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SUMMARY
(YL 89E)

[ . Title

Development and application of multi-functional microbial agents for eco-friend agriculture
using effective microorganisms isolated from yellow loess

II. Research results against goals

The objectives of this research were as follows: 1) isolation and registration of useful
microbial resources, 2) screening of microorganisms for the control of crop pathogens, 3)
screening of microorganisms for plant growth promotion/soil vitality promotion, 4) isolation and
purification of antimicrobial substances, verification of their activities, and determination of
molecular structures using state-of-the-art techniques, 5) establishment of mass production
and formulation of agricultural microbial agent, 6) development of production technology of
useful materials by genetic/biochemical techniques, 7) production of prototypes, 8 manual
development for the prototype.

We isolated many kinds of strains which show inhibitory effects on plant pathogenic fungi,
including genus Bacillus (27 sp.), Paemibacillus (2 sp.), Brevibacillus (1 sp.), Acromobacter (1 sp.),
and also isolated the strains which have the ability to degrade chitin, which is one of fungal cell
wall constituents, including genus Paenibacillus (14 sp.), Bacillus (3 sp.) and Chromobacter (1 sp.).

We developed the extraction and purification methods for the antimicrobial substances from
the thus-isolated strains, and the molecular structures were analyzed. In addition, we
established the optimum conditions to cultivate the strain producing the materials and
developed microbial agents based on this developed method. The manuals were prepared to
apply to the appropriate use of the microbial agents.

An artificial chemical synthesis techniques for the mass production of useful substances were
also developed. As a result, the initial goals of the research were almost achieved: and two
SCI and one non-SCI research papers were already published and two more papers will be
published through this research. And two patents were filed. We developed one prototype
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microbial agents and transferred our technology to two related companies and will discuss
their production. In addition, eleven master- and doctoral-level personnel were produced
through this project.

. The purpose and requirement of R&D

1. Purpose

This research focused on the development, commercialization, and industrialization of crop
pathogen control agent using microorganisms and their metabolites isolated from loess. The
main idea is that “Loess microorganisms that live in harsh conditions are likely to produce
specific enzymes and metabolites that are helpful and friendly to Farming Products” .
In order to accomplish this purpose:
1) Acquisition of a number of microbial resources from loess
2) Validation of functionality and efficacy as agro-materials
3) Identification of the active microorganism metabolites and their active sites
4) Optimization of medium condition for mass production and establishment of fermentation
conditions
5) Commercialization by field application

2. Requirement
1) Political aspects

According to the increase of the production of soil microorganism by eco-agriculture
policy, domestic microbial pesticide market is increasing rapidly every vyear. Global
biopesticide market is expected to grow as a growth stage beyond the initial steps and then
the market will be explosively growing due to interest in safe agricultural products.

2) Economical aspects
O On account of the spread of environmentally friendly agriculture, domestic sales for
chemical pesticides and fertilizer are significantly reduced compared to the previous year.

O In the case of chemical pesticides, the sales volume were decreased by 25-30% a year
on average. In the case of chemical fertilizer, sales volume were decreased up to an
average 16-20% (2009 Jeonnam provincial government).

O In Japan, sales of pesticides in 2010 showed a 17% decline compared to the previous
year (Pesticides Association).

O In China, it is expected to decrease some ingredients sales up to 40% due to the
decline of pesticide usage (China National Agricultural Newspaper).



(O World microbial pesticide market is $300 million in 2010, $320 million in 2011, and will
be $400 million in 2016. The market is expected to be an average annual growth rate of
4.8%.

(O World microbial market size for agriculture and fisheries (microbial pesticides, including
microbial fertilizer and feed additives) is $1.6 billion in 2010, $1.7 billion in 2011, and will be
$2.4 billion in 2016. It is expected to be an average annual growth forecast to 6.9%.

3) Social aspects
O “Eco-agriculture and animal husbandry” is the consensus idea among the farmers and
the usage of chemical pesticides, fertilizers, and antibiotics are decreasing.

(O Misuse of chemical pesticides acts as deadly threats to public health such as
soil pollution, environmental destruction, beneficial insects, soil/microbial lethal, and
drug-resistant pest outbreaks.

(O About 1000 microbial agents currently in circulation in the country have been
indiscriminately distributed. Therefore the management and the efficacy review are urgently
needed at the national level.

4) Technical aspects

(O Efficacy of loess are verified and it has been used in various fields including
construction materials, fish farm cleaning, removing red tide, animal feed additives, ocher
room, ocher beds, and fermented foods. However, attempts to discover the microbial
resources that exist in the loess to be used as an environmentally friendly farming products
(useful microbial agent) has not been reported at all.

O Since Japanese microbiologist Higa Teruo developed “beneficial microorganisms® (1982),
there have been efforts to apply the various sectors in the country.

O In the case of microbial agents that are currently on the market, the most common
isolates are from soil.

O Despite the loess is the somewhat barren environment and organic matter content is

low compared to regular soil, this research was started based on the idea “The loess
microorganisms that live in harsh conditions are likely to produce specific enzymes and
metabolites“. The loess is useful in view of the points to discover, explore, and develop
microorganisms as a prototype for “plant pathogens and pest control”.



(O This study is the first research project that the functional microbial isolated loess and
their metabolites were used to the plant growth promotion and the field of pathogen
control.

IV. R&D contents and scope

1. Isolation and identification of beneficial microorganisms from yellow loess

1) Collection of a large number of loess samples from the fields of Gwangju and Jeonnam
areas.

2) Isolation of chitin lytic and pest control microorganism from loess samples and microbial
identification based on 16S rRNA sequencing.

2. Investigation of inhibitory activity of beneficial microorganisms against pests

1) Investigation of antifungal activity and mode of action against various crops pathogenic
fungi

2) Investigation of insecticidal effects on crop pests (aphids, mites).

3. Isolation, purification, and identification of metabolites of beneficial microorganisms

1) Purification of functional microbial metabolites using various separation and purification
techniques (Ion exchange, Gel filtration, HPLC, etc.)

2) Identification of antibacterial metabolites produced by beneficial microorganisms using
state-of -the-art instruments (Mass spectrophotometry and NMR, etc.)

4. Development of microbial culture conditions for mass production and large production of
active substance/metabolite of useful microorganisms

1) Establishment of the optimum medium and fermentation conditions for the mass culture of
the selected microorganisms.

2) Method development of mass production of active metabolites using a chemical synthesis
and genetic engineering.

5. Development of prototype and field application of microbial agents

1) Test of activity of microbial agent prepared by mass culture

2) Registration of prototype of microbial agent as an environmentally friendly bio-control
agent.



V. R&D results

1. Isolation and identification of yellow loess-derived microorganisms

165 yellow loess soil samples were collected from the fields of Gwangju and Jeonnam
Province (Naju, Muan, Haenam, Yeongam-gun, etc.). 30 species showing antifungal activity
were isolated from the loess samples using a symmetry culture method. The isolated microbes
were identified as Bacillus (27 species), Paenibacillus (2 species), Brevibacillus (1 species), and
Acromobacter (1 species). In addition, 18 species showing chitinase activity were isolated using
the formation of clear zone on colloidal chitin medium. Paenibacillus (14 species), Bacillus (3
species), and Chromobacter (1 species) were identified.

2. Investigation of inhibitory activity of beneficial microorganisms against pests

The selected microorganisms exhibited a wide range of antifungal activity against Fusarium
Wilt  (Fusarium oxysporum f.sp. radicis-lycopersic), brown rot (Sclerotinia sclerotiorum),
anthracnose (Colletotrichum gloeosporioides), epidemic (Phytophthora capsici), gray mold (Botrytis
cinerea), and black blotch (Alfernaria alternata). In particular, Bacilius (3 species), Paenibacillus
(3 species) were very effective to wilt (Fusarium), as well as chitin lytic activity. Paenibacillus
elgii 34-6 and Chromobacter sp. showed a very high insecticidal activity against 7. uwrticae.
However, the effect of the selected microbial insecticide for aphids was relatively low. In
addition, Bacillus subtilis MRS6-1 and B. methylotrophicus GM2 exhibited an excellent
antibacterial activity against three kinds of crop bacteria (Xanthomonas axonopodis pv.
glycines, Xanthomonas campestris pv. Vesicatoria, Xanthomonas campestris pv. prumn.

3. Purification of metabolites of useful microorganisms and optimization of culture media

1) Purification and identification of antimicrobial metabolites from Bacillus amyloliquefaciens
BC32-1

Bacillus amyloliquefaciens BC32-1 isolated from loess of the Jeollanam-do area showed a
strong antifungal activity against plant pathogenic fungi including Fusarium. From the culture
media of Bacillus amyloliquefaciens BC32-1, several types of cyclic lipopeptides which showed
a strong antifungal activity were confirmed by LC-MS analysis. The peptides were purified
using organic solvent extraction and various chromatographies.

2) Purification and identification of antimicrobial metabolites from Paenibacillus elgii BC34-6
The outstanding antifungal active BC34-6 strain was isolated from the loess of South
Jeolla Province Haenam. The strain was identified as Paenibacillus elgii by 16S rDNA gene
analysis. BC34-6 culture supernatant showed a strong activity against a variety of plant
pathogenic fungi. The antifungal active substances were purified using organic solvent
extraction and liquid chromatography. The purified antifungal substances were identified as



four types of pelgipeptin derivatives (pelgipeptin A ~ D).

3) Purification and identification of antimicrobial metabolites from Paenibacillus kribbensis
CuU01

Paenibacillus kribbensis CUO1 having a strong antifungal activity was isolated from yellow
soil and the antifungal active materials were purified and analyzed by liquid chromatography,
LC-MS, and MALDI-TOF MS. As a result, Paenibacillus kribbensis CUO1 produced antimicrobial
substance fusaricidin.

4) Purification of chitinases from chitin lytic microorganisms

A variety of chitin lytic microorganisms were isolated using colloidal chitin media.
Chitinases were purified from the culture broth of the bacteria using ammonium sulfate
precipitation and liquid chromatography.

5) Establishment of the optimal culture and mass production condition for useful
microorganism

We established the optimal conditions for the fermentation and the mass production of
high antagonistic microorganisms. For P. ejgri 34-6, minimal medium (M9 culture medium, 6 g
of Na,HPO,, 3 g of KH,PO, , 0.5 g of NaCl, 1 g of NH.Cl / L) in 1% sucrose, 0.5% yeast
extract as nitrogen source and a carbon source was selected for the optimal medium. It was
found that the number of cell is reached up to more than 1x10® cfu/ml using 500L
fermenter. The culture media exhibited an excellent antifungal activity. The optimal medium
composition for chitinase production by chitin lytic microorganism was established. In the case
of P. chitinolyticus 35-2, it was revealed that the optimal carbon and nitrogen sources for
each of the chitinase production are chitin powder and tryptone, respectively. The number of
cells was reached up to =1x10® cfu/ml using 500L fermenter, and more than 90% of cells
formed endospores. In the case of P chinjuensis 31-3, addition of 0.2% colloidal chitin into
the LB medium induced a maximum number of viable cells and high chitinase activity. The
study of optimal culture conditions for the mass production of fengycin produced by Bacillus
amyloliquetaciens BC32-1 strains revealed that the growth of the strain at a temperature of
37 C was faster than at lower temperature of 25 C. The production of fengycin was also
faster at higher culture temperature. Therefore, cultivation of the strain Bacillus
amyloliquefaciens BC32-1 for mass production of fengycin require a higher optimum
temperature which is approximately 37 °C. The addition of metal ions such as Fe®, Mn®" into
the culture media showed tenfold or more production (~ 200 mg/L) compared to the existing
reported fusaricidin production. The optimal incubation time was also confirmed by hourly
output measurement.

4. Development of cyclic lipopeptide synthesis
To develop artificial cyclic lipopeptide with a strong antifungal activity, we developed the



solid phase peptide synthesis method for cyclic peptide and established the LC-MS conditions
for the quality control of the cyclic lipopeptide made by chemical synthesis.

5. Development of microbial agent and /n vifro activity assays

Using the optimal medium, we investigated the effects on the pepper anthracnose disease
by large amounts of cultured 2. elgii 34-6. For control group, the current distribution
products (manufactured by J. Inc, and H. Inc.) were used. Initially it did not show a big
difference, however it exhibited a certain disease control effects caused by treatment after
the disease. Effective disease control by both £ elgii 34-6 and the distribution of two
products was observed. In particular, P. elgii 34-6 is more effective for the prevention of
anthrax pepper than the commercial materials. In addition, the disease control of Z.
chitinolyticus 35-2 was tested for pepper anthracnose (Colletotrichum coccodes). The
microorganisms were cultured in optimal and commercial TSB medium with 200- and 500-fold
diluted media. Both 200- and 500-fold diluted optimal media showed high activity, whereas
only 200-fold diluted TSA media showed high inhibitory activity with anthrax. In addition, the
result of treatment of culture media did not induce any symptoms such as browning, dead
leaves, indicating no weakening of the crop. The treatment of Paenibacillus kribbensis CUO1
having a variety of anti-fungal activity reduced at least 70% of fungal botrytis cinerea
disease when compared to the control treatment to pepper. We investigated the insecticidal
effects of 4 kinds selected strains showed high antifungal activity or chitinase activity (2.
chinjuensis 31-3, P. elgii 34-6, P. chitinolyticus 35-2, Chromobacterium sp.) on green peach
aphid and spotted spider mite. The P. elgii 34-6 and Chromobacterium sp. showed a high
insecticidal effect on spotted spider mite but no on aphid at all.

6. Manual development and product registration for microbial agent.

User’s manual of the packaging of Paenibacillus elgii 34-6 culture medium for pepper
anthracnose (Colletotrichum coccodes) control is as follows: 1) 200-fold dilution of
mass-produced microbial agent (1x10® cfu/m) and spray to sterile the soil before the crop
planting (661 m? 1L use), 2) spray the 200-fold diluted sample in three weeks after crops
planted, 3) re-spraying every week, and 4) 2-3 times spraying a week if you show signs of
a disease occurs. In the case of microbial agents, there is no difficulty to preserve due to
formation of endospores, but it should be stored in a cool place without direct sunlight. In
addition, the chemical pesticide use should be avoided as much as possible in parallel.
Paenibacillus elgii 34-6 agent is going to be registered to the disclose of the list of organic
materials. In addition, the microbial agent Bacillus subtilis MRS6-4 was registered as a product
(microbial fertilizer, Name: pungnyeonga). The instruction manual for cucumbers and tomatoes
as follows: 1) 200-fold dilution of mass-produced microbial agent (1x10® cfu/m), then spray
before the crop planting (661 m? 1L use, make it dominant in the soil), 2) drenching spray
200-fold diluted sample in three weeks after crop planting, 3) re-spraying every week, and 4)



stop when flowers come out. In the case of microbial agents, there is no difficulty to
preserve due to formation of endospores, but it should be stored in a cool place without
direct sunlight. In addition, the chemical pesticide use should be avoided as much as possible
in parallel. the Bacillus subtilis MRS6-4 agent is going to be registered to the disclose of the
list of organic materials.

VI. Research achievements and their utilization plan

1. Development of useful microbial agents isolated from yellow loess

In this study, we developed loess-derived functional microorganisms for the control of a
wide variety of crops fungal disease and spotted spider mite, which has not been attempted
at all. In addition, we developed a practical process technology to use the useful
microorganisms for effective crop pest control through an excellent selection of loess-derived
microbial and optimization of culture conditions for mass production. These techniques are
considered to make the practical use and industrialization of other superior microorganisms.

2. Development of microbial agents for control of crop pests using Paenibacillus elgii 34-6
The P. elgii 34-6 agent developed in this study is very effective to a variety of crops
fungal disease and spotted spider mite. However Paenibacillus strain has not been known so
far execpt P polymyxa strains. In this study, we developed an optimal medium,
industrialization process technologies (induction of endogenous spore formation), and
fermentation conditions for the practical purpose of mass production of P elgii 34-6 strains
(500L fermenter used). It is considered to be applied to the development of a microbial agent
using the Paenibacillus strains. We applied a patent and transferred the technology to two
different companies. The organic and eco-friendly materials will be registered to the
Disclosure to distribute to farmers. In addition, we are studying the mechanism of action of
the antifungal peptides produced by P elgii 34-6 and expect to publish the results to eminent

international journals.

3. Development of microbial agents for control of pests using chitinase-producing
microorganisms

In this study, the loess-derived Paenibacillus chinjuensis 31-3, P. elgi 34-6, P.
chitinolyticus 35-2, Chromobacterium sp. showed strong chitin lytic activity for practical use
through the cost-effective mass production and medium development. This can be utilized for

microbial biocontrol agent. These techniques are applied to the process of organic materials



developed in another excellent microbial degradation of chitin, which is thought to be spread
widely. In addition, further researches on chitinase of Paenibacillus strains will make high
quality paper publication and patent application. These physicochemical properties and spectral
identification of the chitinase action for prevention are considered to develop eco-friendly

organic materials.

4. Development of microbial agents for bacteria disease control and plant growth promotion
In this study, we developed Bacillus subtilis MRS6-1 and B methylotrophicus GM2 strains
to control three kinds of crops bacterial disease (Xanthomonas axonopodis pv. Glycines,
Xanthomonas campestris pv. Vesicatoria, Xanthomonas campestris pv. Prunj). This technique is
considered to apply to the product development process for bacterial disease control in crops.
In particular, Bacillus subtilis MRS6-1 was registered as a microbial strain which is particularly
effective in promoting good fertilizer to grow crops. Therefore chemical fertilizers will be
replaced by these eco-friendly agents. In addition, it is expected to publish several research

papers and apply patent through additional studies on these microorganisms.

5. Microbial agents and the instruction manual will be used for consumer education, consulting
and production of eco-friend agricultural products

All microbial agents developed in this study were determined to be stable more than one
year through the mass production and a process leading to endospores forming technology
using a large fermenter (500L or lager). In addition, manuals have been used to develop a
microbial agent available directly from the farm site and will be utilized in the training

materials and consulting for environmentally-friendly agricultural production.
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A FHlE 7FAE o
oAAM wEl AFHI e EohE3uEd Hutolgofol e ARE 2Ede 2R
RS BY ¥ o] 54 ek gadA SASALN, /548 Az ¥4 2 A4
T30 g5 WA f8 Xl EESRTE FES| AMFIUTE 24, 48, T2AZE HA L
2 DB 38 A2 F AWEE A fTE ARANG SlH HaR 1) D
=9 lom o4 o158 A§ Aol e

FEUAER Add #FE5 16S rRNA 382 A9 24 9 FA3A
AstA e, 30% glycerol stockell A 7ated -80C ol Al HASFAA H A F3f o

2}. Chitinase A4t 5 &

3o MEH, dF & 44, 28 oy 39 FAHHEQ 7I8dS #3ste chitinase
ALk wEo] 3% PAES FEEHYH ZHstaaEiddt. $E 1gs Hd SHRT OEE
phosphate-buffered saline (PBS, pH 7.2) 9mle| @etste] Z=EsiA & $ 307 ¢ A2
sl ey 4ol Alg S5 Imle colloidal chitin agar ®iA] (1% swollen chitin 500ml,
Na,HPO, 2g, NaCl 1g, NH,Cl 0.5g, MgSO..7H,O 1g, CaCl,.2H,O 0.5g, Yeast extract 0.1g, Agar
15g/liten o] =23k & 30~37C, 1~25F &< vjFstaA A FH clear zone HAS FASHA
o A %) Clear zone 4] &R1¥E #F5 13 AEstgon, 2+2-S TSB (tryptic soy
broth) #HJ %] Oﬂ/ﬂ 29 T wiFet & #AE 345k colloidal chitin iR ol AQHFst 1Y
Bt wlFs & clear zone =7]°l wel chitinase A4t =2 HF AAEsE o

¢



2. AN A3

7F A= WalE BAE vAE 2, 5%

FFFAA, A (YA, o, g, 99T ) AFelA AHST F 16530 FE AE
2HE 400 Fo #FE WA F7, FHEEH, AW B4 wet Bt BESIAT. 27
400 Fo #F T 72FL Adete] AFE 2d (A, 25 )X EAESAIK & Fusarium
oxysporum f.sp. radicis-lycopersici KACC 40031 (AEH)ol s IAFEAH S ZASETE 1
A% F 2159 #5771 FXdEdo] % AR AdHAoH (A" 1.D, 165 rRNA F7]A
g BAME T3l Bacilus % (18%), Paenibacillus < (2%), Brevibacillus 4 (15)°.2 FAHAUTH

w3t Sclerotinia sclerotiorum KACC 40457 (F31H)o) tiaf 1 F&Ado] 3 105 +F
E H= Adsigdoerd (¥ 1.2), 165 rRNA E714<E BA A3 Bacilius & O
Acromobacter & (1%)°2.2 ZAHE I (£ 1.2).

I3 1.1. Fusarium



¥ 1.1. Fusarium oxysporum f.sp. radicis-lycopersicioll t3+ JXH+ZA +F 5

Isolates Identification
ISP 31-3 Paenibacillus kribbensis
ISP 31-8 Bacillus cereus
ISP 31-9 Bacillus anthracis
ISP 32-2 Bacillus methylotrophicus
ISP 34-9 Bacillus amyloliquefaciens subsp. plantarum
TSA 31-5 Brevibacillus laterosporus
TSA 31-7 Bacillus thuringiensis
TSA 31-11 Bacillus cereus
TSA 32-1 Bacillus methylotrophicus
TSA 32-9 Bacillus methylotrophicus
TSA 33-2 Bacillus pseudomycoides
TSA 33-3 PBacillus cereus
TSA 34-9 Bacillus amyloliquetaciens subsp. plantarum
TSA 35-3 Paenibacillus pabuli
TSA 66-5 Bacillus anthracis
TSA 66-2 Bacillus amyloliquefaciens subsp. plantarum
TSA 66-5 Bacillus methylotrophicus
TSA 77-4 Bacillus methylotrophicus
TSA 77-10 Bacillus amyloliquefaciens subsp. plantarum
TSA 61-3 Bacillus amyloliquetaciens subsp. plantarum
ISP 68-3 Bacillus methylotrophicus

_‘IO_



¥ 1.2. Sclerotinia sclerotiorum®| W3t AN HFEA o5 A

Isolates Identification
TSA 61-3 Bacillus amyloliquefaciens subsp. plantarum
TSA 64-5 Bacillus anthracis
TSA 66-2 Bacillus amyloliqueraciens subsp. plantarum
TSA 66-5 Bacillus methylotrophicus
TSA 77-4 Bacillus methylotrophicus
TSA 77-10 Bacillus amyloliquefaciens subsp. plantarum
ISP 66-2 Bacillus methylotrophicus
ISP 66-3 Bacillus methylotrophicus
ISP 1-5 Bacillus tequilensis

ISP 1-8

Achromobacter insolitus
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1. Chitinase A4t WA E &2, 54

2 HYA F3o] 2 dF RYE, 1% WAL nPEAA NEe EZOZ chitinase A
A 53o] £33 V5A nAES FEZRE EEsth Colloidal chitin agar platesol] FEZ
HE Bt #FES HITsk gt & #A FHd ABAF= clear zone =]l wEf
chitinase A4t #F= APstdh. 1 A3 F 18T 55 HFT AEsdon (2 1.3), 165
RNA @71 B2l o3 Paenibacillus 4 (14%), Bacillus < (3%), Chromobacterium < (1%)
o7 BEMFEAY (& 1.3).

I3 1.3. FEZR¥E chitinase EA4o] 53 nYE At

_‘|2_



3 1.3. Chitinase &4do] 3 FE /& VA E

Ot

Isolates Identification Antifungal activity
31-1 Paenibacillus pabuli

31-2 Paenibacillus pabuli

31-3 Paenibacillus chinjuensis 0
31-4 Paenibacillus chitinolyticus

31-5 Paenibacillus elgi 0
31-6 Paenibacillus pabuli

32-2 Paenibacillus xylanilyticus

32-3 Paenibacillus pabuli

32-4 Paenibacillus xylanilyticus

34-1 Paenibacillus chitinolyticus

34-3 Bacillus anthracis

34-5 Bacillus cereus

34-6 Paenibacillus elgii 0
35-1 Paenibacillus ehimensis

35-2 Paenibacillus chitinolyticus

35-3 Paenibacillus chitinolyticus

35-4 Bacillus cereus

Chromobacterium sp.
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A2 A s 7 7l AREE 8 2 24 HA

L A+ 3 W&

Zha B F@olol Uit @AYol g FE Y dFES HFe=E fr8WE
ol&3t Iz Fetol= TS AlEsIAT vAE wFd G00m)E M Ee st AldE =
Ag = ZE (Q50mDE A bske] 40-60% FF AAA wurE

< 5 FE= ‘
= 50ml FHo £33kl 10,000rpm, 408 F A4 &2 5

=
f?}{ %JEPOI':ﬂ 4?’39 g FE2de ez

3@ o
o &

B -5

(evaporaton € At&3te &5

FAF Helol=rl FiH 2FEE (crude extrach)] FAFEAHE ANSSH (Fusarium
oxysporum f.sp. radicis-lycopersich, Y (Sclerotinia sclerotiorun), ©-AW (Colletotrichum
coccodes)= 3O = 7783t Ath.

FEREIXE FZ0 93] do|R crude extractEZH-E] HLB cartridgeE o]-&3le] I FElo]
tE FE AAgRoH, O % 3+ Jelolse AHA| P B AT SAHL ﬁilﬂiu}i
Tefu]-A R A7) (reverse-phase HPLC/Mass spectrometer)E o] &3] =333} o},

1}, Chitinase &8, A4 2 W3 WA @48 AA Un vitro)

Colloidal chitin agar ®jX]ellA4 clear zone AAdo] B¥€3 #FES o E Mg HA
Mo 2 chitinase ¥&], A Xi]i FY3FATH BaYU o2 colloidal chitino] g2 A== (100ml)
of 247+ #FE5 AFTT £ 30T, 3¢ =< wigstdnh rAE eSS it AdH
e Tl 60%, 85% ammonium sulfateE F7gF & 4T, 24A13F WA 8 ATk 24248 Al
S5 dAEYE FE GOmDAl &7 10,000rpm, 20+ F%F HAR-ESte] chitinasert EFE
pellet Feje] crude extractE AUt Sodium phosphate buffer (pH 6.5)% crude extractZ
% FUS bufferZ 24417 52 B35t dEnt-sS sttt €99 crude extractE
sto] 22 WAA FBo]| Fusarium oxysporum f.sp. radicis-lycopersici (NS-S49), Colletotrichum
coccodes (RHAYY), Botrytis cenerea (A FZolH)o) Ut FAHEHS ZASIATE =3 Bwol
SRAGET} Hulo] o2 thAt S & chitinase crude extracte] ZHE sfZFo) T3k 4% %S #HAA

skt

_,>:_ll-ru
oo 2

2. AT A3

7}. Paenibacillus elgii BC34-6 234 tiALbE £ 2 484 AA

Paenibacillus elgii BC34-6 57} A4tsl= L4 o
Astatt. WFdTdS i]’“’é}oq it s A
(chitinase)¢} peptideEs €& F & WHAdd 3
ANEE @ HWFEEsY, (b 100C, 15% 7HE HiFEsd, (0 FEEXE F=29, (D Y=
F A4 3 B4"1 AZMW 10,000 cut-off), () Fid=w HA, () 344dny A 3 &



9@

Ay o]AS N EAT. BE A FolA Fusarium oxysporum f.sp. radicis-lycopersici (N &g

Sclerotinia sclerotiorum (F3Y)), Colletotrichum coccodes (B+A¥)oll thdt 32 F2A] o] %%H&’i

Ho)H Fidns JAd As@EY A A8 IS8 1A

LI Ql‘}i"/‘r (28 2.1). =3 Z+Z+e] AN 82 A C & chitinase 4SS A A3 (d) 34kt
H

P2y AR & B4"9 AEMW 10,000 cut-off)oll A 71 =& chitinase &8 R¥ o™, (o)
gt E A AIEE 100C, 15% 71E93 A9 chitinase 84S AAEA oY R FIAHL
FAEE Aoz ZAEAT (F 2.D. wEbA P el 34-6 #4529 TS AdE AR
£ chitinase 2ot peptide A& o2 A= ATH

19 2.1. Paenibacillus elgii BC34-671 A4tst= tiARE o] 3R+

BC34-6¢] WY sHozRE iR g A, FEEXE FEH o A=

1‘%1’4??} 3 A= HAAd T30l U3 TS (@ 9 Y¥dsd, (b 100C,
i 7FE vl %—" (© Z2EEXF F=9, (@ Y EF A F FAE AE MW

10,000 cut-off), (&) At EwE A, (O S4d2w A = 49 AN, (A) Fusarium

oxysporum f.sp. radicis-lycopersici, (B) Sclerotinia sclerotiorum, (C) Colletotrichum coccodes.

84, Paenibacillus elgii
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3 2.1 Paenibacillus elgii BC34-6 -2 A HES] &3+ 2 chitinase €4
T AN G2 72424 (umol/mD
a H 35 O 0.14
b | 100C, 15% 7}4 w45 VAN -
c |EE2XE F59 © 0.15
d |3 eEs Id & 54 A 0.98
g EE A © 0.09
f FAdEE JAH §F FA49E o X 0.04
FPAAEY ARE 0=z0zA=X o2 EASAT

QA AZvED YA -AFREA 7S o] 8ot FAFEA Jetol=E 23 & 24
st 1 23} 1073.9 (pelgipeptin A), 1088.0 (pepgipeptin C, D), 1102.4 Da (pelgipeptin B)Z &
A=At (2 2.2).

