%l (50 mM EDTA, 0.1 M NaCl, pH 7.5)2% A # 3t F c}x] 10 mg
of lysoyme: F71%H 4 mie] lysis BEHCT WA T 37TAl 10470 2hE A ALk
ChAl 20% (w/v) sarkosyl 0.3 mlE 3 7}ste] 5570 5b24]71 3 4 mle] TE $Ed o
F#tA1 7] phenol 4 ml& #7}ghe] 4 Z3ESE 3 47T, 10,000 x golA] 105-7F ¢4 28] 5o
DNAZ-Z —\L—E-IEPQ{EF. ol A ¥ =92 phenol/chloroform . % ThA| F&3to{ DNAZ

Qle

Zoo5x , 0.1 volume?2| 3 M sodium acetate (pH 5.2)9} 2.5 volume2] ‘:‘;!J 215 ethanol &
,—E]-—,r}cl.‘:l_ °T/‘E~—‘T':{-'|o]-ﬂ-| DNAE #Ax 7|7, D™ DNAE 70% ethanol® 4|2 dte] 7
b7 FEZ A% TE H2do| Zolfste] -20Co B 3?““] ”“'Oﬂ Ap-&-stedth

A2 4 Zodo] = BSMS542| genomic DNA &7

Next Generation Sequencing (454 Pyrosequencing) -~

] 4-2§ g+ Solgent Co.ol|

*%'% ,] glote] el eun], o] genomic

DNA &7|Ad & Ede| 7t Lot iturin A4 F-312 F2]8] B4 ofu] &k &8
A

ED

L
gk ob2¥FE B subtilis subsp. krictiensis 72| iturin A8 34
Somol 7l Loyt #5& E4sieln),

Iturin =406 Ed o] 5 BSM542] point SHwolof wlE iturin A4 d=pe] &b

oF 2t

2Pl Al g B3l & iturin ApE E@He] S BSMS4E e % dturin AT b
7% ORFIH-T| ORF57t2| 57§2| ORF&E+ ©|-F35te] 24 ORF=2| g aro] opff st

Zolstal x| o] 22 dmsject Al ajad Bwwo|: BSMS42l ofbUE B subilis
subsp. krictiensisS iturin ~¥ 4+ U A] (sucrose 30 g, soytone 10 g, yeast extract 5 g, KoHPO4 0.5
g, MgS0Os 2 g, MnCl, 4 mg, CaCl, 5 mg, FeSO47H,0 25 mg, pH 7.0/liter) = <] -2} 30T o
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Al B RlToforh ool s BT A shA|ol] 2%7t H R & GEShY, 24, 48 Bl 7242
rAo T ofergt = ooferel AR5 2§33k Trizol (Invitrogen Co.) 22§ O % =] 2[5}
3 it &2 A RNA] DNasel (Takara Co.) o7 #|e|3te] 3057 ook
b & CA] Trizol® 2-4A45te] RNA F= 2p4 Fof

7stel o, FEFHoT el A RNA?—‘%E] iScript ¢DNA Synthesis Kit

A=Y

U 4 8l= genomic DNAES =

(Bio-Rad)E ©[-&3te| cDNAS L2dstaich Rt 2h2r2] iturin Aol 45§13 ORF 3 At
52| AaAlzh FH R A" E(real-time PCR)¢l| ©]&§h PCR Zife|u] &2 ofell 3 7o LT}
L elct

Real-time PCRE glefla] €2 2F cDNA AE 1.5 pgol vfsted Light Cycler 1.5 (Roche
Co.)?} LC FS Master Plus SYBR Green (Roche)Z | &-sto] 2 a]stoivt, T2 2712 95T
o 4] 107, 60TCoflA] 157 %l 72TCo4] 1535 3to W5F 45 cycles =885} alcl. 2 ORFe
chsk Abol 4 ke eke] AlabE R o4 A A} (internal control gene) = A3 gyrBe| Ctif
Z 7} ORFe| Ctgle 2 VB 273k delta Ctil S -7?1‘ Ttk T ge g e 7 T delta

Ctgh2 2% delta delta Ctghs o] 200 €0 9 gho & Lippyglct,

Table 7. Primer sequences used in real-time PCR analysis

ORFs Primer Sequences
ORF1 5'-CCGTGATAGGCGGGAAGT-3'
5'-GGAGGGACGACAGGGTAAAC-3'
ORF2 5'-CGGCGGTATGAGTCGATG-3'
5-GCTTGCTTGCCTCGTCAC-3'
ORF3 5'-AGACCGAGGAGGAACAGCAG-3'
5'-CAGCAGGGACGTTGTAGCTC-3'
ORF4 5-GACCGGTCAAGCTGTTCG-3'
5'-CTTCATCAGCGCCTGGAC-3'
ORF5 5'-CCCGCTCCACACCTATCTTC-3'
5'-CTGTGGCCGAACAGGACA-3'
2B 5'-GGCTCTCGGGACAGGAAT-3'
5'-GGCGGCTGAGCAATGTAG-3'

Ab, Tturin &4 PE =ol#H o] F BSM542] Botrytis cinereacf] ti3l =2} who} ol F 3}

zhaled A S o) 2 iturin S pE S 9lwlo| T B, subtilis BSM54 ?}"—"“9‘} oF T B.
subtilis®] Z¥elZatolsd glelF-el Botrytis cinerea2| FAF Hol oA TS #AlSH7] §151e]

HolF BSM54¢8f of413FE LB broth oAl 4-Z3F7 30 CC'ﬂ-ﬂ‘»'I 200 rpm 2. % 16
AlZE =ob uferstelith cha] LB broth vfored 2 iturin A8 4F-8 E3b o x]of HAA] E2k2] 2%
< ‘75%4 30 Cc’ﬂ 8 200 rpm e ¥ 7241 7F F=ob ufergh oo obgt nfereiell SN HCI

sho

- 15t 4Cof ] sty wbzlstelct &

5
AN
s
2
I
rO
o
G

=
>~
-|—'

[#]

= 7t pH 32 al date s AR gh aferd S ¢l
el slo] Al T:""_l—:—% Tris buffer (pH 7.0)% =Sty 32 /45 4417 5 &
o] butanol& 7}ste] PSR, THA 4TCeA] stk whxsto] Ay s 500l e
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W, ol2f 2 F& 2 _‘.—'.l,:— 3% BbEShed §lo] 7l butanol 3 == HF Weop el
stefch e Baolx

£ potato dextrose agar Bf=R|c| streakOPOJ 25Cof & 780 Zob ufersl F ¢le B cinerea
w7+ potato dextrose broth wi=|ofa] 34 F¢b wfefste] 2 sALE 4141k potato dextrose
broth vf= 2 Zsdste] of 10° 22pml7} ¥|2 27p 2o 2d6in, of7|o] o) ¥
of 8 T2} Feivdo] BSMS54 butanol ¥ == ZF4F 125, 250 B! 500 pg/ml7b ¥ &5 sma)
4 Al hole slide glassoll -¢jstel 25TColl 64 b sfefsh

Botrytis cinerea] FAE 7] §5ted B. cinerea w7

3
o
r*L
l:{J
ri

;_ e v \j = -
Hul e wol RS paetec

o}, Iturin &4 pE Soivdo]F B, subtilis BSM548} of2¥ 5 B. subtilis®] iturin 8 4bs B] 0

Iturin S pE 224 S o) 3 B subtilis BSM542} o283 B subtilis®] iturin A 2 s2
Bl stz glste] =driolF BSMS4et of-F5 LB broth vfz|ef 4-Z3t5 30°Cof

rpm 22 164 T el wiofstoith thi[ LB broth Biofel S iturin 24 4h-E SR) whE[o] =

~
[\
S
[e)

2uro] 297} ¥ T & HZE5te] 30°ColA] 200 rpm ST 724] 7F Eob vfokil T opjoksk nfoked
o SN HCIZ 75 pH 3¢5 x4st7 4°Cola] sE52 whx|steirh. dato T x| 7|3k ujoked
= dewelstel A EHES FIEh, 32 SRR FHAARD F F42] butanols
7bskel FESER, Thal 4°CollA] SR ofzdhe] A0 JEd2 Fastelen, ofgt g2
= bES BT 3% hmstet i butanol H_—l"%%; 3‘“ﬂll Hob el pFote], op 4T
B. subtilis= 7| 0.7434 g, ¢l ol T BSMS54E B 0.7 o ¢loith, BuOH Y-eli 715
ol =] el ZElo] gle] HEM S Ee|3HA 6}71 Tla}oq Amberlite XAD-7HP gel

Ll 2 S

(Sigma aldrich, USA) column chromatographyS ! A|&feivt H#] XAD-7THP gel?] S
A 757 $]5Fe] acetone} MeOH-S o] -&35te] fzpd o n &5 T ZF5E o] &35)e
ChAl A3 shedoh Al 52 0.IN HCLE: of 8-6ke] pH 27b=] ol T

0.IN NaOHZ ol &ajo] pHEZ 128 243 & chd ZRte afsierh a4 De%
XAD-7HP gel-&- columnof| %Zlst2 o207 B subtiliss}t =t2|:d Zoldle] = BSM54 -t 2]
BuOH #3552 2+ ZJF g0 2350417 loadingsteich ofjv] 4 3lofA] XAD-7HP column
o] 235l Zpzke] Al R E H0, 30% MeOH, 50% MeOH, 70% MeOH %! 100% MeOH <4=©. %
¥ ste] HPLCH. B3k A2f o245 HO w3 Zofl4] 7 Failo] 2 ddi]=
HO 5#2} MeOH =22 Lol 2o, MeOH -2 & cha] 1lol wsto] o207 (0.2507
g)st mARIol T BSM54 (0.2459 g) vl =3 dodrt 42 of 20 - B. subtilis subsp. krictiensis
oF iturin SEpE Sl o|F B subtilis subsp. krictiensis BSM542]  XAD-7HP column % &

-~

& o] -&3te] iturin FEt=of vk Aak=S HPLC (high performance liquid chromatography,

w [
10

u“‘

Agilent 1100 equipped with VWD detector and ALS autosampler)2} authentic iturin A Ff3t+-2
o] &3] d] W5te] 21, authentic iturin A= Sigma Co.ofA| T3t v A5 5 ARESEeIch
wrlabd S Al 7lastnl op 2l 79} BSM542] XAD-THP column &= S m¥l &g |4
b ¥ membrane filter (0.45 pm, 13 mm, Merck Millipore, Germany)+ <{Z}gt c}2 HPLC
B2 Al TR AbEstelch o] wf HPLC 4] <A ofef T 8o vithujgl o, opfF2}
BSM54 & £t A4 H jturin #FH - 52 HPLC2|] v]F & A]7HK(retention time)f LC-MS

()I

_45_



(LC-MS, LCQ Deca XP ion trap mass spectrometer, Thermo Finnigan, U.S.A)= 3 9¢f LTl
wal xA S o] &35te] H] 7T Mass spectra= 50~2,0002] ®!$]ef 4| positive ion mode ¥
m/z {3 Gehufgith

Table 8. HPLC conditions for qualitative analysis of iturin A

Item Operating condition

Agilent 1100 HPLC system equipped with VWD detector and
ALS autosampler
YMC-Pack Tri art C18

HPLC system

Column (5 um, 4.6 LD. x 250 mm, YMC Inc., USA)
A; HO, B; 100% Acetonitrile
Solvent . . . .
a Linear gradient elution from A to B for 60 min
Detector UVai0mm
Flow rate 0.8 mL/min

Table 9. LC-MS conditions for molecular weight analysis of iturin A

Item Operating condition
HPLC system Nanospace SI-2 (Shiseido, Tokyo, Japan)
Column Acentis Express C18

(1.7 ym, 2.1 LD. x 150 mm, Supelco)
A: 95% H>O containg 0.1% formic acid,
B: 95% Acetonitrile containing 0.1% formic acid
80% of A/ 20% of B for 5 min
80~20% of A/20~80% of B for 35 min

Solvent 20% of A/80% of B for 10 min
20~80% of A/80~20% of B for 5 min
80% of A/20% of B for 15 min
a Linear gradient elution from A to B for 70 min
Detector UVaionm
Flow rate 0.8 mL/min

s

A}, op S B. subtilis = 5T iturin ©] 2] 2] tlE cyclic lipopeptide2] ¥4 of

op 8 S B. subtilis subsp. krictiensis7} 2 4+Sl= 6F /2] iturin F4E o]2]d] TS cyclic

lipopeptide S 2 4b3l=x]2] ol B2 Alst7| ¢|ste], of¥FE LB broth ofz|od #Z&t0
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30Co Al 200 rpm©. & 16417 =F ofeksteict ciA] LB broth sfokel & iturin A4 42 23}
iRl A Ewke] 2%7E W &5 gEste] 30ToAl 200 pm e T 724]7F Eob ofergh
pjokEt wforede SN HCIE 7}sf pH 365 s4dsty 4To4] stEgk whajsieich gatew
elgh ool s didmRlste A 2H=S FEREY, 33 SRR Al ey
2| butanol= 7iSte] FEISIR,  ThA] 4TColA] SR o]t A4 AEds Fasige
o, ol2f @2 F& 2HEE N 33 REEstel flofRl butanol = N Nob Y
wE&St] of S B subtilis¥FT] 1.0013 g& 1elth BuOH w4 7heul ofz] Aol

ZgtE]e] glo] Bl EAE &o] SIASEH?] $15te] Amberlite XAD-7HP gel (Sigma Aldrich,
USA) column chromatographyS %! A|3}¢ith w# XAD-7THP gel?] o= A 7|5H7] §5h
e F

acetone?t MeOHE o] &3to] w4 o M F ZF45 ol&stel th AHsheich

Jl

AE % 01N HCLE o] &6k pH 277yl [#st32, 0.1IN NaOH =
ol&ste] pHE 128 %A% 7 chl ZR4w d2siirh A4 %R XADTHP geld
columnef FZISt opdF B osubtilis wef2] BuOH &3 == 424 ZFaol EshAlA
loadingst . €2 MeOH % -2 TlA] ¢ =&3to] ofll3
= B. subtilis subsp. krictiensis2] XAD-7THP column %45 ©]-235te] iturin o] 2|of C}S

cyclic lipopeptide= *4lsfh=z[ 2] of f.Z HPLCS} authentic iturin A %! surfactin #}3)=-

3otk BRAE

— N

o g-¢bo] U] 1619 2of, authentic surfactin® Sigma Co.ol|~ -q)s}e] vfza -2 Ap&stoich
Plobd e 23] 7]<st oAl 9} BSM549] XAD-THP column R wWebe T 4
% membrane filter (0.45 pm, 13 mm, Merck Millipore, Germany)s <{Z}3+ T}& HPLC
22 Alw T ARRsteich o] uf HPLC +%]-2 Cis column (YMC-pack Pro, 4.6 x 250 mm,
5 ym, YMC Inc., USA)E o] &5lof 210 nmof| Al UV detector= IZstadr) o] Aol
1 ml/mle] -i;i-fi,-"-ﬁ'i' CH;CN (A)/ 0.05% TFA in water (B)¢] gradient 7@ C}22} ol

g-Zslod ) 20~60% of A/80~40% of B (v/v) for 50 nmin, 60-80% of A/40~20% of B
(v/v) for 5 min, 80~100% of A/20~0% of B (v/v) for 30 min, 100% of A/0% of B (v/v) for 3
min % 20% of A/80% of B (v/v) for 2 min.2| 7o T Ha|staich op g Hr] Ay
iturin ©|2]2] =5 HPLC2| v|F& 4] ZH(retention time)} LC-MassS ©|-&3to] 8]
stod @ of, LC-MS % x]of-= Phenomenex Ci;s column (1.0 x 150 mm, 5 um, Phenomenex,
US.A)S Abgstol Thezh @ol Zstoich Yol Aofi 0.5 pl/mle] §72 % 0.1% formic
acids& sty o= CH3CN (A)/0.1% formic acidE stV 8= water (B)S ©]-&5lo]
ch& 2 o] &3t S 35% of A/65% of B (v/v) for 5 nmin, 35~100% of A/65~0% of
B (v/v) for 75 min, 100% of A/0% of B (v/v) for 5 min, 100~35% of A/0~65% of B (v/v) for
5 min % 35% of A/65% of B (v/v) for 10 min.&] 7o % 2|58l Mass spectra=
50~2,0002] 2ol 4] positive ion mode®. m/z e ULIERLf I

HE (2 Mo

2w vdo|H iturin A E4! 7 A ZF2} site-directed mutagenesisS o] -E3F op A F2] )2k

(1). Site-directed mutagenesis-% 33 4 ¢ wiv]2] A 4

Iturin =0 AR2]sd Zed¥Ho| ¢l B subtilis BSM542] point mutatione] ol 632 site
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PR ofulieal Xsto] olutx] ok 4] F TA irin Akl QU 1A OT olahl
|2 =

Tl o] 7=

promoter 72| Ml point mutation $|=*
S 30U WE|E A <39l

t#+ o % site-directed mutagenesisS A 71|

op 8T B. subtilis% 5T M1 point mutation site Ul F-9]E 5= ORFIl region=
S 7 HE7] |8l primer ORFl_u-f (5 -TAATCGCCGTCAGTTCCTCG-3 " )2} ORF2-r (5~ -
TTCTCATCGACTCATACCGC-3 ") %! AccuPower Pfu PCR Premix (Bioneer, Korea)< ©|-
Sted oF 1.8 kb2] PCR #H=2 &dalch ojul PCR  #72 94TofA] 303, 50Cao|~] 307+,
72CeA A 2+E2] RbEE 308 "AbESt o, ZFA7l PCR 4H=2} pUCIY vectors -7
EcoR12. % Attal F 4Tof 4] 164] 7} ligation 5F2=2 2 A]3lelth LigationA] 7! recombinant
plasmid= E. coli DH5a competent cell (RBCBioscience)ol 314 H #ste] o ojelr 2
plasmid pBSM54-orfl-S TlA] BamHIZ} Xbal 2 % double digestionstil, pIC333 2% -Ef
212 =gt At d 4 el ® fdolZ] spectinomycin resistance gene cassette> ligationS}eq
% 24 0T pBSM54-orfl-sp TS | #3}eich.