3.0e5 1088.0

2.5e5

20e5

11024
1.5¢5

Intensily, cps

3316
2115

527.4
1.0e5 265.4
361.3 4808 sshk

| 605

5.0e4 a02.1 4155 | 110.3
h"{-;;;.i;dn MSE-:' A 429:1‘ iﬂtlrwﬁiﬁaggm?TTDT?S?_in.IBBB.T_ Wt ”?%8 (17 | 12541 13505 14385
200 300 400 500 BOO 700 800 800 1000 s 00 1300 1400
miz. amu
% 2.2, Paenibacillus elgii BC34-6 3 X+ HEelol= By 2 ¥
B, WPPsdonne FELLE 55 F ANIALETHS-UBT
A71E ol &3ty FXHEAE HEol=E Y & A EAHFES 4
st
9o AL (22 WA AL A Hunadsy s A7) BCM-6 751 = E3 =93}
Rom (A 23), @rielma=zAdd Fe2FEA FAQE A rgolde AABATHIH

2.4~7).
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N

. Brevibacillus laterosporus TSA 31-5 & thApArE 2e 2 3zl d AR

A5 WA FFolo Ui IXFEHo] ¢4 FFE FEANA EEsH LM, 16S rRNA
AL B4 Az Brevibacillus laterosporus®. g2 A = ATt ( 2.8). A& WA FFo)
of g FHAFEAHLE A= B laterosporus TSA 31-5 2] wjFd & paper diskoll &3
5 o Xk o7 FANIAY. Sderotinia cepivorum (A2 S+ W), Colletotrichum
coccodes (L5 €A W), Botrytis cinerea (AU FFo|W), Phytophthora capsici (%)< AH831%
o (19 2.9).

il
fie]
S

&
o i

Brevibacillus reuszeri DSM 98877 (D78464)
Brevibacillus parabrevisIFO 123347 (D78463)
Brevibacillus choshinensis DSM85527 (AB112713)
Brevibacillus formosus DSM9885T (D78460)
Brevibacillus brevis DSM30T (AB101593)
Brevibacillus agri DSMB3487 (AB112716)
Brevibacillus limnophilus DSM64727 ( AB112717)

Brevibacillus centrosporus DSM84457 (AB112719)
20 ?‘:L— Brevibacillus invocatus NCIMBT (AB112718)

Brevibacillus panacihumi DCY357 (EU383033)
Brevibacillus fluminis CJ717 (EU375457)
&5 | Brevibacillus laterosporus DSM257 ( AB112720)
100 '—| Brevibacillus laterosporus TSA31-5 |

Brevibacillus ginsengisoli DSM3088T (AB245376)
Brevibacillus baorstelensis DSMB347T (AB112721)
Brevibacillus thermoruber DSMT7064T (AB112722)
9% Brevibacillus levickii LMG22487 (AJ715378)
Aneurinibacillus aneurinilytic DSM55627 (AB112727)

37

—
0.

1% 2.8. Brevibacillus laterosporus TSA 31-5 +++2] phylogenetic tree.

718 2.9. Brevibacillus laterosporus TSA 31-5 #3F9] 32 F2A.

Brevibacillus laterosporus TSA 31-5 ¥WiFH s}t & WYX FFolE HI x| wjsst
5 A AR AAE =ASEEY. A Scerotinia cepivorum, B) Colletotrichum  coccodes,
C) Botrytis cinerea, D) Phytophthora capsici.
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w3 B Jaterosporus TSA 31-57} Aatsl= 717 HEelol=o] RylE F334rh. TSB
(tryptic soy broth)ol| Al wj = /‘PE"“PAEPFH FE2EIXE

T 2= HYAd FFolo el % IXNAFEAL S
Oﬂ 2 3 040%{1 crude extractE HLB cartridgeol] 283}
N-AFEA7E o8t F& A el &, AA 9@ A4S EAF E4& AEst
Atk 7 A3 HAeglol= g FAHE F 17709 main peaksS AAok (28 2.1D).

k

2 £
o
oy
Ry Y
b

ol uich
S
i
fl
fl
35
o
N
N

% 2.10. Brevibacillus laterosporus TSA 31-5 W d5He] f7]18w] =5 F crude

extracte] FZAGA. WFASNOZRE FEEIXLE 223 crude extracte] & HAA

=Zolo Wit FXNFBAHES FASIAT. Botrytis cinerea (A), Phytophthora capsici (B),
= = >~

Fusarium oxysporum f.sp. radicis-lycopersici ()& WL F3o|2 ALE3IATh a) S/, b)
Bt sd o) FEEZFEE FF crude extract.

507 15,32
fgasa .9Da 1763
4.5e7 #s 1669Da
4.0e7 _15.69 \||
#5,750.1Da | #7, 1468.2Da
3.5e7 | || ‘
15.00. || | | |
é 3.0e7 #sﬁﬁ\ Vﬂ e
2 257 I r
% 14.44 ) | \/ || ‘ ‘
g 9p #2, 1621, yl
E 20 e ﬁf%l -‘l | fll\ 18,55
‘|T a2y U L || #15,120750a  #12,1558Da
1.5e7 B2V |
I't‘ f Wl W | 1 ‘| | | #13, 1496.2Da
FUTAR N v y r'l' v \ 50
10671  / by - iR x/" IIL 362 -21.48
e #9,1106.8Da™ AN J'l #14,1559.5Da 24.40
5.0e6, Hi'T5a1'608 L e mncigr\, FIE 1498 300
[0 )0 S— =

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
Time. min

SV

B FxeE Eel= 24 B

a9 2.11. Brevibacillus laterosporus TSA 31-5 +r

laterosporus TSA 31-5 ¥l dede F2EXE FZ, HLB cartridgeE ©] &3}
& AT & A2 ETHY-AZFEA7]E o] &3ty ol ZEaUS
zA st HElo|=2 FAHE £ 15719 F8 peaksS F91E = AT

l
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t}. Chitinase crude extracte] 2t& WAAG Fdo] B4 Asl AA (n vitro

Paenibacillus chinjuensis 31-3, Paenibacillus elgii BC34-6, Paenibacillus chitinolyticus 35-2
T =FE chitinase &2, BAE FHsAT. A A4 FFY FYTHo=REH A
25 AA (60%, 85%)°) &8 Hojz chitinase”t 3% crude extractE AR&3le] ZHeE HAA
Zgolo] thIt IFRAFBAHE HASIAT. P chimjuensis 31-33 P elgii BC34-69] 7%
Fusarium oxysporum f.sp. radicis-lycopersici¥} Botrytis cinerea®| 3l & HFEAHS HP o,
P. chitinolyticus 35-29) A% w93A Colletotrichum coccodes®) TAF A4S At (13
2.12).

1% 2.12. Chitinase crude extracte] & F3A ZFAL FAAdEFE (60%, 85%) F A 2|s)
Paenibacillus & w759 MFFsHoE2HE Loj3l crude extracte] FXNAZ-E ZASHATH
A) Fusarium oxysporum f.sp. radicis-lycopersici, B) Colletotrichum coccodes, C) Botrytis cinerea.

2 A5 Ao WAE Bacllus & 452 4 AA (n vitro)

25 M+ Xanthomonas axonopodis pv. glycines KACC11151 (8 Ewn}E4), Xanthomonas
euvesicatoria 173-1 (13 MFARAHT-HH), Xanthomonas campestris pv. pruni MAFF 301420
(EFoly AldATHY) BAS BHo g 259 Bacllus 4 (Bacillus subtilis MRS6-4, B
methylotrophicus GM2)& SEZRY sty 2429 Bacillus < w75 Wt & A<
Hj A Abgste] Z&E AlgHEd thdk A&l 58S ASAT. 1 A FAQF v
T 25 A3 FHEHRE YT (29 2.13~14).
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a9 2.13. Bacillus subtilis MRS6-4 w2 2t& MW A3 &3 B subtilis MRS6-4-=
TSB wiAlell A wiFdt & FAIS}t middsde] Ady A s9& ARSI A%
W5l 25 3FY AE AFHEd did g4 A sEs UEHEHo A
Xanthomonas  axonopodis pv. glycines, B) Xanthomonas euvesicatoria, C)
Xanthomonas campestris pv. pruni. a) Bacillus subtilis MRS6-4 A, b) Bl g5,

a9 214. Bacillus methylotrophicus GM2 dF° & MdH A =3I B
methylotrophicusg TSB wjA| oA wjkg & Ao} vjddede] Ndd A 58S =
ARt TA9F vl EEd BF 3T e AldwH ik 23 A3 5He UE
t;. A) Xanthomonas axonopodis  pv. glycines, B) Xanthomonas euvesicatoria, C)
Xanthomonas campestris pv. pruni. a) Bacillus methylotrophicus GM2 A, b) ¥l 5.

v}, Bacillus subtilis MRS6-4 2] thAHE E2

ZHE Mol ek A& s¥ o] B-¥3 Bacilus subtilis MRS6-4 57} Aabste 24
A ES B4t WS H o RE FEEXE F23 crude extractE HLB cartridge®
Fi AR $ A I=rEIR-AFEA TS o]&ste] ARt 1 ZAF itulin (1043,
1057 my/2), fengycin (1478, 1505 m/2), surfactin (1008, 1022, 1036 m2=Z SRJA=FAT (1 2.15).



1 TIC of +Q1: from Sample 2 (GM2) of Data150428 wiff (Turbo Spray) Max. 2.1e7 cps,
— 17 47
2.0e7 i
1.8671 15.37 S
1.6e71
1453 !
- AT surfactip
S 1.2e7{
= 3.82 o
G 1.0e7- i g
E Boes 14.05_ || I bl fengycin 5120 |
£ Ueb 140
134&‘ || 1045 10cr 484
6.066 ;) ’i 1818 2589 52 1505 |
4.0e6- V( rw- I
24 - 64 50
Z.UQB'MhM "U W h‘wm
|
0.0 : . ; ; ' ; . . : : . ; .
5 10 15 20 25 30 35 40 45 50 55 60 65
Time, min
19 2.16. Bacillus subtilis MRS6-4 -2 &4 tAbE BX. B subtilis MRS6-42] wlj oF
AsNe FEZIXE FF, HLB cartridgeE o] &3l BE A T A IZntE Ty

“AFRAI)E o] geld FFTA BAS MY Ilin (1043, 1057 m/A), fengycin (1478,
1505 m/2, surfactin (1008, 1022, 1036 m/2< <18k
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A 3 A. Bacillus amyloliquefaciens BC32-12 58 IFHFEZ thALHE
2] A A

=
ge) fu TAL FANANT AT Zrh] wE AP

4] 4 do FFFES
Z7AZthe 2dHo A Fa38th (Kim and Lee. 2009). AA74A A& AT 98] WA st

2 743 sopl 9@ 3sha WAl U olgHol fout (Cook et al,
ko] Ttk AHEOE AT EF BV, ASHE 9 0HOR A W, AFHA T
227k EA old e Sokd PAMOR G Fagel Ao AT & A
45

2

Wetow AegAA e mAdE It FEAAE ol &3] A2l &2 gAHo] =AY
o+ Burpee and Goulty, 1984; Yoshie et al, 1993). A&l A cyclic lipopeptide (3+&/a1e)
g Y xIeo|o)E= & reagento] H;AIZ QL FA @ 4otk (M, Ongena er al, 2008). A&
44 AAES A= @A o] st vetlle a3 724 5AS Ze 3EEY golB
HEE TS, AH ol T tae FgHR] §E2 AMEEY St (Salas and Mendez,
2007). Tk, A EAA Bacllus 2 2 &2 F3o] MEHE TIAE F e AESH &

A BAES A 4= 9t} (Tserkovniak er al, 2009; Glick et al, 1999; Dunne et al, 1993).
188 g ExIElo]=9] o= AkS olulx proteaseo] 8-S A= Ao E Hol: DI U
H A9 ol gbes FE2 o] 7IA3 e Aoz gy &#A Atk (Schneider e al,
2014). o]8s 18]y g xHelol== el F 2 polypeptideo] 31 alkyl chain® & HAZA=E o] A
—’F‘é% =1 Ao Katz ef al, 1977). webA oldd 722 EA SR Qlstd, g ZIEolE+=

7o Mg e s st 229 FRAHL FUHAN 7 BWLHS U Bacillus 7

+ iturin-, fengycin-, surfacin-&eje] X Helo| =& 33 IHF A S 7= S 1
28 g x| elo]=E A3t} (Ongena and Jacques, 2008; Moyne et al, 2004). A& I o]
HATe s sistsofor #EA ZAH vl SRS w 18E fEPEolEE AE TF
o] Wtol thall 3EEsoforE BEH A v OP‘”BI— o sty FHS ~HPYEHS 7R
G, w2 =4 2 Aol thal o3 1eld Y EJEo| s tiehE A=A A A
24 A3 FES a1 e AAoltk (Romano et al, 2011). 53], HF 2 A3t Bacillus ¥
F7F A4ksk= lipopeptide % iturin A¢} surfactiny} 22 284S 73 JAYELD S HAHS
AAL + e VETSH FAAEHA o] gt 43S ZH3s wa Atk (Bais ef al, 2004).

=2 AEAEA 18

ol# 3 Y ujAd 339 biosurfactant (YA HSEAANE e =4,
A-HS 71A 3 Yok (Kim et al, 2004; Monteiro et al, 2005). BRacillus &-&

o 43 m$ g Tz YWe 2HEHS A o)A A AES A
N2 FFo|th wetA o5 osHoz HES 4 Qv JIXIF = Bacillus
o=

b=

e v grRE A= goFd zZHe g HElol = (<2000 Da) B ol fAA =Y
QA S A4 (Moyne et al., 2004; Barakate er al 2002). 33 E2& 2335 A EHA
g4 BAE AT F de AeE F dHA A7IE stk (Yun-Feng et al, 2012; Caldeira

et al., 2011; Zhenzhen et al., 2010). Wetx] & AFNA = HAE F8 FAAYZAEE 7)
U 9 A3E Q) FEZHEEH AEHYT A4S 7R dRF #AH FFE selectionstar
E24& BYstgnh. 44 #3 AT= gkt AEAREY oiste] st 23 o FEj ek
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T3 BHgol #3 A9 4% 55 FRHE
B AFo\ M Bacillus amyloliquefaciens 55 Aoz Fo dxF+ E2
ﬂxégi silica gel& ©]-&3%F ethyl acetate F&E&3} HP—ZO—% 0] %ff} ethanol
Ty ZAEIAA AEH AT O E4e T84

FFFYGA, UFA, B4, sET, S99 E?ﬁ& A HNA F 1657“4 JE AN5E &
Bt AFHE FEANESE 24 1goe =2 HiE Imlddl dEste] 108 A1 F TSA
(Tryptic soy agar) wjA|oll A=A =3ste] 37ColA 16AIZF vl SstA T 5 AL 20% =
A E  (glyceroDo] H7FE wiAo] Hof B0Co HIASIAY. FEANA EZH  Bacllus
amyloliquefaciens BC32-1 #32] DNAE ®gl3le gyrase A F31AF (gyr A) G71-AES A
ATEFS wHo =2 B3 A3 Bacillus amyloliquefaciens subsp. plantarum 2 =Z 53 %O
n Su g ExAAlE (Korean Agricultural Culture Collection, KCTC)o| 71 ¢+g 38t th. o]
o Bacillus amyloliquefaciens BC32-1 w9 IdXH4EAH& &U3tr] ¢18l LB (Luria-Bertani)
WA (EYE 10 g, FUHEF 10 g E2F=E 5 g 7T 1DAA 180rpm, 37C <] =713}
ol A 18A1ZF vl FstH . 1 A3 BC 32-10] A4tsh= theFstk cyclic lipopeptide &2 & LC-MS
wHom Fglstion 1 5 X (FuFol]) EA4o] 7HE A fengycin HElO|EE 77
| =W 2 g AEvEIHY FAHES o8&t EHAA & & A 28 AA
H fengycind I+ FAAT F 72 B4 59 437 59 MEE AHESAT

>

A

Xl

—|—‘

.7 A4S Y= Bacillus amyloliquefaciens BC32-1 #52] wjk =
2] % Y g FHE Hole B #FE FoA, B A A" FH

o+ WAL
TEY A%5S 94BHE AFste X Aol Je dFS Ay 3l AlES8<
SAVE (Fusarium oxysporum f. sp. radices-lycopersici (KACC 4003D)el] 73 A4S Hole=
FE golsla B3}y Bacillus amyloliquefaciens BC32-12] 3R #&A1-S 3H2lslr] 93|
LB wi# (E¥HE 10g, FIJVEF 10g, EXFEE by, =75 1D)oIA 180rpm, 37C, 24417+
B MR 2T E & F (strain)?l BC32-2, BC32-3 ¥ BC32-4% i3ttt Hj
& & A7 Tz Bacillus sp. & Fusarium oxysporum f. sp. radices-lycopersici vl % HlJ#] o]
AEsATE HBol AZd IAF %S ugoE FH WY T oiF wlk A HA ulx
Adbs 98] YR ANA =l AF TS FASIAY. Bacillus amyloliquefaciens

o

BC32-19] HZA A& =5 32135lr] 98] TSB (Tryptic soy broth)ell A z+z} (A) 30C <2} (B)
37C ol A wiFstA T o] FAlYS 21,055 x g2 108 T+ HdAEY 3o 0.45m=E o33 A
Y FS 8mmel Holy Y= (paper disc)E AbE3std  Fusarium oxysporum f. sp.
radices-lycopersici (KACC 40031) v oF wj=]o] TSB viA & 272 st FHF2] 100u =
glgk A3, 37CollA Felo] = (clear zone)o] ¥ &< AT & USth o]o) 31CE X
88 HEH 2= ARSI

Al DNA (Genomic DNA) %2 HiGeneTM Genomic DNA Prep Kit (Biofact Co., Daejeon,
South Korea)& AF&3t% 2™, PCR ¥ 2ul genomic DNA, Zt primer & 1.5u (5 pmol), 14
ul =%, 1yl PCR premix (Bioneer Co., Daejeon, South Korea) ¥F$ &£3ES o] &3}t
AdE #39 FATE EAS sy 9d Aoldlelx (gyrase) A FA A (Chun et al,
20000 #A4& gyr AF (57 -CAGTCAGGAAATGCGTACGTCCTT-3” ) % gyr AR (5’
-CAAGGTAATGCTCCAGGCATTGCT-3" ) AE =ZgolHE HZo] ]85}t Polymerase
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Chain Reaction (PCR)-2 53 22 7oA At =7] WA (denaturation) ©A+= 9
CTolA 5 &, 283 95CoA 1&A 30 cycle & 53TCAA 40x == 1 ods
(annealing)stal 72C A 18 & HF 414 @A (elongation step)= 72C ol A 1083+ HH-&-3}
t}. PCR +8 % 4319 PCR 4HE& ABI 3700 automated DNA sequencerE o] £3to] 7] A
d& AT B #5¢ GenBank DB ¢ 324142 Clustal X windows interface v.
2.1(Larkin et al, 2007)3 BioEdit software v. 7.2.5.2 o]&sle] EAsyct. FAx HEL
MEGA v. 6.0 (Tamura et al, 2013)S ©]£3 o™ Kimura' s two-parameter distance model
< 0|83t AFTEE At ZARAE Totsiith

(&2]

{0 i

b4t/

O

. BC32-1 #F9 in vitro &4 #AA

Bacillus amyloliquefaciens BC32-1 w55 119w A<l LB (Luria-Bertand) ®j=] (E€E 10
g, 93U EF 10 g, &2F=E 5 g, =7 1D)olA 180rpm, 37C e OS2 18AIZF o] uj
okttt A& WHUA FHo|Q Fusarium oxysporum f. sp. radices-lycopersici (KACC 40031+
Korea Agriculture Type Culture Collection Center (=)ollA ol o] &3lHT). A& WL
A Fdol= 25+3TC oA 3+2Y <2 PDA (Potato Dextrose Agar, BD) wj x| oA AAFAA A}
&3FA .

ot BC32-1 5 "o &4 54
FEdo] Eolde AR Holx Aol e 99 FH=ES &5k 2Elsr] §
3ta] Cig3 23 (Waters pBondapak Cis 3.9 < 300 mm)2 o] &3 reversed-phase) HPLC
(Shimadzu 10AD, Japan)E A AlstF T 0.1% TFAE 373k 5% ACNel| 0.1% TFAE 373k 95
S5 #Esianh AA
3, Zt BEEE 534S 2ol 542
st PR S st &
Aol Jd= B2 A 0.1% TFAE 73 22% ACNY 0.1% TFAE 73k 72% ACN7ZHA| 1&
F 10m ¥ 25%%F w5 FHE Fo] EHFCEXN &g AAskATh @ LC-MS &4 2d&
# 3.19] YehRl e ™, Mass spectras= 200-18002] H2]oll A4 positive ion modeZ m/z &<
ER AT

o o

18
o
Yol

ih)
i)
rir
[\]
8
S
3
2
2

ot
g

1
i)
2
pe
fl
>
1l
o
oo
e
flo
i
o
ok

=

%
Az AZ & HAZ9 methanole] o] o] 100u & o] &

v
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¥ 3.1 Bacillus amyloliquefaciens BC32-1 wj <} LC-MS ¥4 =7

Operating condition

HPLC system Waters Delta prep 4000
Mass system AB Sciex API 2000
Column Hypersil Luna Cig (4.6 X 250 mm)
Solvent A : 100% H,O containing 0.1% formic acid
B : 100% Acetonitrile containing 0.1% formic acid
Method 5%-65% for 30 min
Detector UV230 nm
Flow rate 1ml /min

g 71 8uE o] &g Aoz RE FHEH FF A dilica gel 2HE o] &3 JHEH
g - A

Bacillus amyloliquefaciens BC32-1 w59 F4E3 EHE FZ317] S8l o BotAH 9]
E (Ethyl acetate) 7] 8&wlE ALL3R{ Y. Bacilus amyloliquefaciens BC32-1 #FE A
ol LB "j# (EYE 10g, FSHUIEE 10g, EREZE 50, =75 1L)A 180rpm, 37°C, 244]
2 EQE wiFstATh 4,585 x g2 10w3F dAwEste] AEdS Ao cdHoMAH O E
(Ethyl acetate)e} 1:3 (v/iv)e] HI&E E&<Q P2 Z3tA ’ﬂoizrfﬂ —%%?‘& 3 2E7Zu7]
o] HX]3te] sodium sulfate (anhydrous granular, Junsei, Japan)& = & A|AS 3
W] (vaccum evaporaton)@ AT SE Bacillus amyloquuefaaens BC32-1 ¥
22 =2 chloroform:methanol 9:1 (v/v)e] HI&9] solvent® HAF (¢F 2mDoE o] 0.2um
714" & syringe filtrationst] AR&atdh ZAY FXAZE silica gels AH&SoH, A&
oF 2000 AXZol FAE AA 100CA 1641 A=z F A7 packing 3 F=o. o]%F
sample-g loadingstal Chloroform:Methanol2 9:1 (v/v), 8:2 (v/v), 7:3 (vIv), 6:4 (vIv), 5:5 (v/V),
4:6 (vIv), 3:7 (vIv), 2:8 (vIv), 1.9 (v/V)e] HE=T8S Fo] methanole] 4& EHA FFEH
< elution 3tH{T. 7zt £¥o] 5HH F FE7] (vaccum evaporaton @ FHEA|A 2 EH Y
4 FBole AFA3N AEE Gste AERE AESHAT

Mo

o 0 S b oy

rﬂ{

vt Diaion HP-20 ZH & o] &3 X784 52 &2 - A
Ethyl acetate 7180 & o] &3} B

9% WHO 2 Diaion HP-20 AL ol&ste] FaEd £el - A EAWe mAsgch

Bacillus amyloliquetaciens BC32-1 &< f‘é AFA FHAEAL AAE 3 LB

10g, J3lHEF 10g, EXFZEE 53, 7 1LIA 180rpm, 37C, 24413t 5o

HlF & 4,585 x g 4T, 10% }04 FAZE A ASAL AQt ASdomr

g A AEe AAst - =2 ZEstr] #fsl Diaion HP-20 (Hlz=: m]22B| A Al v Z)

FAE o] g3ty AR EIYHTAE Atk WA HP209 E4ES AAS7] 93k MeOH

7} EtOHS o] §3le] wad o2 AHS & ZF5E ol gstel thA AHstach AHe| ¢

o
(o
>
Mo
S‘i
ol



® HP20 800ml-& ZAHYol| FZ3la Sea sands ¢F 5cm Ho] ThA| F/F 6LE A FHSATE o]
oAA wFA-E 4L loadingstal, /< 10LZ A Hste] wjA] &S AASL &S (EtOH)
0% EtOH, 20% EtOH, 40% EtOH, 60% EtOH, 80% EtOH, 100% EtOHS =}#|Z £8A]H E3
< Woliley. FEVE AFESt] A wFA7IL HAFY methanol $EE 5o o
0.20um 2mm non-sterile hydrophilic syringe filter (MACHEREY-NAGEL)E o] &3&}o] o 33}t
ogyE MEFL 0.1% TFA (trifluoroacetic acid)S 73 50% ACNel|l =< 0.2um non-sterile
single use syringe filter (RC-membrane, PP-housing, Sartorius)ell <33}l LC-Mass=Z =493}
o GHEAY FFE Atk ojuje] RP-HPLC #4272 & 3.2¢] YeERUATH

3.2 Bacillus amyloliquefaciens BC32-1 ®j%F 45 <) Diaion HP-20 Z3 & LC-MS
.]

®
EXES

Operating condition

HPLC system Shimadzu UFLC
Mass system AB Sciex API 2000
Column ACE 5 Cys-300 (2.1 X 50 mm)

A : 100% H,O containing 0.1% formic acid

Solvent . - . .
B : 100% Acetonitrile containing 0.1% formic acid

Method 5%-65% for 30 min

Detector UVas0 nm

Flow rate 1ml /min

o

o|&, ZALF (Fusarium), A2 FZo1H (Botrytis) L AW (Colletotrichum)l| sl
23t Aedes B A dijgete HHOE e WA TFolY dAF BF AMAERE
Zé o 75]

e & A oo

stelom s AsfstA XetAY A7t AY doAuA ¥E A+ X, 0.5mm o] A
A OF FAN3AY. Bacillus amyloliquefaciens BC32-19] A4 A ERAS A7) dWF32
dol et 80% dlehE2 &8st £33 AsdozmRE AA A
vl RP-HPLCE ©] &3 &+&Ed 884l

FTE7E AHESl e SEA7IL HAFSY methanol FEE oW o 0.2um 2mm
non-sterile hydrophilic syringe filter (MACHEREY-NAGEL)S o] &3}t o3ttt o3 &
%9 methanol ¥ =2 ZW 2 0.1% TFA (trifluoroacetic acid)g $H#-3F 50% ACNe| =
o} 0.2mm non-steriles, Sartorius)oll o33}stH . o2 CigZdH (Waters p Bondapak Cis 3.9
X 300 mm)S o]&3% 4 (reversed-phase) HPLC (Shimadzu 10AD, Japan)E Ap-&3}e] #&
AASAT olw, 0.1% TFAE 73+ 100% == buffer AZ, 0.1% TFAE /3 100% ACN
< buffer B2 AFE3FH A, 5% ACNell 95% ACN 71A] 189 1Iml 3 508 % FuiE& =+
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oz By AASATH HA ZAFE 230nmolA FF 5o W E AR 828 F9l
BEadHg EAE Rof FAAZ A & HAF2 methanole] =< 100u &
gA4E gAeEe. 1 A3 EAdo] e @Y I3 (single peak)E Ao Z A=A
AR

\'JEHN

3R X

[c]

w2 ol o
~
4 ™ x|

me X

o
=

2. A7 A3

7F S #8A-8 Gel = Bacillus amyloliquefaciens BC32-1 w52 #& 2 vk =41

9d F2Y FH BE HFE FolAM dAHo = NESW Fusarium oxysporum f. sp.
radices-lycopersici KACC 400310 Z &8st AL AS Holes dFEL st s
O A3 O JAHTY B FFE BYsi e, 53| Bacllus amyloliquefaciens BC32-12)
FRAEAHE F2lstr] 98 LB #iA (EYE 10g, 9slHEF 10g, 255+ 52 57T 1D
ol A 180rpm, 37C, 24|13t &<+ kst tix+ o2 tE 3 (strain)¢l BC32-2, BC32-3 ¥
BC32-4% wjFstA ). Wik & 7] 229 Bacillus sp.& Aew% (Fusarium oxysporum f.
sp. radices-Iycopersici KACC 40031 wjeF wix|o) HESIR oW, 1 A FLsHAl Bacillus
amyloliquefaciens BC32-1 wFolA dF&Ao] Yelgdt (28 3.1). 33 DNAZHEH
gyrase A 32 (gyr A) F7IXEE 48t ZAASERS WH e 53 8o 1 4
I} 710 &R Bacillus amyloliquefaciens subsp. plantarum ©}&3 99.6% (885/889 bp) o] wj
$ =& FAIEE YERY (28 3.3). Bacillus amyloliquefaciens subsp. plantarum BC32-12]
gyA A71MES 19 329 Ao B #F9 AN vy ofdE Yol A FMEH
(Bacillus  amyloliquefaciens — subsp. plantarum)?j‘% glstatt. 48 vAES  Bacillus
amyloliquefaciens subsp. plantarum BC32-12 ™ H3le] A FstATYA FAADAE
KCTOll 71g3sldth (et E: KCTC 12729BP). t & A5 IF &5 HiEo=Z F
meF To mEnlor A HAuR Ae o3 therst wY <
ZAVsV = Bacillus amyloliquefaciens BC32-1& %-& 27 wjx] Zof TSA (Tryptic soy agar)
2 LB (Luria-Bertan) ®jx[o| A9t Q2% YPefj& Xo]& Hole ©d ZEY (single colony)&
gl ou= ol HAHuAR HA¥ Feste] TSA (Tryptic soy aganuj Ao =2 (streaking)
3le] e} (morphology)E #&3ldth. w3 Bacillus amyloliquetaciens BC32-12] HZ S &
& g<lstr] s TSB (Tryptic soy broth)ell A z+zF 18 (A) 30T €k (B) 37C oA w3t
oo A S 21,055 x g= 1083 A4 st 0.45m=E A A7 4F5 (S 8mme] H o]
T3 (paper disc)& AH&3ste FAME (Fusarium oxysporum f. sp. radices-lycopersici (KACC
4003D)uf ek v A o] TSB Hi A& Y ZH (o2 sto] F3F2] 100ul 2 &1k A3 37CoAA &
2lo] = (clear zone)o] © & AT 4 AAT (29¥ 3.4). olo 37CE FAF (Fusarium
oxysporum f. sp. radices-lycopersici KACC 4003Del g & FEA & =2 ALL3AT

i)
L H U:S‘_{ o

irﬁ

_34_



&1
121
181
241
301
36l
421
481
541
601
661
721
781
241

TgaagococgarT
aaccacataa
gtgactcagc
TgCcLLgLnga
gTtTAcCAacAgA
acacgattga
cgagatttoc
acattocctec
CCgagATTAC
gtcagatttt
caatcoggge
cggaactteo
gagacaaaaa
gaatcgtcat
aacaaacggoc

a9 3.1. Fusarium oxysporum f.
sp. radices-lycopersici KACC 400319

2

9%

Hol=

amyloliquefaciens BC32-1 .