(2). Site-directed mutagenesis& ©]-&3t of 32| F)jek

Iturin =40 #ba)d Sedwo| T4l B subtilis BSM54£] point mutation®] 2oyl 6242] site 715

ol ohleal Aol doulxr] b2 2| F RIA| iturin Aate] oJSkE ulE Jlon ofilEl=
promoter F-—=2| MI point mutation $]%]2] 937|§—_ tiak e i site-directed mutagenesisS  A] F3SHSITE
TAHE o7 glefa] A %3 pBSMS54-orf-sp WIC| S vf4F 2 T QuickChange II XL  site-
directed mutagenesis kit (Agilent, U.S.A.)S o] -8-5}o] site-directed mutagenesis = ! A 5} 97 T},
10 ng&] pBSM54-orfl-sp #/E{5} “ 50 pmoles/ul®| mutagenic primer (i 10), PfuUltra HF
DNA polymerase (2.5 U/ul), dNTP mix, reaction mix %! 7|E} reagent= -=%!gl -¢- Thermal
cycler (iCycler, Bio-Rad)E& ©|-&3to] 95T, 1+ HA2f F 95To4] 507, 50CofA] 507,
68 Coll ] 7 &9t HE&Al7]= cycle® 183 REE3IR, ctha| 68T of 4] 73k t] BEE-31H4]
ch #E4 ey o|2f o] A 23 site-directed mutagenesis™ Al <% S 4 H $H WT] pBSM54-
Orf-Spl‘ ol-g-gtel of 0T B, subtilisol 32 W3 stodch eofdT B subtilis w7 = LB
gyl o ddstAl vfaFslel 4 bl gl 2 mle| Spizizen Bf#[(50% glucose 10
ml, 2% casein hydrolysate 10 ml, 10% yeast extract 10 ml, 1M MgCl, 2.25 ml, KH,PO,; 6 g,
KoHPO4 14 g, (NH2)SOs 2 g, sodium citrate 1 g, MgSO4 0.2 g, Z=F-= 1 liter)ol - &3}
37C, 200 rpmaed[A] 16~184 7k vfersteich cial & Zolo] 1% ¥ 75 A4 =4
bAoAl HEota vfersted A, 580 nmel| 4] F-2 w7 1.0 ul vfered 0.5 mlzt &F 1 pgol
site-directed mutagenesis®™ 7§ 23t A AR wE 2 Zglsln, 14170 Lol zlelafor sheich
gt LB Hshofr|of] =kst, 37T 4| 24

.
A 7F Zol nforste] 53 spectmomycm 2 8lal LT E g4 E2|5elch Site-directed

- 7

Zlehufokst F 60 pug/ml2| spectinomycin]

S
e
e
-
o
rx
i
{0
O
A4
N
=
X

mutagenesis7} 2 EE 34 ! A Lol AF% 243} (homologous
recombination)H - *\j@_ Ao ZEst 4 9l= orflf3 (57 -ACGCCATGTATAAGTGG-
GGA-3 "), spcr2(5 ' -CCACCATTTACTGCTGAC-3 ), spefl (5 -TATCGGGGAGAGTGTG-
AT-3 "), hxlrl (5  -AACCTTGAAACACGGGCA-3 "), spcf2 (5 -CAAAGGTGAAAGCACT-
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CG-3 ") = hxlr2 (5 -TGATCTTCAAGCAGAAGG-3 ' )=2| PCR primerS< o|-

Iy

)l:(}
Qlr
k3
Ne
D
J[(} ®)

ol 4] 307, 50CaA] 307, 72Cal4] 14 3057 3fo] W= 30 cycleo] %52 PCR
TRBt], F5 Abmo| dolr e FRUES ddddss ddsiedch 12 Ak 3l
HHEFE e ™ Fooxysporum 270085 F5 opFol vlef stwde] Zoid 34
ARFE 22 Adstr] glste] 12p vty @2l thed gebE LB YA ufA| o
H-E3te], 30Tl 4] 200 rpme.F 164 7F F<k  wfersty, chal @Al 7[3h iturin AYAHE
Bab pfel HA BEO| 2%7t H e 4E23te] 30TelA 200 pme T 72 A7 Eek
vierstelth vier 5 8,000 x goll Al 107F  fI4dmelste] ZAlE Al7|sty, 24 g4E
F. oxysporum & T/3b E5hufz]o] ZHETE 2d¢ld 2 cylinders 87, 7§
of pfor Ar=ele 2bzk 250 pl ErEste] 25TCofA] 1~327F ofesst & F. oxysporumed]
thgh AAE AR =S aatstolrt

Table 10. Mutagenic Primer sequences used in site-directed mutagenesis

Site-directed Mutation Mutagenic Primer Sequences

5'-GGCAATGCGCTTTGTTTCAGCA-3'
5'-TGCTGAAACAAAGCGCATTGCC-3'
5'-GGCAATGCGCTCTGTTTCAGCA-3'
5'-TGCTGAAACAGAGCGCATTGCC-3'
5'-GGCAATGCGCTATGTTTCAGCA-3'
5'"TGCTGAAACATAGCGCATTGCC-3’

T (thymine)

C (cytosine)

A (adenine)

e

G

(3). Site-directed mutagenesisS =l -2 A A{F2f of T B subtilis®] iturin A A5

H| 7

site-directed mutagenesis+|# = B. subtilis T12} T6 HAHAAF52} of8F B, subtilis2]

iturin A 4t=2 H| D517 2]8fe] site-directed mutagenesis H A A2} ofFEE LB broth

s ] el A 235t 30°Cofl Al 200 rpm . % 16A] 7F =¢b vfokstelict tha] LB broth vfokel 2
A

Iturin =46 #Fe]d E¢®Ho]3 2] M1 point mutationo] 2Lolil Fo|E  opgFo

iturin A 4bE B3 ofz|of] WA 22ko] 2%7F ¥ FF 4 &3] 30°CofA] 200 rpm e F 724]
Zb Zob ojerak & ufolgh njokelo] SN HClZ 718 pH 327 24357 4°Cofa] 3154
A shelth @ate s A [gh ooyl & eldweldhe AU H EE=2 FEeke, 37 SR
TR FALZD 7 Bake] butanol L Thotol FEstar, ha] 4°Cof A shmt wlhalste] 4
Y oalgals fieieen], olsh g8 T& 445 w35 WHelol buanol &2
doloh ol gt 2pds 7|3 P2 B. subtilis subp. krictiensis 34 T T12p T6 Fyh=

L )
Hane slobwZstel o1 TI-l (269 me), T1-2 (34.7 mg), T6-1 (38.5 mg) = Té-
mg)< ©|-&35}e] XAD-7HP column chromatographyS % A]3F3ITl XAD-7HP gel %%—fﬁ_ﬁ,

O\
l\)
~
[\
4
o
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swelling#] 71 5| open column (1.8 x 1.8 x 20 cm)d =7&}t7, 4 MEZ ZHao 2
A7 geld| loadingststil Z /a2 W22 o] &35to] %%1 ¥ & MeOH ¥
)

Al kel =Zslol TI-1 (17.5 mg), T1-2 (17.22 mg), T6-1(16.19 mg) o
L

(‘I

BADES Qe ¥ 4 %%J%% 80% MeOHel £33 M 5 mgmle] £ TR 5ol
Slell 7144 Wyl E HPLCE A alstm, ek alels 2eafe] A3 ghe Tajeich
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bl bz B iturin G Bve] ol wu

(1), #F2l4d Zele] o gt Eeiwol Fol Fu

1990 vl %8t 283t of 8 B subtilis subsp. krictiensis *5-U| ¢l Ap2] 4

r&

HolF MI18912 UVA-L w45 of&ste] 5 ol itrin Aitse] Suid =drde]+

Jlﬂ

Thal 7] glstel =belsd Anlg Al=stedch 2ol FT758 LB sf=|o] 4] sp=ut

1
(o]
=5
=
-
=
rd
a9
=
~
=
2

Ol rol S A3 el wiR|ol 1%s5]7 H Zskel 550 nmel| M G4 =71 0.6

ufzb=] vjofstn, e[l wAE caffeing ©3 M8 HEAor M Z 5t
Assonm=0.4 5 AT FHEplZ A[A Y Aol 1.5 ml% 55t T8l 6ol LIThH AEA] A 4
b UV box uvf-2] gl glof Eufolvh A7l HAl 21 25 om Agke] A=H =]
F0W ghatah zte]d = 170, 1SW ghebdt 5 270)S o[ &3tef HA UV xatgfe] 2.80
mW/em® 555 22|47 1% 0.1% oluf2] AEHS Uthis 44 2 e A 7hE A
A2} B. subtilis subsp. krictiensis M1891+= 254, UV4-II FF+= 305 78] Al 0.1%2]
AEEE LTho] A el Al 2 42 25521 30 .+ A4Skt (T 2, 3).

(2). HolF2] M Bl in viro ¥ 24
2}l o % Eodwo] A7l B subtilis subsp. krictiensis M18912} UV4-II 77 & =z}2]
A Anell efsy iturin A ol i GelWel TS dAwetr] glstel i Abeld e
% A £|%t B. subtilis subsp. krictiensis M18912} UV4-Il 5 FEebed =2 Azb x| o}

100~2007§ 2] -deto] g 4= ole 2 A5ty dAzbe] wrbatelch s£abgh Fxk 9|

=]
—

Add wox 283 Fooxysporum FENo| Thi-3 soft agars b Tshel (1%L ¢ 25T

A 12 7h siersta T vl § =peld 22 Au|stz| el B. subtilis subsp. krictiensis

MI8912 UVA-II w52 42} s wste], A5 xz[¢He] Z7Hd Hol+E 12 4=

st e, Auts Ho|FE2 ok 7|48 jturin MANWER]E o] &5 o] 724]7F Zob zlTth

sforstel g4l eloln, A o2k Aol W Fooysporume] TRH H3L ol
SR S RN

stelch = Adzb 30,0000 £2] gdeto T Hu] 2 E4 0T B osubtilis subsp. krictiensis

ol Aekel Joadingste], 25TCof 4 1~29 78 wforgh

_'IO;l.

UV4-1II #F5c 2-30f stido] Zul™ 2p2]4 HoiHo]FE No. 54 +F5  +lestelch
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Fig. 7. Survival curve of B. subtilis M1891 mutant obtained upon UV imradiation.
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Fig. 8. Survival curve of B. subtilis UV4-1I mutant obtained upon UV irradiation.
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Jdol Aol AlEo| #2e 7 )= Bacillus v-F2) iturin SApE FHolfo] F2] bkl d] D

g A e s ghefe o gles 7IE AE S vl =E Aua AL

Azl =Fulf - el A] zhefE] 7 ¢)= biological control agents <= Bacillus subtilis 2]
rkolalel A& 4-Z(Serenade 2, of A= 1%, Kodiak 1) 01%5}01 i Lol =
ol ol vd=e] soAEE viable countE o] Esto] aabstelch 4L AR A Fol A
= Al 27 el EolEdls wmosta ARt oke] e 7f Zydloy, 452
A& HFodal dad Awas AEod aiet cias 2pol & vl 8l P vhA 4] .5 225
x 10" ~ 5.89 x 10" CFU/ge| &gl (F 11).

Table 11. Number of microorganisms isolated from commercially available
biological control products by viable count

Products No. of viable count (CFU/g) Remarks
Serenade (powder) 1.79 x10" 2000 4F vl = #HE
. 0 w50 2% (2012, 10. 31717
Serenade (liquid) 5.89 x10 87
] Serenade A& =il Al = =%}
e 1 dAl=E =
A7 = (powder) 9.9 > 10 (2009. 10. 317}7] &%)
2 el ek 2 HEL T
Kodiak 225 x 10" ;00?5;3 g els Awers

B. subtilis subsp. krictiensis UVA4-Il 75 #t2ld o5 Huolste] 12} Adwdgl Lol
B o] 3 B. subtilis subsp. krictiensis No. 54 w-F2] Stedz} 2ola o v =25 A5k
S| A 7 42 (Serenade 2-E, o A E 1ZE, Kodiak 1) AH-&EorFr| I3t B
subtilis w5242 e vlstelch et 442 #FF iturin AAHER]E o] &
sto] 724170 Hel zEMsfersta, fdilwlstel gals ok v Al ThE F
oxysporum©] b Rl glo] ol el loadingstir, 25Cof A 247k wferst § A5
MR el 2705 aabstedoh, T A2 th e T 5 11L17~14.5 mme] AlS A =] 4
= UThel et d2bgk No. 54 ¢ o] F= 1645 mm2| A5 A2 ¢ Lithlo] ThE
71E Aol »*P%d Efff—‘.'?'.ff ol AT AsiEd S Lthlel (Y 9, F 12), o] wFE



Fig. 9. Comparison of antifungal activities between commercial
products and UV mutants producing iturin against F. oxysporum.

Table 12. Comparison of antifungal activities between commercial products
and mutants against F. oxysporum

Items Inhibition zone (mm)
B. subtilis subsp. krictiensis (Wild type) 11.17
Serenade-1 13.20
Serenade-11 13.73
of zL7 = 14.28
Kodiak 13.75
Cellus 13.58
B. subtilis subsp. krictiensis M1891 14.50
B. subtilis subsp. krictiensis UV4-11 14.35
**B. subtilis subsp. krictiensis No. 54 16.45

* Serenade-1: 20013 &= Al| 3%, Serenade-11: 2011 A% #|3%, Cellus: (F)1Hulo] &l 3|A A=
** No. 54 : B. subtilis subsp. krictiensis UV4-1l +55 UV x]2]5lo] 42 ESHHo|Z
**% M1891: O §Z9] UV EAWO|ZF, UVA-IL: opIRE UVRE A2st sdHo| 5
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ch. op’8F B. subtilis subsp. krictiensis w75 5T €2 iturin A FH1 22| drA] L
Adzp 2z e apab=2] 2

(). Turin A4 §A7ke] @l 24 9 e FheE2] B

ob A1 B, subtilis subsp. krictiensis ATCC55079+= wHdofa] FE]ste] v EFE ¢
TEE (U= B3 5= 5155041, 1992. 10. 13) ©|H ATE Ba) opalFE2]
library = -G cosmid H&= €2 7 714 d 242 Folf o7 I ORFLr TgEle] 8=
37,645 bp2| iturin A4 FHAE HRSI(2YE 10) GenBankOﬂ KC454625%. 7]Clstaich
2 ]_ 2o ]—

of A7 turin AT HEAAA2] ol Balalsl letel, ORF3ol efniely F7
K 2 A1 Z1 mutant-10 S eo] T ¢l 9 dturin 2l of o

-2l ol mini-Tn10 transposon
S 2ot ol BAEO)TE P Tl Lo iurin BYo] 30% A Qsbl L4 A
S HPLCZ F-sff ®eldtd o (T85! 11D), =31 o207 B. subtilis subsp. krictiensis7} iturin
AFAA 6 Fiel fuing 224 1A, 1O A5 LCMSZ Tof el shoich
oo A3bd UEOR 4 ORFGS 38| datwbasedt o] §5tol Rabe 2 ulmef & 42
ORF1-= B. amyloliquefaciens®| HTH-type transcriptional activator -7j-H=}s} 99%2] 4k "3 2
LtElLf i Th(GenBank  Accession #HE 617159.1). ©]2|o] ORF2Z 48 ORF5-= 2/2 B
amyloliquefaciens®| surfactin synthetase A, B, C %! D i-7#=} (GenBank Accession #HE617-
159.1)&F 99%7} =& ste]l 2], ORF6+= B. amyloliquefaciens2| aspartate aminotransferase A
A2} (GenBank Accession #HE617159.1)%F% 99%7} =& staict (3F 13). B]E opF2]
ORFE=-<©] B. amyloliquefaciens 2] surfactin synthetase =2} 99%2] A=A 2 Lithufel U,
ek A5t vi2l el ORF34] mini-Tnl0S 4¢)ste] -2 iturin-less =8 o] Fofi]=
opdFof Hlel iturin2] A2 Fe] 30% 45 LAstelR, LC-MSE E5iAl s obdF = 65 F

ol

'I

o iturin® 43k A= 1””\_'5}“ 71 ulzell, ofdFFRT 42 Ay wd A= itutin
At g E Aok £ opAFERTE Y2 itirin T FEAe] Q3
Jlew F4E = ORF22f ORF32] -/—3'-’—"' A 2717 10 kbell o] == A& Te{sie ul,
B. amyloliquefaciens2] surfactin synthetase -7 Zfﬁ-} 1%2] #po] @2 vthhel=d s AlF
Arkil= wdo] webd 4 QlEA ols ol wAEtE wig Fuldles AXE REY
= e s abiwHch

(2). Iturin ©]2]2] T}E 22} vfapats2] Aok 7psal S

op 283 B. subtilis subsp. krictiensis ATCC55079 w77} 6-F/2| iturin ©|2]of t}lE cyclic
lpopeptidest 4415} 91 o & 4413171 $I5lel @ Gchel T4 YT o
©LE WHES LOMS
ch

5 kst date i FHAIZ F XAD-THP columns o] £35to

i

—

T 4519l ©u, authentic surfactin (Sigma Co.)S v #1% ©| &3
iturin ©]2]of] A-2F2] surfactin® A Aabglcps 12 oF 4= glol o} A \_f,}% 1tur1n01l
sl el ulefstelct (g 110). =3 ORF3e| siwiE= 7 9o mini-Tnl0
transposon2 4t A 7] mutant-10 E¢H o] FolAl= ofMF R} 30% 4
1 | 2

L] 431 qturin o] ]|
surfactin = ¢-Zx[ gl et A=H oFE opgrRct 20f A% ] vlo] A& el (T 11
D). ol=lgt Zd2E Z¥sieE uwf H|F ofAFEFC 2 ituin AP FHAIE B
amyloliquefaciens 2] surfactin synthetase -7 2}2} 99% homologyS UIClufel © L} op ¥ -9f
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I I | | | I | T
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I
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Fig. 10. The ORF and restriction map of clone pJJ71.
*ORFs of putative iturin biosynthesis gene are designated 1, 2, 3, 4, 5, and 6.

Table 13. Comparison of sequence homology of ORFs from clone pJJ71

aspB3, [Bacillus subtilis]

(.)RFS o Significant  alignment E value Identities
(Nucleotide position)
(HE617159.1) HTH-type transcriptional activator o
ORF1 hxIR, [Bacillus amyloliquefaciens] 2e-177 3521354 (99%)
(2,828~3,181) (CP002905.1) HTH-type transcriptional activator i o
hxIR, [Bacillus subtilis] le-78 277330 (79%)
(HE617159.1) Surfactin synthetase A srf4, o
ORF2 [Bacillus amyloliquefaciens] 0.0 10,675/10,755 (99%)
~ CP002905.1) Surfactin synthetase subunit 2 srf4B,
(770714523 EBacillus sub)tilis] 7 " 00 7,952/10,823 (73%)
(HE617159.1) Surfactin synthetase B, [Bacillus 0
ORF3 amyloliquefaciens] 0.0 10,703/10,761 (99%)
14.546~2 CP002905.1) Surfactin synthetase subunit 2 srf4B,
(14546=23.300) EBacillus sub)tilis] g " 0.0 8,035/10,808 (74%)
(HE617159.1) Surfactin synthetase C, [Bacillus o
ORF4 amyloliquefaciens] 0.0 3,817/3,837 (99%)
25341~29.174 CP002905.1) Surfactin synthetase subunit 3 srfAC,
@32 A EBacillus sub)tilis] g " 00 3,298/3,804 (87%)
(HE617159.1)  Surfactin  synthetase thioesterase N
ORF5 subunit s7fD, [Bacillus amyloliquefaciens] 00 7301732 (99%)
(29,194~29,925) (CP002905.1)  Surfactin  synthetase thioesterase i o
subunit srfAD, [Bacillus subtilis] 2e-130 - 527/697 (76%)
(HE617159.1)  Aspartate  aminotransferase A, o
ORF6 [Bacillus amyloliquefaciens] 0.0 1,302/1,311 (99%)
(30,047~31,357) (AY040867.1) Aspartate transaminase-like protein, 0.0 1.286/1311 (98%)
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Fig. 11. Qualitative HPLC analyses of the iturin and surfactin compounds produced by the
wild-type and mutant-10 B. subtilis subsp. krictiensis strains.

A: Authentic iturin A (500 pg/ml), B: Authentic surfactin (500 pg/ml), C: Wild-type B. subtilis
subsp. krictiensis ATCC55079, D: Mutant-10 strain.
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Fig. 12. HPLC chromatograms of the iturin compounds produced by wild-type B. subtilis

subsp. krictiensis ATCC55079
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Fig. 13. MS spectrum of iturin A obtained from the peak
22.61 min on the HPLC chromatogram in Fig. 12.
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Fig. 14. MS spectrum of iturin B obtained from the peak detected at a retention time of
24.14 min on the HPLC chromatogram in Fig. 12.
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Fig. 15. MS spectrum of iturin C obtained from the peak detected at a retention time of
26.15 min on the HPLC chromatogram in Fig. 12.
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Fig. 16. MS spectrum of iturin D obtained from the peak detected at a

26.44 min on the HPLC chromatogram in Fig. 12.
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Fig. 18. MS spectrum of iturin F obtained from the peak detected at a retention time of
28.07 min on the HPLC chromatogram in Fig. 12.
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Fig. 19. HPLC spectra and molecular weights of surfactin peaks obtained with
authentic surfactin and wild-type B. subtilis subsp. krictiensis ATCC55079.
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Table 14. Cyclic lipopeptide products of the wild-type B. subtilis subsp. krictiensis
ATCC55079 strain as detected by LC-MS"

Product and observed mass peaks(m/z) Retention time(min) Assignment

Iturin
1043.5, 1041.5 22.61 Cl4-iturin A [M + H, M - H]
1057.5, 1055.4 24.14 Cl5-iturin B [M + H, M - H]
1057.5, 1055.5 26.15 Cl5-iturin C [M + H, M - H]
1071.5,  1069.5 26.44 Cl6-iturin D [M + H, M - H]
1071.5, 1069.5 27.20 Cl6-iturin E [M + H, M - H]
1085.5, 1083.5 28.07 Cl7-iturin F [M + H, M - H]

Surfactin
1008.4, 1006.4 66.05 Cl3-surfactin [M + H, M — H]
1022.5, 1020.7 70.88 Cl4-surfactin [M + H, M - H]+
1022.5, 1020.7 71.93 Cl4-surfactin [M + H, M - H]
1036.5, 1034.5 75.23 Cl5-surfactin [M + H, M - HJ'

* The data were obtained from the supernatant of cells grown in production medium as described

in the Materials and Methods. The HPLC peaks presented in Figures 12 and 19 were analyzed
by MS spectrometry.
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Fig. 20. ORFs and point mutation sites (M1~ M6) of putative iturin biosynthetic
genes from B. subtilis subsp. krictiensis BSM54 strain.

Table 15. Point mutations on the iturin biosynthesis gene from mutant BSM54 strain

Point Mutation Change of Nucleotide Change of Amino acid
M1 G—T -
M2 TAC — TAT Tyr — Tyr
M3 AAC — GAC Asn — Asp
M4 GCC — GCT Ala — Ala
M5 CAT — CAC His — His
M6 ACG — ACA Thr — Thr

=),
& o
E&

Wild type strain BSMb54 strain

Fig. 21. Possible change of secondary structure in mRNA by point mutation M1
on the upstream region of ORF1 (nucleotide position 2,748) from B. subtilis subsp.
krictiensis BSM54 strain
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Table 16. Primer sequences used in real-time PCR analysis

ORFs Primer Sequences
ORF1 5'-CCGTGATAGGCGGGAAGT-3'
5-GGAGGGACGACAGGGTAAAC-3'
ORF? 5'-CGGCGGTATGAGTCGATG-3'
5'-GCTTGCTTGCCTCGTCAC-3'
ORF3 5'-AGACCGAGGAGGAACAGCAG-3'
5'-CAGCAGGGACGTTGTAGCTC-3'
ORF4 5'-GACCGGTCAAGCTGTTCG-3'
5'-CTTCATCAGCGCCTGGAC-3'
ORF5 5'-CCCGCTCCACACCTATCTTC-3'
5'-CTGTGGCCGAACAGGACA-3'
B 5'-GGCTCTCGGGACAGGAAT-3'
5'-GGCGGCTGAGCAATGTAG-3'
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Fig. 22. Analyses of the expression levels of iturin biosynthesis genes using real-time
PCR.
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Fig. 23. Photomicrographs of suppression patterns between the wild-type B. subtilis and

BSMS54 (250 #g/mé)

= 20#m
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UV mutant BSM54 strains producing iturin on the spore germination of B. cinerea.
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Fig. 24. Comparison of spore germination rates of Botrytis cinerea

treated with butanol extracts prepared from the culture broths of
the wild-type B. subtilis and UV mutant BSM54 strains.
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Fig. 25. The change of antifungal activities of the wild-type and
UV mutant BSM54 of B. subtilis against F. oxysporum occurred
during the storage period of two years at -70°C.

Table 17. HPLC conditions for quantitative analysis of iturin A from wild-type
and UV mutant BSM54 strains

Item Operating condition

Agilent 1100 HPLC system equipped with VWD detector and

HPLC system ALS autosampler

YMC-Pack Tri art Cig

Column (5 ym, 4.6 1.D. x 250 mm, YMC Inc., USA)

A; H0, B; 100% Acetonitrile (ACN)
a Linear gradient elution from A to B for 60 min
Solvent 80~40% of A/20~60% of B for 50 min
40~80% of A/60~20% of B for 5 min
80% of A/20% of B for 5 min

Detector UV2101m
Flow rate 0.8 ml/min
Injection volumn 10 ul
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Fig. 26. Calibration curves for quantitative analysis of iturin A

VWD1 A, Wavelength=210 nm (130507 -0101.0) 1
mBUS 4 Authentic iturin A
100 — I
80 &
1I
oo}
s 1w
23 R E & L g = 2
p-3 & B 5 M = PR L
] o
. - v v r
10 20 30 40 50
VWD1 A, Wavelength=210 nm (130S07003-0301.D)
Wild type
g He
E & B3
_E SN
WA m —————
10 20 30 40 so emiiny
YWD A, nm (13050° -0201.0)
Wiy o= UV mutant BSMS4
]
203
25 I
0] E pm
L Ivv VI
10 § @ E,
s BR T
5 8 g £
o -
10 20 30 a0 50 mins

Fig. 27. HPLC analyses of iturin compounds produced by the wild-type
B. subtilis and UV mutant BSM54 strains.
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Table 18. Quantitative analyses of iturin production obtained from each HPLC
peak produced by the wild-type B. subtilis and UV mutant BSM54 strains.

Area / Height (mAU)
Peaks Authentic Tturin A Wild type BSMM
(20068/F) (S00ug/me) (S00:g/me)
I 135947/119.72 19771710 1714071517
i 1.53/46 46 6/327 121.84/10.58
i 859.34/73, 461442 1R41/1181
IV 13332710, 87 J8/082 3211/259
V 7681/6.23 271163 811123
il 23.65/186 9.22 /(66 33.20/2.32

2.0 kb—

1.0 kb-

Fig. 28. PCR products of 1.8 kb of ORF1 region from B. subtilis
subsp. krictiensis strain obtained using primers ORF1 _u-f and ORF2-r.
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HTH-type transcriptional
FeoRl activator EFroPl
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SpR . ORF1 > |
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Fig. 29. Construction of transformation vector pBSM54orf1-sp.

BamHl
FcoAl  Xxbal

Fig. 30. Restriction enzyme patterns of a transforming vector
pBSM54-orfl-sp constructed with pUC19, ORF1 region (EcoRI)
and spectinomycin resistance gene cassette (BamHI/Xbal).
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2.0 kb—
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Fig. 31. PCR product of ORF1 region from B. subtilis
subsp. krictiensis using primers ORF1_u-f and ORF2-r.

5-ATACTGTCCCCGCAGGCAATGCGCTGTGTTTCAGCAAAACTGCGTGGT -3
A
Site-directed Mutation

Mutagenic primer f1 (5-GGCAATGCGCTCTGTTTCAGCA-3")
Mutagenic primer 1 (5-TGCTGAAACAGAGCGCATTGCC-3")

Mutagenic primer {2 (5-GGCAATGCGCTATGTTTCAGCA-3')
Mutagenic primer r2 (5- TGCTGAAACATAGCGCATTGCC-3)

Fig. 32. Mutagenic primer sets for site-directed mutagenesis
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Xbal BamHI

Fig. 33. Construction of vector pBSM54orfl-sp-1 used for site-directed mutagenesis.