TCAacAagacSaq
aaagroogoc
ggtttacgaa
cggacacggc
AgCgAgAATS
CTATCaagat
gaatctgeoteo
goAatcagett
AaacCCAGOAR]
gggccggagc
taaggotgaa
TLaAtCaggtyg
aatcgaagga
tgagatcogc
cotgoagacy

AatcoogTacg
cgtaccgoccg
tocaatggtca
aacttCcggiT
CCAAARATCT
apccacgacg
Frazaacggey
ggagaagtca
CtCgATggQAaAT
ggcaccocgca
atcgaagaga
aacaaagcga
AtTACCgACC
cgtgacgocca
tctttoggaa

cCaatgaatcga
gtgaagtTtat
gaacggogoca
cggrTgacgg
cCaatcggaaat
grccagaaag
ctgocoggtat
TCgaaggcgrt
acacccoggg
aggcacacga
catcatcagg
gatTcaattga
tgcgagacga
acgocroocacgt
tcaacctgct

Bacillus

CTTAQQCATS
cggtaagtac
ggattttaac
cgactcagog
coTtgcgngac
agagcctgoco
tgoggtogga
getTtgocgta
cCCcCcggATLETCT
atccggacgg
aaaagaaaga
aasaaTCgca
atccgaccgt
catcttgaatc
ggcgotogtt

accAagTgaca
catccgcacg
tacocgotaca
gcocgogatge
ATCTACTAAAG
gtcatgoccatc
atggcocgacaa
agtgagaatc
cCCgARcCTgCotg
ggactcaatcca
attattgtta
gatCcCTTgtcc
AACggAATgA
aacctgrtaca
gacggacagoc

7189 3.2. Bacillus amyloliquefaciens BC32-12] gyr A %732 @714 <.
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a3 & mahylofrophcus EML-CART
& g mathviotrophicus NCCBLOOZ3ET
8. amyioliqueiaciens subsp. plan iz UCME-G113
& amloligueleens subsp. planiarum FZB4ZT
8. amdoligueBeiens subsp. plandarm UDCMEB-S036
B, ammvloliguefaciens subsp. planiarum BC32-1
1) 8L 2 amvdoliguefaciens subsp. plamtarum FZEAS
\‘ B siamenss KCTC136137
71 & amylohguefacens subsp ampoliqueiacens WCTCLERDT
e o 8 amdohgueiaciens subsp. ambliquefacens CBL
10| 2 amyioligueacens subsp anwiolgusfanens ATOT15841

7

8. amylohguelacens subsp. ampialiguefaciens DSNGT
& atrophaeus WITCIOU

LW —3, mojavensic NRRLE-146587
Zvalizmortis NRRLE-14

o & fequiensis MRRLE-417717
EIL— 8. subtis subsp. sp&zenw NRRLE-23045

& subtis subsp. subilE KCTC31367
0 [ & subdls subsp. swbiils KCTC34%
&l & subils subsp. swbids KCTC3014
TEL 2 subdlis subsp. subflis KCTCIZE
8. sonorensis MRRLE-231547

= | . lichenirmss KCTCIS1ET
101 g fichenibrmis KCTCZ2S

B punius ATCCTOEL”

18 3.3. Bacillus amyloliguefaciens BC32-12] A Ed )22
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(A) (B)

a9 34. NEsY (Fusarium oxysporum f. sp. radices-lycopersici KACC

[¢]
4003Dol ik FTFA HA 2= (A) 30T (B) 37C

. Bacillus amyloliquefaciens BC32-1 2] in vitro 844 4

FEANA ZeH 7dFEY IXTEHS SA5H7] 98 PDA plateo] BATS] #AAE =
g3k 0.5em A9 $+H Y23 E wlX|Stal, Bacillus amyloliquefaciens BC32-1 5
Aot #7Y 23dH e AEHATY FFo] dAE Alste AEE SR AU 1
A3 Bacillus  amyloliquefaciens BC32-1 5 AAZFH  Fusarium oxysporum f. sp.

radices-lycopersici KACC 40031¢f] 723583 dxFEAdo] A& FAstAth (2 3.5).

19 3.5, Bacillus
amyloliquetaciens BC32-1
o FRTEA.
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t}. Bacillus amyloliquefaciens BC32-1 ¥ WldH o] FHH4EH &2 TA
Bacillus amyloliquefaciens BC32-1 #+5E LB WA ol A njFsl w5 H o2 HE LC-MS

EAHS o] &3t EAE A4S AR o}‘ﬁD} 71 A3}, iturin, surfactin, fengycin 52 thaFsh
18y AE JFepolert 23E AS & T AUATG (O™ 3.6).

lturins/Surfactins
| |

1009
100% 1
90%: 1023
80% | Fengycins
T0% | | |
= .
2 g% 1478
o 1
= 50% 1032
g |
® 40% | 1046
& 30%. 995 " 1060 1464
; Loy 1492
20%
' e 1506
10% |
' lLILLﬂ.LLLLLJL atostetllhe il ST =Y 4,4.,IJ_I_LL;_

950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550
m/z, amu

29 3.6. Bacillus amyloliquefaciens BC32-1 v F=E-9] LC-MS £41 A}

gt fF7] 8w E ol &3 XA &

oA 7HA f71e&m #H A
BC32-1 ¢57h Aabets thekd
=35t7] el g WHOoRE 3
7 2o

g, A7t AgE o] 83t chloroform:methanols 9:1 (V/V) 8:2 (vlv), 7:3 (vlv), 6:4
vIv), 5:5 (vIv), 4:6 (vIv), 3:7 (v[v), 2:8 (v[v), 1.9 (v/V)] F&=+ o] methanol®] 4& =
gHA FAF EFS FEg - AAS ZAI} chloroform:methanol 2] H]%O] 6:4 (v/v), 55 (v/v),
4:6 (vIv) °olE Wl Fusarium oxysporum f. sp. radices-lycopersici KACC 40031¢l thgt &3+
Aol aRAYdS AT + A} Ty ol#d WL FUIEME YT ®ol &H|EE
ghA fractiono] §&F o ¥ FU7|E FEAA RP-HPLCE AA|3te] crude peptidegs &5
st717bA o A AZEol AUAA Aok @ o] Ak whEkA o] WHE ®Hestr] fa v
Diaion HP-20 AH & ©| &3 &4 & - AAE adstA HAT

A F& Y9 silica gel AHE o] 83 & - A

AW So EAWHE RMEW  Bacllus amyloliquetaciens
213 @ Elo] & (cyclic lipopeptides)d 333+ EFS& F
stRom, HA =05 1heks] st 1" 3.7.9] scheme

-

Fl

l
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Culture broth & s7¢, 1s0mpm

[ 7000rpm, 10min

v v

Supernatant Precipitate
Precipitation Extraction Diaion HP-20
by HCI (pH by EtOACc Chromatography
2.
o J’ Fractionation
Silica gel Column by H;O & EtOH
€
Chromatography

‘L Fractionation
by Chloroform & MeOH

HPLC (C18)
Antifungal test

MS/NMR
analysis

19 3.7. Bacillus amyloliquefaciens BC32-1¢] A4tsle= =2 AHAAE 93 scheme.

nk. Diaion HP-20 Z 92 o] &3 &4 &£ - ZA

Bacillus amyloliquefaciens BC32-1 #F23¥ FH4E242S Eds7] 93 a3
A 7l&3 AE7tA AYE o] 83 WHRET Diaion HP-20 ZH & o] &3 I
AA7V E&Z oA}y =, Bacillus amyloliquefaciens BC32-1 #59] 337 aye=
%] elutionoll A Fusarium oxysporum f. sp. radices-lycopersici KACC 40031l 7= 3+ &+
do] Ades FAstAT GE 3.3).

nﬁn 2
L2 o e
b
™ m}% S

o2
ACIS. 2
rlo

e B

¥ 3.3 Bacillus amyloliquefaciens BC32-12] Diaion HP-209] &3¢ &4 &8 5=

Fractions Ethanol Antifungal activity
1 0% X
2 20%
3 40%
4 60%
5
6

80%
100%

<O XX X
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v, RP-HPLCE ©] &% &4 &8 - B A
Bacillus amyloliquefaciens BC32-1 w=F2] Hj<F

< 2SS A=z o7 RP-HPLCE o] &3}
of HASATH F, dHoAE O ER FEE AES

o 12
4
i

2 %2] methanolol] Ho] AEZE ALE3}
Fom, oldl 50% ACNel 0.5% TFAZ} g3 bufferE 713l pH7F ¢ 2.05+= AE &< 3+
% 15,000rpmell A 5&3F 4 stk A& A FHS 0.2um syringe filtrationsled 25ul 9]

&

kr

A 5E loadingste] HPLCO| =gt & 230nmell A & H3lg A 59 &2 sttt
(29 3.8). 7171+ 97 (reversed-phase) HPLCE AF&8-3Fod sunfire Cyg analytical column (4.6
mX 250 mm)< A8 APo g ALR3te] peak retention time (I HEE AHES #A=3HA
o} olw, 0.1% TFAE 73 95% =l 5% ACN= buffer AZ, 0.1% TFAE 73 95% ACN
o] 5% &< buffer B2 AF&3FH A, 5% ACNel 95% ACNe] T2 18T Im¥ 158 %
THE 1 dHELAS EYUAA AT

VX A3 Bacillus amyloliquefaciens BC32-1 425 E HAFH o7 HAH EFe 183
A Elol =1 1032, 1046, 1060 m/ze] iturin-type, 1464, 1478, 1492, 1506 m/z9]
fengycin-type, 1009, 1023, 1037 m/ze] surfactin-typee] 37}A|Z ERIF Yo ExFL T
I 2o} ol A k& Ao Al Zolvt F EAelA fElE 14 58 28Dad] Aol
oF A¥Eo] Ak (& 3.4).

0.20
iturins fengycins surfactins

- 1 \ 1
E 0.15 - [ I |}
[~
=]
o
o
g 0.10 -
=
w
#
E 0.05 M
<

0.00 —J”F“f‘)d

T 1 I 1 L] L I I I

0 5 10 15 20 25 30 35 40 45 50
Retention time (min)

1% 3.8. Bacillus amyloliqueraciens BC32-1 W FH) o 2 BE HPLCE o] &3k HElo|= E4,
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¥ 3.4 Bacillus amyloliquefaciens BC32-128H #HF AAH 18|qd XA Elo|=

Fractions Lipopeptide type Molecular mass [M + HJI
1 1032
2 Iturin 1046
3 1060
4 1464
5 Fengycin 1478

1492
6 1506
7 1009
8 Surfactin 1023
9 1037
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A 4 A. Paenibacillus elgii BC34-6 2. 2R A FSA thALHE 1
g - A

FEE ITEH S HEle 57 b5 EAY Aoz 49, 5 FEZHEH U4
Bg ==

=
WA =2de Adste 58 £dste ISP FAAR 2_E F US AL

2 dFoAE Aeds sidTe FEEZREH Yt 7Y A= HAdAH F3old &40
Hojd #5F5 Eelste] 16S rRNA 2z £4oz2 B39t (Ding ef al, 2011). 21 A3}
Paenibacillus elgii BC34-6 22 A= AT, Paenibacillus &< 1993\ 51708 Bacillus %l A
16S TRNA gene sequence Blxl £4 & A2 FOo=2 HoHA O™ (Ash ef al, 1993), 74 2
A (Hura et al 1999; Kovach et al, 20000% 21# <29 (Mercier & Manker 2005 % A&%
I ZE oA 7 ZAES oprldte IEdAE w9 AHES Eol7] A A UH
ZX AL 3 ) (Chen ef al 2008; Yu et al, 2005). ©]2]gF nYE = 1 Y ES o]
g AESHA Aol ik #A 2 HA FUEIL e FAlolH (Cook er al, 1996), ©lm] o
n Y ESo] AFAZ4 US Environmental Protection Agency (EPA)Y] SEFHAtH (Wu et al,
2010).

P elgii BC34-6 Wl¥’dsHS Fusarium oxysporum f.sp.radicis-lycopersici KACC 40031,
Rhizoctonia solani AG-1 KACC 40101 ¥ &3 Tt 25 HdAd FFold s s &
A BRYgow, LC-MSZ EX3% A3} 4572 Pelgipeptin =& AstE AL &
At (Ding et al, 2011; Wu ef al, 2010). ©]¢} tjEo] Pelgipeptin F=A &9 vt &4 2
G712, Fxol Wi AFE Al S8 i de A=skdo W Al A H
of mel #A o} S4EZY AL A=V Ed F 7] "WiEe, $AF e

e WA 2854 Ade] SUstd HAMAE 2, A4
Lo digFm kS Attt o ik 5+ Diaion HP-20 Columng ©
22 - GA g e, B =534 528 22 FAsH7] ¢35 Reverse-Phase high-pressure
liquid chromatography® 22} AAE AAeAT 4= &4 LC-MSE o]&3tom,
2% pelgipeptin FEAES S4AT R FEAT | AFEHIT

3
o
&

= 59 %7

—_—

7} FRAFEAS eV = Paenibacillus elgii BC34-6 ¢ vieF =74

(D B A]

Paenibacillus elgii BC34-6 #F+= 28] x|1 TS (Pancreatic Digest of Casein 17g, Papaic
Digest of soybean 3g, Dextrose 2.5g, Sodium Chloride 5g, Dipotassium phosphate 2.5g/liter) <
A wAE AHESt T St B ke HAuAID M9 (NaHPO, 6g, KHPO, 3g,
NH4CI 1g, NaCl 0.5g/liter, 1% sucrose, 0.5% yeast extract) Wj x| S A}-&3} T},
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Q) HAMEFE=A
Paenibacillus elgii BC34-6 #++E HWdH TS (Pancreatic Digest of Casein 17g, Papaic
Digest of soybean 3g, Dextrose 2.5g, Sodium Chloride 5g, Dipotassium phosphate 2.5g/liter) Hj
Aol HFsFd 30T oA 150rpm o2 48417 Tt wjFstath. oAl M9 (NaHPO4 6g, KHoPO,
3g, NH,Cl 1g, NaCl 0.5g/liter, 1% sucrose, 0.5% yeast extract) 4| wj=]ol #HZF3}o] 30T o A
150rpme.2 5 F<F i3t

. Paenibacillus elgii BC34-6 32| in vitro B4 A

D w s B =A

P elgii BC34-6 vl FH-& 4,585 x gollA 30& &< A& st dAlE A ASHEL 8um filter
paper (Whatman, China, 18omm)& ZF4ZE|$t & Fusarium oxysporum f.sp. radicis-lycopersici
NESH)e] HE=o A= PDA (Potato Starch 4g, Dextrose 20g, Agar 15g/liter)ul] ] paper
disk (ADVANTEC, Japan, 6mm)el| 100ul droppingd}e] 25C oAl 3-5% F<F HjsE & FAF A
Z AAE ZAFSEATL

t}. Paenibacillus elgii BC34-6 w5 ¥l d5de] A H+EH TA

P eloil BC34-6 W d5Ho2RY IAAEZE A7 s M9 (NapHPO4 6g, KHoPO,
3g, NH4Cl 1g, NaCl 0.5g/liter, 1% sucrose, 0.5% yeast extract)uz] 30C oﬂ A 150rpme.&2 5¢
B A FstF T 21,055 x goll A 1083 YAl R st FAE A AT 3 0.1% trifluoro acetic
acid (Merck, for spectroscopy)E =Z&3stxl A= 50% acetonitrile (Merck, for isocratic grade
for liquid chromatography)—o— 7Fsll pH 2.0=2 =4star 0.2um syringe filter (RC-membrane,
PP-housing, Sartorius)dt & LC-MS £4& A& =2 A&} o] u] 4 AL oy % 4.1
of el o™, Mass spectra= 200-18002] L ol A positive ion modeZ m/z &= YERA
=3

¥ 4.1 Paenibacillus elgii BC34-6 v o 2 HE FR#=4o] LC-MS 4 =3

Operating condition

HPLC system Waters Delta prep 4000
Mass system AB Sciex API 2000
Column Hypersil Luna Cig (4.6 X 250 mm)
A : 100% H,O containing 0.1% formic acid
Solvent o . : :
B : 100% Acetonitrile containing 0.1% formic acid
Method 5%-65% for 30 min
Detector UVa3o nm
Flow rate 1ml /min
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2}. Diaion HP-20 ZH & o] &3 dH+ =42 E& - FA|

=k vl k3t P eloii BC34-6 vjoFN-S 4,585 x goll Al 308-7F YA Rt FAE AASL
8um filter paper (Whatman China, 185mm)Z Z4=ZH st 1 3 wlgFde] wjx] HAES

AL FFEAS 2e3sl7] 93] Diaion HP-20 (IONTEC, korea) 29 A A3} T}

2 HP-202] —1:%% A AsE7] $18] methano (DUKSAN, korea)¥} ethanol (DUKSAN, korea)
< ol &3t FAH R AHI & FFHRTE ol&st A MFHEAT. Mol ¢5H HP-20
800ml & Z# o F23}a Sea sand (DAE JUNG, 15-20 mesh)E ¢F 5cm ¥o] ©A] S/ 6L
2 AFsAT o] & AUAZET Y s HdS 4L loadingstal, S/ 10LE Al ste] HjA]
4&< AA, EtOH (20, 40, 60, 80, 100 %)< #ElE &AM A £8-& woliglict. o]of &
7€ AbgSte At FEAITI AT HEE FEE ZodW 2 0.2um 2mm non-sterile
hydrophilic syringe filter (MACHEREY-NAGEL)E ©] &3l oJs}stdtt. o] & 0.1% TFAS &
3F 50% ACNell =< 0.2mm non-sterile single use syringe filter (RC—membrane, PP-housing,
Sartorius)ell & #ste] LC-MS #4184 AS2 A&t o] wf B4 =12 F 4.2 YERRA

=

3 4.2 Paenibacillus elgii BC34-6 ¥l 45 <4 <] Diaion HP-20 23 % LC-MS
L EX
Operating condition
HPLC system Shimadzu UFLC
Mass system AB Sciex API 2000
Column ACE 5 C;5-300 (2.1 X 50 mm)
A : 100% H,O containing 0.1% formic acid
Solvent o - : :
B : 100% Acetonitrile containing 0.1% formic acid
Method 5%-65% for 30 min
Detector UVazo nm
Flow rate 1ml/min

vl RP-HPLCE o] &3 3+#&E4d &2 - AA

gdo] AY 3 80% EtOH £33 I EHe &34 £ty Hal Cs ¥ (Waters
uBondapak Cis 3.9 x 300mm)<& ©]&3d RP-HPLC (Shimadzu UFLC, Japan)E A A3ttt 0.1%
TFAE 373 15% ACNOl 0.1% TFAE 3 75% ACN7IA] 18T 10m 2 2083 &% 4|
£ Fo THFLEN £ AASAT

AA Ay= 230nmolA FFEe HSE AR5 &&58 sy, 74 EodEE EE S
Rol FAAZR AR T HAFO Wy m9o o] F 100uE o]l&dly d+F e st
gtk Aol 9= B3NS oA 0.1% TFAS 53 30% ACNRE 0.1% TFAS 73 55%

ACNZHA 129 10m 4 4087 55 il o] Feigozs A% el FAsidr
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2. AN A3

7}. Paenibacillus elgii BC34-6 2] in vitro &4 A

P elgii BC34-6 Wl ¥H-S 4,585 x gollA 3083 dAEEstd FAE AlASL 8um filter
paper (Whatman, China, 185mm)Z2 ZrtZE$t & Fusarium oxysporum f.sp. radicis-lycopersici
(NE2H)o] HZEHo] 9= PDA (Potato Starch 4g, Dextrose 20g, Agar 15g/liter)¥] A paper
disk (ADVANTEC, Japan, 6mm)oll 100wl droppingdted 25C oAl 3-54 7t wjgd & A3 A =
ZAEA S O A v T A A AleEs AT tiE E4do] YEdE o 7 AT (2
g 4.D).

KACC 40031
Fusarium exvsporum f.5p. radicis -Ivcopersici

a9 4.1, Fusarium oxysporum f. sp.
radices-lycopersici KACC 40031 th3+ P
elgil V¥R o A

. Paenibacillus elgii BC34-6 4 Wl d5de 7422 5H

P elgii BC34-6 Wl dsde dH#EZHS LC-MSE o]&3td EAsHt. 0.1% TFA
(Merck, for spectroscopy)E 3E33sIal = 50% ACN (Merck, for isocratic grade for liquid
chromatography)< 7}3ll pH 2.02 Z&3}3x 0.2um syringe filter (RC-membrane, PP-housing,
Sartoriug)dk 3 EAsIH T 1 A3} P efgi BC34-6 #F71 A4ksl= 4572 Pelgipeptin %
A (pelgipeptin A, B, C, DS FAFHT (29 4.2, & 4.3).
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010

008 -
E 006 -
o
&~
@ 004 4 Pelgipeptins
= ﬂ_L1

002 4

o0 -

] 5 10 15 20 25 30 35 40

Retention time (min)

19 4.2. Paenibacillus eloii BC34-6 v ke o] HPLC #2443},

¥ 4.3 Pelgipeptin A €2 EAEF

Lipopeptide type

Molecular mass
M + HI

Pelgipeptin A
Pelgipeptin B
Pelgipeptin C

Pelgipeptin D

1073.3

1101.4

1087.4

1087.4
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W2

R —

| 2
882 100210 yi2iems

[(M=-HI"
Pelgipeptin A

16100, 1007 2

1000 1200 1400 10600 100
M
(M-HI*
o Pelgipeptin B
_ 17
:m:
§ 2%5
g 2.0es
1 Seth |
1008 3118 svaz
soeti|de1a | 429 3 1l
wirL | =8 T34 48R3 1oer4 1290 1 1200 8
250 o e e - im0 wob v6od 1o
rE. T
ae 44 2 (M-HI-
6007 | ars Pelgipeptin C
50at |
5 40e7

110040

1087 4

BEE 3

104 5 14130 1454 0 16314 16888
1300 1400 1500 W00 \TO0 1800

[M=-HI-
Pelgipeptin D

1§00 %
M4 IMS 512093 12007 e
1200 1400 1800 1800
L T
19 4.3, Paenibacillus elgii BC34-6 v Fe]H ol A Q1= pelgipeptin =4 &2
A
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o}. Diaion HP-20 ZH & o] &% &4 &g - AA

AAE HP-20 800ml & %13 AH viddsd 4LE loadingstal F7F 10L=E A&, Hj
A AEE AAAH. ] EtOH (20, 40, 60, 80, 100%)< #te|E &2AA &S W} &
H71E ARESte At BEAIAT FF5A A 60% EtOH #8-2 2.7g, 80% EtOH #3%-2
g 4 F YU

dojzl L HaFe W =2 ol o2 0.2um 2mm non-sterile hydrophilic
syringe filter (MACHEREY-NAGEL)E ©]&3t ottt o] ¥ 0.1% TFAS i3 50%
ACNell =< 0.2mm non-sterile single use syringe filter (RC-membrane, PP-housing, Sartorius)
of ofz}sle] LC-MS HA18 ANBE ARSI, Fusarium oxysporum f.sp. radicis-lycopersici
(NE2)o] HEHol = PDA (Potato Starch 4g, Dextrose 20g, Agar 15g/liter)sj =] paper
disk (ADVANTEC, Japan, 6mm)ell 100wl droppingate] 25C oA 3-54 7t vjekst & &A=
zAe T 1 A3 60% EtOH 283} 80% EtOH HE&EojA 73k Aol YetdS & & U
o (29 44, 29 4.5).

=
o
%

KACC 40031 KACC 40031
Fysarjum oxysporum f.s5p. radicis - Iyvcopersici Fusarjum oxvsporum I.5p. radicis-Ivcopersici

1% 4.4. Fusarium oxysporum f.sp. radicis-lycopersici KACC 40031¢f tfs+t HP-20 Z & 9]
60% EtOH ¥33}, 80% EtOH £33 9] 3734,
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80 % EtOH : :
0.05 - Pelginentins
= A
E .03 4
q
E 0.02 o
Q.01

-0.01 ' . . . ' . '
a ] 10 15 =0 Z5 30 3s &g
Retentlon ttme (min)
0.08
80 % EtOH
o.05
o.04 Pelmipentins

AE 20T

o.02 4 /J\Fr\{—:—\jﬁvw
ooz J ‘J\ﬂ/\‘ ’
0.01 W

o.00 'IHV
-3, 1]

(=] s 10 15 =0 25 30 as s
Retentlon time (min)

100 % EtOH

AR T
o
i
]
—

0.00 Jﬂw
=0.01 : : ¥ . v ¥ T
o 8 10 15 20 o8 30 3s 40

Retention ttme (min)

19 4.5. Diaion HP-20 column®] 60% EtOH, 80% EtOH, 100% EtOH ¥ <] HPLC.
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2}. RP-HPLCE o] &3 &4 & - AA

gAdo] AY 7e 80% EtOH 89 FHEAS &F3tA £Elstr] fste CieE ¥ (Waters
uBondapak Cig 3.9 X 300mm)S ©]&3F RP-HPLC (Shimadzu 10AD, Japan)E& A A]stA . 0.1%
TFAE 373k 15% ACNel 0.1% TFAE &3 75% ACN7HA| 189 10m & 2083 % T4
g Fo] EHFoEA 8 AASAST (IF 4.6).

AA A= 230nmollA EF 5o Witz Alge £ oy, 7z RIwE 2dS
Rop FAAZE AN F HAaF WEgsdd Fof o] F 100uE ol&ste It S &3}
Atk &40l Ade B8S ©9A 0.1% TFAE 33 30% ACNFEE 0.1% TFAE 73 55%

ACNZIA 185 1004 4083t 5= FHlE Fo] TFoex A% B Ay 1 A7
Aol v @Y HIE do & BAE A & F AT (O™ 4.
TG00
Go0D0 -
S0000
E 40000 =
=
ey 30000 -
=
20000 -
o /AAA\I*‘A'\‘_} \JWJJ\/M
0 e— P—— |
o EI\- 'l.ﬂ 1.5 2-0 3'0 35
Retention Trme (rmin)
25000
20000 - Pelgipeptin C

Pelgipeptin A l

15000 < \i

Pelgipeptin D

Abs 230nm

10000 J Pelgipeptin B
5000 4 ‘/

& | T2
-5000

5 96 17 18 1@ 20 21 22 23 24 25 26 ET 28 28 30 31 32 33 34 35
Retention Time {(min)

T13 4.6. Pelgipeptin A, B, D2] HPLC &g #HA.
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MBI

AEZATm

1 De=5 o

2 De=d 4

B De-d 4

d Deed

a Sesd

oo

-a Qee-d

25e=5

20e=5

1 Su=5

1 De=5

=1 -]

1 5e-5

1d4e=5 o

1 le~-5

1 0e-5 o

E De=d

& De=-id o

4 Deed o

T

= Deed

oo

-2 Deed

Pelgipeptin A

10 15 20 =5 30
Retention time (min)

Pelgipeptin B

t.ﬂ ‘-.5 L"IE' b - 3D
Retention time (Min)

PelgipeptinD

]

T
]

10 15 z0 a5 33
FRetention tirme (min)

1% 4.7. HPLCZ <314 &8 Pelgipeptin A, B, D.
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A b A FEZRYH B 7|dEs vAEZREH 7HENEL B
g - AA

1 A0 =3 8 2 3y

FGEA E3 7IRENEAE S e vA=EY JIHEs FAHECE 3 1A Agar plateol A
71"l E3ljo o]&l clear zones 343} 2 AdEsgt 1 F 7}%} A=k
IR &Ea & % zZk= PAE 2T
16S rTRNA X422 7} mAEE& TAHsACH HA 7]"u)A]
0= %dﬂ“ kA Zgth g & fFETdE
A A)71aL lon chromatography$} Gel chromatographyE Af
O A3 HF EEE g4 e e dides RS 5 A

7h BEZAH l‘f/l%_‘—ﬁﬁ s 29, 4

1%%_‘—311 g4e e vAES BYsr] st FFFAA, UFA, FAT, didT, dY
e BE3 g Zl‘”“ﬂ*ﬂ T 16599 FE ANSE FHT FE ASERY 7 &
e e FEdES BYsit 5 $482 BAATERSE WRlez dAsoH,

20% =8l AlEo] FH7bd wiFa Ao Fol - 80T oAl BE3HATH

A7IME 4 PHe 33 2 DNA9 £ #Yet #AE o} STES Buffer (0.4M
NaCl, 0.2M Tris-HCI, pH 7.6, 0.0IM EDTA, 1% SDS) 100ml ol & €3}t /\]Eoﬂ glass bead&
H7tste] 587 TOMY (micro tube mixer MT-360)2 35t MEzH-E& &ESAIFHTH AX &
=4S TE Buffer (pH 8.0) 200ml, penol/chloroform 200ml ol & EH&ke] 12,000rpmell A 5&3F
A& sk Th

AT S Ho] RNaseA SmlE H7Fste] 37T oA 1A &<t vH-3AIZ]
A7Vt 12,000rpmell A 583 YA EE StAT AR S A
A A3 & A=z (vacuum dry: SpeedVac)stitt.

HETH O R 343 DNA= Ei S/ HESIHTY. 13 DNA A5 ZFE 16S rRNA
AL BAS B Chromobacterium violacein®y Paenibacillus chtinolyticus)-S 22183

o}

chloroform-&-
ethanolZ 23]

flo i

. 71" &84S Yeldl= Chromobacterium sp.2} Paenibacillus chitinolyticus 35-22] ¥l &
I PAE Wl 2dS g6 fs MI viA & 7|t = g AA wjA] 2d&
sgetdth LB viAIE o]&ste] 100ml & oH] vjks g th 1L 719w Ao HFstod 5Y
5o mlFstdth. di@HlgE wiA= colloidal chitine] E=gE M9 HIAE  AFESITH
Chromobacterium violacein- ¥ A 7} S71gel et e BepAls gr] oo gA Al

7ol A Fd 2§ Agen, dd W) R as Bd JwE FAsy] 95 )
© 1A plateo] MEE AAZ wfFAT Zste] Esih 1 A oF 5Y A= WY ¥

Arjo] Aelne] T4 B
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o HAE o RRE NN AL 5
5A%te] AREANBA AR WY F AEelel ojs) wWorE MEs BaHA e 2
40% FAFEFS H7bshe] W] =

< SDS-PAGEE &3l #4st3loH,

A% e T 5 A

gh A2vEOHIE o] &% JldEsas g

G EE A Hel o8 g2 RE EEd TuE S
EI#3 %x7] Buffer (sodium phosphate, pH 6.5)2 & A1A olendIAZufEdH Y] AEE &
Hl 3t ol2ustaEntE e Sl ARVIEIH I Fol ARnEIHNHE F
7HA BEF AES] BHow, O F Q ZHS ol &3 Fole AZmEIH I o] Tl
Y7 & dojye AL FA & F AT

ol A=ZnE gy e] &uj= A: sodium phosphate, pH 6.5, B: sodium phosphate, pH
6.5, IM NaClE& AR&3sl3om, gradient =12 B%E 0-100%7F# 10027 5% FHlE 59
10ml & fraction= wrolui ot

2ol ARvEIHY F J|HES &40 actiong oAl HF AJZrtEIHNE

J= fr
ol g3l 443 JEEFHEALAE B HAA T 5 AYo)

240 o3 o] ews =}

_

2. AN A3

7h R Bs g 2 - AA

S EANAN BEl¥ Chromobacterium violacein 3+ P. chitinolyticus 35-2+= 7
A3l o] o) F ARl chitine = o e FFolol gt dxldEde Btk

olg) % 51 chitin agar plateE ©]&3F chitin £ AFoZ TH A
Chromobacterium sp.8}v P. chitinolyticus 35-2< chiting w24 £3lsle] T3l & clear zoneS &
/g3t

Chromobacterium violaceum®] +3AF 4 A3} 5709 chitinase FXA7F LA Zzke]
chitinase- A&7} WdAH chitinase= wAFg©] 33kDaoll4] 85kDaoll ©|27|7kA] st F71E Zb= A
S E F o, EF gekdl plE HY O 2 A chitinase = A2 Aot Eold S HY Z o7 d
4 Aot (& 5.D.