1 2 3 4 5 6 7 8 91011 1213 14 15

Fig. 34. PCR products amplified with primers spc-f2 and hxl-r2
from B. subtilis transformants (lane 1~ 14) grown on media
with 100 pg/ml spectinomycin and pBSMS54-orfl-sp (lane 15).
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Fig. 35. Schematic diagram of homologous recombination for site-directed mutagenesis
and specific primer sets for screening of B. subtilis transformants obtained from
site-directed mutagenesis

i T6

=

Fig. 36. PCR products amplified from gDNA of Bacillus subtilis transformants
grown on LB media containing 60 11g/ml of spectinomycin using various

specific primer sets.
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Fig. 37. Antifungal actvities of culture broths of the wild-type
and transformants T1 and T6 aganst F. oxysporum.
* Wild-type: B. subtilis subsp. krictiensis ATCC55079

T1 and T6: Transformants obtained by the site-directed mutagenesis

of wild-type strain.
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Fig. 38. Comparison of inhibitory effects of the wild-type B. subtilis
and site-directed mutants T1 and T6 on the growth of F. oxysporum.
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Fig. 39. Comparison of the HPLC peak areas for iturin compounds produced
from the wild-type strain and site-directed mutants T1 and T6.
* Fach peak I to V indicate the iturin A to E, respectively.
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SUMMARY

1. Title

Mass cultivation and industrialization of cyclic lipopeptide high-yielding antagonistic

microorganism Bacillus

IT. Objectives and Importance of the Research

The improvement of seeds, the use of chemical fertilizers and agrochemicals, the improvement
of soils, and the mechanization of farming have been contributed to the foodstuff production and
the crop protection for the human being for a long time. On the contrary, the acidification of
soils, the remaining toxicity, and the environmental pollution, which are caused by the repeated
use of agrochemicals and the use of the excess amount of chemical fertilizers have become a
social problem. In Korea, the amount of agrochemicals and chemical fertilizers used was due to
be reduced by 40% until 2013. Thus, there was a great need for the research to develop
biological control agents to enhance the production of agricultural products while reducing the
amount of agrochemicals and chemical fertilizers required. In fact, research to achieve these goals
had been conducted, mainly utilizing useful bacteria. At the beginning, studies were focused on
the physiology for plant-bacteria interaction such as nitrogen fixation, solubilization of
phosphorous, the production of antibiotics and plant growth regulators. Various kinds of
antagonistic microorganisms, which show the ability to prevent the plant diseases and to activate
the growth of plant, were investigated and microorganisms such as Bacillus sp., Pseudomonas
sp., Streptomyces sp., and Trichoderma sp. represent the possibility of such biological control.
More recently, the isolation of useful antagonistic microorganisms and the improvement of
microorganisms using genetic approach have been on trial. Especially, the necessity of clean crop
productions, which are recently prompted by the spread of well-being culture among the
consumers has gradually been increased. Moreover, the needs for the biological control agents as
only alternatives for synthetic organic chemicals are greater than before. Thus, the acquisition of
microorganisms with the outstanding antagonistic action against phytopathogens is highly
demanded.

With such background, this work was initiated to develop biological control agents with
increased iturin production by using the Bacillus, which produced the six types of iturins with
antifunagl activity against various phytopathogenic fungi. For the industrialization of iturin
high-yielding UV mutant B. subtilis, we have established the optimal conditions of mass
cultivation and various formulation. In addition, we have examined the factors such as stability

and toxicity tests necessary for registration of the developed Bacillus.
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IMl. Contents and Scope of the Research

1.
2.
3.

Development of a new microbial fungicide candidate using newly isolated strain

Design of optimal medium composition for iturin high-yielding mutant B. subtilis BSM54
Development of optimal bulk fermentation and process of iturin high-yielding mutant

B. subtilis BSM54

Evaluation of disease control efficacy of prototype prepared by iturin high-yielding mutant

B. subtilis BSM54 in fields

. Field efficacy of prototype prepared by iturin high-yielding mutant B. subtilis BSM54

Toxicity tests of prototype prepared by iturin high-yielding mutant B. subtilis BSM54

IV. Results

1.

We have developed several conditions for the optimal cultivation of B. subtilis subsp.
krictiensis BSMS54. The optimum concentrations of carbon source, nitrogen source and micro
ingredient in cultivation broth were established, and the optimum cultivation and formulation process
(freeze drying method) were designed. The antifungal activities of products did not show significant

differences up to 2 years and the physical properties were good.

The iturin high-yielding mutant B. subtilis subsp. krictiensis BSM54 showed high efficacies on
gray mold, sclerotinia rot, bacterial rot, and Fusarium wilt diseases. Especially, the strain exhibited

60% efficacies on soilborne diseases.

To control the plant diseases such as bacterial wilt, Fusarium wilt, and gray mold, the optimal
fermentation conditions, the development of application methods, and the elucidation of action mode
for one microbial fungicide, which is prepared from B. subtilis subsp. krictiensis BSM54, were
examined. We are under development new microbial fungicides using the strain in single or in

combination with other antagonistic microorganisms.

For the domestic registration of environmentally-friendly agricultural & organic agricultural
materials, the toxicities of the iturin high-yielding mutant B. subtilis subsp. krictiensis
BSM54AS was examined. Through stipulated manner of test, toxicopathological characteristics
of B. subtilis subsp. krictiensis BSM54AS were investigated. In all items of tests, the B.

subtilis subsp. krictiensis BSM54 AS strain was proved as safety.
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V. Prospects for application

The expression levels of each ORF of UV mutant BSM54 strain were higher than that of the
wild-type strain, with greater than 2-fold inhibitory activities over the wild-type on spore
germination of Botrytis cinerea. The iturin production of the mutant BSM 54 strain has increased
2-fold over the wild-type strain on HPLC analysis. The transformants obtained from wild-type
strain with the M1 point mutation of UV mutant BSM 54 strain by site-directed mutagenesis have
exhibited a larger growth inhibition zone than that of wild-type strain on bioassay against F.
oxysporum. From these results, it was found that the mutated gene of M1 site occurred by the
point mutation in iturin high-yielding mutant BSMS54 strain was associated with the increase of
iturin production. The results of the study would lead to the improvement of antagonistic
microorganism B. subtilis strain and development of biological control agents using UV mutants.
For the industrialization of iturin high-yielding UV mutant BSM54 provided from the Korean
Research Institute of Bioscience and Biotechnology, we have established the optimal conditions of
mass cultivation (50 ~ 5,000 liter) and various formulations. The factors such as stability and
toxicity tests necessary for registration of the developed Bacillus were examined. In addition, we
have verified the effectiveness of the developed strains in field conditions of some valuable crops.
When a series of trial has progressed successfully, development and application of biological agents
may provide effective means to cope with decrease in crops production, which would incur due to

the reduced agrochemical usage required in the future.
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Table 1. The prospect of market shares for environmentally-friendly agricultural
products in accordance with certification stages
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Surfactin family
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Fengycin family

—0

H
NH

o OH
HiC!

CHy

OHy

Variants

Esperin®* L-Glu-L-Leu-D-Leu-L-Val-L-Asp-D-Leu-L-Leu-COOH
Lichenysin®***  L-XL;-L-XL,-D-Leu-L-XL-L-Asp-D-Leu-L-XL,
Pumilacidin L-Glu-L-Leu-D-Leu-L-Leu-L-Asp-D-Leu-L-XP,
Surfactin L-Glu-L-XS, -D-Leu-L-XS8-L-Asp-D-Leu-L-X8;

## the B-carboxyl of Asp, is engaged in the lactone
% or halobacillin
i XLy =LeuorTle; XL and XL, = Valor Ile ;

XPy=Valorlle:

XS, =Val, Levorlle; X8,=Ala, Val, Leu or Ile ; XS;= Val, Leu or lle

Bacillomycin >
Bacillomycin ¥
Bacillomycin L.
Bacillomycin LC*

L-Asn-D-Tyr-D-Asn-L-Pro-L-Glu-D-Ser-L-Thr
L-Asn-D-Tyr-D-Asn-L-GIn-L-Pro-D-Asn-L-Thr
L-Asp-D-Tyr-D-Asn-L-Ser-L-GIn-D-Ser-1-Thr
L-Asn-D-Tyr-D-Asn-L-Ser-L-Glu-D-Ser-L-Thr

Tturin A L-Asn-D-Tyr-D-Asn-L-GIn-L-Pro-D-Asn-L-Ser
Tturin A, L-Asn-D-Tyr-D-Asn-L-GIn-L-Pro-D-Asn-L-Ser
Tturin € L-Asp-D-Tyr-D-Asn-L-GIn-L-Pro-D-Asn-L-Ser
Mycosubtilin L-Asn-D-Tyr-D-Asn-L-GIn-L-Pro-D-Ser-L-Asn

# or bacillopeptin

Fengycin A**  L-Glu-D-Om-D-Tyr-D-aThr-L-Glu-D-Ala-1L-Pro-L-Gin-L-Tyr-1-lle
engycin B** L-Glu-D-Om-D-Tyr-D-aThr-L-Glu-D-Val-L-Pro-L-Gln-L-Tyr-L-lle
Plipastatin A L-Glu-D-Om-L-Tyr-D-aThr-L-Glu-D-Ala-1-Pro-L-Gln-D-Tyr-L-Tle
Plipastatin B L-Glu-D-Om-L-Tyr-D-aThr-1.-Glu-D-Val-L-Pro-1-Gln-D-Tyr-1-1le

*# doublebondbetween carbons 2-3, 3-4 or 13-14 werereponed for some acyl chains
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of the acyl chain

i-Cy3, ai-Cyy. n-Cy. 1-Cy5.ai-Cg

i-Cys 1-Cyy 1-Cseti-Cig

n, lingar

5 ey ke
ai, anteiso e G

Cyss G-
n-Cyy, 1-Cp5. ai-Cy5
n-Cy i-Cp5, ai-Cig
1-Cygr -Cy

n-Cyy, 1-Cy, af-Cg
n-Cg, -, ai-Cpq

-Cig. 11-Cig
#Cper 1-Cigs Cpy
160 A1-Cpy

n-Cg. ai-C;

TRENDS in Microbiology

Fig. 1. Structures of representative members and diversity within the three lipopeptide
families synthesized by Bacillus species. Boxed structural groups are those that were shown to

be particularly involved in interaction with membranes and/or are supposed to be important for
biological activity in addition to the cyclic nature of the molecular.
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Fig. 2. Overview of Bacillus lipopeptide interactions in the context of biological control of
plant diseases. From left to right, the three photographs show bacterial spreading, fungal growth
inhibition through the production of fungitoxic compounds by blue bacterial cells and leaf disease
reduction following inoculation of the beneficial bacterium on roots. They illustrate how to get
experimental indications about the potential involvement of one particular strain in the three
phenomena schematically represented in A, B, and C. Establishment in biofilm and/or microcolonies
of the rhizobacterium is represented in A, B represents direct antibiosis that can be exerted by the
established biocontrol strain toward pathogens sharing the same microenvironment. In C, the arrows
illustrate the emission of a signal following perception of the rhizobacterium at the root level. This

signal moves over the entire plant leading to some systemic reinforcement allowing pathogen

restriction at distal sites of infections (Trends Microbiol., 16: 115-125, 2008)
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Table 1. Examples of modes of action exhibited by potential biological disease control

agents.
Antagonists Pathogens
ol oF A of 7]7¥(Parasitism or predation of hyphae)
Arthrobacter spp. Pythium debaryanum
A Bdeellovibrio bacteriovorous Pseudomonas syringae
Gliocladium catenulatum Fusarium spp., Sclerotinia sclerotiorum
Pythium acanthicum E2
R Pythium oligandrum %y
- -. Run . . .
o= Talaromyces flavus Sclerotinia sclerotiorum
Trichoderma hamatum Pythium spp., Rhizoctonia solani
Trichothecium roseum Puccinia horiana, Spaerotheca fuliginea
- R 0 . *
L ALz 7 o]l 7] ¥ (Parasitism of predation of propagules)
FER Actinoplanes spp. Phttophthora megasperma
L BT :
1 Bacillus sp. Sclerotium cepivorum
Fod Serratia marcescens . g
©oe Sclerotium rolfsii
Gliocladium spp. %%
Nectria inventa Alternaria brassicae
R Talaromyces flavus Rhizoctonia solani
AT . .
0 Sclerotinia sclerotiorum
Trichoderma spp. E
Verticillium biguttatum Rhizoctonia solani
&+~¥(Antibiosis)

o R

=
tlc} ]

Agrobacterium radiobacter
Bacillus subtilis
Enterobacter aerogenes
Erwinia herbicola

Agrobacterium tumefaciens
Fusarium oxysporum f. sp. dianthi
Phytophthora cactorum

i Pseudomonas cepacia Fusarium culmorum
Streptomyces friseoviridis Rhizoctonia solani, Verticillium dahliae
Alternaria brassicicola, Rhizoctonia solani
Gliocladium virens Pythium ultimum
ApAb Penicillium frequentans Mon?'li.ni.a laxa .
: Talaromyces flavus Verticillium dahliae
Trichoderma spp. Fusarium oxysporum f. sp. conglutinans
PN

it U (Competition)

Alcaligenes sp.

Fusarium oxysporum f. sp. dianthi

d = . :
= = |Pseudomonas putida Fusarium oxysporum
Bk o Pseudomonas spp. F. oxysporum, F. oxysporum f. sp. cucumerinum
Fusarium oxysporum F. oxysporum f. sp. cucumerinum
(non-pathogenic)
5 Pythium nunn Pythium ultimum
Apsk

Rhizoctonia solani
(non-pathogenic)

Trichoderma harzianum

Rhizoctonia solani
F. oxysporum f. sp. melonis and vasinfectum
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7} iturin A2 ronribosomal 3!/dol| th3l gene clusters 33Tl 1Lk T T el o7
stoid of ot A7 FH Moo gy 9l A gelrh

Al ddolL 3t 3l Sk kA ok} shAl dRe] e
2013471 40%E L&Y o doT oy ujel Fehmors tiAY 4 ol RUT ekl
AR 2ot 4T Lal HoE Qon dlFHUCh o T Flol ulep Rt wra#e] why
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o

o =4 AT, h=Eeel el A s

A AHl(E R, DRleto] o &) dlote|z], T8 slol e F)ollA] 43 |‘v’| ZTh 20031 Fof
=i 2 Fx5 @Ielefo] e e ofsf fo] HIPEH WAHE A=t #EA|(B. polymyxa
AC-1)2} v FFELier w8 &8l AAb=3LH|(B. thuringiensis)5©] L= =otoy =5F
olef 2012d 129 Hzl 37-F2] vl =& 2f 252 Azpetesel2 F3ste] 39E2 A=E
o] E&2xylo| A|zhE 7 QITHAE 2). o] & AEA 25F 7FEu 19F0] Zufola] AfstEeln, 6F
o wyugen, BEd BE F 630 ool AT 7EES Fdsele, 52
Azl 158 U8 AZelabn etk I 2GR w8 A

Z oo x Az W AMId S =6t Bacillus
vallismortis EXTN-1 ¢ 7-Z o &sto] Az lyofe| vids]dd=r] of T2 A=l 7172 e
ARA| Bro| 7] 4hE 2 BhAl A Amo] AR e v A SR vthl 2, He AR £ s
viohdicty B Eelch o] #Fs SFUeesr s oldE el 20060 5T 100]F2]
AES 2457 glou] Hd AE] 2 vjEe] A7t 1009 ¢lof o] 2uhT eteA otk