Chromobacterium violaceinre ¥ A] chitinaseE M ¥ro.2 HuH|sle] njefel <9 chiting £3
3lo] €hA sourceZ o) &3}y Chromobacterium violacein®) ¥j¥e <:ol| chitinaser} TFF EgHE o
o] ofefe] 19 5.29F 2 schemeell @} chitinase &2 - BAE A =3HATH

i
ok
=
g
&%

D

e
ox
ftlo
A

N
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 Chromobacterium violacein  + Paenibacillus chitinolyticus

P chitinolyticus

I

¥ 5.1 Chromobacterium violacein®] 7)1 E-&| 84 A=}

Putative ) , :
NCBD seq. ) Amino acids Molecular weight PI
function
1 NP 901567.1 Endochitinase 439 49206.9 7.53
2 NP 902406.1 Chitinase 315 33764.6 5.32
3 NP 902605.1 Chitinase 439 45718.5 8.88
4 NP 902986.1 Chitinase 791 84527.4 6.52
5 NP 903910.1 Chitinase 540 58345.0 8.69
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Cell Culture 1L

}

Centrifuge 4000rpm 10min
1

Salting out

1

Centrifuge 4000rpm 20min
J

Dialysis
J
FPLC [ Q Column ]

4
Ultrafiltration concentration
}

FPLC [SP column]

i
Ultrafiltration concentration
i)

Gel Filtration

9 5.2 ZI”RES] Ea 2 - A
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D 718088 g49 27 - AA

ol 2uBARVETHIE o83 FAE s vidAY ThlE S IR FoE W F ojw
g =nlE T3 %7] Buffer (sodium phosphate, pH 6.5)2 dialysis s}53Th

ol gol wd IA=vtEIHIE ARESte] #A1% A3 chitinaseE X3 @A HES
woleug HlEd Aishk= As & F oA dFY EdEYE sl SFol2usaznETHYE
AH&-ELaL Gel ’fﬂtrationQ o] &3t EHstAth (¥ 5.3~.4).

719l B3l &S Yel= Paenibacillus chitinolyticus 35-2<} Chromobacterium violacein
A 9ot e o R JIENEL duAe HFT YA stk 19 4.49 SDS-PAGE
of o] HF &3 dWd=E A HAoW A7 EAFE 60kDa ¢F 50kDa A= o
HAE o

Anion Ex (Q)

Anion exchange
40000-

30000+

20000+

280 nm

10000+

0 T T 1
0 20 40 60

retention time (min)

Chromobacterium violacein Paenibacillus chitinolyticus
Marker6. 7 & 9

100
70
; & Hz yHd
Marker 10 11 12 13 14 15 16 5 Lo siees a4
100
70
e . 40
40 %
35

~25
-2 . = i
g b = ) 15
B L =2 10

O 54, HF By AAR 716 Es] a4 9] gel filtrations SDS-PAGE
analysis.
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A6 A FEZEE EE3 Bacillus & Alwo] AAFst= Chitinase

28
w3
o2 HuFE3 9ok Mahadevan, ef al, 1997, Raaijmakers ef al, 1995). ©] &
el g kS T3 A=A T38|y AAAAE g T S A=

Ao =H AZAFAEZHoIY F4HES F8F SHE S8 JAEAA AETH BA
A A AU T30y Al FAEC] chitin® g2 o] Foxl 2]
stod ubybrEs| &4 F chitinaseg ©]-83staAl gtk (Boller, ef al, 1983). AlEW YUY F3o]
ol AxX¥S& o]|Fa = chitin® N-acetyl-D-glucosamineo] £-1,4 ZA%S 3l U=
mucopolysaccharide®] Y& = cellulose®] glucose %71 & C-2¢] hydroxy”} acetyl-amino”] =
xghe shsttzAe A2l ot (Cabib, 1987) (211 6.1). Chitinase:= 2]EW YA FFo] Alx
WS o] 21 ¢JE chitin® N-acetyl- 3 -1,4-glucosamine linkageE 7}4&-al b, 2872t whe}
chitin % chitodextrin® N-acetyl- 3 -1,4-glucosamine linkageE FZ92 Adsl= endod 3}
chitinase, chitobioseE ©&FA|Ql N-acetyl glucosamine©. 2 #3)]3}= N-acetyl glucosaminidase L
2]al chitin AFE9] HISEAA 2o 22 o|dA ¢l diacetyl chitobiose =& 1 o]4to] GA=
sl exod chitinase 5 Al T/7F &84 Atk o]H & chitinases X+ 2H&S 93 A&
SOFENE ofYel A F, oofE FAAE de o]&H Ak (Wiwat, ef al, 1999).

Chitinase A4t wlAEo| #A3+ A= Aeromonas, Arthrobacter, Aspergillus, Bacillus,
Streptomyces, Enterobacter, Penicillum, Pseudomonas, Serratia, Trichoderma % Vibrio 5ol <)
st Aoz delA Aok (Hiraga, et al, 1997, Christodoulou, ef al, 2001; Lee, et al, 2000).
Trichoderma sp.9| 785, & 7FA o]’de] 28 712te] a4 Qi A& U4 +80E HAsH
AES Bosted ARl Aew 4HA dvk (Cruz, ef al, 1992). Bacillus sp.v & &%
WA, AARF Al wE A i% dx7te] A T tFggte] golshr] Wi W ATAE

Ay Fgol

o PAS mo glom, v FoleF= (FDAN o8 A 5 A Fefid vjdE= A
T ot (o]F2, <1, 2003). O}Xl”’* ojZgt I Al tiFE FUhIAY HA B FI 2
= A2 Aviste dtEGeERY 22 - /Y HJY vt EYS AR, ARE 9 7
HE S 2] o7 FH=E SAsta e, O T FEs vt sETE 30%9] Rles
AAEI Atk FEE AubESe] Hls] He 4o wAlE (2x10° CFU/gel A4 Fo=2, wu
A A @ xde 2t Aok sHAT AUk @A MAste FE el 45 54

Aoz dad, dad AWe Sale] AR 4%

= o
o €2 ¥Fe A= AR AL k. AN AAZA] =ell B F il maw &



2000). webA, B ATl IRrES] Bl Hugk FEX
Zt= AR AT 5 chitinases A48t vAES EElste, 1 S
HA A 21L& AASk chitinaseE & BAZ o F2 AR o8& F A=A 7t

$4e gAsas B

i}
)
r (
I o
o,
™
oz
fu)
ki)
%
2
off
filo

-

B-1.4 Ilnkage
CH,OH CH,OH
h¥
H o)
H
o
OH H
H NHCCH, NHCCH,
0 O

N-acetl-D-glucosamine

a9 6.1. Chitine] Fz.

7h AR B A

D A&

2 AFoA xR AMEHE dFe AEAYAEH KCTOONA &% W Bacillus
licheniformis ATCC 14580< AM&3tgon, 33 AFS st AL KACO=
FE AE8dd 330 7Fe 2¢S Wl A&t (& 6.D. 4 A@T 380l T ©A
W, 271vEH, ey e 2 AEe 53 22 AERHYUAY F3olE e E St
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% 6.1 Aol A3 WA Fo|

No Strains KACC No. Diseases

1 Colletotrichum gloeosporioides 40003 Anthracnose (84 H)

2 Alternaria alternata 40019 Leaf spots (& v}&4)

3 Fusarium culmorum 42099 Root rot (B8] 5-1)

4 Fusarium oxysporum 40031  Fusarium wilt (8=z2711)
5  Fusarium sp. 40050  Wilt disease (AE21)

6 Sclerotinia sclerotiorum 40457 Blight (v}&-1)

7 Sclerotium cepivorum 40582 Root rot (¥F2]¥ 5-1)

(2) Chitin Hj=A|

(7P Chitin powder

B A¥e H{ A 7HAE o]&3o] chitin powder @ colloidal chitin®. & A &asle] vjx]e] &
20 F o]ttt #H Al HAEAL Il FE3] AAHS AdxAFeH, dxAIZ #H A
AHE HAE o] &3t st £ #H A A2 ethanol &4 FIAAIA 80T of A
2AIZY & Wk w3 AA MAE Ee] AASRT T gl 3 E0] AAE INS KOH-E-Y
= Abgste] 80ColA 243 WA & SRR AR o, INe HCl §qo= 420
AINZE BEGAIA B " udEE AAS, SRR 33 AlAsk] HdxAA chitin

powderE 13l Ao o] &34t} (Jeon, et al, 2000).

(1} Colloidal chitin

¥ A HAE o]&3sle] A4 chitin powder 5022 500ml 2] 85% HsPOoll 3 7}she] mulkr]of A
2A1ZF B wRkeF T 150 mesh (@ 100um)e] sieveE o]&3ste] 3 o2 RE colloidal chitin
< 239tk B8 EoiR colloidal chitin &9 (pH 2) o ZRE HPO, L AASH ] 9lte] 5Y &
o] SR G00m)E H71sked 5000 x gollAl 3023t 5~63] A& S whE3fste] HF colloidal
chitin (pH 4)& &RrR3}I¥T. Colloidal chitin®] 3&2 #F colloidal chitin 20ml-& filter (Whatman
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No. Doll o3 3 & filterE 65C oA 8AIZE AXRAIA FAE SAHSAL AT FAE W
o] A4kt colloidal chiting 1% (W/v)Z2 ¢ & 2 A3 ol AME-3S T

(th Chitin Hj =]

Chitin ¥j#]+&= 7]¥ ®jx] & standard minimum medium (Na,HPO, 2g, KH,PO, 1g, NaCl 0.5g,
NH,Cl 1g, MgSO, - 7TH,O 0.5g, CaCl, - 2H,O 0.19)S Al&3stsom, #H A AEAZHEE A4k
colloidal chiting ®=H& Z7}sto] chitinase AA4F APl AMEsEATE =3 Wiy A4 &
AL mAE YFTEH A FLAoE ARESHY] 9@l 0.1g9] yeast extractE H7Fske] Ak
&3ttt

U AEAF B #5Ed

D AE AN
B EA T ZRE chitinase A= PAES ET3st7] Hste], At
EE o]&3slo AL, F, WS, vt 2 ks 58 AZsia e A

25 AAsAH (& 6.2).

Site Sample No.
AgEs 7 933 s JE 53 A-1
dehdE T 9)@s) vhe nF A-2
Aepd s Foby eIy A-3
AHE Foby A4 FE A-4
HAepds 5ok @744 3 A-5
AP JAT B gApg A-6
debdE 99T Vg v Y A A-T
Aepds A5 A94d JGER B-1
AP s HAE $AW QT npvhe B-2
ATEE s sbol A5 w3 B-3
depd e dds oante ayehd B-4
Aods YA 239 Z2Hde v B-5
AT A Bgd Hopnl g npsid B-6
A s shed ddoug o vEe B-7
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2 FE A& &4
AAz AT 2

EAge] HAE EXS 98] Inductively coupled plasma atomic emission
spectroscopy (ICP)E o]-&3le] 3JEo] AHES EA3 . ICP-MS (Perkin Elmer, ELAN DRC) #
e A% AAe= 0.5g FEAIRC 2001 57, 700ul HNO;E &3 5 4TColA 24A3F B
kA th 2ml HCE &% FEARA HIbste] 150TC oA 2A17F A 2gk F, filter (Whatman

No.2)E ol&ste] Fhrede AT & SFTE °188t HFZH = 102 3t ICP-MS &4
NEZ AHESHT

(3) Chitinase A4+ #+5 A

Chitinase A4+ #F=2 B83}7] 943+ 0.5% chitin® 7}k chitin A xS AL-&3F T
138 02 -F v|YES AEE7] $3) test tubeol chitin ¥iA] 10ml &} =33k FE AZ 0.1g
= T3 $F 30ColA 1497 vigFetdt). 23 AEATE F283t7] &l 1493t vjeF 3 1
Hjokol S A4 FAME o] &3ty 1.0 x 10°~1077kA] 3| At o, A5 72 HEe 1
Hj Al o] =kate] 30C oAl 1493t njeFetsitt. Chitinase A4F w5 A 7|&2 EFHI wjA
A clear zoneg A AASE FFE J|EFoE AEIPT AEE FFEL BAS 93
EduiAIQl LB iAo 33]9) AthuidES AR = glycerolat 111 BIE (vIVE EF3t] 80T 9

(b Genomic DNA ]

Chitinase A4t #2824 54 ZAE flsto, 248 55 LB s A4 wjg== 37C
o Al 24A1Zt B+ wjoFsted cell pellete 3H3le genomic DNAFZ| A&ttt & 34
L FAE B9 EHFE F A AAst 10m 9 solution 1 (50 mM glucose, 10 mM, EDTA, 25
mM Tris-HCl, pH 8.0)o] Al &€ sty 7] 1ml ¢ lysozyme &< (50 mg/m)Z}+ 0.5ml RNase (2
mg/m) 2 0.1ml proteinase K (50mg/ml)S Z7}ske] 37ColA 1A1ZF ®A8 t4g 0.6m 2] 10%
SDS solutione #H7}ste] 37C oA 1AIZE &<t WA A Th vE-g-<H ol 1ml 2] mercaptoethanol-S
7}ek & uk-g-oh o] (0.5uf¢) 333+ 3M sodium acetate solution (pH 5.2)2 7}&he] wk-g-<Yof &=
ko] chloroforme A #atth. o] F 15000 x gollA 30&3F AAEHs F5qES FHHA
a1, olEA d& A5l 0.6u]0 ]IS isopropanolS 7} ZF chromosomal DNA pellet-2
3]st 70% ethanol® A A% o d=stA ok 3m ¢ TE buffer (10mM Tris-HCI, pH 8.0,
ImM EDTA)¢| =of Aol AR-gstitt.

(1} 16S rRNA FA =} /‘1"& 4

AEATY FA8H 545 glstr] $13ke] 16S rRNAS] H7AE £4& s3hstdth. 7+
chitinase AJ4F#3F¢] genomic DNAZS template DNAZ AF&3F9 2w, 165 rRNA primer
(Forward-5" CCAGCAGCCGCGGTAATACG-3’ Reverse-5’ TACCAGGGTATCTAATCC-3’ )&
oj&sty FTHAEALAHTE (PCRE Fd3tdtt. PCR =3 100nge] DNA 1pl, 10pmol
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primer 1pl, 1% PVP 1ul, BSA 1yl @ PCR premix 4puE &8t HZ 93 FalE 20u =
stE T 95T oA 78X pre-denaturationslal =  30cycle (denaturation 95ColA] 45%,
annealing 58C oAl 45%, extension 72C oA 1& 30%)S WHSAIZl &, 72ColA 583 ¢ Hb
SAZAY. Aol PCR 4HELS pGEM-T-easy vectoroll Adsle] sequence E24Jol AR£3}H S
o, &4 A= MEGA 5.1 program ©]-83}l phylogenetic tree® e AT

(th) Chitinase gene 3¢l

¥ 3k chitinase A4t +FE F3| F=3 genomic DNAE template® AF8-3}e] universal
chitinase primer (Forward-5" CGTCGACATCGACTGGGARTDBCC-3"
Reverse-5’ ACGCCGGTCCAGCCNCKNCCRTA-3’ )& o]&3sle T@gaEALAM RS (PCRS 33}
At =FaLAHurg (PCR) %718 100nge] DNA 1ul, 10pmol primer 1lul, 1% PVP 1ul,
BSA 1yl ¥ PCR premix 4ul € EFsted HF ¥k FIE 2002 Atk 95CoA 783
pre-denaturationd}iZ & 30cycle (denaturation 95C 9|4 45%, annealing 55C oAl 45%,
extension 72C oA 18 302)& HFSAIZl &, 72ColA 583 O #-gAIAT 5% @ PCR 4t

E& 1% agarose gelollA A7] 953l 450 bpel universal chitinase gene2 24213} th.
(2 B - Azes 4

b Fej A

zas AEdFo 3 zolE A S8 FARRAAR A 2 AF-S AT A
2] 42 LB A o|A 37C, 24A137F vl kg vl FHS membrane filter (0.45um)E o] &3 filter
Aol #AE £ &, FA7F £3F ¥ membrane filterS 123 LB v Aol glutaraldehyde solution
2.5% (vIv)E 718t nAFAA wdsta . & A S 18] membrane filtero Al w43k #AE
ethanol &% 50, 60, 70, 80, 90 ¢} 100% (v/v)oll & 2 AZxAAFS WHESt AAEYE F3Y3A
ow FAAAAE A (Topcon, SM-350)0. 2 214 Th

b g A
MEYe]l FZ+= Burke® gram EA¥H(Hucker &Conn, 1923)o] whe}l <=as}it}. Slide glass
of LB wjAJollA 37C, 24Xt viFe 5 100u 7}& ¥ alcohol lampE ©]&ste] #AE 1L
HA AT} Crystal violet €92 Hojme] v 18 3023 94 A7l & mortantZ ©A38t9 T} 95%
Alcohol & o] &3l &< 3 ¥ safranin §H-S Hojmga 30x3F GA5t] AEE TAHYo =
143 3 cover glass®Z Y1 338t w] 7 (Optinity, Infinity3) o2 400uf2] wj&= FAsIATH o
1

[}
A7 Bed wE nedow QRIS BREATT

MEFF 54 ARE F2lstr] Y 10m A FHo agar (0.5% wiv)S £33 LB A=
stttk wA= A 2ol =3 Al 2EyA %
FTHOE ngEZow WA Ae=A, HITHEAA F3EHo A

ol
2
L
A\
-~
ol
o
£
r£
Ho
offt
=
2
=
A
il
)
N

oy
o\
flo
Q'L
R
(o

A
4]
i—";
L
_>|i
ik
rr
offt
0,
i)
o\
z
o
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[}
- 3}ekE ol tisiA A gH o] st A &3t} (Chada, et al, 2003). Spore7} A7]=
2 Bacillus®t Clostridium 5°.= 2d¢1Ad flow, AT spore A #5F5 FAst7] ¢
ll, LB HjA|ol] 37TC oA 24A1ZF v gt #FE5 80C oA 1583 A 3FAth A g v g

= 37ColA T B, 52 Aol ol wte} spored] 4 #F55 AAsHA

o |0

(mh @714

==}
o
O

HAPZIA « EHAFE7IAE 9 wigels MAE 37 $22 HH A 1}
LA A3 59 %Zro] FHQ3stH, anaerobic chamber E+& TEFHMA S ALL-SH= WY
o7 FHEIATHAAA, o] 2], 2000). A FFE anaerobic chamberZ o] &3t 0,2 FH3HA
a1 LBHIA|A|A] 37C 2 72413 vl st AA-FF-E AT

(1b) Catalase test
H0.5 B3} 448 Ba) & 4 ¢E catalase:= cytochrome®] hemeS prosthetic group o 2 7=

oo 2314 @714 Aol EAske Aoz HuEo 3]

LB vjA| ol A wjokal #3 vl 0.5mloll 3% hydrogen peroxide (H;Oo) 5ml& 7}3le, SA] =

£ 5E4E Fol 7% WYSHEA RS BISA

(AD Nitrate reduction

Nitrate ¥} #] (peptone 10g, potassium nitrate 1g)E test tubeo] ¥ i thH+F5 HEST &
24~48A 7 wFStR T wlFH ) detection solution (0.5%, v/v, «-naphthylamine : 0.8%
sulfamilic acid = 1 : D& 7}st &% - A& e+ AS FAEo = AA 3

(o}) Carbohydrate fermentation

A& s T/ B@3tEs ol&stet, Ade T/ et ol & 7hed grdE
FE g2 gei 54 rAdEe] o' T/ @53tES ol&E F YA AHFEH e
&35k 710l #Fo (Bunn, ef al, 1975). A5 carbohydrate media (peptone 5g, NaCl
5g, yeast extract 3g, BTB 0.25g, sugar 10g)el| wjofste] AR E ElstH on, eF3ES
72| glucose D-glucose, L-Arabinose, D-xyloseZ ©]-&3} 31t}

=

==

do o

(2} Hydrolysis of casein
o Tt ss 2ASHE Y G
g o5

= shUEAM, casieno| EZ3F F milk agarel| #5E 37C
A 297 v kel & clear zone A

[e)
g BEsHh
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() Gelatin liquefaction test

oA &4 gelatinase”} gelating Astel= FHS Algst= Aolth. HlA= nutrient
gelatin stab #i#] (pH 6.8)2 o] &3} t} Gelatin WA oA #FZ 37Col vk & 1A4S 4C
WA FATE AEHRE 7€ Hol il ARE g1t

(7b) Starch hydrolysis

g7 9] starchE hydrolysis 71522 xAVst7] 9@l starchE 73k ¥iA] (peptone 5g,
yeast extract 3g, soluble starch 2g, pH 7ol MHFFE vl & gram’ s iodine &4 7}3}f
Re Al FHE S FAH ARE ZASATH

(e Citrate utilization

Citrate7} &35 oxalacetate®} acetate’} A= +=d o] &L citratee] FIFAF 2HE0]
o, citrate utilizatione BAYSZ citrateE o] 8T F A=A ARE HASIE Aolth
Simmon’ s citrate agar WiX|o| #& HF3tA o A wix o] AMwstzE BEs

(3 Fatty acid composition

T

Gas chromatography& ©]&%F X4l B4& F3) AdEdF] sty 5+ 54S 3
Stk AW B4 99 A P 37C TSAGNA 24417t wjks FFF loopE ol %
st #A4 & =22 H, saponificationS 43§3F7] 9S4 reagent #1 (NaOH 45g, MeOH 150ml,
D.W 150ml) 1ml& FH7}ste] 5~10%3F vortexs}t$th. MethylationS ¢k reagent #2 (6N HCI
325ml, MeOH 275m)&< 2ml & 7}8 ¥ 5~10% vortex 3+9om, 80+1Col|A 10+1 &3t wt
S A ZA T}, Extraction 342 reagent #3 (Hexane 200ml, Methyl tert-buthyl ether 200ml) 1.25
ml F7Feke] 1087 59 = H A5d7S 33519tk Reagent #4 (NaOH 10.8 g D.W 900
m)E ©o]&3le] washing st e, ZHAE AlEF Gas chromatography (HP6890, MIDI
calibration TSBA6 6.10 library)E o] &3&}o] #2345t}

2}. chitinase A3 HZA =1
(1) #F A Ao wE chitinase A4F ZAF

b A&

Millere] DNS SHHE o]&3}% 0™, N-Acetyl-D-Glucosamine= ©|&3s}le] &4
At Miller, 1959). DNS &2 3 6. 3o YERH AT

N-Acetyl-D-Glucosamine= 2+z+ 10, 20, 30, 40, 50, 60, 70, 80, 90 % 100umol/ml &%= 50mM
phosphate buffer (pH 7.0)¢] 343+ 3 7z} F%=° N-Acetyl-D-Glucosamine 1.0ml, phosphate
buffer (pH 7.0) 1.0ml ¢} DNS &} 2.0m & EF3tAth EFAS 100C oA 5&XF WHSAIAFE

Hog WA H §AZ 4000 x gollA 158 ARSI o] & FTHE uv-visible
spectrophotometer (Beckman, DU-800)& ©]-&3}a] 575nmellA 3 =5 SASIAT.

o
X

2433}
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& 6.3 DNS&-9¢] =4

Component Composition
Potassium sodium tartrate 300g
3,5-dinitrosalicylic acid 10g
2M NaOH 200ml
Total Distilled water 1L

(1} chitinase &4 =4

Chitin broth 100ml ol 8] #F5 HI 3, 37ColA uwtEE 220rpmo.2 743 242 )
SR Wl 9] chitinase secretion oJF-E R13sl7] 2]3te] Hj g 10,000 x goll A 15
AR5 ] A5} #AS Eelste] Zbz) chitinase activityS 24 sHAth wjakd o] A5l
chitinase activity A< 18l d*Jg] HAo] §lo] o]&3tH o, 4= 50mM phosphate buffer
(pH 7.005 ©o]&3}lo] washingdl ¥ sonication s}1Th Sonicationdl crude extractE thA] 10000 x
2ol A 15%47} A3 3L, soluble fractione] chitinase activityE =4 3} t}.  chitinase
activity Z4%WH-S crude enzyme solution 1.0mlell 0.5% colloidal chitine] 3% )= 50mM
phosphate buffer (pH 7.0) 1ml= ¥ 31 37C shaking incubatoroll 4] 6023t HF-SAIH T WHS A|Z]
crude enzyme solutionol] DNS &< 2ml2 Z7}5}e] chitinase WH&-g AHXAIA 100C #E+= EolA
S5EZE WAAIZ] & WAANHT HAo g WAy 8-S 4000 x gollA 153t A EE A 4
o8-S uv-visible spectrophotometer& ©]-&3}o] 575nmoll A AT

o
O

fo o

o g

(2) WiF =7 wE chitinase A4+ # 2 g}

oh &&=

Ao tigh chitinase A4 H2 LT E 2ARSH] Q8] WYL =E Zh2h 20, 25, 30, 35%F
40C & 3} chitin brothollA 5¢ %<¢F 220rpm, pH 79 Z7oA i3 T A5HS o] &3}y
chitinase activityE =43} th
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(1h) pH

Ao thgt chitinase A4F H2& pHE ZANSH7] 98] pH b5, 6, 7, 8, 92} 1002 77 =
Astod chitin #ix[ oA AEHFFE 5 &<t 220rpm, 30T o] 202 wdd & d2 Ao
2 X¥ chitinase activityES =33}ttt

() RbeEA TS o] &3 chitinase B4k wiA] 51 Ak =3 A3
Chitinase A4tell AH&-H & vjFuiA o] =4 HA3E 9 v &Y 5239 H7HE 98 W&
HE A0 = Plackett-Burman (PB) @ Centeral Composite Design (CCD) A& & o] &3&}o] &

410}95‘\11} (Plackett, Burman, 1946).