A
b A T T o e et A= ”i‘w’ﬂ%oll AHojd S LhE
subsp. krictiensis 7o -y F

“°] iturin F}J‘—
Al717] $13 }“4 ol w77t A4kt iturin AR FHANE %F%ﬂ'ﬂ iturin

A gkl of -‘\':}0']5]'% 37,645 bped| sl Htil = d7jojd S Halstn o Eal2 Badsieict
2%

o2t ol ¥lw & Uthl= ituring ofu] @& Hof 2EH cyclic peptidec|] of 2
Tare] ol Bl Alm Eldol Aelgt A dw &S viEhe] oS Sul2E e el
AR b 20008 T of ol 2N Bacillus 7 Toll 7l WALE[AL 9l A gelrh R A=
Fofofl o] &il= Ay v[de AHES thEE ok Fgddla] AbE Al &7 &5, F 5, Afefad
Bo7Ieh ofg] #Ad el ubet cf 2] #alofl Flvigl xtel & vithuie] @A & fAlshe
P wAHl gel elelch wieha] Al s] MEHE 2 A4gst7] glste] &2 EolA 2] w52
Ned, dEAAL] Al 5 ofr] 7Rl AlR7F @afel s o] Folx] 7 ol7] el of#| g U
AMELe] desd Ao ol gEl s vlds Az FHal &dolut Al Sad ol wle] 34l
ol #7184 o vAsts Wl BE 7l E Pt
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Table 2. List of biopesticides registered in Korea as of December 31, 2012.
ot g = | 1o [2zol 22y SE3ZH%)
1 [z Ao = opd w2 4 0 e o) AT u[u]1501 3317 1x10° cfu/g
2 | e A ] BB 224 BE 2] AT H]H] 1501 & A 1x10° cfu/g
e e R B el e e e e R A B e b e e e he e al | 110" cfu/ml
4 | AT A e BB 2 BE g] 227 T akA| 2x10° cfu/g
5 ||| A Bl & 2o BE B 22 Q] 0}o] 600 21| 2x10"" cfu/g
6 4|l B b 2 1R R 225101336 4517 110 cfu/g
7 b d A | e B T Bha F 2] BY ] 2o T B542-1 KAk ERA| 1x10" cfu/ml
8 |4 AL o] & |updd A Rl ] Az o] F[o]7]|0]238 ol 417 5x10" cfu/ml
9 | b | || AL Bha B 2sa] B B] 22 1] 365 4=31A 3x107 cfu/g
10 | b | 2| o] AR T B B 2o a] BUED 2] 22 2] 4] 365 o 443} 1x10" cfu/ml
11 | Ao (A 2| ) B o (B T 2o 2] B8 2] A7 0| H]401 -4 H e 2x107 cfu/ml
12 | b [H] 2 o] A | Bl B 2ox] B el 8] 29 0| H]401 - 4F3H T 2x107 cfu/ml
13 |l |2 | o) Al & | b g2 el a2 3o u] A[1010 =547 1x10° cfu/g
14 | | || A B 2] B e 2] 2 ghof 2T] 713 =5t 5x10” cfu/g
15 [ || v i B F 2] B e 2] 2 qhof 2T]713 el At S| 1x10” cfu/g
16 | b |4 7| | A = | Bhd F 2eotR] B el [ Tha] ol 2 A o[ H] A[1121 =34 1x10° cfu/g
17 | ad |4 2| | A = | Bl F 2otRd B el ] ha] ol 2 A o[ H] A] 1121 -3LA| 1x10° cfu/g
18 ||| | = | B F 2 P R B 2 5 o] AT[2808 o 2F =3t 1x10° cfu/g
19 |- | A 24| B | A Tulto] M| AT A 7] A AT] EF2fo]0]324 oM 1x10° cfu/ml
20 | ab= |2 2 u] Ak | 2 E 8l T upo] o] 22 E 1] o) 4] A T] E-5-9}0] 0] 20 N7 1x10* cfu/ml
21 | abot|of | ) B |1 e el bl o] Reul 1] 7] -3 5%10' cfulg
22 | b | A A e A ) T uto] ] 23] 232 2] 2o o] F§94013 -2FA| 13107 cfu/g
23 | a7 |-l || A R Sel AT uol ] ffo] Sof 30| T]-1 4:3H4] 1x10° cfu/g
24 | k2|4 || A R[S el 2T ush A ob oho] #1459 114t 1x10° cfug
25 |k | Al 4 e A [l U] P 2B e B fef o] 4]-1 el s 5x10° cfu/ml
26 | & | A ||| R R 2B TR ubE A o] -] A]3017 T AA| 1x10* cfu/g
27 |2 | [ = el Rl otrpAl obuER| e o] 2 o o] A4k H B A 1x10° cfu/ml
28 | = | |1 A = | Rl oFHEA] o LT[ HI ofo] -1 el 2t 1x10° cfu/ml
29 | = L = Bl Tl oo AF2fo] e AbaThA 8.5 BlU/kg
30 | A= -¢d | 1| A [B] Tl oo RF2fo] Q) AtahA| 35,000 DBMU/mg
31 | |4 | | A = e Tl ofo] 2l 2to] 91T]423 -3t 1x10 cfu/g
32 |42 A 2| L] A B[ Tl oto] 2F2fo[QT|423 ol Aba=EtA| 1x10° cfu/ml
33 | a3 | A 21| A | H] Tl oto] AR2fo| 2| H|413 ol b3t 1x10" cfu/ml
34 | o3| A 2| L A= | H] T FF = AT B 16 BIU/kg
35 | | oA = VB[ T2 2EF7] YAl - Fh 10%

36 | =Y | = BB F EATH] A2 64 BIU/kg
37 | = | A EtetofxiT] ehel oA 0.15 %
38 | abE A 2 || A F A Fouto] M 225 W A T M- AT H]8]-2032 4-EHA| 5x10" cfu/g
39 [ A& || A st e e ek 5 53 %
*Source: y= 727 -5m| o] 7] (http.rda.go.kr/board/boarde/do?catgld=menu_id=ofc&boardld=openda)
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2 meloRFE] 2E AL welZoel wws|g 23488 Vthils Bacillus subtilis

=
wrE U=SAnastd gyl Eelstin L S4E HAlEke, o] @ F 7 65 /2] iturin A~F
S Aatst= & #lSE Bacillus subtilis subsp. krictiensis ATCC55079%. wHrigh 3= 1992
of o] 5= #HSstdch 29 o] 7S o] -5kl dturin Ao Hefdl iturin A

. =3

1S F 7 Y37] $15he] genomic library screening= “£3sf 30~40 kbell 3§ ctdl= cosmid 2=
;

Yo T ojturin I FHRAE ZEUS of iturin Aol Hofsh=

Hebw, T B4 AT F oudn AgH FUx

44

l

Ll
A2 7E 37,645 bpel| &glcie N
f%F &d7] 442 GenBankol] 7]Ct5F. 7|EHH 5 KC454625E Fof 2ketrt. Tturing oju] 2.«

o
o4

Mol B4 cyclic peptide 378+ -do|uh iturin ARt Fdxtel] fgh 4 R= 2,0000 chof

& FAoT e ozt &4 "R Abgsrs diE e dEstee 24YE Tt

L7 alth o]x el gFalalal ok rfAFlT =) Asbd S oz 4

AA — | =] T DT —
ool iy TSl ol Aol mbab TA7dell A LLgdka 9l 6F 52 iturind
202Vl Bacillus subtilis subsp. krictiensis ATCC55079 7~ ©|-3-5te] iturin 2o Zrf

d0

H A8 A Bacillus w52 US4l 3bstrl §18te] A Bacillus  subtilis  subsp.

krictiensis ATCCS5079 578 7] Zol vho] &aldl #f2]d #lelobglel nje} 23 Aee A

stelth. iturin A4Hso] ZUIE EQH|FE o] TAE M AT, 7ol Hy4es
ARSI R Qe AR AlEe]l YR Bacillus 2ot HEAg vlmetel 7 91y 2242

UEhis SdHol TS F4vluel DIYHTUATUNN AUSITh T4 dollA] 4L

b iturin B4 FE -5-<) Bacillus subtilis subsp. krictiensis BSM54 +FE& o|&35}e] 50 ~5,000

lier7b2 o) cher ofer #71E BYUsty, AAE Wash AUHE YT TLAYE 43
steoul abelsh bed S chstelth w3 AES LHAI GAAE A §1stl
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2. A7 E

=

ZE

7k Tturin @frE Selviol ol vher vhery g Apd

(). Iturin &b 6 S o] 5 B. subtilis subsp. krictiensis BSM542] lab scale %] 4 w71 2+el

FEH 0T jturin HdMelFE A LH B subtilis subsp. krictiensis BSM54 H o] 2]
#elshr] 9l
20 g, MnCl; - 4H,0 5 mg, FeSOs - 7TH:O 50 mg per liter)2f (5°) 2glHfe] @ elofa] 7l 2H
~relsh 2] 3 Bacillus spp.ofl thAl 4 e % of& st Mab=ele 7ix|= GB-BS ol =l

Davis minimal medium [Glucose 0.5%, K,HPO4 0.7%, KH>PO4 0.2%, (NH4),SOs 0.1%, MgSO

B
[
)
e
J[(}
o
Ol
Qlr

fol 7] &0 AF¥H 3] (sucrose 30 g, soybean meal

o

4+ TH2O 0.01%]S 7] w2 % S| carbon sources(glucose, fructose, mannose, maltose,
lactose, soluble starch, pectin, xylose, galactose, glycerol, cellulose), inoganic nitrogen sources
[NH4Cl, (NH4),SO4, KNOs3, (NH4)HPO4, NH4CO3;, NaNO,, NaNOs;, NH4NOs], organic nitrogen
sources(yeast extract, tryptone, malt extract, beef extract, peptone, urea, soytone, soybean meal),
inorganic salts(Na,HPO4, K,HPOs, KH,PO4, NaH,POs;, NH4H>PO4, MgSO, - 7TH,O, FeSO, -
7H,0, MnSOy - SHyPOs, MgCl,, CaCl,, NaCl, KCl, CaCOs, ZnSO4)v‘3—_ cha|ste] 2 4 oA
& A dstod oo (¥ha-9 @ £ = glucose, sucrose, souble starch -] -§-75hd 2, -7
oFE Hetdow NE OF435Pelon, 7|t <¢zfF = KHPOs4 FeSOs - 7TH,0,
MgSOs - THO Lol H7bs(ol s 25 903 Adeg s viEhbalot), &4 sz 448 A
A

2 mRste] PAH =S Awstent?) (% 3).

Table 3. No. 54 o] -2 nl <] oofulsz 1 spore 37 vl

Jo B3] 7 GB-BS Blj#] Davis {13 vjj#]
odel Al (CFU/me) 2.3E+09 4.4E+09 1.7E+09
AR (CFU/mY) >>1.00E+08 >>1.00E+08 >>1.00E+08

F. oxysporumoi tf3t

inhibition zone(mm) 16.12 15.98 12.87

o oAzp A kA ofa] W rEE A2kE Uthielew, Ba] Axdolu} A e

stol 2 29 GB-BS =& 24 Aabuj=| 7 4 Asteich o]rbe] ojx|E 72T ek #4

olzb T2 ulm vfoFA 3 & 5 liter jar fermenters o] 8-sle] = (20T, 25T, 30T, 35T,
i

40C), pHZ (pH 4, pH 5, pH 6, pH 7, pH 8) #7& #<¢ls

dr o
I
d

ol © 1, aeration, Lf
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=

E A5 ofer 242 #elstelch. Lab scale(5 liter-jar fermenter)”toll 4] vfor 2]
Az Hw a3 22 pH 5.0~8.0 He|olA] o] ¢
|t

| el Al cell growth7} 719] alojubz] gpoith £

Ny
Pate ut
|&
C
—t
oN
N
N
>
i)
o
N
(63
4
1_

u

S 30Ce A 7h4 ebd gel Aladed S odrk 27 43w 1-5% 25 598 43}
£ uithdlel ey AAAE 2 Teste] 2% gEF wrF A4t sgsteivi(zTy 3).
As Fdufz2p #Ad ol=bD o] 85bo] 5 liter jar fermenter’tol | No.54 Wl 7-2] A7t
M MRS HUslelw, culture profiled A44317] $l3tel wjor £ 44 QA7 704)

4o welsiel o, Ak ¥ e

o]
AlZtutct pH, DO, v+ 9= Bl FzRp4E #2454
L F

2
. oxysporum?2| AHS 2| Z| g (mm)e] 7] E iturin®] A AkeF

oF 14]7F o] FHT] ZHo| o Folx]7| Al4slelrh of 6-164]7F Alolo] &I E71E

olEelouf #up Zavle] & F4E 21x 100 CFUmlI £ 7 uiytch pHe| 2
E 7 oF 6A1U7hA] welAls AeE UTh AR, 641 o|FFUe F7iste! pH
7.00~7.20 rfelolA] AL A= 22 Hedd 4 glelvh sxpe] A of 604]7+ o] 5
of g A7) Al g3telen, of 72417 o] Fo 80% o4 FAFE FAdstl et Alzte]
Aastel o M2 G FEe] AR AR A s ettt (2w 5). ol & AWAdshY] 2]Eh
szl edeluh el 2d& £dstglen] 4% dturin SEE el L HUY 49
%7 Bdo] 428 o dolr}

e

(2). Tturin S4PE Zd s o] B. subtilis subsp. krictiensis BSM 542] pilot scale #| 4 %7 ]

Pilot scaleof[~] “d:l27 =l parameter= 2 435}7] 2[ste] 50 liter (25! 6

. i 4) =500
liter fermenter (.51 7, i 3)E £-E3to] FFAfstelch Al ¢lzl2 = FRbael nfor k),

'\_.1_.'_|'|_.

©% A, pH, DO 8l ulAl% 1w wah

3]

(%408 st 2 Ay

AwrE vfros A= uf ituring] AAtek [Fooxpsporume| #8-E #| Z] %(mm)_‘ll HIE

iturin®] Ag1bers FA)S Helstelch

o

Pilot scalevl| 4] flask culture3t vlfored2 seed ™ AFE-She] nfolS A A|shel , 2 A]7he

R

it

nfofede] Mg e Tl 72f 8o LThelch ook a4 F ook 18A] THER] -Alofo
stedn, o5 dr[7]of dolSod et AR g A 782 5 liter fermenter LT

gastol o), A EShldls A0SR Este] P @ g RAL ohE RS e

- 116 -



6.0E+08
4.0E+08

2.0E+08

Gell growth(cfu/ml)

0.0E+00

8.0E+08

7.0E+08

Cell growth(cfu/ml)

6.0E+08 -

1

Initial inoculum (%)

2 3

2 1.0E:09

"E 8.0E+08

E 6.0E+08

S 4.0E:08

= 2.0E+08 I
| | || S 00R00 ™ BN i | | |
7 8 20 25 30 35 40

Temperature('C)

4 5

Fig. 3. B. subtilis subsp. krictiensis BSM542] njjerz] & 7 elx} 22}

Cell growth (cfu/)
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Fig. 4. 5 liter-jar fermenter’! 2] B. subtilis subsp. krictiensis BSM542)

A2 patterns
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Fig. 5. B. subtilis subsp. krictiensis BSM542] & n| 7 A} %l

@: AT, ® Fab 8 et ® 7], © ojtER F 4t

Fig. 6. Photograph of 50 liter pilot scale fermenter used in
the study

Table 4. B. subtilis subsp. krictiensis BSM542] working
volume 40 liter®] wjoy = A

IR jeF =1

25 30C
Aeration 04 - 0.7 vvm
Agitation 100 - 200 rpm
Initial pH 7.0+£0.5
W e 0.5 - 0.7 kgf/en
Ant ifoamer 0.1% silicone oil
pH, +% =4 5182
HAEF= 2%
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Fig. 7. 50 liter pilot scale fermenter’}oll A B. subtilis subsp.

krictiensis BSM542] A1 8- patterns

<H|YZE>

«18hrs>

Fig. 8. 50 liter pilot scale fermenter’t 2] B. subtilis subsp.
krictiensis BSM542] #1173 Ap#l
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Fig. 9. 500 liter pilot scale fermenter used in the study

Table 5. B. subtilis subsp
300 liter njjorzA

. krictiensis BSM542] working volume

i

=
=

HH &F &=

2=

Seration
Agitation
Initial pH
LH 2 &=
Antifoamer
pH, =5 =&

Fd
=

OFH

]
= LT

0.1% silicone oil

30°C
0.5 wwm
120 rpm
7.0+0.5
0.5 kof/ce

H=
ey —]

2%
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500 liter fermenter2] -9~ 50 liter fermentercl ] seedS vfoksto] 4= 4] 500 liter

working volume®| 2%& & &35t HA|steith vfer Al4 - F wrb S7H6E7] A4S
o 16 Al ol oL o] Zesteen of 5 st ¢lo] a2z} A 7lol Heldls Ao
2 Ubebuith Al Lwls 2184 lab scale T 50 liter fermenterof A sl slstis AT L2
Z F4E Beley (55 x 107 CFUmI), ¥2F $4A7b w3 glo] ghad™ e o 4

olevt B dofHlvt ael Axsl Hedshul 2tk

(3). Iturin 406 LA Wlo] 7~ B. subtilis subsp. krictiensis BSM542] plant scale & 427 2]

Plant scalecl] 4] 2| culture profile B! #¥4F T4l 2431 A3l T A Az pulel

N

plant scalecd| ] 2] A¥xb 24A A% ul parameter A4 A]8.2 Al A]steich A€ -E 5,000 liter

fermenter'= A7 U5 serg Arbsls AH]E o] &slglon, sfa] X Bl A4k EAS

4
&
r

pilot scalecd| ] #43F 2AHE o] &

)ka
Qi
=
+0
_l-
'_[
=
O
o
=
=
a
o]
=
o
’.:_'7
o
o

S 457 918k A Ak

vich pH, DO, L2 & 29 ul FzxppeE 2]&H4 07 #elstel v, A5l o iturin®] A4k

2r . 2ol SIQICHF. oxysporum®] A5 Z]Z|$H(mm)e] 47| % iturin®] A 4kef2 4] (Tl
T 6).