Chitin ®i=]¢] ®j=x]A4d &<l Colloidal chitin, yeast extract, Na;HPO,;, KH,PO,, NaCl, MgSO,,
CaCl, ¥ NH4Cl < chitinase activityell 7} & 9FES vA= JAE &5 95HA
Plackett-Burmans A}83t9th ZF WidsE AR 2. Zzoz —3}@1 TET 2z (DT
A FF ((Deg FEaion, 2 i s=5Ed A 2ol YeErid
t}. Plackett-Burmang ©]-&3te] 4r&d wjA =4 5 F2AA9) Z“JZ—*.%EE] 2F&& central

2

composite designs ©]&stAth FAFEAAGH S F4H (center point)e} =3 (axial pomt)E
2k 843 F71 ARl APFAZ R FAFEAGY AFAMAE 6o FAAAL N =
A E e Yo FAAT (F 6.5). TAFTEALY g5 2079 AAH =H00A
AdEs TR Zzre] A@AA o] WEto] wE chitinase BAFFS] RESEHo] FAHOE
Ueld 2o 2 ogdEo] ol e} 22 23 k4o A& AlF T

f=y0 + aiX; + aXy + aXg + apXqXy + a3XiXg + a3XuXe + anXy® + apXy’ + apXe

o 71A4 f& chitinase AJ4HF (U/m)<s WERH Xy, X4 X¢= ZH2E colloidal chitin, KHoPO,,
MgSOs01™ yO0&= A, a2 IAA Tt SAFEAZA 3l Fag 2070 =4 A4
¥ chitinase &4 A#}E design expert 8.0 program< o] &3t EAHo R BAsle] 3] A

BHe Tk, 44 AR B3 EEFS AT 2EA chitinase AibE 97 HZ o WA E

Plackett-Burman 2 Centeral Composite Designe] modelo] w3t #2]4-S design expert

programe] FA2 4 Al Pgtel o3 AFH™ P0.05Y w #ojdeol dAT. 44 £4E

BAAINE B4 4 (ANOVA)S ol &3t HAZS AhEsidon, HAo| A =9 A4
2 2z gEale fgke] AYE HE AHS 3 ¥hg EWES} contour plots o] 83t #
2kt
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3 6.4 Values for the Plackett-Burman design and design matrix (trails No. 1 to 12)

Variable Component -1 Value (g/L) +1 Value (g/L)

X3 Colloidal chitin 0.50 3.00

Xy Yeast extract 0.05 0.03

X3 NayHPO, 0.50 3.00

X4 KH,PO, 0.50 2.00

X5 NaCl 0.25 1.00

Xs MgSO;4 0.25 1.00

X7 CaCl, 0.25 1.00

X NH,Cl 0.50 2.00

Colloidal ~ Yeast
_ - Na,HPO, KH,POs  NaCl MgSOs  CaCl; NH4CI
Trial No. chitin  extract
X3 Xy X5 Xe X7 Xs
X3 X

1 -1.00 -1.00 -1.00 +1.00 -1.00 +1.00 +1.00 -1.00
2 +1.00 -1.00 -1.00 -1.00 +1.00 -1.00 +1.00 +1.00
3 +1.00 +1.00 +1.00 -1.00 -1.00 -1.00 +1.00 -1.00
4 -1.00 +1.00 +1.00 +1.00 -1.00 -1.00 -1.00 +1.00
5 -1.00 +1.00 +1.00 -1.00 +1.00 +1.00 +1.00 -1.00
6 -1.00 +1.00 -1.00 +1.00 +1.00 -1.00 +1.00 +1.00
7 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
8 +1.00 -1.00 +1.00 +1.00 -1.00 +1.00 +1.00 +1.00
9 +1.00 +1.00 -1.00 -1.00 -1.00 +1.00 -1.00 +1.00
10 +1.00 +1.00 -1.00 +1.00 +1.00 +1.00 -1.00 -1.00
11 +1.00 -1.00 +1.00 +1.00 +1.00 -1.00 -1.00 -1.00
12 -1.00 -1.00 +1.00 -1.00 +1.00 +1.00 -1.00 +1.00

X1-Xg: medium components; (+1): high level,; (-1): low level
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3 6.5 Experimental range and level of the independent variables of culture medium

Range and levels (g/L)

) Symbol
Variable

code  _j41 -1 0 +1 +1.41
Colloidal chitin X4 2.18 3.00 5.00 7.00 7.82
KH,PO, X, 0.30 0.50 1.00 1.50 171
MgSO, Xe 0.15 0.25 0.50 0.75 0.85

Trial No. X3 Xy X6

1 ~1.00 ~1.00 ~1.00

2 +1.00 ~1.00 -1.00

Eractional 3 -1.00 +1.00 ~1.00

2 tactoria 4 +1.00 +1.00 -1.00

, 5 ~1.00 ~1.00 +1.00

design 6 +1.00 -1.00 +1.00

7 ~1.00 +1.00 +1.00

8 +1.00 +1.00 +1.00

9 -1.41 0.00 0.00

10 +1.41 0.00 0.00

. 11 0.00 -1.41 0.00

Star point

12 0.00 +1.41 0.00

13 0.00 0.00 -1.41

14 0.00 0.00 +1.41

15 0.00 0.00 0.00

16 0.00 0.00 0.00

Central 17 0.00 0.00 0.00

point 18 0.00 0.00 0.00

19 0.00 0.00 0.00

20 0.00 0.00 0.00

_68_



o}, chitinase g#| 2 54

(1) chitinase %A

ChitinaseE A A|sl~7] #3Fa] Chitin 5] 100ml o] A 37°C, 220rpm o2 5U 7t njj &F3k njj k<Y
< 10,000 x gollAl 2023t dAEE st SidS T3 B4 E Y EE TR ot
MEE = Y E ol&dtd, AeHo g EwES 727 30, 50, 70, 85% &IAA FEHE
10,000 x gollAl 202 &< AAEYS dHEAS AN FAgEF o3 A=
chitinase2 X3}3 &S 50mM phosphate buffer (pH 7.0)o &3)A1%1 H dialysis cassette
(10,000 MWCO)Z ©]-&3}o] 4T A4 50mM phosphate buffer (pH 7.0)ol 2417t dialysisS 4383}
Aot Buffer A= 8AIZF ZFA 0.2 33] AAISE T} DialysisE 433t chitinaseE Z 33 ©halz
S DNS A& o] &3} chitinase activityE A3t 7HY =& 5% 9] chitinase activity
5 YU+ d1a1y81s sampleS SDS-PAGEES Fd3te] EakS <l Tt

Sl g AAWMS o] 83te] 13k A chitinase fraction® ZH-E] 1<% chitinaseE %A
sl7]  9l8le] ion-exchange chromatography (Bio-rad, BioLogic Duo flow)& <3stHoh.
DEAE-cellulose anion-exchange columell buffer A (50mM phosphate buffer, pH 7.002 & 3}A]
Z1 & 1% AAE chitinases *x33 A& F943t 10X column volume®] buffer AZ wash
% 607t buffer B (IM NaCl, 50mM phosphate buffer, pH 7.0)% linear gradient (buffer A 100%
— buffer B 100%, <4 4 ml/min)S o] 2ml ¥ fractiong ¥kt} lon-exchange chromatography
£ F8ste] A& 7} fractione SDS-PAGEES 3l AAEE geletyrh

(2) chitinase 54 ZAt

(7P chitinase Aol FX&= L5209 &
EGe Ade] W w ks £55 yehdth wEhA chitinaseS =5 AAZ 7
gl A4 A E&ulwE 919 chitinase % ¥4 2% P chitinasee] kAl dis] =AM
7] 918 chitinase 84 =4 £=E Z+7F 20, 30, 40, 503 60C = 3t wukujekr]ol A 60&3t
5k 220rpm, pH 7914 HFE- A7l & DNS S WS o]835}e] chitinase activityS ZA 3t T)

(1)) chitinase /3ol w2+ pHel I3
Ede A met oefsk pHE Uehdt. welA chitinaseE A& AAZ Y 2 H&
Al EEHIWE 93 chitinase E49] 2 pHE ZAFsl7] 93] chitinase 43 ?‘ﬂ pHE 27} 5,
6, 7, 8, 92} 1002 3} wHMF7|oA 605 F<F 220rpm, 37C oA HES A|Z1 & DNSHE 9]
-3} chitinase activityE =743}tk
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(th) chitinase ¢HEAl ZAF

ChitinaseZ A A YExeko 2 o] g3t1A 319S o chitinasee] +HHA 2 &8-S
7l #sted &0 H 32}5“%6%]-4 Bl tisted AR AR S == FeSO,
ZnSOy, CuCl,, CoCl,, CaCl,, ¥ HgCl,g Z7Z 0.2mM &%= sFof 37ColA 303t chitinases}
Hk-g- A]Z1 & chitinase activityS =33}t

H] 1l 5}

vl A A chitinase ©]-&3% IHFEA

D) A FE T F+EA

Chitinase A4+ #F=ZHE 2 - A3 chitinasee] FRAFSHAHS F2lslr] sl L&
AALAABANE (KACONA ¢ W& 759 AEHAAY F3o]E potato dextrose LA ¥ A|
(potato starch 4g, dextrose 20g, agar 15g)oll HEF3ste] 25T AlA 3~5LZt w3ttt A=H
AR Fgolo] FAAIE FARERE 05mBE Mol 1} uf paper discE ©]-&3te] AAGH
chitinaseE 100ul = 23]o) AX HE3dte] 3~5 A7F v & FAFFHAH L A5t

(2 A& BAA o] Asls A

JAERA A A FFo] A& SA7] s BAE chitinase lmg/ml S PD wj Ao &3t

of LAWAE A&kt EFT PD A A o] TG FHALGBANE (KACOANAM &

2 4F o] AEYHYPA FFo] Fusarium. sp., F. culmorum, C. gloeosporiodies % A. alternata

3~5U3t wjFsle] A=Al FHel AR AEE AU (B). ChitinaseE 371314

= PD wA WA o] A2 EAY FHo|2 WjFd A HEToR o] FAFEZRE YA
3+

rii §2 M

-

AbAlel Bt A Aol (OF Fdstlen, a3 22 Ao wat H=3dd 3o 24

Inhibition ratio (%) = (C-E) / C X 100

FEE IWMEYG Blste] Fe* ol2o] b A dutx LA Ao (B4, ef
al, 2000). ¥ AFPoNAM= depd= T Al - 7o FEANEE AFA S ICP-MS7]7] & ©]| &3t
Zn, Fe, K, Ca, Mg, Mn, Cr, Ni & Sie] 48 F3qstdtt. 1 A3} ol & 6.6 £ =
glstRorn, E4% EE FEA SN Feol drk Efo| Hlste] 100w o] & Zo=
el ¥HaA NlJJr Si¢} 2 Fol2Y FEE A HEWH S B Hd3oA ol&dH EE
FGEAFY A drF Bk vt Ay Eo Ao AFsA & 2AUS & F UAATH
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66 FEARS Fhole B

Sample Concentration of metals (mg/kg of soil)

number  Zn Fe K Ca Mg Mn Cr Ni Si
A-4 62.6 20060.0 2657.0 1312.0 2252.0 221.7 16.7 7.1 38.4
A-5 62.6  21320.0 2510.0 1348.0 2012.0 263.7 23.5 11.1 35.3
A-6 48.2 18770.0 1980.0 1600.0 2040.0 319.4 21.0 9.3 41.0
A-7 38.9 23100.0 1693.0 514.0 1417.0 270.3 27.6 154 34.7
B-1 55.6  22330.0 2786.0 2804.0 2567.0 184.9 19.2 6.8 40.2
B-2 30.0 15030.0 1215.0 7953 1147.0 162.3 17.6 7.0 41.0
B-3 80.4 14060.0 495.6 2744 1604.0 321.3 5.9 1.2 34.6
B-4 64.2 21040.0 1914 3171.0 2092.0 256.7 26.3 13.0 34.8

L. chitinase A4F w5 AW
AGG= 77 Al - F9 FEAZTZRE chitinase A4 #7585 A3 st 05% (Wiv)
chitin HEHjx]E o]&3te] 30CA 142 &< ARGS s AT o] F chitin agars) =]
ANA AL S o83t 30ColA 144 &<t vkt & colonyE SE&UT o5 &
d colonyE chitino] H7td wiA|ol| A wjFete] clear zones A AFE Flst 2xAAE S
FHAT 1 A3 4 FE ASERH F 9F9 cear zones 4= colonyE FHHEEH
tt. Zr EE3d colonyZPE AAHE clear zoned 7|9t tlxTFoZ AMEE  Bacillus
lichemiformis ATCC 14580=%-8 A% clear zone® Z7|E Hlu
HOo= o] FolM mE BAEHES} chitinase 4] 2 M=
3 FEZRE B3 strain A-5, B-45 B Ao AHE3IY (2™
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(A

L

S

(B)

el g : il

713 6.2. Screening of chitinase producing bacteria on chitin agar plates.
A; Bacillus lichemiformis ATCC 14580, B; strain A-5, C; strain B-4.
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o &5 5%

(1) BAYBELA 54

o

(7h) 16S tRNA 32 A4 &4

ABAT FA8H EAS g2lstr] fsted 16S tRNAY @74 E B4S F33tAt. Zt
chitinase AJ4F#3F2] genomic DNAZS template DNAZ A3 2w, 165 rRNA primer
(Forward-5" CCAGCAGCCGCGGTAATACG-3’ Reverse-5’ TACCAGGGTATCTAATCC-3’ )&
o] &3t FHEAAHTE (PCR)= TPttt €ojzl PCR 4H=2 pGEM-T-easy vectorel
st sequence #A 0 ARESEATE AE T2 165 rRNA E71A4 8¢ &443E National
Center for Biotechnology Information (NCBD<®] gene bank database2} Hlwl - B3+ ZAx}le}
MEGA 5.1 program-2 A&3}a] phylogenetic trees £43 A3, Z4z; B lichemiformis ZHU-1
9 B lichemiformis W61 T2} 99%9] 454S Yelldtt (2 6.2, 11 6.3). w&hA, B
lichemiformis T3 % chitinaseE AJAFstE Ao 2 ZFALE Y] Qe B lichemiformis ATCC
14580& chitinase A AT Y thExT o= st & AP A&t (Veith et al, 2004).

B35 AEFFE NCBI GenBankoll S32slyom, A #F9 straing 2z 2zt Bacillus
licheniformis KYLS-CUO1 (NCBI GenBank accession NO : KF111800) ¢} Bacillus Ilicheniformis
KYLS-CU02 (NCBI GenBank accession NO : KF11180D)& = =3} t}.

ox M

1 GGGGGGACGT TITCCGGATT TTGGGCGTAA GCGCGCGCAG GCGGITICIT AAGICTGATG

61 TGAAAGCCCC CGGCTCAACC GGGGAGGGIC ATTGGAAACT GGGGAACTTG AGTGCAGAAG
121 AGGAGAGIGG AATTCCACGT GTAGCGGTGA AATGCGTAGA GATGTGGAGG AACACCAGIG
181 GCGAAGGCGA CICICTGGIC TGTAACTGAC GCTGAGGCGC GAAAGCGTGG GGAGCGAACA
241 GGATTAGATA CCCTGGTAGT CCACGCCGTA AACGATGAGT GCTAAGTGIT AGAGGGITTC
301 CGCCCITTAG TGCTGCAGCA AACGCATTAA GCACTCCGCC TGGGGAGTAC GGTCGCAAGA
361 CTGAAACTCA AAGGAATTGA CGGGGGCCCG CACAAGCGGT GGAGCATGIG GITTAATTCG
421 AAGCAACGCG AAGAACCTTA CCAGGTCTTG ACATCCICTG ACAACCCTAG AGATAGGGCT
481 TCCCCTTCGG GGGCAGAGIG ACAGGTGGIG CATGGTTGIC GICAGCTCGT GICGIGAGAT
941 GITGGGITAA GICCCGCAAC GAGCGCAACC CTTGATCTTA GITGCCAGCA TTCAGITGGG
601 CACTCTAAGG TGACTGCCGG TGACAAACCG GAGGAAGGTG GGGATGACGT CAAATCATCA
661 TGCCCCTTAT GACCTGGGCT ACACACGTGC TACAATGGGC AGAACAAAGG GCAGCGAAGC
721 CGCGAGGCTA AGCCAATCCC ACAAATCTGT TCTCAGTITCG GATCGCAGIC TGCAACTCGA
781 CIGCGTGAAG CTGGAATCGC TAGTAATCGC GGATCAGCAT GCCGCGGTGA ATACGITCCC
841 GGGCCITGTA CACACCGCCC GTCACACGAC GAGAGTTTGT AACACCCGAA GICAGIGAAG
901 TAACCITTTG GAGCCATCTG CCGAAAGIGG GACAGATGAT TGGGGTGAAA TCGTACAAAG
961 GTAACCGGTA GGGTGGACTIT TTTTTGAGCC GIGITTTTTA TGGGGCTTCC CCTTTGGGGG
1021 CCCCATCGTA ATGGGAGGGG TTTGITITTC CCCCCCCAAC GGGGTTGIGT TTAAGAGGCG
1081 ATAAATCCCT CCCCCCAGGC GGGGGGCGGT TGGACCTAAA TTGACITICC TTGGATGGGG
1141 AGAAAATTAA GTGGGGGCGC CGCCGTAAAA AAAAAGAAGG A

1% 6.2. Multiple sequence alignment of 16S rRNA sequence of B licheniformis CUQ2.
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20

413: Bacillus licheniformis strain MS17 (JX068659)
100 Bacillus licheniformis isolate MKI3 (EF173323)

Bacillus licheniformis strain ZHU-1 (KC197213)

0.9337

1.7214

E.0641

ootz

| B. licheniformisCUOL |
Bacillus licheniformis strain DHXJ16 (JN244986)

5 { Bacillus licheniformis strain BPRIST039 (JF7004839)
33 Bacillus licheniformis strain BPRISTO06 (JF414739)

{ Bacillus aerius strain BAB-2550 (KC443108)
4 Bacillus aerius strain RGS3230 (KC463617)

Bacillus licheniformis strain Sua-BAC002 (EUST04399)
Bacillus licheniformis strain B3-15 (KC485000)

13 { Bacillus licheniformis strain LZBL-01 (JX847129)
3 Bacillus licheniformis DSM 13 ATCC 14580 {(AE017333)

435: Bacillus licheniformis strain TT93 (GQ340476)
El Bacillus licheniformis strain M104 (GQ3405086)

Bacillus licheniformis strain JS1 (JX068644)
Bacillus licheniformis strain HPG16 (JQ291596)

e { Bacillus licheniformis strain W61 (KC441866)
33 Bacillus licheniformis strain TSM2 (JX025165)

0.0020 I Bacillus licheniformis strain HPG16 (JQ291536)
L Bacillus licheniformis strain Pb-HK03002 (HM006838)

0.4627

D000 Bacillus licheniformis strain Pb-WC09003 (HMO06303)

Tl Bacillus licheniformis strain Pb-WC09001 (HM006301)

1423 Bacillus licheniformis strain W61 (KC441866)

£.4862
75082

L1520 Bacillus licheniformis strain XFB-AK (KCA29647)
I B, licheniformisCUQ2 |

Bld Bacillus licheniformis strain LZBL-17 (JX847123)

(0.0605

1.4705

0.8656

L9493 Racilus licheniformis DSM 13 ATCC 14580 (AE017333)
58227 Bacillus licheniformis strain Sua-BAC002 (EU870499)

1.4728
4@ Bacillus licheniformis strain SD1a (HM055609)

P20 Bacillus lichentformis strain PLLA-2 (DQ480087)

1.6161

103314

L0 Bacillys licheniformis strain ZHU-1 (KC197213)

m@ Bacillus licheniformis isolate MKI9 (EF173323)

Bacterium enrichment culture clone 16(2012) (JNI3T7583)

1.0052

81843 Bacillus asrius strain BAB-2542 ([KC443115)

01373

2107 Bacillus licheniformis strain LZBL-19 {JX847125)

28476

00 Bacillus ficheniformis strain BAB-1836 (KF535152)

W@ Bacillus aerius strain RGS230 (KC469617)

19 6.3. Phylogenetic tree of B licheniformis CUO1 and B. licheniformis CUQ2.

_74_



(1} chitinase FA = &<l

AW AT 82 EA F chitinase gene #<1817] 918ke] chitinase A 4H7F2] genomic
DNAE template DNAZ  AF&3F o™, universal chitinase primer  (Forward-5’
CGTCGACATCGACTGGGARTDBCC-3’ , Reverse-5" ACGCCGGTCCAG

CCNCKNCCRTA-3" )& ol g3l S@EaEALAHN-E (PCRS S+ 23 450bpe] chitinase gene
S ol & & Qv (28 6.4). B licheniformis ATCC 14580¢] chitinase gene 1689bpe] Ax.
o] BB o] &3+ universal primerd EA4F chitinase gene &Aoo vt kel on, 35
chitinase gene®] | sequence ¥4 F3| B licheniformis ATCC 14580¢] chitinase gene}
vlw 7t 8 FEAY (Veith ef al, 2004).

450 bp

713 6.4. Universal chitinase gene, 450bp. Symbol: M, size marker; lane 1, B /licheniformis
(ATCC 14580); lane 2, B licheniformis CU01; lane 3, B licheniformis CU02.

2. el - AEeE 54

(D e - Askerd 5%

2 gram oI ov], FAAARE &

& Z47F 5~6um ¢} 3~4mE TR H
° ©u], dspore® AAste] 80T o TLo| M=

WAS YERYTE AaS o] &3t ATPS dA4sl= S 0, anaerobicol Al A 7153 =7
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F37)1dolA e, cytochromes E3ste 7|80 % 54 7oA EA8t= catalases
AAsAY. Br3Ee gdFel D-glucose®t D-xylose:= Ea 7153l A9k L-Arabinose=
A Eetdoh =, /< starches #3 7Hs3tH o casein &, AZtE AsRE-g-
BT AAsdz8S stlon, Szt BAaAde R o8& 4 Q& citrate ©]
o] ZAEATH ol d ZF A - AsStH EAES T A Bacillus licheniformis &

P e B4 dehie (@4, 1998) GE 6.7).

713 6.5. Morphology analysis of bacterial cells under scanning
electron microscope. A; B licheniformis ATCC 14580, B; B

licheniformis CUOL1 and C; B licheniformis CUQ2.
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3 6.7 Biochemical characterization of bacterial isolates

Bacillus Bacillus PBacillus
Characteristics licheniformis licheniformis licheniformis
ATCC 14580 CU01 CuU02
Gram stain + + +
Spore formation + + +
Cell shape rod rod rod
3~4um 3~4um 3~4um
Cell size X X X
5~6um 5~6um 5~6um
Motility + + +
irregular, clear irregular, irregular,
Colony appearance ) ' .
white clear white clear white
Temperature for growth 20~50TC 20~50C 20~50C
Anaerobic growth + + +
Catalase + + +
Nitrate reduction + + +
Acid from D-glucose + + +
L-Arabinose - - -
D-xylose + + +
Hydrolysis of casein + + +
gelatine + + +
starch + + +
Utilization of citrate + + +
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(2) Fatty acid composition

FA o] Aare Mz Ao A FAHAPZEORE 10~247] HE9 carbon chaine Z o] F
o dom T=9 Aol o|FAFS A, A&r| Fol sty mAES EFo 83 7]
o] HaL ot (Sasser, 1990).

Gas chromatography (HP6890)E &3 B licheniformis CU013} B. licheniformis CU022] | wk
2b 24 B st AdE FF9] AWt BXE RIS T. B licheniformis CU01S 15:0
iso (28.57%), 15:0 anteiso (37.12%), 17:0 anteiso (12.27%), 17:0 iso (13.36%), 16:0 iso (2.86%)<}+
16:0 (2.49%)=2 T =N o™, B licheniformis CU02+= 15:0 iso (27.76%), 15:0 anteiso (31.35%),
17:0 iso (12.98%), 17:0 anteiso (14.07%), 16:0 iso (3.27%)<} 16:0 (3.16%)%2 TFA = AUt F
A HFAke iso- 9 anteiso-branched TF+Z7} @Wol $HFEo] Jdoje= FFEA], MIDI calibrationg
ol &3 ANE WxFF B lcheniformis®t A AAE =4S YERATS (F6.8)
Roberts, ef al, 1994).

3 6.8 Cellular fatty acid composition of B /licheniformis strain

Cellular fatty acid composition (%)

Fatty acid B licheniformis B. licheniformis B. licheniformis
(n=b) CU01 Ccuo2
14:0 iso 1.31 + 0.44 0.45 0.55
15:0 iso 28.87 = 2.69 28.57 27.76
15:0 anteiso 3775 = 2.58 37.12 3L.35
16:0 iso 4.42 + 10.72 2.86 3.27
16:0 3.91 = 0.53 2.49 3.16
17:0 iso 6.99 = 1.06 13.36 12.98
17:0 anteiso 11.30 = 0.93 12.27 14.07

n= B licheniformis starins (ATCC 14580, NRRL B-642, NRRL B-960, NRRL B-1001, NRRL B-14224).
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“ds Yol chitinase activitys= B licheniformis ATCC 14580, B licheniformis CU013! B
licheniformis CU01 8! B. licheniformis CU02& 242t 0.0395, 0.0479 B! 0.0491U/nl & vebytond
7kzt Akl #Ael chitinase activ =4% Az B licheniformis ATCC 14580, B.
Stk ik 10,000 x goll A 1583 Adwelste] @Al Fe el tigk chitinase activity

Chitinase secretion o1& #QI5}y] §i5te] 48 aEF& chitin wiAlelA 37C2 7UZL wjsh
(1}) Chitinase secretion activity assay

u}, chitinase A4 A Z=4
(D) #FA A E chitinase &4 ZA}

b A=A

N-acetyl-D-glucosamine2 7] @ 2 o]&3} Milere] DNS &3 o2 ZH#Ex-S ZA 3 AT
AEgFFAe] FAZAARAAL Y = 0.0069X 2 YEFo™, R square S 0.9993°
3AAE dAeH o] HFPA= IAALAEAH LS o] &3t chitinase activity +
39T (1E 6.6).

0.7 1 ®  N-acetyl-D-glucosime
—— R’=0.9993
0.6
0.5

0.4

Abs.
(575 nm)

0.3 4

0.2

0.1 4

OO T T T T T
0 20 40 60 80 100

umol
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Unit-& 138 S<F colloidal chitinoll A 1umol¢] N-acetyl-D-glucosamine2 A5+ 218 1 unit

oz sy

1.2
I Intracellular
[ Extracellular
1.0 4 T l
T
> 0.8 1
=
EPS
o £ 06
T2
£
=
®) 0.4 1
0.2 1
0.0 . 1 1
ATCC 14580 Cuo01 Cu02

Strain
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chitinase® Ay 28R a1, Bacillus circulans®) 7% 3€ 2] Hu chitinase A4t = SAF

S JE A (Roberts, ef al, 1994).

Chitinase activity

(U/ml)

0.8

0.6

0.4

0.2

0.0

—&— ATCC 14580
—O— CU01
—w— CUO02

_8‘|_

Els

ey
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1.2
—a— ATCC 14580 A
—o— CU01
1.0 { —» Cuoz
P 0.8 4
=
B
2 £ 06 -
@l
&
=
Q 0.4 4
0.2 4
0.0 T T T T T T T
20 25 30 35 40 45 50
Temperature (°C)
1.6
—8— ATCC 14580 B
1.4 4 —C—CUO
—y—CUD2
1.2 4
=
S 104
S
S E
@ e Us |
g2
£
£ 06
[&]
0.4 4
0.2
0.0 T
b B 7 8 9 10
pH

19 16.9. Effect of temperature (A) and pH (B) on

chitinase activity.

(b ¥l ¥ pHell wE chitinase AJ4FF A}

Chitinase®] A§4koll pH7}F oW FFS v X =3 dolr 7] $3] %7] pHE 5.0~10.07}# =
A3k chitin ®iAo] HAEHFFE HFSI 30CoNA 55Ut N&wlYF & B licheniformis
ATCC14580, B licheniformis CU01 ¢} B licheniformis CU022] chitinase activityS =43+ ZA3l=

=3 2tk pH 5914 0.5048, 0.7826 2 0.7826U/ml, pH 6 4] 0.6725, 0.8676 % 0.8884U/ml, pH
7o 41 0.9536, 1.3667 2 1.2797U/ml, pH 84 0.9459, 1.1193 % 1.0029U/ml, pH 94 0.7435,
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0.8647 = 0.8164U/ml, pH 104 0.5865, 0.6474 2 0.6846U/ml o2 YERGFT (18 6.9.). FHT|
chitinase A4FgFe pH 7.0914 YeERN o™, HA chitinase A4S pH 504 yeElyith &=
gk HA pHollA A 55 dizT vsl] Zh2t 14% 2 13%9] =2 chitinase AA4HFS e
WA

(th ¥ EARIS o] 83+ HA chitinase AWAF vlA] H A3}

Chitin A4F v x1o] =4 = AA chitinase Akl 7} B JgFe v X = AAE 34213}
7] #13Fe] Plackett-Burman ¥ & o] &3t HZA S 4HE3AY (F 6.9). Quadratic =22
S g3k ANOVA E4F BXS 4383 Axt & 6.100] vepdnlel 2o mo 2 o] RARA
43E 228 5 don, 2o FEE P valueE 0006702 v FEF AL L

AU =3 AFEH Sl EHEWHSY Fazks BA43 A 74z X (colloidal chitin), Xy
(KoHPOy) 9F Xg (MgSO»+= 99.38%, 73.33% 2 99.24% = HEA=H Atk =3+ NaCle] %
o] Ayt A= 95.41%2] A =2 =5 YE Yoy AA chitinase activityE
AoA= & FFS HAA Ee ASs FASF AT WA olF 7 Ao HAH
Z3}7] €3k central composite designoll= X; (colloidal chitin), Xy (KzHPOg) 2} Xg (MgSOy)
HHTE ARSI
Ccentral composite design< 2t =YW S4E colloidal chitin, K.HPO4 9 MgSOZ2 &
< -1 o] 57/|=2 Rz 3slste] zb gHoel wE chitinase activityE —iﬂo
o, ‘%%%?ﬂl Ul ‘]% SHHTY dEF2 & 61104 vERA BEe 2o SAEA
BAEH Aae Foixl Mo {9 &gk wel A7 ool 2R AT Itz o =R
- 5

m[o Jo

o I de

Moo
T

£ Fo 2 L [o

o] o] gE(Probability value, P value) #ko] 0.05XTh 2O 7z} WF3ke] &3} o]y
oJdE 7Hta st 0.01R T 2o ule- fojsitia sk E4E HH RE2e oby
bl uhol 2ok

Chitinase activity = 84.08 + 1.22 X; - 6.77 X4 + 19.82 X -15.49 XiXy + 5.34 X1 Xs - 3.68 XiXg -
25.23 Xi*- 14.87 X+ 5.84 X¢°

£ 6.129 E4AHEA Ase mEd 2dAe folgEo] 0.005424 Wl Fo8E 7
& 4 Q) o|x3 Al wE R*ZHe 0.84010.2 UElyth md2] o] RigHe A WA
WO 1 olf=E B = @<l chitinase activitye] - 7|2 =2 AL&3 59
colloidal chitinell F<&o]7] wj&oltt. ZF AP wollA Uebd AAE T3 A7 Zd 2o
R*gt2 AA mddold =&8 HHgo YFo] IA d&ZoR ATEH 9 2l
e ZdE AAS

wdl2o] w2}t colloidal chitin 3+ K.HPO, 1% 6.10 (A)2} colloidal chitin ¥ MgSO, 13
6.10 (B) ¥ colloidal chitin ¥ MgSO, 18 6.10 (O Hd¥HSF 1] d5 AAE £435+e 3D
plot 22 YehlAT

Zr Z=dWHEEe] HA ks 4= A3} colloidal chitin = 0.28 (1.23 g/L), K;HPO, = -0.50
0.88 g/L)ek MgSOs = 1.00 (1.00 g/L) Yebstth. mdAe AxE HFsr] fste 7]1&9
chitin HHX]Q} 2b2® ol A% A chitin WA A FEFEE FFE w)gste] chitinase

activity® =2&3tgch 1 23 7129 wjA oA Bldte] HAHsE viA S ALLSIHES A oF

S
M
Nowe o &4
Xore 4y & K
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150 #4o] Fee & 5 AU

$# 6.9 Plackett-Burman design matrix (trails No. 1 to 12) with corresponding result

Chitin ~ Yeast Chitinase
Run Na,HPOs KH,POs NaCl  MgSO, CaCl,  NH4Cl o
(%),  Extract activity
Order X3 Xy Xs X X7 X7
Xy X (U/100 ml)
1 -1.00 -1.00 -1.00 +1.00 -1.00 +1.00  +1.00  -1.00 106.38
2 +1.00 -1.00 -1.00 -1.00 +1.00 -1.00  +1.00  +1.00 73.48
3 +1.00 +1.00 +1.00 -1.00 -1.00 -1.00  +1.00  -1.00 56.91
4 -1.00  +1.00 +1.00 +1.00 -1.00 -1.00 -1.00  +1.00 47.10
5 -1.00  +1.00 +1.00 -1.00 +1.00 +1.00  +1.00  -1.00 119.57
6 -1.00  +1.00 -1.00 +1.00 +1.00 -1.00  +1.00  +1.00 111.98
7 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00  -1.00 84.88
8 +1.00 -1.00 +1.00 +1.00 -1.00  +1.00  +1.00  +1.00 133.91
9 +1.00 +1.00 -1.00 -1.00 -1.00 +1.00 -1.00  +1.00 128.02
10 +1.00 +1.00 -1.00  +1.00 +1.00  +1.00 -1.00 -1.00  167.755
11 +1.00 -1.00 +1.00 +1.00 +1.00 -1.00 -1.00 -1.00 118.12
12 -1.00 -1.00 +1.00 -1.00 +1.00 +1.00 -1.00  +1.00 176.62

3 6.10 Analysis of variance of quadratic model

Source SS DF MS F-Value Prob > F CL (%)
Model 12611.04 4 3152.76 9.07 0.0067
Colloidal
chitin 5196.46 1 5196.46 14.95 0.0062 99.38
KH2PO,4 506.02 1 506.02 1.45 0.2667 73.33
NaCl 2144.68 1 2144.68 6.17 0.0419 95.41
MgSOy 4763.86 1 4763.86 13.71 0.0076 99.24
Residual 2432.23 7 347.46

Cor Total 15043.28 11

R® = 0.8383; CV = 17.14%, SS, sumof squares; DF, degrees of freedom; MS, mean squares;
CL, confidence level; Adj. R? = 0.7459
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3 6.11 Experiment design used in RSM studies by using three independent variables
with six center point

Chitinase
Trial No. X1 X4 Xe activity
(U/100ml)
1 -1.00 -1.00 -1.00 31.01
2 +1.00 -1.00 -1.00 24.25
Eractional 3 -1.00 +1.00 -1.00 32.75
24 tactorial 4 +1.00 +1.00 -1.00 26.52
i 5 -1.00 -1.00 +1.00 42.41
design 6 +1.00 ~1.00 +1.00 119.41
7 -1.00 +1.00 +1.00 91.83
8 +1.00 +1.00 +1.00 44.54
9 -1.41 0.00 0.00 30.77
10 +1.41 0.00 0.00 29.32
_ 11 0.00 -1.41 0.00 71.93
Star point
12 0.00 +1.41 0.00 29.61
13 0.00 0.00 -1.41 73.04
14 0.00 0.00 +1.41 111.35
15 0.00 0.00 0.00 88.10
16 0.00 0.00 0.00 93.96
Central 17 0.00 0.00 0.00 84.68
point 18 0.00 0.00 0.00 86.13
19 0.00 0.00 0.00 86.47
20 0.00 0.00 0.00 72.22
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3 6.12 Analysis of variance of quadratic model

Source SS DF MS F-Value Prob > F
Model 15609.03 9 1734.34 5.84 0.0054
Residual (error) 2970.50 10 297.05
Lack of Fit 2714.16 5 542.83 10.59 0.0108
Pure Error 256.34 5 51.27
Total 18579.53 19

R? = 0.8401; CV = 27.13, SS, sum of squares; DF, degrees of freedom; MS, mean squares;
Adj. R? = 0.6962

(A)

AT

P it

frEa,
ey

o,
riy
gttt

T
e ":“:’?’:’t‘
SR BN

ety
Ay

Chilress aolvih
e
CHirese aolvl

Chilrese aolvi

1% 6.10. Response surface plot showing the effect of pH and Temperature and also their
mutual effect on the chitinase (U/ml).
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v}, chitinase HA 2 EA

(1) chitinase %A

Gtk RE = weEt chitinaseE E et @ldo] JAHHE A E o] &k I
dEFo F=+ 30, 50, 70 ¥ 85% (w/V)E 3t% o™, 50mM phosphate buffer (pH 7.00& °©]&
lo] dialysisgt =S DNS AWM ow =Rt 1 2% 344 nE 5 70%94 714
< activitys UYeERA 2, SDS-PAGEE 43 3}o] 59kDag] chitinase #A#H<S st
(¥ 6.11). Bacillus Ilicheniformis ATCC 145807} Ay4+sh= chitinased] FF+= IAA7LA
chitinase 1 (89kDa), II (76kDa), Il (66kDa)2} IV (59kDa)= L&A 9lom™ (Takayanagi, et al,
199D, £ ATFelAl= chitinase IV (59kDa)E A4tst= B licheniformis®] chitinaseE w2 %
AAFAT  FAgrRyE IdAPe=E 1x AAE  chitinases: =PI odHE BES
DEAE-cellulose anion-exchange column®.Z ion-exchange chromatographyS <343ttt 1 A
I} F 90 fractione LJow, Z+ fractiong &3t SDS-PAGEE F33dth =z B
licheniformis ATCC 14580 12~17+, AE 5 B licheniformis CU013} B. licheniformis CU01-&
Zy Z} 12~2483} 13~318 A}ol9] fractionolA] 59kDae] chitinase7} €& ® AL &<l & 4
ARG (2™ 6.12).

ol

Hir

kkDa

72

g 'h 59kDa

35

I3 6.11. SDS-PAGE analysis of partially purified chitinase using ammonium sulfate
precipitate concentration of 70%. Symbol: M, molecular weight marker; lane 1, B /Jicheniformis
ATCC 14580; lane 2, B. licheniformis CUOL; lane 3, B. licheniformis CUOZ.
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kDa

12

55 €& 59kDa

35

1% 6.12. SDS-PAGE analysis of purified chitinase obtained from anion-
exchange DEAE-ceullose column. Symbol: M, molecular weight marker; lane 1,
B licheniformis ATCC 14580; lane 2, B licheniformis CUQOL; lane 3, B
licheniformis CUQ2.

(2) chitinase &4 =ZA}

ot

(7D chitinase &4 vA= 259 4
Chitinase &Adoll vAlE 59 FFS ZAS7] #stq 20~60C7HA o] Mol A A
A3 gz B ]1'clzen1f0fm15 ATCC 14580 % 2zt M A5 B licheniformis CU013 B
licheniformis CU02%E 40C oA 0.9667, 1.2322 2 1.1693U/ml 2 Ho) A4S velggdg. A4
T &7 HE) 0.2655 F 0.2026U/ml =2 A4S UeEtidler (28 6.13), 20T oA
A &4 ¢F 73%E UElHo], 7|20 2 & - A5EH FAH AAE S&sk=d oy
| 1S Ao = oiddr

T
—
[e)
= °
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1.2 A
1.0
2
=
o 0.8
o=
o £
82 o6+
E
Q
0.4
—e— ATCC 14580
0.2 4 —o— CU01
—v— CU02
0.0 T T T T T T T T T
20 25 30 35 40 45 50 55 60
Temperature (°C)
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—e— ATCC 14580 B
—o— CU01
08| —T cue2
Far
2 06
Q —_—
M =
e £
T2
=
= 0.4 -
=
O
02
00 T T T T T T
5 6 7 8 9 10
pH

19 6.13. Effect of temperature (A) and pH (B) on purified enzyme
chitinase stability.
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(1} chitinase &Adoll 7| X]= pHe| |¥TF

Chitinase &4l ©]x]= pHel F&&FS FALsl7] 98te] pH 5.0~10.07}4 2] WLl &4
S =AY =AM E Y =T B licheniformis ATCC 14580 ¥ Zv XMW+ B licheniformis
CU013} B licheniformis CU02= pH 794 0.9536, 1.36673 1.2797U/ml 2 HNEA S YERA
o, #F7 HAYASE pHY FASE Ao g2 vehdth (19 6.13). =3 pH 694 Ho) &
49 oF 61%E YERHACH, o 4] AAA o XA AAE FE& IHEE AR di4d
=3

(th chitinase g4 A}
Chitinase & AA A E=&FOE o] &3tna A W EYY HFAH 2 &8 Hw
04 :L*’tOli g ek R| A ] G thste] ARG A, CuClhell thaiA e vlad o
£ Yetlil e, FeSOl disiAe gl A1 AT B Aol AR
= Feol &aFo] dwrEko] Hl3f 1004) %71] SHEo] JomF FeSOsl thik
Ao oddtt (I8 6.14).

>

flo

Hir

100 Tl BN CUOT
I CU02
80 ]
=
= il
g
= 60
B
=
@
e
40 4
20 4
U T T T T T T

HWone FeZ0, CuCl: Zn30, CaCl-Hgz(Cl:

Metal ions (0.2 mM)

19 6.14. Effect of metal ion on chitinase activity.
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(b Specific activity

Chitinase &A4< v d9EZgow el r] 93] chitinaseo HIZAH ATE ZA
st ettt AR =4S AA3 chitin ¥iA] 100ml o] =+ B licheniformis ATCC 14580
o} MEFF B licheniformis CU01, B licheniformis CU02E 37°C, pH 7oA wjk3tdct. A5
of o] chitinase WIEA AHAZE A A3} B licheniformis ATCC 145809} AR F#F B
licheniformis CUO1, B. licheniformis CU02%= Z+2} AAISHA &2 crude enzymeol A4 4.23, 2.78
2 2.73UMmge] E& HIZAEE YEUdlth SASREE JAdS o8& 1Ak HAdAE 6.21,
4.45 2 4.27Umgo 2 ZAEQ o™, anion-exchangeE o] &3k AA|oA= 634, 7.65 2 521
Ulmg® B licheniformis CU01-& B. licheniformis ATCC 14580 R.t} =& specific activityS 4}
BllE Ao 2 ZAEQIY. HEZ 02 crude enzymeoll 4] A A g chitinaseE yield= 11, 17 2
14%% Jebst (& 6.13-15).

3# 6.13 Summary of the purification process of chitinase from B [licheniformis ATCC 14580

Total Total Specific o .
. : - . Purification Yield
Purification step Protein activity activity fold %
(mg) (unit) (unit/mg) ’
Crude enzyme 21.50 91.02 4.23 1 100
Ammonium sulfate
o 6.82 42.32 6.21 1.47 46
precipitate (70%)
DEAE-cellulose
1.66 10.51 6.34 1.50 11

chromatography
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3 6.14 Summary of the purification process of chitinase from B. /licheniformis CU01

Total Total Specific .
e . . . Purification )
Purification step Protein activity activity fold Yield
0
(mg) (unit) (unit/mg)
Crude enzyme 44.97 125.3 2.718 1 100
Ammonium sulfate
o 13.75 61.25 4.45 1.60 49
precipitate (70%)
DEAE-cellulose
2.86 21.85 7.65 2.75 17

chromatography

3# 6.15 Summary of the purification process of chitinase from B. lcheniformis CU02

Total Total Specific o
e ) . . Purification .
Purification step Protein activity activity fold Yield
0
(mg) (unit) (unit/mg)
Crude enzyme 41.27 115.21 2.73 1 100
Ammonium sulfate
o 10.89 46.48 4.27 1.56 40
precipitate (70%)
DEAE-cellulose
3.01 15.68 5.21 1.90 14

chromatography
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A}, chitinaseE o] 83 &3 H# 24

D A FS T3 FF 24 =4

AAG chitinaseE ©]&3ste] A EWAL F30] 75S WY Z TAMA A B 2=
WY T30l T A4S FAS A 4T AEHYA FHol A alternata (A, F.
oxysporum (B), F culmorum (C) R C. gloeosporioides (D) oA 2= AA Fdolo tis] 3
Fs HAE A A T F Ut AEHLAY FBolY M-S ASt= lipopeptided]
iturin 2 fengycin®} & =A== 2 chitinases v 99t RS 424, F3o] 9
Hol| &728S It ety FAF AL 19 6.159 o] AEHYA FFo] AEyo)
chitinaseell ¢Jafl &+ =o] AEW AL FZolo diall F&FS WA= ALS A & F AT

(3 6.16).

PN
>

ChitinaseE &3¢t PD TAul Aol Al vt A EH AL FFo] FAMAS AAEH =T
o8 A8 AEHYA = AHA| AAES vt ZASFE T 1 A # chitinaseE &
s PD AufA] oA 2] F3olY AAREC] AHiMHeE As I T 5 A

o 11 ol K o
o
4

ox ok
o
o

FFolol AsNE&L Fusarium sp.7} 73.5%= 717 &4 A&7}
ZE= Aor ZAEROH, A alternata, C. gloeosporiodies R F. culmorum-s 7t Z+ 24.8%,
24.4% 2 13.6%° Asl&<S HEFHAH.

AN

3 6.16 Inhibition of fungal strains by purified chitinase

No Strains Pathogenic Inhibition
1 C. gloeosporioides Anthracnose (24 H) +
2 A. alternata Leaf spots (Av}&H) +
3 F. culmorum Root rot (M)A -5-1) +
4 F. oxysporum Fusarium wilt (|=z74%) +
5 F. sp. Wilt disease (ANE-21) +
6 S. sclerotiorum Blight (n}&4%) -
7 S. cepivorum Root rot (3214 31) -
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1% 6.15. Inhibition of fungal strains by purified chitinase. Symbol: BK;
blank, 50mM phosphate buffer, CUOl; B licheniformis ATCC 14580, CUO0Z;
B licheniformis CUO1, D; B Ilicheniformis CUQ2.
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A7 A FAFEA v AYE (B amyloliquefaciens BC32-1 P. elgil
BC34-6)2] cyclic lipopeptidee] &4 712 A+

4, Al =4 43 F a4 71F a+
21t Hth. Fengycin Jeto| =& F %ol Tf
gk 3184 AAZA o FE&SHA 2L F 9

oo wkall pelgipeptin HEo] == o] ut ofyzt Aol s % broadd &48& e
Wol (Muto er al, 2003; Klevens et al, 2007), 1% <43 G4 + 2L AW ATA MRSA
(methicillin-resistant Staphylococcus aureus)®l| Wiste] A3 HiLrsgEE AT © W
o7} #t &Ag71Ztel dig AFE shrIflE ¥R dyeE ¥ AF 9 liposomes A 25t
dye leakage 23S P o (Areum et al, 2015), staphylococcus aureustt2 ©]-83+
membrane depolarization A3 EZ XPHIJAT Mija Ahn ef al, 2014). °|9F HEY
pelgipeptin =459 A AFAHH A EAE AP At ME=A g 4
T5 P3O (Jacob et al, 2014; Ganesan Rajasekaran et al, 2015).

N

O

Bacillus amyloliquefaciens BC32-1 2] wi¥d FE2ES FFH o= RP-HPLCE ©] &3}
o FA AT F, ethyle acetateE2 F=H MES HAEFY methanoldl] Fo A|EE ARE-3}
Aoew, olw 50% ACNol 0.5% TFAZ} 349 buffers ] 3k

A7V pH7F oF 2.05+= AS &<l

< 15,000rpmef| Al 5&3F ¥4 EElAnh AMEY e TS 0.2um syringe filtrationste] 5ml
9] N &2 loadingsled HPLCO injectdt ¥ 230nmollA] FF 5o Wiz X8 &2 st
Atk 7171 94 (reversed-phase) HPLC (Waters)S AF-83}91 3L waters Cyg prep columnS A
g3} peak retention time (33 HEE AHS #=3y B3 olu, 0.1% TFAS g+
3F 95% =9 5% ACNE buffer AZ, 0.1% TFAE 373 95% ACNol 5% &2 buffer B2
AHESIH A, 5% ACNell 65% ACNe T5=2 189 1m3 308 w5 FHlE 1 I ELS
FEAA St O Ad, HFHoE AAE E4d2 18E AAHEo] =Ll iturin, fengycin,
surfactin®] 37FA 2 1= ASeH o] 59 1F3 33 HFF AZFS o83t peakE prepst
Atk g AAst Aozl crude 118]d AAFEolE MELS A FUAA HF EWE
methanol2 A &3NAIA AHE3AA /A2 Z2TE 225 methanolS AHE3lg T o] 23
12y AFHEolEe AEHAAd FFold dig dudo] S FAHSH] S A= Hd
A Fdo|Ql Fusarium oxysporum f. sp. radices-lycopersici KACC 40031+= Korea Agriculture
Type Culture Collection Center (=)ol E&do}l o] &3t AE HAAH FFol= 25+3
CTolA 3+2¢ &< PDA (Potato Dextrose Agar, BD) wj x| oAl A A AFE3 3L, PDAQ
AFdel FAFS oF me AVIE HIFS A4 AESES vz =T FF9 100p ¥
loadingsto] A=A wiFstAth. Hetol =9 A ade ZA7F Jeto] ol os) AetA|
@+ clear zones St E =3
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1}, Fengycin A, Fengycin Be] #H A A 35 %= (MIC)

Fusarium oxysporum f. sp. radices-lycopersici KACC 40031¢l 739
amyloliquefaciens BC32-1 #F2RE @ fengycne F ZFH
Fengycin A<} fengycin Bel dH#&4& 75357l 13 WHo= /\]
oxysporum f. sp. radices-lycopersici KACC 4003102 H-¥ Ej3 A=
7} fengycin®] HA A LS AFsIATE =, HaemocytometerS Ab&-3ho] 104ce11/m1 D}Hi
IS A sl ALgSE 96 well plateo] T3] PDB HiAo] HE3ST
fengycin A9} fengycin B& 22 w52 7} 400pg/nl Y =75 5= A x3tH serial dilutions}3]

=

B= szt

tg ol Fusarium

t}. Fengycin Bo] AE&Wol tat =4 &4 43

Bacillus amyloliquetaciens BC32-1 #+F 258 73 A+ A4S 71AE= fengycin B+
lod AlESdol 5 FAS sttt =, Fengycin BE methanololl o] 10pg/ul &
P 2t s =2 ASS w30l tA HE F MdAA SUo= B AT

0

e
o m‘lN'
(o}

ol
k]
N
il
Ak

=

2}. Fengycin B AlE=H o]9e A& WU FFolo dist &4 4d

Bacillus amyloliquefaciens BC32-1 #2358 73t I FEA4 S 7IA = fengycin BRH&
E3l] ANESY ¥ olUelk Botrytis cinera (AR FFo|W), Phytophthora capsici (<H),
Sclerotinia sclerotiorum (3 Y), Alternaria porri, Embellisia alli & T3 A& HUA
olo] s &S AFsFF Y. =, Fengycin BE methanoldl] =} 10ug/ul 2 AA3sa Z+
ug/pl o] E=2 7} FFolo] A HF F viGAA StoE S Gl

u}, Pelgipeptin A9] &+ &3}

sstAl & ¥ pelgipeptin FEto]= T pelgipeptin Ae] FT S AFstr] A
micro-broth methodE ©]&3Fa] 96 multi-well microtiter plate®] minimum inhibitory
concentration (MIC) Al @& Al Y3}

HA LB broth wj#] Smloll A|FFFE 37ColA] 180rpmSZ 184175 <t v sttt o]
FHS HFTHo=Z LBA Smol 1%=A HFsk 600nmolA F3F=7F 0571 2 w712 37C
o4 180rpm o2 F 34175k Mokt th. FFol 0.57F H< W) 1% peptoneS® 34 3}e]
2x10°CFU/ml ¢ H =2 3%,

Pelgipeptin A8] A =+ Z71F% 128ug/m F-E serial dilutionsto] Akgshslom™, 37C
o A 18AIZHERF ¥ & S AN T HATEE ZASA T

vl Pelgipeptin A¢] & A& 7]z @ =4 AL

Pelglpeptm A7} membrane target Elo]= QA o] ARZ 32l5lr] 9Ft] P dyert &
o9l QE el liposome AAete] Q1F vro] wwE wWeol FBL ZHE dye leakage
A8 3} staphylococcus aureusd-S o|-438he] M Eute] @EZo] Jojd wlo FFS =AH3I=

membrane depolarization A& Al 3Y3FH T
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(1) Dye leakage assay

Ao AHgH liposomee] A|ZHe th2-3} o} PE/PG 7:39] Chloroform 1-2ml & Yo &3
AN & A dA& Aaste 3% < 54 AzAFHY. 2 F Buffer 10mM Tris + 0.1%
EDTA + 150mM NaCl, pH 7.4) 1ml o] &3)A]#A vortex-shaking A3, membrane-bound kit
£ o] &3t liposomee] Z7|E ZA w0l & % gel filtrationdle] AHE3EA T

HA el Buffer (10mM Tris + 0.1% EDTA + 150mM NaCl, pH 7.4)E& z}-$-11, A=sk
liposomeS @ o] FAth. Baselineo] ¢Fg3t= ™, 60% Fol peptideE &3k 10007} 2 o)
detergentE A 3tdtt. AEEZAZE membrane target peptide$! Melitting}  LL37E,
membrane non-target peptidleZ+ bufforin 25 A}F&33th Excited 32 490nm, Emission
-2 520nmE FA5A L, LU WHOE 20E-& st HHpkS TSk

(2) Membrane depolarization assay

Staphylococcus aureust+-S LB¥A] 100ml o wjFsle] 600nmo A &3Fo] 0.5¢ wl Buffer
(20mM Glucose + 5mM HEPES, pH 7.2 A A4t A H3 T 842 x goll A 1087 94 &
sta, 9 #AHL 3 H ¢ ¥rESY 1 & Buffer (20mM Glucose + 5mM HEPES + 10mM
KCl, pH 7.4l ¢txd3] &3A1A 3)AstATE Folo| FHlE 75 Y 602 Fo dyeg ¥

FAtt 40071 2 w peptideE A gl3tar, 10007} 2 uf detergentE A g3ttt A EE
22+ membrane target peptide] Melittin?} LL37S, membrane non-target peptideZ+=
bufforin 2& AF&3sFR T Excited 372 620nm, Emission 342 670nm=zZ SAsIH a1, 5L
WO g eSS oo FHgks Tkt

Pelgipeptin FE=AE9 ZAAA AFA T AR FAE AP Hstd MESA o

3 S FrrH oz AYEYTh

(3) Hemolysis assay

£834S 4357 918t 2t AFHS NS PBS buffer2 A28t 374 x gl Al 583
dAEdstd dFe AASAT. AHE ALT= micro-broth methodE  ©]&3ko] 96
multi-well microtiter plateoll A133tFch A gld MELS 37CoA 60rpmez 1A 5 &
3] HAELA AT peptider= 271 % 200uME-¥ serial dilutiond}Raz, PR EEZHZ = Tritond}
Melittino] SAXZEZDZ = PBSE ARESFA T 405nmolA &3S SAH N eH, I3 39
o NS do] WS T

% Hemolysis = [Apeptice = Apps)/[Atriton = Apps]*100

_97_



2. AN A3

7}. Fengycin®| A& WA HFold dig aax

Bacillus amyloliquefaciens BC32-10] A4k} iturin, fengycin, surfactin 59 ©Fgk 11y
g A AR Elol= F, Fusarium oxysporum f. sp. radices-lycopersici KACC 400319] tiaiA= &
22 fengycingto] 73k & Fo] A S WAk wekAd Bacillus amyloliquefaciens BC32-12
T AAE 18]y AFHeo| 2 AEHAAY F3olo gk duFo] 4 I 7.1 &
=3

a9 7.1. Bacillus amyloliquefaciens
BC32-1¢] A4s+sl= fengycine] F
oxysporum °| W3k g Fx B}

1}, Fengycin A, Fengycin Be] HA A s)5 = (MIC)

Fusarium oxysporum f. sp. radices-lycopersici KACC 400319l 7= 3t &4 & Hol= Bacillus
amyloliquefaciens BC32-1 #FZFH E3¥H fengycine F FHFe A9t B2 g Ao
Fengycin A¢} fengycin B9l Fusarium oxysporum f. sp. radices-lycopersici KACC 40031 o gk
g FA S 53] 53] fengycin B (50pg/mD7} fengycin A (450ug/mDRc} oF 9uf H =9 &4

o] Holgg & 4 YA

o). Fengycin Be] AlEaHd Uish v= &4 Ad

Bacillus amyloliquefaciens BC32-1 +FZ € 73k &
ZFZ3}o] methanolol dissolvesdte] ZF BB Z A|E2H
Fom FAAHE A AFA 10wg/ulFEH AESsHW +
radices-lycopersici KACC 400319 4S8 JEld S &

348 7FA = fengycin BYFS-

Folo WA HF = WIANA F
Rl Fusarium oxysporum f. Sp.
AT (& 7.1, 1Y 7.2).

S5

o

ol

30 ofd
o
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¥ 7.1 Fengycin B AE2¥<Ql Fusarium oxysporum f. sp. radices-lycopersici
KACC 400319 o3t = &4

Concentration (pg) Activity
BK' (control) -
0.1 -
0.5 -
1.0 +
5.0 +
10 +
50 +
100 +

1% 7.2. Fengycin B AESHQ

Fusarium oxysporum f. sp.
radices-lycopersici KACC 400319 ot 5%
H g4,
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2}. Fengycin B AlE5H |99 2l& WAdAd F3o]

Bacillus amyloliquefaciens BC32-1 #+F+Z5H Z&3k &z ﬁ%}ﬂ < 7}A+= fengycin ButS

FEolo AESW B olU=} Botrytis cinera (AW Edo|"W), Phytophthora capsici (S¥)

=

Sclerotinia sclerotiorum (F3Y), Alternaria porri, Embellisia alli & %3 A& WA F%F

=

old s &AL AFsF Y. =, Fengycin BE methanoldl] =¢} 10ug/ul &2 AA3ar 2+ 200

[e]
we/ule] BER 7 Tl A AE F NGAA SUow BAHL A AT Bomylis

=

cinera (MR Z3o|9), Alternaria porri, Embellisia allil &40] Q&< eyt (% 7.2, 1
g 7.3).

J

% 7.2 Fengycin Be| Phytophthora capsici (9%), Botrytis cinera (A 301%),
Alternaria porri, Embellisia allii, Sclerotinia sclerotiorum (F3®)ol 3t =¥ ZA
@)
KACC no. Strain Activity

40157 Phytophthora capsici -

40574 Botrytis cinera +

42999 Alternaria porri +

44708 Embellisia allii +

40457 Sclerotinia sclerotiorum -

- 100 -



% 7.3.  Fengycin B Botrytis cinera (AR FFolH),
Alternaria porri, Embellisia allii, Sclerotinia sclerotiorum (I
ol 3y BA. A: Alternaria porri, B: Embellisia alli, C:
Phytophthora capsici (59), D: Botrytis cinera (A8l 3o]
W) E: Sclerotinia sclerotiorum (+344).
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1% 74. P elgil BC34-6 vk A5 o9
eloii BC34-6 wjj oAk,

v}, Pelgipeptin A2] &3}

&5 B2 = pelgipeptin A9 FFEAHL A@E7] $5+e] micro-broth methodE o] &
3Fed 96 multi-well microtiter plateol] MIC 2 &-S A3} t). Pelgipeptin A9l s Z=71F
% 128ug/ml F-E serial dilutiond}e] A3 0™, 37C oA 18A17HEQF vl & A4S A5
AN7le HETFEE AR MIC A& B3 HE E28AE pelgipeptin A7} &84 Wy
AATE X3S B AFHET ta8l As g E4o] e AL=Z ERIFHAT (F 7.3).
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¥ 7.3 Pelgipeptin A9 MIC 23}

Bacteria strain MIC, {ann
Pelgipeptin A
Gram-negative
E.coli 2
P. aeruginosa 4
Salmonells tvphimuriom 4
Gram-positive
Bacillus subtilis 4
Staphviococcus epidermidis 2
Staphvlococcus aureus 4
MRSA
CCARM 3089 8
CCARM 3090 8
CCARM 3095 8
At Pelgipeptin =4 E9] &+ 28 713 2 54 AT
Pelgipeptin A7} membrane target JE}o]= Q1A]o] ARE &2135l7] 95t dF dye’l &

o d+= AdF =l liposomes A|Zbste] 1F =ro] dad o] FFES FA3tE dye leakage
A3 staphylococcus aureusd= ©] &3] Al E 9] =
membrane depolarization 2@ -& A 3Y3FA T}

Dye leakage 23 Z3} membrane target FE}o] =21 Melittine] 4%, HElo]=& A 2] skA}
2t Alxato] st EHA A% £33 S 28 FFs He Zﬂoi J’}‘@Q}J\-—‘]ﬂ Al 3
9& targete 2 3FA| ¥+ bufforin 28] A% JHElEE AHYstH®E FFS HA Aot
detergent?! tritons A 2stAt FFS He AL A & 4 AT = LL3 o] 73-%- Melittin
of mlste] Rkt (S W AZzEE gPATE AR EIHAL, pleglpeptm A=
LL37R Y =5 o =¥ Az% 335 Btk 22y Jelol= Ao s dF AlEZTo]
== 74% #E F F A, ol#id A= pelgipeptin AVF Al EZEES targetoi s
g S Uepita & 5 Ao (a9 7.6).
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700

Pelgipe ptin A

- Buffonn2
600 - F’;[ LL37

O e e

J—— —_— ! Melittin

500 o -

r —

400 ~

Intensity

300 -

200 4,

100 -

n I I I I i L] L| L) L]
0 T1|'.'ICI 200 300 400 500 600 YOO 8OO 200 1[*]1] 1100

peptide Time (sec) Triton

19 7.6. Pelgipeptin A2] dye leakage assay 2 3}

Membrane depolarization A& A3} staphylococcus aureusd-ol ™3dted membrane target
Efo] =29l Melittin®] 7-¢-, Hete|=E Alstatviat Alxuto] gt HHA gEFo] dojit
A% 74 FAe 9 FFe HYe Ao #FFHSoH, AEYE targeto 2 A &
bufforin2e] 73-¢- FHeo|=EE AHgstddxE FFS YA Zthrl membrane target YA
Gramiciding A gstx} &&= o] dojy FF& Hd= AS I & 5 AT =3 LL379 74
- Melittinol]  ®lste]  RbS FAH S 1?4&1 Azets gIGA7IE Aoz 1A,
plegipeptin A= LL37HT 23 o =@ Ax= g5 ®Beg (29 7.7).

o]213+ A= dye leakage A ¥} Bl Eo pelgipeptin A7} membrane targeto 2 3}eod &
7E4E Yepdd= A& ¢ 5 Utk

O fr ool o2

dl
>
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1000

— Felglpeptln A
900 - Bufforin2
LL3T

800 - Melittin

700 -

600 4 - "o

500 -

Intensity

400 -
300
200 +

100 S 1 18

0 Tﬂ:li:l 200 300 4?0 500 €00 700 BOOD 900 1!]?!] 1100
Dy peptide Time (sec) Gramicidin

19 7.7. Pelgipeptin A2] membrane depolarization assay 2 3}.