Plant scale of ]2 A¥4b Axfef wl}l culture profiles 44 3Feltl Seed= 500 liter

fermenteroll 4 sfokstel dFekdom 43 5 @l Zrkskol A dstel of 16417 A3 §
74 e Z7le e rhfelnh (3.7 x 10° CEUml). 3F T aeel wa)p sixdere] A9

T2 thA 7} SrbAa2 A Aady]o] AAE slory T AHelo] HBalz|s o

whoh A s] Aulsfol Trbstelont of § gwaafe] Lol whoh sjef TR Al @k d Y
Tl x §REe AS LERgTh eo]als] = FH profile Almo EriE bl d rfef
Wik A e ATshETk (211 13). o)4e] AawlAl Bl A e Tabold ARl A
o AAlsHe AlaRish fobsbl Aselsl wiEel k) ulg el W 5 sl 4wl

o5 sl FPstnl ol AbEFEHTEH Zajn z[Esb wgl Aujrpe] Hghs glebsto] A xd o)
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L dmeta, 2esad. -

— — 1s
G an® e e®se ¥
- a4
4. 00E+09 - oaz

L4
b
=

[s]
IA.00E+09
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Fig. 10. 500 liter pilot scale fermenter’toll x| B. subtilis subsp. krictiensis BSM

542] A5 patterns

<20hrs> <H| %= 2>

Fig. 11. 500 liter pilot scale fermenter’}oll A || o¥3t B. subtilis subsp.
krictiensis BSM542] #1117 A} 2l
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Fig. 12. 5,000 liter plant scale fermenter used in
the study

Table 6. B. subtilis subsp. krictiensis BSM542] working volume
3,500 liter vjjo¥ =4

3} ek =74

S al
=t 30C
Aeration 0.5 vvm
Agitation 50 rpm
Initial pH 7.0+£0.5
SIS = 0.5 kegf/cn
Antifoamer 0.1% silicone oil
pH, 2% x4 B3
HEs" 2%
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Fig. 13. 5,000 liter plant scale fermenter’}oll A B. subtilis

subsp. krictiensis BSM542] A)<% patterns

(4). Tturin S4EPE Z¢ s o] B. subtilis subsp. krictiensis BSM542] =4 A 7} =]

Step 1. Agar plate vl oF

daflofTlof Al uforgt

4

=

vl
©—

: Glycerol stockoflA] LB plate® 4. 244]7F o|Lf 30T

T single colonyE #¢l3}3]ch.

Step 2. 1st Seed culture (250 mé- A flask/working volume 50 ml)

A. Medium
B. Cultivation temp. :
C. Cultivation time

D. RPM

* Autoclave(121°C, 15min), (step 1)2| agar platec]| | 122 % 1] 4

: LB broth

30C

: 12 hrs

: 150 rpm
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Step 3. 2nd Seed culture (2 ea x 3,000 ml- A flask/working volume 1,000 ml)
A. Medium : LB broth
B. Cultivation temp. : 30T
C. Cultivation time : 12 hrs
D. RPM : 150 rpm

* Autoclave(121C, 15 min), Seeding volume : 2%

Step 4. Main culture (working volume 40 .4 /50 .4 -Fermentor)

A. Medium : GB-BS Broth
B. Cultivation temp. : 30C(+ 0.5)
C. Cultivation time : 20 hrs

D. RPM : 150 rpm

E. Pressure : 0.5 Kgf/en

F. Air : 0.5 vvm

*Autoclave(121°C, 20 min), Seeding volume : 2%

Step 5. Main culture (working volume 300 ¢ /500 ¢ -Fermenter)

A. Medium :  GB-BS Broth
B. Cultivation temp. : 30T (= 0.5)
C. Cultivation time : 20 hrs

D. RPM ;120 rpm

E. Pressure ;0.5 Kgf/en'

F. Air : 0.5 vwvm

*Autoclave(121C, 20 min), Seeding volume : 2%

Step 6. Main culture (working volume 3 ton/5 ton-Fermenter)

A. Medium : GB-BS Broth
B. Cultivation temp. : 30T (= 0.5)
C. Cultivation time : 36-40 hrs

D. RPM : 60 rpm

E. Pressure ;0.5 Kgf/en

F. Air : 0.5vvm

*Autoclave(121 C, 20min), Seeding volume : 2.5%

- 125 -



(5). Tturin &4 PE =¥ o|F B. subtilis subsp. krictiensis BSM542] 8 2ba=8- 74

Plant scale 7}%]2] o} =42 483k A3}, BEL sl Fa-o=(1.0x10° CFUMI o] 4)

T

=
Ix

O

seketgl oLt ojora)zhe] 475t Bal(spore 314 AlZbe] £7]3h) B2 WA go] wEuglch

ol Z R ¢lFle] 71E AAH A TASE x4sielon] At fzp Ay w38
ol A& 23fe] 2t AL ofef2} o] A (7 7).
Table 7. =& 5412 93 nllef==a2] 7l Abed
T8 A el

Step 1. Agar plate BfoF

Step 2. Ist Seed culture ul A

Step 3. 2nd Seed culture L] A
- 2l =]: GB-BS Broth

- UHO“\] 7b %4 1 20hrs

- Seedd & ek 2%-7%]

- 1EFO_1P e

- A¥abof2]: GB-BS Broth

- BffoFal 7b 224 ¢ 24hrs->20hrs

- Seed ¢ T ek 2%

- el ol

- #1218l =]: GB-BS Broth->GB-BS Broth-1"
- Seedd T2k 2% > 2.5%

Step 6. Main culture (3,500/5,000 L)| - vfera] 7t 524 : 40hrs->32hrs

- RPM #4 : 50->65 (DOZF &=4¢1)

- ekl ]

Step 4. Main culture (40/50 L)

Step 5. Main culture (300/500 L)

* GB-BS roth-1: GB-BS broth®] vWix| Q1 F7F+= 1A, 21 stgke] Was &,

7hdgt Z4ef ulel pilot, plant scale cultivationS A|gF Az}p v]ALo] Ago] Zufy el

o] gk ylelnh (2l 14).

21 sporulation®] A|7F tE3H

«r]
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3.00E+08 -

2.00E+09 -

Conidia Countsicfufml)

1.00E+08 -

0.00E+00 T ]

Traditional New
process process

Fig. 14. B. subtilis subsp. krictiensis BSM542] 7] ¥

B0l M 2 @As v

(6). Tturin &/ S o] F B. subtilis subsp. krictiensis BSM 542] A A& 7§t

—
—

Plant scale7}#| )3} Tturin &2k S o] F B, subtilis subsp. krictiensis BSM542]

el ferEAE RO T Mgk ojotel S t]ao T eabH(AS, Ul AR uferglel s F7)4

A AATAZ F2A ok Rl BAstel AbEIIU NP uARS AUOT Y3t

A Baste] AbESHE AE) HS it WHAGM, sherdlel i ojalH ulARE

Qlr
2
41
&

!

moll ElAsle] AbRshs AlE)E St AER ¥

(7hH. pH =4

Iturin S48 Sl Wlo] T B. subtilis subsp. krictiensis BSM54 - 7-Z 5 ton 8 oF §-of+=
vfottmel 2 &F A =FE T edo] H gl doe] =7 ulfimol sher Ew (94 4 2 = spore

A e Tl S TE) 47 ek 7l vell A pHE 4 E 3 e 2 g shalch
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(Lh. REA A 2

A 771 AR o] A of oy ol o] BHE oA

o
Cilr

Bt = 7] w ol 7] = A

Ak

of Ab&T 4~ ol g S ALEstol B subtilis subsp. krictiensis BSM54¢] tieF wfofelo]

Al

obfio] 773} AlEe] olFpsld A A%, A4 obdad T ool 74R] AR 232w

1 oo

A4 4 9l REA R A2l sharh,

@©. A=z &4
- ol 23] o H(serial dilution) & o] &5t ot oabr] wE2 #adshoith
- Z[H3 7lES LB agaro| AsF =P 4 Incubator (30TC)of M 1~29 wfer -
colony = Al-1-sloiTh.
Q. =l &4

CeHer TE P PAY sHerel2 A fastel UE

- REGE PR Ale 30, 40T 4] Baste] 1, 3, 6, 10, 1550 pH, el 4|

HFUA S LAt (7 8).

Table 8. B. subtilis subsp. krictiensis BSM542] QC 7 &} 7|+

s e 24 B9
Bt Ego] vz glual oAk
E > L =
S’IJ::I' )_I] ::].a I\E}Ha L:‘jl C;_Q_—" B = Tl 0
BA T
7% BEZ25922] 10 o4 o]&k F47
B CFU/ml & mEEgel 10 d4 o4 24l
Lbefop oA 4] Zeb)

fal BlEGE) | A& wew |5

()\—

) Antifungal activit oo :
= N L %ﬂ: LmLHo i
L A RS IPN AT A PE g
o #hefad =, TE Ejoll zjﬁ ]Zlq - fj” glefol stof 7]
: = T 7 B okl
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olske] turin mAEE S Mol 5 B, subtilis subsp. krictiensis BSM542] nfjofel 2 A 2|3t
A A EZ AHA(AS) s A @A (SM) T Stef A o bl FLogola] off - o3 & 4 7t
ShaL, AbE ElTd & T stoinh w3 v Al e S E iR §o Al de] e AR
ghebsl A9 chergl Al o) Alwshs @ Aolu], b7l AR A B aalel R e
st BPA(T, v A=) S5t A5t & o dolTh (g 15).

Fig. 15. B. subtilis subsp. krictiensis BSM54 n] Yol (b=} o

R sEap b ($)

Ll Tturin @408 =Awd o] B, subtilis subsp. krictiensis BSM54 A 4| Z2] #3354 2]
(). Tturin S48 =¥ o] F B, subtilis subsp. krictiensis BSM 542] #|31 cledgfe] o @ 4
uldle A ok sHsie] B4, Aul 717k Fete] At - 712 - 55, Al R E Tk
Au BAo] wlel 4g BRI TIEA sfop & Lert r old ulel uldE AAY HEE

oW~k 2=ZL4|(suspension concentrate), -~ZF4|(wettable powder), gl
3

A e ulgE A 2

v AgA (AS, v e

n_

=

2}
£ clory slvlw AeHt 2 dT

stol 13442
B otol 2hg

(granule)

A B QA E

\,
~

oo

R

RAS ARF AL =ol stALE el nld=
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©
g
ot
HE
e
il

o

\c«

Jajsto] AbESHE A% FS ik ATA(SM, vhakdlel b uferd LRSS R 2%

sto] ofstog zAFhgt Aor mo BMste] aAbEels AR) eI thte® 94 iturin

S4E S #e]lF B subtilis subsp. krictiensis BSM542] AlHE o % Evisielon], I

A ZhLE|o] 4 Szl (WP, Hato Ta] Lo 3alstole uf $3lel= #8), 24 (GR,

datomal dakel s bR AR, A A (WG, At e F ] ol g2 ste] A}

¥l A¥) we dE (GM, w8 ookl & ko] S Ao ZREstrLE SR A
234, oA Bl Aol siutE | ¢be AE)E A, bl wl Hola 52 7 dlo]

T2 el AE3} rsfoade] 2o T ap&3 212 283 Aot 204 olabd e} by

sz Sol 7hd glo] o Goki kAl (WP) AH S

.‘

Aiat7] Blste] 2d £AS lsoiny

AR o] B. subtilis subsp. krictiensis BSM542] 4EZLAH|(WP) A& A +E

4 BAS A ore Bol AT AR NS UAE o £3fe By T

Al st A4 s AW chuzte] B AR @ 4 otk £ AT FRFleldE ol R 2w
prd

& alEk ovendll Al A2 7ol RS ZubAv]s Rl R A thah Heflal s shab Zlgshu

o 7hEl AlEe) A4Sl AT wEe

A5 whe o (2% 16).

Fig. 16. A xA8 Az (52 A271(#), EFA271{(5). dZFax7](%)]
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B. subtilis subsp. krictiensis BSM54

Z.

i

7h. 2+

A of 4]

VAl

Ak Urhiel el

~
=
B

Z0
~
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)

)
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o)

1

4

st

A AR

2 o]

e

Convection oven(C/O)
Z7] H]

O_m_
K

an

Tl up AREH e

Spray dryer(S/D)

teick

2B 35

EE

*

Yz
.

=)

=0

| &

= o

ol
i

Freeze dryer(F/D)

LhEpul

ch (22 16).

=

had

el ol A1

ori 2|
Slob

A

LT

Table 9. || &) 3}

—_

|8}

T

el

ghdol

=] 617

ul s
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o

steirt (g 17).
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ol

Az

Fig. 17.

e )
—
.

HA 7

_._o_.l

2 2

fed

- B. subtilis subsp. krictiensis BSM 54¢] vfjarFel.2

k=4
|

O] .

1{1.

i

Lo
=

S

iturin

uf et

5T

2% FAT 44

=
T

B A 20%:

)

™

X

A2 H7pstel zpatolld Bacillus sp.

AR

I

Qastol 2lzsteirt.