AHS 3P %@?ﬂ’}}% ZAst7] {8l 2 AT A W S ]740P°4 7‘*@?”}
S AFESR A, HEelol=E APt 37T A 2
Membrane$ target®. & 3t= Melittin®] 72-$-, 25uMS A 833 S Uﬂ A2 90%¢l 7}77}—.— %g

s

A= B3lon, ol& Melittino] AlZutg Hidtes ZFH3 FHS AWA Az dig =
4 ES Atk A& ov|sta Utk

oo w3l pelgipeptin A9 %= 200uME A3t = 50% olate] HlmA ok 8HFHA
Z okl =4S mgon, ol 334 pelgipeptin A7} Ho} kA 42 EHAEA A=
F A= AL AASEL Atk Pelgipeptin Bl A $¢E 50uM7tA] 4% 8 AAAS Hol,
I F 2000M7HA = S8 @Ge]l A FUleA ¥e Ao #EEUTE Pelgipeptin Dof ¢

wz% o=
HAetol= F=7F S7HE met #E5 8ol U] 200uMS A ElstE S W A<
100%° 717k &83ddo] YeEtdS AT 5 AT (2" 7.8).
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% Hemolysis

100

B0 -

60 4

40 4:

20

Felgipaptin &
Pelgipeptin B
Palgipeptin D
Melittin

50 100 150 200
Peptide (uM)

9 7.8, Pelgipeptin A, B2} D¢ hemolysis assay 2 3}
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Al 8 4. cyclic lipopeptide®] Tz 9
1 AP S8 g 2D oy

Bacillus - amyloliquefaciens BC32-1 5+ ©o|F®d (turin), A4 (fengycin), A1IH
(surfactin) 9] cyclic lipopeptideE A4+Hskch (18 8.1).

Tturin Fengycin . o

173 8.1. Iturin, fengycin, surfactin®] 7]& Gz,

B AT LC-MSel 98] oF 10s3%2) cyclic lipopeptides &Hlstgom 1 % &%
o] &A4o] 7H¢ F& fengycin HFetol=o] g FxEAS Pttt LC-MS/MSeo|
fengycin Fetol== AS BE F 71A9] fetolE 18] F2E 7HAI U™ JEol=
Aol7t o& lipid Ab&e] Z2d FeHE SA8ATh F7FH o= CD, UV, FT-IR, NMR 59
AWM E o] g3ty fengycin A 7232 AFE AYSATH AF o)Hd F2FH B4 F
St OIARIER Qg g9 ztold 7|stes E9E 713 & & Ao

=stA AAE pelgipeptin®] 13+ 7=, 234 7=, 3&F 720l HF AFE APk A
A oluigt HEe B8] 9ste] Cyclic F el peptideo] KOHE 23t ringS open Al
7 lineard: e 2 TEATE. SPE-column(Waters, Sep-Pak Cig cartridge)s %38 3 71¥ KOH
£ AASL LC-MS/MSE o] &3t ofneql AFEA S AN 23 72 F579 A7

2 9o
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SDS (sodium dodecylsulfate)e} TFE (trifluoroethano)E 37} % Circular Dichroism (CD)E
st 24319 o™ (Eunjung Lee et al 2014, Kathi et al, 2013), 3 +%Z 7H3sl7] 9
Bruker AVANCE 600 MHzE ©] &3} 289Kl A 2D Nuclear magnetic resonance (NMR) 2%
1S =439t (Wiuxia Sun et al, 2015).

2£ 2

OE]

7} Fengycin 9] #+z &4

(1) LC-MS/MS

Bacillus amyloliquefaciens BC32-1 57} A4sts A8 71A] 18]d A ZHElol= Fo
Fusarium oxysporum f. sp. radices-lycopersici KACC 40031l 73+ 348 7} fengycing of
Aoz HZFAHQA AFE FY3HY. WA LC-MSE o]&3teo] Bacillus amyloliguefaciens
BC32-1 7} %48}—‘: fengycin?t-& 533 AE2] A5HS 0.2um syringe filtrations}
o Sml® AlEE loadingsted HPLCOl U3k & 230nmollA FFE9 MIE A5 &&&
stelstuth 7] ]lz 9’4 (reversed-phase) HPLCE AF-&3}% 1L waters Cjg prep columns Al
3to] peak retention time (=3 #WFF AIZHE TS5t 59t o, 0.1% TFAE 3
S+ 95% & 5% ACNE buffer AZ, 0.1% TFAE 73k 95% ACNeol 5% =& buffer B2 A}
2384, 5% ACNel 65% ACNe| ®== 189 a4 3087 5 7S 1 fengycinihe
2 A4A stAT o] AIEE o= MS-MS (API 200003+ fengycin A<} Be] fragmentE 4]
e 4 AdA yolrt CDeF UV, FT-IR, NMRGE 9 A 7|8 53l Bacillus amyloliquefaciens
BC32-1 57} A4k3l= fengycin A$} fengycin Bo| B4 #+xZ #4390

(2) Circular Dichroism (CD)

Fengycin A<} Fengycin B7} o}umiit 23 Fx2E 7FA =X 9 JRE A7 95t 27}
A o2 Yo Circular Dichroisme ZA3Idch A #HA =12 SDSE ImMF-E 10mM
A ZA7E, F WA 21e 10% TFERE 50% TFEZFA] H7iste] wla BAsdt. 24393
peptide®] ¥ =+ 100uMo]™, 10mM Sodium phosphate (pH6.0) & 7}&te] EAslHch A& 94
2 190nm¥H-E 260nm7}A] ZAFS} T

0
O3 = 10X 1IX CXn
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(3) Ultraviolet (UV) and Fourier transform infrared spectroscopy (FTIR)

Aol 1,506 m/zQ) fengycin® 739 Fusarium oxysporum f. sp. radices-Ilycopersici KACC
40031l thal 7Hd E=& v EA4S YeRATh wEel o] MES e ®E UVe FT-R &
BH-S AR3te] fengycing] 7% EAS AT Fengycine] UV 23 E &2 photodiode
array detector (Shimadzu SPD-M10Avp, Shimadzu, Japan)E ©]&3ta] 190 ~ 330nme] u}#o
2z Fengycin®] A Fetol=9] AES A7) R E3HS &3 Flstdoh R A
Z& methanole] &&A712 R 2HE"HS Fr-2A94 E347] (FT-near infrared
spectrometer, FT-NIR; Spotlight400TM, Perkin Elmer, UK)Z Al-&3lo] =43} T}

(4) 2D Nuclear magnetic resonance (NMR) #3438}

Fengycin A%} Fengycin B9 3z F&& fw%3sl7] 93t 2D NMR A3dES A3t
Bruker AVANCE 600 MHz & o]&3}la 289KelA Ade 7 a3t} Fengycin A9} Fengycin
BE 99.9% DMSO-ds2 =< bmMe| T2 wE AlZo] 10mM Sodium phosphate, DO}t &+F
TE H7Ulske] 298Kel A4l 2D Double Quantum Filter-correlation spectroscopy (DQF-COSY),
Total Correlation Spectroscopy (TOCSY), Nuclear Overhauser effect spectroscopy (NOESY)E
ZA s

1. Pelgipeptin A9] +Z% &4 (LC-MS/MS, CD, NMR -5)

(1) LC-MS/MS

Pelgipeptin A9] o}r|=it AEE FH37] $18td LC-MS/IMSE Aldstd ). Cyclic FEid
Heol=of] IM KOH A &lsle] overnightA]Z th. Lineardt e 2 ringe] open¥ =% LC-MS
£ o]&std & AU HUF # oA EAEES &9 ¥, SPE ZH(Waters, sep-pac, Cis
Cartridge)& o] &3} KOHE A ASIATE 1 & 5% TFAE #H71ste pH 22 =4d39d. o &
0.2um non-sterile single use syringe filter(RC-membrane, PP-housing, Sartorius)®2 o 3}3}q
LC-MS/MS £4 & ANEZ ALg3I9Th o] W £4 24L& & 819 Yehdh
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3 8.1 Pelgipeptin A¢] LC-MS/MS &41=4

Operating condition

HPLC system Shimadzu HPLC
Mass system AB Sciex API 2000
Column Sunfire Cig (4.6 X 250 mm)
A : 100% H,O containing 0.05% TFA
Solvent _y .
B : 100% Acetonitrile containing 0.05% TFA
Method 5%-65% for 30 min
Detector UVa30 nm
Flow rate 1ml /min
Injection volume 20 ul
Range 200 - 1800
Polarity Positive

(2) Circular Dichroism (CD)

Pelgipeptin A7} 23 F2E& 7R =X9] RS FAEH7] 95t 271A] 202 Yo
Circular Dichroisme ZA33th. A WHA 0L SDS(sodium  dodecylsulfate)E 1mME-H
10mM7FA] H7F, F+ WA 212 10% TFE (trifluoroethanoDF8 50% TFE7Z7FA| H7Fste] vlw
A5t 2389 peptided] HE=+ 100uMo]™, 10mM Sodium phosphate (pH 6.0)3 713}
AR A 92 190nmFE 260nm7bA] 578 Skt

(3) 2D Nuclear magnetic resonance (NMR) 3338}

Pelgipeptin A2] 32 x5 #93}7] 93t 2D Nuclear magnetic resonance (NMR) =~ E
HS SA3tAth Bruker AVANCE 600MHzE o] 83te] 289KelA A@-e sttt 1ImM
pelgipeptin Aell 10mM Sodium phosphate, D,0%} SF& FH7Fsted 2D Double Quantum
Filter-correlation spectroscopy (DQF-COSY), Total Correlation Spectroscopy (TOCSY), Nuclear
Overhauser effect spectroscopy (NOESY)E A3t th
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2. AN A}
7}. Fengycin o] +x% &4

(1) LC-MS/MS
38 59 1478% 1492Da®] fengycine| etz A A Helolmo] FAH FRo 549

=

wel w20 A3 LC-MS/MSES E3f #4131t} fengycin A= 108034 9669 =7} o] &S A
4 4 Q3 fengycin Be= 11083 9949 o2& AAd gttt ESI-MS/MSE 14783 1492 m/z-&
A

A5 A3 14789] o] HFAZHEE 10803 996004 7T o] HGomn, 14929] o]
TFAZEE 110837 99404 ZZtol&& RA{T olHs A= 1478 m/ze} 1492 m/z7t 2+
Cy; fengycinA®} Cys fengycin BQ S YeEATH (18 8.2).

—

(2) Circular Dichroism (CD)

fengycin A} fengycin B7} 23} 2 & 7R AHE ZAEHY] 8t 2714 202
o] Circular Dichroismg Z#st9ch A HAl =4 SDSE ImMEE 10mM7HA A7}, F
WA 2748 10% TFEFE 50% TFE7Z7}A] H7lste] wlan A3t 1 23 1 23 fengycin
A9} fengycin B 54 2231 7+x25 zZHA] &&= random FEjSl Aoz FAAFAT (18 8.3).

(3) Ultraviolet (UV) and Fourier transform infrared spectroscopy (FT-IR)

Fengycine] UV 23 E= 2 photodiode array detector (Shimadzu SPD-M10Avp, Shimadzu,
Japan)& o] &3t 190 ~ 330nme| FFHEAE FABSATH A2 HElo| == ©iE ) JElol
o] EAS YetliE 220 ~ 240nm ALl Ho FFEE JERHSIT fengycine] A
Hepol=o] AL 7] R #3HEES 53 &Jsdth R AES methanolo]l £3]A17]12 IR
2~HEHS FT-AJA E337] (FT-near infrared spectrometer, FT-NIR; Spotlight400TM,
Perkin Elmer, UK)& A}l-&3te] =A3stgdet. 7 23 ¢F 3,370cm !, 1,670cm ' 2 1,540cm ol
Aol FFE EAL IFEQ FHelol= AR FRdeE Aoz dehyta, 2930cm !
2,860cm ™! FHWIN = AWSF ALl EATS sty e, 1190cm ' 2 1140cm ™ol A
= esters?] C-0-C 153 ##o] ok =3 R ~HEH-E fengycin EFY <] A& FElo] =0
A3 ol o RuHPY AHAEH ATS Ao (I FE 8.4).

(4) 2D Nuclear magnetic resonance (NMR) 3338}

Fengycin A¢} Fengycin B9 3% Fx& 9¥3t7] ¢ste 2D NMR& A3ttt Bruker
AVANCE 600MHzE o]&3to] 289KellA AdS gstdct. I Az 298KelAl 2D Double
Quantum Filter-correlation spectroscopy (DQF-COSY), Total Correlation Spectroscopy (TOCSY),
Nuclear Overhauser effect spectroscopy (NOESY)E =43l th. TOCSY 2~HE#H 2 90mse] 5
W4 mixing time .2 MLEV-17 pulse scheme& ©]83le] 7|53 th. NOESY 2~HE=HL2 200
7} 300mse] mixing timeo. 2 7]&3t{th. NMR Ho]E g 2 £ NMRPipe¢} NMRViewE
Abgste] it (719 8.5).

3 59] fengycin A¢} fengycin Be] ®E proton resonance assignment= 2D NMR
sequential assignment E4H-S F3| AASIATE obH| 4t spin Al2El] g<912 DQF-COSY <}
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TOCSY #&-& &3l scalar coupling sj&lel]l dztste] A=EF 1, NOESYE 43 AAE H
oAt Sequence-specific assignmenti= NOESY 2~HEHOZHE A oo 1go] 1}
ERIQlth. Fengycin A9} Fengycin B <=2+l deN(, #1) NOEE NOESY ~#HEHo=
298Kl 4] 200mse] mixing timeo. 2 #&3} T} Intraresidue NH-CPH cross-peaks< Fengycin
A HeA o7, Fengycin BE wWibA 02 vERfo] olm:-2HS standard single-letter ¢Fo &
E718R o (& 8.2).

7 A3, Fengycin A9t Fengycin Bo| %3] zlol= 22 shto] 694 Xk7|Ql ofw| ik
olt}y. &, Fengycin A¢] Alae] Fengycin Be] Valo.Z X]2% <t} ProlineE©] backboneol A
amide protong 7}A I YA 7] wFEol, 7HA Z7]<l Pro®) NMR peak finger print
region| Al FHE Q1o NOESY 2HEgA NOE 7|dt& & assigne 3tA HATH
NOESY Z~FHEHo|A Fengycin A9l Ala¥ Fengycin B9 Val 6= =H&E3sHA =
Fengycin A%} Fengycin Be] A<¢] &E proton chemical shift= 2D NMR =¥ EZ A £ =
o},

(A) 10BD 966 (C)
CHy-(CHy);,CHCH,CO-L.Gluro-OmrL-Tyr-0.Thr-1.Glu-p-Ala % it
| * * | a40%
OH 0 >
| ©
= Al
Llle-o-Tyr-L-GIn-1-Pra ig 1492
. 25
(B) 1108 934 2 1108
CHa~(CHz)1,CHCH,CO-L.Gluto.Om* Tyr-o-Thr-1.Glu-o.Val @ 5 ggq 1080
' ) | i 966
OH o) il
| o | _ il
00 950 1000 1050 1100 1950 1200 1230 1300 1350 1400 1450 1500 1550

Jle-o-Tyr-L.Gln-LP
L-lle yr-cGin-.-Fro méz

1% 8.2. (A) Fengycin A (product ions m/z 1080 and 966)2} (B) Fengycin B (product ions m/z
1108 and 994)¢] fragmentation. (C) 1478 m/z%] fengycin A<} 1492 m/z}l  fengycin B
protonated molecules [M + HI* MS =3 E&,
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3]

[6] x 103 deg.cmz.dmol'1

>

el Ing [l
= m

in
|

Absorbance
p

o
in

o
=

19 8.3 Circular dichroism (CD)
Fengycin B(gX4)e] 2z

200
Wavelength (nm)
o]-&3% Fengycin A(AA) ¢}

w

Transmitance (%)

240 260 280
Wavelength (nm)

19 8.4. Fengycin B ¢ UV (A) ¢ FT-IR (B)

240 250

3500 3000 2500 2000 1500 1000 500

Wavelength [cm™)

5% AWALo|= FEE Hel.



380

1 101
= o 10

H (ppm)

4.407 @

8.00 7.80 7.60

8.20
'H (ppm)

a3 85, 298KelAl 200mse] mixing timeSo 2 ##¥ Fengycin A2} Fengycin Be] @&N(G, A1)
NOE7} x4 o2 AZ¥ NOESY 2~¥HEg].

# 8.2. 2D NMR #4-& &3 Fengycin A9} Fengycin B2] proton chemical shifts

Peptide Sequence HN Ha Hp Others
Glul 81 4.32 181,194 Hy. 2.34, 2.28
Orn2 8.28 4.36 159 Hy. 1.79; H5: 2.82, He: 7.69
Tyr3 8.18 4.5 2.89, 2.94 Ha: 7.22, He: 699
aThrd 7.79 3.99 3.55 Hry2: 0.81

Fengycin A Glus 7.94 4.01 187, 2.07 Hy. 24, 2.24
Alab 8.17 4.64 117
Pro7 4.3 213 Hy: 178, 1.83; H&: 3.50
GIng 8.03 4.24 176 Hy. 222; He2: 7.34, 6,84
Tyrd 8.05 4.76 2.84 Ha: 7.05, He: 6,69
llel0 8.65 412 1.54 Hyld: 1.37; Hyl3: 1.12; Hy21: 0.9; H511: 0.86
Glul 813 4.3 179,194 Hy. 2.27, 2.34
Orn2 8.31 4.38 16 Hy: 1.8; Ha: 2.84; He: 7.69
Tyr3 817 4.51 2.87, 3.02 H&: 7.22; He: 6,99
aThrd 7.78 3.99 359 Hy2: 0.8

Fengyecin B Glus 7.69 4,18 196 Hr. 2.28
Walé 8.3 4.5 21 Hr. 091
Pro7 4.3 213 Hy: 1.78, 1.83; Ha: 3.50
GIng 7.94 4.2 176 Hy. 2.24; He2: 7.34, 6.84
Tyrd 7.95 471 2.87 Ha: 7.05, He: 669
Ilel0 8.76 4.05 1.84 Hy21: 0.94: H311: 0.86
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1. Pelgipeptin A9] 3% &4 (LC-MS/MS, CD, NMR -5)

(1) LC-MS/MS
Pelgipeptin A2] ojr]x4t AHAE FH3t7] Yste] LC-MS/MSE Al3)aldth Cyclic Fefd
FHelol=o] 1M KOH &3l overnightAlZth. Lineard F e & ringe] opens =4 LC-MS

g o83ty & EAZF AU @ dd BEAEES ¥ 5, SPE A H(Waters, sep-pac, Cis
Cartridge)< ©]-83ted KOHE A Ag & LC-MS/MSE °] &3l A3t
O A I8 8.6 2L ofuat ES Bl & 4 ATk
2ae kst 968 855 756 BS5 sS4} 3OS
et A S e
‘me B4 44 360 673 T 8T 6
L
- o
2008 |
1o
E W30
g ek -
§ Iméﬁ_*f__"l e
1208 dib s
o] el
:m--: M1 e 554 7
‘ T‘_.#ﬂ?: E
£ a5 { | b 6381 lerga = 7
zuﬂf‘tl ““ * “H }. 133 " E!"?HI - g
wl | ﬂ‘ﬂ"lu Al Hﬁlﬁi EIL.«_;; e ﬂuf_*_,__a *"‘:UL_._E@EE__

-‘.!'Ilnul

19 8.6. Pelgipeptin A9] LC-MS/MS 2 3}
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Pelgipeptin A& 971¢] o}m| =4} Dab-Val-Dab-Phe-Leu-Dab-Val-Leu-Ser©.& o] Fo{x ¢l o
o, #-& lipid chaing zta o} (29 8.7.).

MNH
HMN
O MH Q 0 ]
>_)—( MH HHM
HM
8]
MHz

Melecular Weight: 1073.33

1% 8.7. Pelgipeptin Ao} 1x} =,

(2) Circular Dichroism (CD)

Pelgipeptin A7} 22 T+2& 7HA=A19 ARE ALY S8ty 2714 202 4o
Circular Dichroisme =43} th.

AA Hepel=rt 54 23 25 7HE o, AY FE2E /F5EsH] fsked 1ImM ~ 10mM e
SDS(sodium dodecylsulfate)& #H7}ste] SA 3t =0, pelgipeptin A& ¢F 196nmeol A negative
minimum-g Xoly EFFTXE 2z %= randomd Feh = #AZHJT (1Y 8.9).

F HAZ ¢-helix +F5 FE35H7] Y8t 10% TFE (trifluoroethano) & 50% TFE 7}A
HA7vste mlwEAstET. 1 A3 SDSE HUMHS wel mpzzbAE oF 196nmoll A negative
minimum< Xojw EAYFZE zkx ¢ random?d Fef2 BFHAJTH (2F 8.9).
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10000

5000 -
0 4
T -5000 -
-10000 -
—— Pelgipeptin A SDS X
-15000 - — Pelgipaplin A SDS 1 mi
— Pelgipeplin A SDS 2 mi
Pelgipeptin A SDS 5 mi
—— Pelgipeptin A SDS 10 mM
-20000 : . . . - 1
190 200 210 220 230 240 250 260

Wavelength (nmj)

149 8.8. SDSE FH7lste =A% pelgipeptin A¢] CD A3

80845
60845
40045
20045
oo

_ -20e45 )

= 400
6045 1
-5 Das5  PeltporciinA TFE 30%
10836 - T Paigbesin A TFE 30%
12005 - T PekooeinA TFE S0 %
-1 4+ T T T T

150 200 210

13 8.9. TFEE #H7}sto]

220

230 240 250 260

Wavelength (nm)

=49

s
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(3) 2D Nuclear magnetic resonance (NMR) 3338}

Pelgipeptin A9] 32 F+2& #9337l ¥15kd 2D Nuclear magnetic resonance (NMR) =% E
8-S A3 th Bruker AVANCE 600MHz S o] &3}o] 289KolA] A &S 33t Hth

ImM pelgipeptin Aol 10mM Sodium phosphate, D,O2} FF+E F7ste] DQF-COSY,
TOCSY, NOESY AR E 4& & A (2 8.10).

-
§ud
boow
a T
¥ s
L. .
- s
o
i
v
® 15 B
. 3t
| .

1% 8.10. Pelgipeptin Ae] 2D Nuclear magnetic resonance (NMR)
2" E=, A; pelgipeptin A¢] TOCSY spectrum, B; pelgipeptin A<]
DQF-COSY spectrum, C; pelgipeptin A¢] NOESY spectrum.
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A 9 A. cyclic lipopeptide thE8AFS 93 H A wjdxd AHE
1 A7 33 W& 2 Uy

7}. Fengycin th&FAi4k-e 93 BC32-1 #+52] HAnjef =4

ggo]l Aol A EF&  fengycin  (fengycinel o ZFAAS A3 Bacillus
amyloliquefaciens BC32-1 T2 HZ mldxde 3y 9% WHoz 22X wa
fengycin® &S Agagrt. 1 AFRE 25CHT 37CY & 25ox FF9 Aol o

o] o] Ao dojur] ke W, 37T A= AlZko]l Aol whe} fengycine] o] A
£Ho7 FUlste Y-S #FE 5 Ak webA fengycine] WiEF ABAHE 1% Bacilus
amyloliquefaciens BC32-1 dF2] W& 37C AHAxo HALmrl Hesiges A2s =5

PN
T AT

Bacillus amyloliquefaciens BC32-1 457} A4tstes FHEH dixd A4ke 93 H48 A
AxAE HAESe WRteE FHFH W= s gHE £ UMY Bacllus
amyloliquefaciens BC32-15 LBA wjA] ol streakingste] ©@d SF2UE 4 &, Smle] LB A

Hj Aol HFsted 100mle] A2t Feh=Te] s LB AA8|A] o) subculture st Z427; 25C,
37C 9 2= 3follA 180rpmo.2 viFAI 71 AIZFEE (2A1ZH) 600nm FF=oA 1Y€ Bk A
A4 (growth curve)S #Z3HAth

2
N

1} Fengycin A& =Y

Bacillus amyloliquefaciens BC32-1 w2 A4S #Zst= ¢, A9 BC32-1 #+5
o wjFH S A% FHs| 100% ACNol 0.5% TFAZ}F &% buffere} 5=

< vortexing¥ ¥ pH”}
oF 208 A< &9 F F 15000rpmell A 583 94 Hstgh e A5AL 0.2un
syringe filtrations}e] 50ul 9] A]&%E loadingsled HPLCol F<43+ & fengycine A FstAoh

Z, o7 Hd4 (reversed-phase) HPLC (Shimadzu 6AD, Japan) 71715 AR83te] shim pack
Cis analytical column (4.6 mmXx 250mm)S E48 AHOoZ ALE3to] fengycin®] /3 peak
retention time (I3 HFEF AIZHS #Z3IATE Fengycine] 33 wF-& A2 /3 d

= A3

AZPEZ g27] gid vz WAHS A4ste] Azt wE fengycing K
o} olu, 0.01% TFAE 373 100% == buffer AZ, 0.01% TFAE 73 100% ACNES
buffer B2 Ap&stH A}, 35% ACNel| 0.05% TFAE $F/-3F 75% ACNe HFE=2 189 1ml ¥ 20
B s FHlE Fo E8Fo 230nmelA FFES WSIE A5 &£ gRlsirt
H, blank2E 100% E°| 0.05% TFA7} &% solventE AF&-3F$ T}
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2. AN A3

7}. Fengycin th#FAi4FS 93 BC32-1 #59 HAujek =4
Bacillus amyloliquefaciens BC32-1 #5¢] AA=xAdS #S3 A3 25Col| H8| 37T ol A]
Boh w2 dAabds BEY. o] Aol wiel Bacillus amyloliquetaciens BC32-1 #F2] & &
AEEEE TCYS & & AAT (T 9.D.

-
1

Log OD (Optical density) 600

2 4 6 B 10 12 14 16 18 20 22 24
Time (h)
a9 9.1 F=d tEALS 9% BC32-1 #79 HE A5

u}. Fengycin B A& "'

Fengycine] 3= o] FE A7t 1{3 3 AZEE 27 g d=9o His
ALFske] Altell whE fengycin®] Ifr#e ARSI S FA1E fengycin BE ©]&3te 5,
10, 15, 20, 25ug/mle] F%=Z standard curved ZAA3A T (L1 9.2). o] & HIEOZE 2% 9
u} £ fengycin Bl A4FS #=3 4= AUtk 2 A3, fengycin BE 25Tl A2 W3}
e W 37C oA AlREe] Ao wet A4ksko] HlEditts 288 =5 AT (O™
9.3).
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250x10F -

. 200x10° -
E
=
% 150103
™
o]
[ b]
o 100x10% |
-
o]
[ F]
= 50x10°
I:l T T T T 1
0 5 10 15 20 25
C,~fengycin B (pg/mL)
a3 9.2, d#Ed AFE A% A
20
- 37°C
9 15
c
o
® 10
=
@
¥ %
(=] o
S 25 C
@
o
2 . W——O
[H]
o

2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

19 9.3. &% & fengycin Bo] A4k
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A 10 4. FEZRE E8$ Paenibacillus kribbensis CU-019] 31
o 24 A2 A

=

AT 9 W 2
AE WA FFoldd st AXFEAHol e mAES EEshr] et Aed s aid
T dufe] nFut AR A FEE AFHs] AP o] &stATh AMHE FEAE 1gs Hit
T Imls o] &3t AEgsiutt oA dEE FEARE AL FHAHES o]&sted 1.0 x 107
~10"7kA] 3 A Etg o, 343 AZS wA A ¢l Tryptic soy ZAWRA (TSA)o| ==&l
0CeA B wjFet] Yebd Z2YE oAl TSACl =ete] 339 Adumjds A +
Tryptic soy BAWZ] (TSB)| A vjgFstATt w8ld 79 BRAS f5ted 25% glycerol stock
S "F59] -80C 9] deep freezeroll X 33}e] A3} TH

FGENA EHE 759 A=W 1 FFolod i IS ES Flshr] At Y
FRAALAE KACOZRE A=W dd A 55 B ol A&t I+ 24 A
= BYEe AEHYUdA FFolE potato dextrose AAMA] (PDA)S] FTdol HFsty EHd
paper discE Y Hﬂxl«l FHo wMAg & FEAA EEH FFF TSBolA]l vigFst vt
< AFst 25CoA AAu st dFEAEE AR

FAFEA S UrE‘r‘ﬂi 3= 16S rRNA sequence®A-S £33l EAAYESHA AR =
st B v A (TEM<S ol &3 Jejaz 2 J83d9A, &84 F, spored A 714
Hj<F, Urease #3ll's #AA, Nitrate 348 74, Oxidase 34 HA, Casein 7tEdls A
Gelatin 943} A&, Starch #all% XAl APl kitE E3F #F SAHAY 58 E31o Ay - A
31t ExS HEste] 4575 AP

I

7t BE MAse 459 2

A= g a7rF AR A FEASE I3t 4T oA Plﬁw}il AHE FEA
5 1gs E¢F Imls o] &3t At olgA dEE FEANES A% IMHE ol &
ated 1 x 10°~10"74A g4stgon, 3 AEe aAmAd Tryptlc soy A HiA] (TSA)
of =@atal 30C oA 2¢3t AA vigstdnh wigF & TAMAANA B FEUZF FHEHU
o o]FEA YEhd FEYUE thA] TSAC =Eete] 339 Aiujes Axl $ Tryptic soy A
vl 2] (TSB)ellA wlstdt Eeld #52 B#AS $13ted 25% glycerol stocks THEo] -80TC
9] deep freezerol|] R 33sle] AL-831% T}

W 28 o5 T 24 AA
FEAM 2Hd 552 =X

Y fit FFolo) tid INFEAE Felslr] Y3t Y
FAALANEH KACOZRH AEHUAY I 535S £ ol Agsit (& 10.D). I+
A AAbE Bokulo ANEWAA ZPo]E potato dextrose LA E|A (PDA)S] FYol HES}
I, FFol7l HEE FHE FEoA EH FFE TSBoIA widst wjdHS HEFSI

25C ol A A=) vj) st
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# 101 B AFolA AR A& 8 F30]

No Strains KACC No. Diseases
1 Botrytis cinerea 40574 Aul A+
2 Colletotrichum gloeosporioides 40003 ghx
3 Phytophthora capsici 40157 ek
4 Fusarium oxysporum 40031 ANESH
5 Sclerotinia sclerotiorum 40457 7+

5
et #5165 rRNA sequencewl& Fste EAAAESH AF &7/
g Fe g 2 A, &84 7, sporedH @7
A7, Nitrate €99 A=A, Oxidase 34 74, Casein 7}riEslls XA}
Gelatin 93} A9, Starch &35 XAl APl kitE 53 75 ALY 52 53t Ay - A
sista EA S d#Est #FE5 AU

ox i

N

b s

FAstd EAHS #sly] flske] 16S rRNA fdAte] d71d B8
3t A" #FF9 genomic DNAZS template DNAE AF83}th Genomic DNAFE S
al #FE TSB wi Aol A wlF= 30T oA 2 & vjFste] cell pellets FE3Fe] Af
&3ttt 5 AALS #AE Edd SHTFE 7 OH AAHS 10m & solution (50mM
glucose, 10mM, EDTA, 25mM Tris-HCl, pH 8.0)oll A &€ sttt 7)o 1ml 9 lysozyme &<
(50mg/m)3} 0.5m RNase (Zmg/ml) 2 0.1ml proteinase K (50mg/ml)S 7}sle] 37C oA 1AIZH
Wxg oS 0.6m e 10% SDS solutionS H7bste] 37C oA 1A7F < W= stdch ¥kg-o
o] 1ml 2] mercaptoethanolS 7}3F & uHk-S-<§o] 0.5uo) & F3t= 3M sodium acetate solution
(pH 5.2& 7}ste] w-gdo FUSe] chloroforme A& stgth o] F 15000 x golA 3083t
AR Rt FFHES AR, olFA A2 s Al 0.6v o] 2}Fst= isopropanols 7+

% chromosomal DNA pellets 3]4=3ta] 70% ethanolZ Al#3 tte HAx3ATh 3m el TE
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buffer (10mM Tris-HCl, pH 8.0, ImM EDTA)d| = A3l AH&3taitt. 16S rRNA 32 &
714 €& Macrogen kit (Promega Co.,)E& ©]83F Polymerase Chain Reaction (PCR)S.E2 F*
A ATk 5 789l universal primer setQl 16S Forward (27F-5-AGAGTTTGATCCTGGCTCAG-3)
9} 165 Reverse (1492R-5-GITTACCTTGI TACGACTT-3)& ]85} th Denaturation, annealing,
extensiong Z+zb 95C oA 30%, 55C oA 30%, 72ColA 283F stk (REs, 2006).
PCR productE DNA purification kit (QIAGEN Inc.)Z <= &3+ &, Solgent Co.ol| 2= 3}
sequencing 3FHTh 16S rRNA A A7]4E-2 NCBI GenBank network service®] BLAST
program< ©]-83to] data HAS st (Saitou and Nei, 1987).