2917}

7b viTh

LRy elt) (3 10).
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s40] 2} AEE W ol Bhety

O =
A4 wbgl 2 B subtilis subsp. krictiensis BSM54 A 3 &} A2}
SEER
Fap AR e REE
4 A« 80% of % 4 o
AE A% 30% 3t ot
BEoA 60% 2 =

) AR x el wheb Y ARS Axsilont RE YT dsts
FEe] Fab 4 8l olBhety Aar S ANE Qx| Baleirh o & wystnat o

AT VE Abgstaou clelt RAE ksl dx F OEASE FAES
FEsleTh AW 23 BAT M6 FUL Foll4] 14 w2 Fast Uririoy
wE oA HE3 715l 1.0E+09 CFU/g ©]st& uviohup A fadeo] §ls e
zrer ol et
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Table 11. B. subtilis subsp. krictiensis BSM542] & 3=

WAz T EA R A

)
o 3
(N
=z
sy
>
2

IR A& T @ (CFUlg)
tf # |Cultured Broth 6.8E+09 (= 7)
1 |Cultured Broth 1L + V 1lkg 1.0E+06°] 5}
2 |Cultured Broth 1L + V 1kg + M1 100g 5.4E+06
3 |Cultured Broth 1L + V lkg + M2 100g 1.0E+06] &}
4 |Cultured Broth 1L + V 1kg + M3 100g 1.4E+07
5 |Cultured Broth 1L + V 1kg + M4 100g 1.0E+06<] 5}
6 |Cultured Broth 1L + V lkg + M5 100g 5.1E+07
7 |Cultured Broth 1L + V 1kg + M6 100g 8.0E+07

A% A2 L1 20%E FUT AR Poldi Al B ER ostE uUtht £F

ohoobd ATRL 2] A 5% 8 e Az T ool Bl sk Al

Cha- olel® oF arwido] ofshaty WAhe SATIY] i) 4B AT 44 T
P

BEAL AR o] AR delth AR 23 L4 10%e] LS 10%E R
ATl 7he s 2R rdAS UEhiolen ulmd orgal o|Fsld g LEhy

2ATE (ol 2] Az}l LAt 152 A-¢ #HatolAl AlF3te] o] &Shs Azfw 44 7l

A F EHE dRR AN E AE Floldt Azfdd). AR A SFAx AHH
= 913 FA T L4 10%+LS 10%E 45kl Akl Ags zsstelch = F
of A AwFk 71590 1.OE+09 cfu/g o]stE ULIElLE FEdaset Solatr] dEde] gl

=] . Do - =
A% FHS P WA W RRe] HIE F A FEIU TS Rolb
UoT MRECh BEAA A AP ARl vl uhel MESl] 243t et
3F Q4B FAE JFLT BRAUS F 138] Ushholth



Table 12. B. subtilis subsp. krictiensis BSM542] A Z Az A8 W
Az 7 A ARA AT

Bf g ul dz 5 7 7(CFU/g)

tf] = |Cultured Broth 6.8E+09 (= 7)
1 |L1 20% 1.0E+06 ©| 3}

2 |L1 10% + L2 10% 1.8E+07( 550 +13h)
3 L3 20% (=3 =71

4 |L3 10% + L2 10% T2EH07(G o] dgh
5 L4 10% + L2 10% LIE+08(Z 0] 413h
6 [L4 10% + L5 10% 8.8E+08

7 L4 10% + L3 10% 4.6E+08(0] 3tk 1)
8 [L4 10% + L1 10% 5.1E+07

9 [L4 15% 1.0E+08

Table 13. B. subtilis subsp. krictiensis BSM542] F#+5-Ax 24
o = #7 u2
o ab]? B. subtilis subsp. krictiensis BSM54 0l 2Fed(100%) : L4(10%)
L5(10%)
Inlet temp. 190C
Outlet temp. 90C
Air pressure 0.6 bar (A& *efol ulel #H=)
AW Feler 2.0 liter/hr (A] = “elfol wheb #H5=)

-3l

* a: UfRhd]y s AT Ghale S (W SRR

ol
,
™
al
otk
1o
N
-
s

b e AAslelTh (R 14). A7 AT 3l Aol 4]
Bacillus sp. 9 B#o] A% AE Sol BYA AfEs A7 Ggds 25 44
slo] A48 AAsielch AlY 23} FILIZE F3-S1S Fa % AEt Tola 714 52
®ap Qb4 UThuglth alLh F3S1S BT ARE 49 Do 2 x| o}

=]
iy
AZA4E 1% LA FILIE 4d4steich

Jl\

olFter4 Adatel A7 A 4 gle]
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b A"eldl FILIE ®asty] $18 247 F
AAIBHeTh FATIE ARAZE A& 5 243 24 Atz gls) A4t R4T

Ad o s} Ao g

= 0=

S «_,‘:! O] é!(f*{ /F‘,!‘()ljé‘l-?]-

G T R R R s
F5-W1 10%0] F1-L1 5%, F4-T1 5%cll< 7h&b b & Holodvh vl Ax] ebdsd Wi

A FS-WI FT dA7 igts] 248 ¥2 ¢4 vth.

)
<
i
5
=
rlr
-IL
N
e
1

1

Poagistth wuslol shalsteinh walsk ARl wiE ul&E AW A7t sher TEe

tju] F1-L12} F4-T1Z 20% tf 5%= @ A5 §-138F 420 vlebujodcot w3k A
1

L7 2 F6-P17} F7-Gl1 & 2b2b 1%8$) 025% % A7psle #A§ #1

Zhov dal m3h sleks] b Al S ok A gladrt (& 15). ofte| AXpS uiele R
AR el 0 52 ufoF ZE e volume tju] F1-L1: F4-T1: F6-P1: F7-G1-&
20%: 5%: 1%: 0.25%= & 2.9 7t4 b deln 18 dis2 42 ¢ ook
Table 14. B. subtilis subsp. krictiensis BSM542] -2 Az Azx A A8
Az F 22 kg A9
o 3k w) A+ F wa(CFU/R)
ti 44 |Cultured Broth 6.8E+09 (7= H)
1 F1-L1 20% 3.1E+09
2 FI1-L1 10% + F2 10% 4.0E+09
3 F1-L1 10% + F3-S1 10% 4.8E+09
4 F1-L1 20% + F4-T1 10% 9.4E+09
5 F3-S1 20% 3.5E+09
6 F3-S1 10% + F2 10% 4.3E+09
7 F4-T1 20% 1.5E+09
8 F5-W1 10% + F1 10% 6.9E+08
9 F5-W1 10% + F4-T1 10% 1.1E+09
10 |F5-W1 10% + F1-L1 5% + F4-T1 5% 9.5E+09
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Table 15. B. subtilis subsp. krictiensis BSM542]

ol

4wz A7

THAAx
e

e Tz A A
(CFUlg) (40T, 7%)
FI-L1 20% 3.1E+09 7.4E+08
FI-L1 20% + F6-P1 1% 3.9E+09 8.2E+08
FI-L1 20% + F4-T1 5% 8.7E+09 8.1E+09
F1-L1 20% + F4-T1 5% + F6-P1 1% 9.4E+09 9.0E+09
FI-L1 20% + F4-T1 5% + F6-P1 1% 9.4E+09 -
o %3 + FI-G1 0.25% 1.5E+10 1.4E+10
Ch3 + FS 5% 8.3E+09 6.2E+09
Ch3 + F9 5% 6.6E+09 4.1E+09

sy W e wA Bl WE 24wy Mg ARE Bl 43

1l
A
)
o3
-
-~
d0
Gl
-
P
L)
[c
=
oL
i
o
X
s
Qlr
-
hard
[t
b
£
ok
A7
2
2
e
_l\.
ke
_.V_'
2l
1o
2
s
o
0
cl
=
Rl
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Table 16. B. subtilis subsp. krictiensis BSM542] -

=] A~ < H
s g

niol

(]

0=, Z2A

Miller type Diaﬁz?ei:glm) 100% Pass (um) | ZA3] 58 (%) | 300 mesh & &
Air-jet Mill 6.5 29 79 99
Hammer Mill 9.8 58 88 80
Pin Mill 10.1 44 86 84
Control - - 100 57

N
N
ok
Hir
=

l
i

Iu
huj

C
o
=

W
S
S
8
2
5
l'lH
J[(}
)
NS
X

o

>Hﬂ

bl
D
£
_1 W
ok
i
=
>
=

11

i
&2
~
M

fo

FEsteiTh DU BT QR Fal Ede| ol MH T

H4 £a TACT pin millerd ol BSlel ARHT F AL ul BuyE U 4
airjet millerE ol &3to] Rasi T4 oA )

E_—vz
\_.‘:"LO

of ulel 4] ¥4 5 &5 S& LAB| s AYS Lselon), Ay

A2 50 gmin o|3t2] L RolAls 4 e ob|ul Bl E Bl ER s Fo] F49]

>]M
N
C‘Ir

Fel e, 100 g/min o4tz ESRofli]s & F&o] Yol 325 mesh 7]F 90%

ujgte] L2reE Uehholth w3 airjet millerS ol &3tol HT AT Fap 422

E0) QrdE E)n e MU(RD A, B ObE - ol AR, mA o) e, 2 wol
ZY 7H ol R, A4 YA B)ES UE shelrt

ch Iturin =A% EdHolF2] 52 eha Ayl

7R3t iturin SEpE S@ W o] 5 B subtilis subsp. krictiensis BSM54 @4 2tA| (AS, ] A=
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P ol B AEte] A&z} ofolE v

Arto HAssle] Hol TAste] AlEsis HE) 5 ik BUSM, ok sl

MAES AEd wrlsdA 55320 5 2] FE A B 24 ARY ool
lout AETdCsAR eI e dHdRTlsdAAArE Therld)el o
A5 Sdalg SRt Aeel kel vtk 71E A gl s 2bste] ALl
ol#laln| Yaln A 4o g HE7|e] Abgshs 4re] ARHS A Hdlsielon, F5
= N AlEe] A s cEvkstel AR 49 dovldE T 24 AE Al

ol AbsdaAmel A #E AbSAl (PLDZE 0.0 (71 PLL 105, oF ey ab54
Agel A o dul 2SR (A0D7E 0.0 (717 A0 10 osh) o5 LpElL) & Sodol
thetel ebd el Aor Helwgch

L —

(2). Tturin 408 S olwlo] 7 B. subtilis subsp. krictiensis BSM542] 21ej| Lod 4] ¢

m

22l AE shehol vhgt E7HE F3te] AlEms SAdsEty] 213t A Ads Fssteio}

%
o Utiriow, Bu FA4E 840 49 A% FHEE o4 ErolAR 44l

Je vthitt Basda s el o n xapeglch

O T 0
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). Tturin &4 PE =¥ o] F B. subtilis subsp. krictiensis BSM542] 8 L5-ak20 4] &

thgt dbs Sobe] =S Adslsty] glgk obdd AR S ARlstednh oA} oFsiAl R
A3p 5712 Apel TAR(ARE upuul), i F(EUE3T), HF(dE23), fol(d 2sdciotr),
F(Wel) 5 ol Aozt sfstolld a7t dol 9l Ae® sabsgdoh
4). Tturin S Sdwle] T~ B, subtilis subsp. krictiensis BSM542] -3 - -3l ol4dl& W4
N gl
1 Grledaly Eele HoERi o nldess vIYeE AAd Az A2

R L=l tiRt ul s F AR RS, 25, o (CFUME or g) Bl sl vl 84 SEo
thebel qbd 4, el AL S LiEkfelof Tk §E vldE B 22} iturin SERE
S| B. subtilis subsp. krictiensis BSM542] 7| wf -3 ©vl-d= B. subtilis subsp.

krictiensis =. 3+ek2 6.1x10° CFU/ml% ZApslelch w3 A& u §al vjAdme] kg o5

g wAlgh dzp wdelal ol A(Escherichia coli), 25 A 2H(Salmonella sp,), &4 5 &AL

(Staphylococcus aureus), | 2=l v]ol N rfo| R[] 2~(Listeria monocytogenes) HUp/ ™ 2 Az

F#~(Bacillus cereus) %

2}, Tturin &40 =9lwd o] 3 B. subtilis subsp. krictiensis BSM54 x| 4| Z2] oFF - olsj A1 ¢

wh7] sl aulo|sd o sl 7} 40z oFe cfaEal uiekz|al ®igjolth B AFE ahy)
Bolmgel o vl The Tl AT ol =kl slebEw SR8l Tk Aulk il

ANA4E HE AR 7Y T el T AR olMFERE wAsieled orelAy Azfs 33

gl alupeh el sk wh7] b oul S Tt sabsteloh rRaAlE Ak Aer 22 5+(1,000

il A= 60.6%, wier # 2[5 (S00u)ol A= 67.4%°] == wAZEE vthieleu] (7 18
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SY18) ereli @A itk BF AAL WUUOT £ UAE Ho 4

Lev
Fed 2 &3 25071 525 vrhdeley, 4Rt

1 =2 WAZES 7l o ol Hes Ar¥Hch

Table 17. ®7] Al gsto]x]

Hl

N
>,
ik

4 el

ATl Aol

gE LTI 7)

B. subtilis subsp. krictiensis BSM54 4 &F (1.0><109 CFU/ml, 10008} =&+, 7o 714
33 A
Am absz(bsl %

B. subtilis subsp. krictiensis BSM54 vfj2F | (1.0x10° CFU/ml, 500vf 2]+, 79 714

3% #]7])

ol

-
I
H

B

Fig. 18. w7 Alggelny Ay
d7) Aol i (2he)
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Table 18. 7] Az sto| Mol v)gt B. subtilis subsp. krictiensis BSM54 2] )] &
A 2| WA 7}

] o8 T & (%) Foa | WAz | kA
A
1 2 3 31t (DMRT) (%) 4 3}
1,0001H 6.2 5.9 7.6 6.6 a 60.6
okl gl

5004 5.7 5.4 5.2 5.4 a 67.4

T3] 2] 16.7 17.7 15.5 16.6 b - -
CV 10.7%

(2). Ful® Aelmstolsol| tigt B. subtilis subsp. krictiensis BSM542] oF % ol ofslf A%

= AP FulR Adlgatold o wid B FEiE Y5 Sle odd AR shd
eheda] dsHaul wvbof A ZISHE|elTh BRI cha] RulR aRalTulolwlo] ZshA o] w

Table 19. E“}E )_t]Hl_"ErLﬁFo]l'g EzPAlisr-l' ;‘(—]E] HEH

= (e

1

= 2] T = A

=}
45 8 g 4F(Ed %)

B. subtilis subsp. krictiensis BSM54 4 2F | (1.0x10° CFU/ml, 10008} |+, 70 714
3% 7))

47 o dd Aa(ad )

B. subtilis subsp. krictiensis BSM54 vf=F | (1.0x10° CFU/ml, 5000 2|41, 7¢) 74
3% A 2])
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Fig. 19. Sl A agoln A £407
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(LO00SK)oA ] = 58.6%, ohe 2] 2] T(5000h)ed 4 3= 66.7%2] 24 7HE Lhehuh 9l 20, g
19). S00sK ohe X2l FolAls Aol He WAZHE Urhhel ot 1,0000) Aol Al s
Chas UIET HAZEE LThAGITh SHAITE A1 Sl RURE AsIEatold 24 2E dol

A OURE Gt BR8] £ UARIE Uthiel 713 ARE AR Floly

Table 20. En}E Anlauto]dof t)| 3t B. subtilis subsp. krictiensis BSM54
Al A 5% A 2] WA 7t

1ol AET=) FAR | WAL | oA
A
1 Z 3 1t (DMRT) (%) 423}

1,0004} 15.5 14.7 16.1 15.4 a 58.6

okl 9l
500l 10.7 11.1 15.2 12.4 a 66.7
T3] 2] 45.0 35.6 30.9 37.2 b - -
C.V 22.7%
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(3). 7.4 Aol vt B. subtilis subsp. krictiensis BSM542] oF 3 Tl oFsl| A]

= AEE A7 g e kel A ertelld st glew fuprl whol

T O A —

2= 7d ol whA A 79 4 2% A TA S Hestolnh AAls Al 1,00080 =

P Eero T ok (5000H) HE A P Uireleu sjalele] B

oo 2 mop ) A%
T ooEm g T oallel ofthz Tob miwl of 105 Aelsharh el of i 4

2 el whepel g whers 4§ n alsstel o4t of iz mabshgrh et
ot F7b 13 4FAT] §, 89 U mied wAlEsbd astEon mA fiel o

Fig. 20. 2% oW A% ERA7, A#E Braz Az, A% 22 A

4). Ful% SFulEdo| vigt B. subtilis subsp. krictiensis BSM542] FF 7! oFsf 4|7

sbbol el o) B. subtilis subsp. krictiensis BSM54 A4 &2 vl 4 S & 1,00001 = 4 =F, 50000 &
ek o A sto] 79 b 0w 3% JF RS UA[SheTh (F 21

A 22| T g A2l & 2l sl T ot o] 91aks Alnisielr),
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Table 21. EN}E FnpEd saba sl g ibH

e AR (EE )

B. subtilis subsp. krictiensis BSM 54 4 2F | (1.0x10° CFU/ml, 1,0000f 3]l 791 7+
3%] A7)

83 A28 7
B. subtilis subsp. krictiensis BSM 54 vj2F | (1.0x10° CFU/ml, 5000 2|4, 72 7+
33] A7)

o - x| 2

g

Fig. 21. EnlE FEnl5H ol 3 W K| | #E(B. subtilis subsp. krictiensis BSM
54) Ab3z(7bsr SR 2.

3

st Al Azbe 33 el Aluftt oldat Rub ela) zpale] okl SRS D Aajsiy

.

Ouf BT olsih WA ookt G RAlY 23k 4% AT (1,000uh)ed A 50.2%,
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Table 22. EnlE S5 3EAbo|| B. subtilis subsp. krictiensis BSM 54
iarel A el WA 7 (3h 5 H)

e e fo4 | A | okelAg
A
| ) 3 w3+ | (DMRT) (%) A3
1,0008] | 12.0 9.5 10.1 10.5 a 50.2
oFsl Sl

50014 9.3 9.5 6.8 8.5 a 59.7

T8 | 253 16.7 21.3 21.1 b - -
C.V 23.5%

Fig. 22. Enl¥e FEnlEH LA 2|9} B. subtilis subsp. krictiensis BSM 54
o I R e

(5). Ful% A|E29o)| vlst B subtilis subsp. krictiensis BSM542] oFF wl oFsf ]l
FultE A|SS&H 2 RullE 2fuf A o Agdow Hd5rE F= sy FulkE o)
= 49 WHollol &Fich 2 Al F4E RullE FulEs skl d s st 4lga])
ol =2 Aoy vid b2 el E 7 gle e Al 2o =risdch e w2, Fup
ToAlEEHe] gho] AR 2 optfe|a] HAIVLE P AR ohr|el o ofafe] ot

Helgh o sle F4olelrt (3 23, I 23).
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47 el (29 %)

B. subtilis subsp. krictiensis BSM54 4 2k (1.0x10° CFU/ml, 1,0000} 3], 781 7h.2,
33| #2))
ST A (L 2)

B. subtilis subsp. krictiensis BSM54 o} £ (1.0><109 CFU/ml, 5000 &1, 740 zbA,

33 A1)

ch 7 237

Fig. 23. FulE x5S o8 34 ol XA 5(B. subtilis subsp. krictiensis

[e]
BSM54) Haz(d st sh).
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20 R B T
Zajglout F Alel chul o) el AFe] o] HFEYRS AAISIUCh B, subtlis subsp.
krictiensis BSMS4 # | 7.2 ofefrfl Azp s]ebal qiglslelzli orsli glolon, ofi
A AL R A TS00 el s W ARl TRl §-48 wRl &S Uehloien], 4

(1,00051)2] 2 %5 sal7}E Urhs 212 o 4 slalt) (Tl 24).

Fig. 22. BEnt& AI%%%‘ A 2|2} B. subtilis subsp.
krictiensis BSM54 = ]

44
Py

(6). a3 s of] cfSb B, subtilis subsp. krictiensis ©}#8 2} iturin high-yielding mutant

B. subtilis subsp. krictiensis BSM54 w52 &FF ol ofsl A]¥

g wHHE e s whA 7 A oFE i whekAa] RoF wHsfolch 2
Alge A3 pdEor vid g2 FsiE g7 e Ar|E Ed xEHe] Jr]eelE
=t Al ¥l elch 2]E A ET B subtilis subsp. krictiensis BSM54 mutant2] =HA| 71E
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#olat7] glste] vl % F2 2|3} B. subtilis subsp. krictiensis ©FA8 -2 2 A SHe]Th

B. subtilis subsp. krictiensis BSM54 mutant2| ofA3-2] Al4&E3 7|5 <% 1,00000 & 4 2F, 500
3

Bl sherow ddstEon] A R W 2] 7Y 04

THE 24).

Table 24. AV~ Falul L2131 3 g]uly

ool Aol ok

B. subtilis subsp. krictiensis BSMS54

mutant 4 2F

WhE ol oodud bk )

(1.0x10° CFU/ml, 10008f =4, 791 744
3% A7)

B. subtilis subsp. krictiensis
of M ek
B. subtilis subsp. krictiensis BSMS54

mutant bf 2F

e i A R R T )
(1.0x10° CFU/ml, 5000 |4, 70
3] A7)

-~
¥

B. subtilis subsp. krictiensis
of AT BfEk

dF ul grl A ®)
o R G T Rk [ AR ) > T T
. o (1.0x10° CFU/ml, 5001} 2|4, 7¢) 7+
(d{ HERSA 5 AE) )
‘ 33] A 2])
o =B

MY A AAlE HE A 72 4, AT ATl ol4TES st on
orsfAld Azb= 3% A ] Alujch g dat AF dlo] otslRFE wrHAiab Selth el A
goAdxf, Aer 2] 51,0000l A = B. subtilis subsp. krictiensis BSM 54 mutant -4 £F-2

62.1%, B. subtilis subsp. krictiensis <85 Aek 542%, vk ] (5008))oll = B. subtilis

b

subsp. krictiensis BSM 54 mutant vl =¥2 71.2%, B. subtilis subsp. krictiensis <pAd A€

625%] & WAIIE Uthharh  olt threlaw 7| Eo AlzbElolA T gle xpabe

A 2wk vl Zgt A2} dturin A sMRkere] 715 B subtilis subsp. krictiensis BSM54

mutant®] AlAEe] o gk WAd7EE 7R, @aua s A4S sty Aol ol
AELS FHel & 4 ot (7 25).
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Table 25. A3 38 3L 2bo|| B, subtilis subsp. krictiensis BSM 54 # 2] = 7}

[o3iNe]
e O] ¥ F-&(%) © o)z} w4 7} oFs A
A
) ) 3 w7 (DMRT) (%) 23
H
1,000 10.5 12.1 12.8 11.8 a 62.1
(mutant)
H
1.’000 I 13.9 14.4 14.5 14.3 a 54.2
(wild type)
H
500+ 8.2 9.3 9.5 9.0 a 71.2 okl gl
(mutant)
H
.500 I 10.9 11.8 11.7 11.7 a 62.5
(wild type)
A 11.4 13.1 13.4 12.6 a 60.0
21 € 32.7 30.4 30.5 31.2 b - -
CcV 9.8%
(7). TFul® AlES9o] gtk B subtilis subsp. krictiensis <82} B, subtilis  subsp.

=% il i a =
g magelth AUTAE 4ol SAE HTY Tolg sl WABIYT, TR

krictiensis BSM 54 mutant2®] A]#|E2 7]F2. 5 1,0000fE 42k 5000 & vfefe v Aasied o

u Wb R7] 790 204 33) 47 €] & Al stelth (7 26).

i =
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Table 26. EMfE A|L:ew st sl A g nbH

S X e %y

B. subtilis subsp. krictiensis BSM54 ST (L &)

AR
mutant °c % — | (1.0x10° CFU/ml, 1,0000) ]+, 780 7h2,
B. subtilis subsp. krictiensis ©F’4T |
41 2k 33| A )
B. subtilisdksubsp. krictiensis BSM54 | 1= 5z (e 7))
] R =Ag -
mutant o} % ——————————1 (1.0x10° CFU/ml, 5000f =]+, 781 7b2,
B. subtilis subsp. krictiensis <85 |
Bj e 37 A )
AT Al (0 2
U (ol 7] o A e ) 8 .
] o (1.0x10° CFU/ml, 5008} 2]+, 79 714
(AR R A B5 4E) _
3] A 2]
= E<Rr A

-An 7Y R, AT @] o TS aabstolen

o_‘}ﬁ ;,I Cu-l A

A2t AlzlEel 23

obshaly Azbs 33 el Aluith 2lg SRS ohd esielch ermaw A3,
Ak 2a 74(1,00080)0l A += B. subtilis subsp. krictiensis BSM 54 mutant 4 -2 60.4%, B
subtilis subsp. krictiensis <F1-7- darE 56.2% o]l o, vf#r o] 4500800l 4= B. subtilis

subsp. krictiensis BSM 54 mutant B <FE 75.5%, B. subtilis subsp. krictiensis ©F+1 T AekE

62.8%2] e wAl7hZ UEhfArh thaeksiel Apabe] Wds w#3) u]msk A2} B

subtilis subsp. krictiensis BSM54 mutant®| ~|7||=o] of 543} w27} LlERUREITE (3 27).

olske] A A2l B, subtilis subsp. krictiensis BSM 54 mutant 77} B. subtilis

subsp. krictiensis ©}’8F BT EAAE A7p7E A Utbych o] iturin S E S o)
TE ol AL HAY 4 olglen], ARl AlEoE A AIREE[A R 9l ApAle

s, 3FF Add Aoz Aedt 2 ey A

v

Wiz o B AU o

o5 ApwEch

- 151 -



Table 27. EnE A| L5218 3LZ}bo|| B. subtilis subsp. krictiensis BSM 54 2| 2] 24| 7}

e} st m)

o’ = &(%)

O o] % Hl-z| 7 151D 6@1
e 2] 2} ool F k3| A]
1 2 3 o+ (DMRT) (%) 2
H
1,000 16.2 17.8 16.9 17.0 a 60.4
(mutant)
H
1.’000 I 18.2 19.4 18.7 18.8 a 56.2
(wild type)
H =]
500%H 10.1 10.9 10.6 10.5 a 75.5 oFsf =
(mutant)
H
.500 l 15.4 16.7 15.8 16.0 a 62.8
(wild type)
A 2~ 15.8 16.5 16.1 16.1 a 62.5
2] €] 42.8 44.1 41.7 42.9 b - -
CV 6.2%
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_ Bk
T8 | 9= AEA7NE S8 AL & )
O ZF Al¥E ° M & AR
Iturin 2B PE B. subtilis v2-2] =7t
28 APL 0§ invivo B |O A5 Holy, o9y 5 90
a8 2 2AHE dUA EY I7F Ast AA =7t
Aes £5 A% Wt
O @Y Mg 5 fawst L 2AN
Iturin &40E 2%
0|X=E B. subtilis 23 A @ 0] /744
et Atelo el % At ooy O SHETNEL AN A8, Argwrd) 00
N e | B A iR AE-sese &g
A= | 20139 A e A1
O "ix] =74, wiYg =4, AFt g
Cyclic lipopeptide 1&i/L0E B e Ud 5 A
subtilis S A|Fof gt O Hiz oAl AAlg], sU-EYs], WS 90
AR e Y g 5S¢ Zizste] SW(PET A4, 7
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Al 6 & Aol sEet sl sdE

= peptide2} fatty acid= o] Fo]

J](}
z
>
_C"l"
=]
&
clr
And

2
2l lipopeptide antibiotic- A, el skl &4l S vithu= o] lipopeptide
o]z

SFAL A =2 multifunctional peptide synthetaseol] 2]sl | B &2 =5[] ¢F v AAw]u], 7 %
of whil surfactin 7453 fengycin 7o Tl oitruin 2% SH-EHCTE o] & surfactin 72
fengycin= [B-hydroxy fatty acids 47 ¢Qltl= 42 oL}l a- amino acid7} k2 7, 1070

ol Folx] ¢l 7, iturin 7-5-2 B-amino fatty acid®} 7712] a-amino acid¥ F-d¥[o] olch 2 AL

off ol &3 FFE Fu BoroTHE Helstel U2 558 UEY 4T LTS Uthis

=

TR Al 6EF2| iturin2 A EH= op28 = B subtilis subsp. krictiensiseo|u| . A7)
ion-conducting poreZ ¥ 1 &lo] osmotic perturbationof] [Nt} ¢) 31, surfactin®] g1 A2 mb

sz v 7R E SRl s ol=chy &4t R8F surfactin} iturin, surfactin?} fengycin !

iturin?} fengycin= #|=Z. synergisticc}7|| 4%t obif= 9lcl Cyclic lipopetide= 74 2ls}—=
Bacillus w5 & Ul 4 S % B subtilisS ©]-&3to] 7f2H w84 44 ¥ = EcoGuard, Kodiak,
HiStick, Serenade, Sonata %! Taegro S<| ¢!, o]|&5& F5 ZEx| 2|4} post-harvest, ofalf =
o] F3f wirEe i AR glou, A MA vgE e AREed Al 2018d Fofl= &
499 =of Fesr Jloi ot oln, dEa HAEC] 6.5%d RetE Jlow o Fu
olth 53] 2,000t ZHloll AgraQuest Co.ofl | -3 Serenades= Bacillus subtilis QST713
e ol Fste] At A aAE 257 =dlA] FEEe] A 19w o|atE aEIT
oA olch ol2foll Bacillus w771 *34tsh= THS T lipopeptide=2] 4 4 ¢l &t 24l o] 2]
of =®lel 2%k biofilm 3-d& SAst7LE 75 Azt dolets HmAl Wl sle] 7] 4=
wrrote] HEwE qASH: dldl® Zlefsicty &k # ol Boosubtilis w7F A4t

&b flagellin-like %120 -do|  Botrytis cinereacl| 3l #sfsdd S vleldicizy L asled &0,

5

bl
N

Bacillus amyloliquefaciens 5 Fully TFoksd —.‘%—E.Hil Ralstonia solanacearumel| 2] 5F M 74
qe

Sodch EUE ShEE Aud 85 A4S FEstel dagtin wastarh o 4
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=
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ZEYSE A7 R S gl Aol Gd™ Axs dturin A @Rl thsE A TR
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iturin®| &ApERE G227 FARgE ] ZFeksted cyclic peptide ¥4 b peptide2f A wfate] oA
A A1 A4S, Bacillus genome project?] database &

FU QS sufuctin A4 FAAE ol§3tel iurn 4YA AR FRde Awshark
= datel Ha 27]7)

37,645 bpel it 6712] ORF& o] Fo| 3 &% iturin A4 FH41 2l F4 2 e] GenBankd

71elst9d TH(GenBank accession number KC454625).

Yo o dsjufes s

Genomic library screening -5 cosmid ZH& 5

k=l of 28 B. subtilis subsp. krictiensis ATCC55079 % F-U| &% W&t iturin A4 F 3 2=
U= APTolA B iuD, inA, B3t 8 7Sl S wl 30-40% 42l fapErs Uik
>

21 3, surfactin®: A 4bSH= B subtlis 168 52| surfactin A &4 F-H2f2l= 70% 4 72] 4=

18 Utk 20124

s

=o Ao A] B 73F B amyloliquefaciens subsp. plantarum CAU B946
2] surfactin 254 AR 99%2] A4 & Vel ik Ty ofd T B, subtilis subsp.
krictiensis ATCC55079% 67}2] Z&2| iturins “445H= 21& HPLC2} LC-MSE Es3f #<olste]
ou, =3 ofAF jturin él?j/%‘ -.Qr%jx}ﬂ] ORF3 #%]cil mini-Tnl0 transposon- ‘&) Al | -
7} iturin-less =91 H o] Fol|Al = iturin g AFero] 30% A3 HbH surfactin ¥ 4FeF2 iturin-less

=AHolFolA] e8] ofdFRTh 20f A% o] wiol f&FE[o], SRt 37,645 bpl| WA}

Ir

= surfactin o] Holdh= FAzbel7| Hobs dturin A g o] Heldts FHAT Azl
F3b dturin Al 2o op M FE Rl 20fL) 2718 2o Eedwio|F B. subtilis subsp. krictiensis
BSM542] iturin #1504 @z 2l D NGSE A7) Ao g

gt el Teb e Az}

iturin A0S FHA} 7-9]2] 630 4] point mutationo] ooyt solslel o, o] Fof 4

78 22
promoter §-¢]of ¢l 3+ M1 point mutatione| &o|vt 3L2] FH2} Fo|E ofMFof site-directed
mutagenesisSt  op Yo A T oiturin A YA Fol Frbehe s #lstsdch ofRyt dEE
Zes R Zodgh o iturin Yol =35, 2 23] o] &2%F op4lFE B subtilis subsp.
|

krictiensis ATCC550797} #1+1S}= iturin ”.;lj@";j FAzbe 7[Zo LN OFR] QL& AfE.§- iturin

4
Aol AP O ARweto] AL ofe] MEY o] ule FIIA BEY 4+ Y 4
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