2 Ay - A3ty E

b deaE

AETEFY FHE FUHE g2 A fal AAAE FaRAAER A4 (FE-TEM ; Field
Emission Transmission Electron Microscope)©. 2 #ZS stk Ay 34 -S tryptic soy il
AR ol A vkt FF2 0.7%0.7 cme] Z7E o] oA === =18 (eppendorf tube)ol
aAN [ 2% GA (Glutaraldehyde) + 2% PA(Paraformaldehyde) in 0.05M cacodylate buffer
pH7.2]1S 1Iml YojFo] H2oA 4A7HseF 1 AsY, v E AE2 Y4 E8]”7] (Hanil., Supra
22K, Korea)& o] &3t 15% &< 04 x go 202 AWES IAAIIL nAH NS Fe5d 7
BE AAZ & AZo] SoldE == FH| 0.05M cacodylate buffer2 20% A0 2
33 ﬂ:@rt‘s}@ A AsAT. 1 % 1% 0sO, (in 0.05M cacodylate buffer pH 7.2)2 A 2o A 14]
7t 174 % 0.05M cacodylate buffer pH 7.22 20& FAS =2 33 MAHATY. THHNS A A
/\]Eﬂ Eojgle ol =2 EHo| 0.05M cacodylate buffer® 20% 7tA° g 33 w3slo]
M A3EATE MFHo] 8" AMEZS 30%, 50%, 70%, 90%, 95% ethyl alcoholZ 20& 1A o=
gttt 1 ¥ HFZ 02 100% ethyl alcoholZ 208 7+A o7 23] &8ttt g9
= 0.2um membrane filtero] AS5E FHHIF F AAH AXsAY. AxdH S
coating & 3~15kve] 7} 713k A FE-TEM (JEOL, JSM-2100F, Japan)o.2 AHH 3
o & #FSIA T

(1} Gram staining

My G2 Hurker 5-2] gram A% (Hucker, ef al, 1923)9 we} 4=343}tt. Slide glassell TSB
Hj R A ket #5-5 100ul 7Fg 3 alcohol lampE o]-838td HAIE DA AT 1AE FAl 2%
(wW/v) crystal violet €88 "Hojreg] . 18 3027 GAAZ1 & 2EA 2 259 T 95% AlcoholS ©|
g3t &5k & 25% (W/v) safranin O <42 "ojrmg] . 30x7F thH|gAek 3 cover glassZ &
F8rdn)7 (OLYMPUS BX40, Japan)©.& 1,000u1¢] vj&= H2eldch #A7 H24 e Hepo=s
FAEA=AE SR
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(th Motility

AR FFo] 54 oARE Feldty] sl 10ml AP agar (0.5% w/v)S L33 TSA HY
£ Sml H7FetA whRpEuAMAZ AR #AE A ol 29 wiAC] "BHA HEE
Ko, #A7 Aete ¢ HERAE THOE ngEo R HA Age=A, HEFHA =
Hol Ag=AE #FHet &34 FFE AAsAT

Spore= A% Ao Aol FAEE 98 =& BHYYY TREAN 1L, A=, Y3
818t A zo tialA A3 o) 22 AE3} (Chada, et al, 2003). Spore7} A7]+=
& Bacilluse} Clostridium 2.2 48 lom, AEFF9 spore A4 55 FAs7] ¢
3, TSA ui=|o] 300C, 48417t WjFat FF= slide glassol E28te] 14 RS w =
A M o7 ZA AAGEZ 8oldtrt WA 0CE ZE Eo] 97l nlo]A 9o TR
2%, 5% (wh) malachite green @191 Rol 5EIF AN F TR FAST 2
59k 2.5% (w/v) safranin OZ thzx FA3 & A A5 ;13_7] =
1,0000) 2 #AFsIQTE Mo Z o -

(mp Anaerobic fermentation

A7 HlFe B AT e A mAdES wWidEtes Ae BT @144, &
3 HAYRIA 7 HAEZA D mdede MAE 37 T2 FEH AW, 44 AA H
retekA e o] A5l o] 2ol 23k, anaerobic chamber Ev ALFIAHABMAE ARE-S}
= U T& ol &I AA, o4, 2000). A FF+= anaerobic chamberg °] 83t O,
E b AAT JElolA TSA s A oA 30CE 48417t w3t /5 AA AT

Urea #3550l A& ATy AAHOR, ureart w350 AAFE= dEYolE AA o= A
=%t Ureasew 7189 93t 5= &47) ofyn, 3] o] WH- ureag ol wWhe] &3l

o]
sh= Proteus 52| SAR O T3 o] &5 = Wt
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(AP Nitrate reduction

Nitrate ®} %] (peptone 10g, potassium nitrate 1g)E test tubedl] Y3 dHFE HITT F
24~48A)1Z7F i FelA T wiFY o detection solution (0.5%, v/v, «-naphthylamine : 0.8%
sulfamilic acid = 1 : D& 7}5le] BE5 . A4S el E AL s o g AAS P

(o} Oxidase test

Gram negative bacteria FollA 714 Ald3 =17 714
AP0 EZHN gAYl cytochromeo] HAHGA o HF HAATE A
#A4S Zujdt= 242 cytochrome oxidaseo] B4 FFE XA} °
stz sk FS& Y T B viA Ol HFSHAL 30T oA 293 vl F 95% °ﬂ g"ﬂ 1%
Z =9 o -naphtol¥} M2 TFE 1% dimethyl-p-phenylenediamine oxalate solution®] 1:1 &%+
NS Ho w4 colonyoll B e 7F3 & 10-30% oo FEUrF B& HMo 7 Yeld
G o= HFsA T

(Zh Casein hydrolysis test
g d 7Rl ss FASH

= o] 3h}EH, casieno] 23 ® mik agarel #FE 37C e
Al 2943 wjFe ¥ clear zone B4

(%P Gelatin liquefaction test

A &9l gelatinase’} gelating YFsl= 58S AlFs= Aolth. HlAE= nutrient
gelatin stab ¥ A (pH 6.8)2 ©|-&3}th. Gelatin HiA A FF2  37Co wjg & A4S 4C
WAarel] FAE AEES 7] Bol il o RE SIS

(7P Starch hydrolysis
79 starchE hydrolysis 7}so 82 xASH7] 98] starchE §-/3F v A (peptone 5g,
yeast extract 3g, soluble starch 2g, pH 7)ol AEHFFE w]F & gram’ s iodine &4 7135}

fe A FHIE B FY ARE 2T
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(ED) APl kitZ o] &% #F 5%

API kit¥E biochemical test, assimilation test ZZ2]3l fermentation testE ©]&3l= FAHHo
t}. Biochemical test= saline§H o] Al@#-S @ESI Axd 7]1do] A& kitY cupules
of HE3t wlg F LAAGS HUlst £ HAMTTE Ao WHIEN HAFe Yol
t}. Assimilation teste FHAdjA|ol FEF AlPTS SrdtEo] FUI GAUOE E%+E
kite] cupulesell HZF wWlFd & AFHFo] olF & o€ & JeA AHE HE HIZH
st ol rkA9to 2 fermentation testE YO R HE 4RSS AJ4bstE pHY WSE &
Aate ot B AFdAe AEE #FE o8t A x3|ALe] A (Biomerieu,
API manual Page 90 ~ 95)0] =3}o] AAJetA ). API 50CHB/E mediumeol] & HFsle] o] ++
oB-& APl 50CHB (Biomerieux) kitell 500pul #F3tar, 37°C, 1 ~ 2 & &< vl F3tATh g &
TESIHA 49FF2] T olgx Ay AFRE A& F analytical profile indexe] A&

softwareE ©]-&st ATt

il

22

855 o|&slo 1xHO R F oxysporum

ol ¥ 4TS FAFoE EYstdor 8 H 14Ty #F7E
S o) gsle 2xA 08 F oxysporum 3 Fo| A
WY Hegto] ofd g AEHYUA AdFA FHFEAH AR iy st Y
AAL G BAE (KACOANA EF v 5F T F oxysporums AL AEHAAL A
gloeosporioides, P. capsici, S. sclerotiorum ~1@1al B, cinereaZ o]-&3ste] A+ AL 349l
sttt (2" 10D, 1 A3 HFHo=m Bdd T UFTY #FE T A B dnereadl A= N
2, 3, 40X FRAFZAo] EJAFHF o™ B) C gloecosporioideso| A= No. 1, 2, 3, 4, 7oA &3

©

#&A o] BelHty. C) P capsici 3 D) S sclerotiorumol A+ No. 29|45 A F&AJo] 3t
A=A I Aol wet No. 29 F8E dFoA 5T A=A M BEFdA &z

TZ4e 7L e e Fdeon HAFHOR s dFE AEste & A&

B3,

- 127 -



a9 101 Y8 147FR] #Fo dAFEAH HAF. A B anerea, B C

gloeosporioides, C) P capsici, D) S sclerotiorum.
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+
[€] LS
Had #rel wrlde B T g @ADelAe) FAFBY AR sAskich I
F= 2

B. cinerea, C. gloeosporioides, P.
gl AT (27 10.2).

95
8
<

=]
s
N

IS

S

td
—r
=2
X
ot
™
el
gt
oX
o

capsici, F. oxysporum,

Iy 10.2. A" FFo AEHYA FHold tig dXFEA AL A) B cinerea B) C
gloeosporioides C) P. capsici D) F. oxysporum E) S. sclerotiorum Symbol: C, control (fresh

medium); B, culture broth of isolated bacteria.

(b 16S rRNA 32 d7144d 4

779 &7+ #A Bergey's manuals 7122 3 FEjdHA, At 5AE o] &5t
EH - BASIATN BEF £ (genus)dl = (species)S ZAA37] 9siA A Zo+= 16S rRNA
AA 71D A ol EEetA o] &AL Ut AEH #F AT EF FAHS o
7] 91814 16S rRNA #AA 58S &3kt AEd #5F Wl 165 rRNA Fxae BE
Fo] A= HLol d|IFst= primer {27F-16S Forward (5'-AGAGTTTGATCC TGGCTCAG-3)<}
1492R-16S Reverse (5'-GTTTACCTTGTTACGACTT-3)E A=&ste] PCR (Polymerase Chain
Reaction)< 3t A7} 1,448bpe] DNA F}EHE AUt o] AL Solgent Co., Ltd.oll ¢
sted 165 rRNA F32 @7IAE S 4= F AT (9 10.3). Aozl FAA A7
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NCBI (National Center for Biotechnology Information)ollA A|&-3&}= BLAST program-= ©]-&3}
o FAA Fsd AME AANsIAS. O A AEE FF5 Paenibacillus kribbensis AM49
9] 165 TRNA a9l 99.52 %2 A= HetdAT. =3 47 4548 AAEAE 7HA
I ASHFAA EA (Phylogenetic Tree Analysis) ZZ713¢l MEGA 5.18 o]&3}d
phylogenetic tree2 YeEHAT (28 104). B AFoAHE MEE FFZ  Paenibacillus
kribbensis CU0Lol2} &3l A& X3Pt

CGGCGTGCTATACATGCAGTCGAGCGGGGTCATTTAGAAGCTTGCTTCTAAATGACCTAGCGGCGG
ACGGGTGAGTAACACGTAGGCAACCTGCCCACAAGACAGGGATAACTACCGGAAACGGTAGCTAA
TACCCGATACATCCTTTTCCTGCATGGGAGAAGGAGGAAAGACGGAGCAATCTGTCACTTGTGGAT
GGGCCTGCGGCGCATTAGCTAGTTGGTGGGGTAAAGGCCTACCAAGGCGACGATGCGTAGCCGAC
CTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT
AGGGAATCTTCCGCAATGGGCGAAAGCCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCG
GATCGTAAAGCTCTGTTGCCAGGGAAGAACGCTTGGGAGAGTAACTGCTCTCAAGGTGACGGTAC
CTGAGAAGAAAGCCCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGGGCAAGCGTTG
TCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGCTCTTTAAGTCTGGTGTTTAATCCCGAGGCT
CAACTTCGGGTCGCACTGGAAACTGGAGAGCTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGT
GTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGGCTGTAA
CTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTA
AACGATGAATGCTAGGTGTTAGGGGTTTCGATACCCTTGGTGCCGAAGTTAACACATTAAGCATTCC
GCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGACCCGCACAAGCAGTG
GAGTATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCCTTTGATCGGTG
TAGAGATAGATCTTTCCTTCGGGACAGAGGAGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCG
TGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATGCTTAGTTGCCAGCAGGTGAAGCTG
GGCACTCTAAGCAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGC
CCCTTATGACCTGGGCTACACACGTACTACAATGGCCGGTACAACGGGAAGCGAAATCGCGAGGTG
GAGCCAATCCTAGAAAAGCCGGTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGTCGG
AATTGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCG
TCACACCACGAGAGTTTACAACACCCGAAGTCGGTGGGGTAACCCGCAAGGGAGCCAGCCGCCGA
AGGTGGGT

13 10.3. Paenibacillus kribbensis CU012] 16S rRNA #2121 7] A <.
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Paenibacillus brasilensis PB172T (AF273740)
Paenibacillus terrae AM141T (AF391124)
Paenibacillus polynyxa ATCC 8427 (AFOX01000032)
Paenibacillus azotofixans NRRL B-143T (D78318)
Paenibacillus jamilae CECT 52667 (AJ271157)
Paenibacillus peoriae IFO 1554T (D78476)

99 r Paenibacillus kribbensis AM49T (AF391123)

100 YPaenibacillus kribbensis CUO1L )

= Paenibacillus hunanensis FeL05T (EU741036)
Paenibacillus illinoisensis NRRL NRS-13567 (D85397)
08 _:JaenfbacfﬂuspabzdiNCH\[B 127817 (AB0731910)

53 Paenibacillus amylolyticus NRRL NRS-290T (D85396)
Paenibacillus campinasensis KCTC 0364BPT (AF021924)
i,t_lj Paenibacillus glucanolyticus DSM 51627 (D78470)

% Paenibacillus lautus NRRLNRS-666" (D78473)
Paenibacillus dendritiformis 30A17 (AJ131119)
“-! ——— Paenibacillus borealis DSM 131887 (AJ011322)
7 _{ Paenibacillus macquariensis NCTC 104197 (X60625)
38 Paenibacillus chibensis JCM 783197 (D85395)
Cohnella thermotolerans CCUG 472427 (AT971483)

2%

i

23 10.4. Paenibacillus kribbensis CU012] 16S rRNA S-A A} A7 Ado) 7] %3+
AsEA B4,

b HE8 FF9 54 9 574
AW FFo Gram PN @ A3 AWIFE gram), FAAAANFL o] g3te] A Y
x 5.0mme EjFoldTh (1Y 10.5). WHEAS ¥

tr
o
o
N

A7 2T o] 7 2AFEF 7)Aol Nitrite =+ nitrogen
gasES AAsIF o, @A} starch, caseing Ea & & AAUTE AT urears EIT 4+ gl
o™, cytochrome oxidaseol+= &4 o] $1Ath. Manual of methods for general bacteriology®ll
F3lod, Aslstd EZS &3] API 50CH Kit 2 A9t g3l EL 93521 L-Arabinose,
D-Cellobiose, D-Glucose, Lactose, D-mannose, Melibiose, D-Raffinose, L-Rhamnose, D-xylose,
D-Trehalose, D-Mannitol, Maltose Z12]aL Sucrose= 3l 71533 A%, D-sorbitol, Adonitol--
el akA Zakdth (& 10.2). ol#d ZF A - Astd EARS 5% A ZYdFe P

kribbensis AM492] EXA 3} H] 23 EAS Y QT
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3 10.5. Paemibacillus kribbensis CU01e] HAFAFEAR]Z] AFAL scale bar
1 ym.

- 132 -



3 10.2 Paenibacillus kribbensis CU012] Ajs}eld &4, +, positive; -, negative

Characteristics Isolate P. kribbensis AM49
Cell shape rod rod

Cell size (um) 1.2 x 5.0 1.3-1.8 x 4.0-7.0
Oxygen requirement facultative anaerobic facultative anaerobic
Endospore staining + +

Gram stain +/- +-

Nitrate reduction + +

Gelatin hydrolysis + +

Starch hydrolysis + +

Urea hydrolysis - -

Casein hydrolysis + +

Oxidase - _

Sole carbone and energy soures

L-Arabinose + +
D-Cellobiose + +
D-Glucose + +
Lactose + +
D-Mannose + +
Melibiose + +
D-Raffinose + +
D-Sorbitol - -
L-Rhamnose + +
D-Xylose + +
D-Trehalose + +
D-Mannitol + +
Adonitol - -
Maltose + +
Sucrose + +
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A 11 A. Paenibacillus kribbensis CU012| &34
A A

il
i,
oz,
2
W

1 A7 33 W& 2 Wy
Paenibacillus kribbensis CU019] R+ =29 A4S 93t TSB vjA] 2 M9 Hj#A|,
modified MIM A& o] &3l wjeFeta viFH o RHE FF5HES do] AHAY 2 /718
FEHETS o885ty AT SHAEHE S FPtaA} skRTh 2 vWiFHOoE AAEHI FEH
=4S AEHAAd F3old g TS AR M B2 48 e gy
FEHES o] &3ty ANFEH =HE FE51 28 =4S HPLCE o] &3t #4353

A7 Z8EET I9 1113 2.

i

L)

Cell culture

Cell harvest

Supernatant

pH precipitation Organic solvent extraction
(Folch reagent, MeOH, BuOH)

Centrifugation

Dissolving of pellet

a3 11.1.  Paenibacillus kribbensis CU017} A8+ SR =2

1o
S
AU
Ll
do
o
2
Sy
[of
allf
krl
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7}. Paenibacillus kribbensis CU012] <} ]| ul] &k

Paenibacillus kribbensis CU019] &R+ & AL By AAS] Y5k H)
As SHE davt Jdo 7]Ee] AdFH I 23} Z79 Paenibacillus7} 33T

Zt= EdS Ayakeby (Beatty & Jensen, 2002; Raza et al, 2008), 3] ] E3elol =9}
ozt YIARIERZ Yo+ Aoz 4#A ot (Finking & Marahiel, 2004, Cochrane &
Vederas, 2014). o]# g o]zt tiAMFES] A4k Itz o= E3H|A] (complex)sl A Xt} M9
HjA 9} o] 7R A AAUH B F AFE o] Folxl FHAimjA| oA Hol AAEHE Ao
2 BuE3 ok =3 Wioly i 22 27F Fols FAste a5dLEol v HUtE
o g xElol=9} & non-ribosomal peptide (NRP)Z 4]l non-ribosomal peptide
synthase (NRPS)] &Ael @FES Fo| AL F7ld B TS F5 202 B Ho Q)
o+ Kim et al, 2010, Yang et al, 2012, Gu et al, 2005). w2tx B AFoM= dutx oz A
9] Hjoko] 7B vjAE A}LEHE Luria-Beriani A¥iA] (LB) o] o M9 wjx % MnCLZ
100uM 718k 30T oA 3Lz B F3sFA T

-
o

Mo

Ul
)

rlo

rir
g

v A

O

il(e3

f

oA 308 B AR T F5AS BHst A5 W =4 &1 T4 0= mucoidal
material S W= E AT o|FA FHlE 44 A8EE FHOE Ui & 3y ARE

,d
rlo
il
i
il
o

]
ZIHolth., & ATl s 100mle
% 10,000 x gollA 1AIZF F<F ¥
Rotatory Evaporator (Buch)Z ©|
I vz 100mle] ZdE o Bl F o

oy
ol
1%
2
o
=
T
a
ofo
L
filo
et
N
N
Ol
ol
£
ox
ol
L
w 1o
o]
T
i o
)
u
s

b
i
£
=

i

Sl
AL
e
ﬁr‘
=
e
o
i)
ot
1o
=)
aus
o
ut

al o]
ALY
+ mucoidal materials 22z} FdF-1 9 WgES HIISE $ wHZ]E o]
o] 300rpmo.E 307t wwretth WeEH " AEE 3,000 x gollA 1583 AAE
of 24zt A5 NS A3 o]S Rotatory Evaporator (BuchD)E o] &3] AxAIZl 3 1mle)
S gAATE oA LA ANRE S sclerotiorumz}; B cinerea’t %5¥ PDA Hj
HH ¥ 10mm paper discE ©]-83le] 20ul® HFshe] 25C oA A A v A

_OIE
kS
S
yo
}—4
=)
©
2
s
o
°
oo
%
>
24
o

>
50

]_

ol
i

o
O:
-
o
i

™2 2 M oo If oo o>
o

o
of
O
8
o

=
A BT =de FAstY 53] tiREe] dXdE =4

2. = a
S oHjekde] AARY T vk x| v BHA E mucoidal materialol] Z3FE o] =
e gl =3 F o o] f7]&uE o] &3 FERo] A&32Q Ae &l
o I8y WEES o] &3 FEHS YT £ dAEY AAHAA BE EEHA &
of FZo| FHAAANA HF S FTHIAOSIRR ATto] Wo] =& Tl Qo oE
Ndstazt &3 £dHA Ge FEEXFOIY FEE&Y) S f7]8uE o8& FEHE
RSt ar Al ST
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ol AFE Bt 9 Aol wet Paembacillus kribbensis CU01-S TSB iAo A=
% 30C, 180rpmell Al 1€zt wlfd HWlgA S FHF =2 3kl 100uMe] MnCly7F H7FE M9 8 %]
100mlell 1%2] ==2 HZF3sta 30T, 180rpmollA 3L 7t viFslAtt. o] wjekedS 5000 x goll
A 30E B AR e 2 FAAES WL A WY =3 &1 THA Ue
mucoidal material& w2 EEste] o|E AJel| AR83AH T mucoidal materiale  sonicator
(Branson)E ©] &3t A5 Azl F 500 A== FH| EFsla BFE Also] F
2EIXE R wge "HiEasE 7 500u8 H7ESE & voltexerE o] &3l 10837 £%s)

o

Ak olFA FHlE AEE 12,000 x gollA 108 <t AR S5 fr|EWES 7
Zy Zyste] o=z [Ho| Hol vaccume dryer (HaniDg o] 83ste] &wjE& SEAZH.
g7t Ad] S Alsol Zzb 100u Ao WEES Mt AgaAIz AES o] &3k
S. sclerotiorum®] %9 PDA ®j|o] W#® 10mm paper discE o]-&38lo] 20u4 HEFstw
o]Z 25C oA Az Hjoksle AAF 58S AF3YT)

2}, HPLCE o] &3 I +3A 2o By - AA 9 &4 H=E

Paenibacillus kribbensis CUOlo] AAbsh 2+ 29 2 2 EA BEXS 93te] wjky
OERE IAF BEAES F= =3 ANES HPLC (Agilent, 1200series)E o] &3t Uebd F
3

=,
£ fractions o} UdT Fy= F= Ri#gd4de 43830 (& 11.1D.

b

o

¥ 11.1 Paenibacillus kribbensis CUQ18] %k} F=Z=Eo] HPLC B4=%4

Operating condition

HPLC system Agilent, 1200series
Column YMC-Pack ODS-A, (4.6 X 250 mm, 5um, 120A)

A : 10% Acetonitrile containing 0.1% TFA

Solvent o .
B : 100% Acetonitrile containing 0.1% TFA

0~bmin : 0% of solvent B
Solvent program 5~45min : 0% to 100% of solvent B(linear gradient)
45~55min : 1000% of solvent B

Detector Phododiode array detector
Detection wavelength 215nm
Flow rate 1ml /min
Injection volume 20ul
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¥ 11.2 HPLCEA && HZAFE 913 HPLC &4=1

Operating condition
HPLC system Agilent, 1200series
Column ZORBAX SB-C18, (4.6 X 150mm, 5um)

A : 10% Acetonitrile containing 0.1% TFA
B : 100% Acetonitrile containing 0.1% TFA

Solvent

0~3min : 0% of solvent B
Solvent program 3~30min : 0% to 100% of solvent B(linear gradient)
30~35min : 100% of solvent B

Detector Phododiode array detector
Detection wavelength 215nm
Flow rate 1ml/min
Injection volume 20ul

v}, Paenibacillus kribbensis CUOL A 4+st= HAA B2 4

wo X ANFEo] wjdHAHoA AFEe] Extracellular polysaccharide (EPS)E A Ak3}
= o2 Buxa glow Aol bio-filme FAAst=d vl 4% ITE st o= ¢
# A ot (Staudt, er al, 2004, Flemming, et al, 2000, Donlan, 2002). Paenibacillus kribbensis
CU0LS| mjFe A Yehv+ A S-dE ofe] "olA EPSet fARE EA4AS 2t Qla, &
3] AXFEHS el =29 dFEo] A7) EAste o2 FRIHJSER Y A
A EHo] A FoldA g A7 asth

Paenibacillus kribbensis CUO1 ®j¥Fe}S 5,000 x gollAl 30& FoF ARy & HagA &4
< X8t Aeds 42 & FFY S HUtsted £49 | 5 overnight 3]s}
At ol E 10,000 x gollA 30&3F YA RS IHES A3 o] & 60C dry-ovenol Hof
A3 A=x3s} EPSE Atk (Ohno et al, 2000). Z28]x HAMEZAT wz o] vaccume
dryer= 23 & Img/nl o] 52 o] &dste] HAe-FiH e ol &3ty &3z 55

o
o
=
(@]
2

i}
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0170 EPSA b3l ES =A% flele HEL
HE5-3AH S ol &35ty HEAS ZAF L, FHE A5 ©@53E FEES ZAHSIY
(Dubois et al, 1956).

2. A7 A3

7h Wiz 3 W e

Paenibacillus kribbensis CU01-& t©hkgk wi# (LB, M9, M9 with MnClpel 1% #3353k
180rpm, 30C 9] ZF o & 33Uzt Wigs vjdAS Z1zt AR s RS Bt 1
g 100uMe] MnClee 7HgE M9uiA 2] 739 A=A o Ao E4do] 4R U= 3
ol TASIAT (28 11.2). d@de Asdad 448 =d& w2 Eesho —ir%*]';%]% Zl
datdom HFHOZ 1nl o vWhSo] =of FXNFA Ao AEsATh 1 23 H o
A4S Bl 27 100uMe] MnCle H71g M9 Hix oA Aek wjkdol A Haj®l Moy
ol Aol Fzd &l ugtor pH HAY Ho We&Es o83t 78 FE4
o] &3 AE7F ¥ AT INFEAHS B F, Hio IS H AE+= 100uM
of MnCloe Z7Fgk M9 iAol A Zbek v Fgoll A E2ld HAAY =2 vgsos FE3 Al
=30 (1" 11.3).

¢

ru[o m-ltl

rLH

3days culture After centrifugation

a9 11.2. 100uMé] MnClys H7FgE M9 v A oA bt v Fd o] n)gal/dAqd &2,
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KACC 40457 Sclerotinia sclerotiorum KACC 40574 Botrytis cinerea

A : Control (MeOH)

B : M9 Medium, supernatant, pH precipitation

C : M9 with MnCl;, supernatant, pH precipitation

D : M9 with MnCl,, insoluble mucoidal material, MeOH extraction
E : LB, with MnCl;, supernatant, pH precipitation

F : LB, with MnCl,, insoluble mucoidal material, MeOH extraction
G: LB , with MnCl;, insoluble material after pH precipitation, MeOH

|t
o
o)
4
gt
o
P
>

a9 113 wgEd g FEH o

. 718 S/l e FEE 1T T4 49,

Paenibacillus kribbensis CUQL ¥ oA g+ Ed thFEE g 52 e A
el 4 v ASE FRIHI {F7]&uo] o3 FFo| JteFds Felstd o, AR
71 &7t &3 Aoy WEEo|BER FE £ FZAAF A WA & HFEAHEC] 2ol
FE=Ho F7HA BAAARGY ofFFol Y Y Eo] FiEH JorE w9 7Aoo
ME B2 A dUXA 7 A4 S metA £33 4l0]A] oW FAAEH DS F F
Ze &) Meo] BQste] FEEXRE, FEb& 59 F7|8WE ol&% F=& T3
oAz FE2E JXHEYH AFZAH REEE FEF A5V} HEE FE AEY A9 FAE
g S Bt (O™ 11.4).
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Insoluble mucoidal material
KACC 40457 Sclerotinia sclerotiorum

: Control (MeOH)
: Chlorotorm layer of chloroform extraction
: Water layer of chloroform extraction
: Supernatant of methanol extraction
: Butanol layer of butanol extraction
: Water layer of butanol extraction
: Supernatant of water extraction

R R v I == =

a8 114 93 f718uWE ol &8 23 Ase] T Y 43,
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. HPLCE o] &3 784 Edo &g - 44 2 &4 dS

HPLCE o] &% Ix+#84 =49 &7 - BAE &l HH9 A& H4B8& S5t
Photodiode array detectorZ 210~400nm %] S A A3}, 5EH A= A=
&l peakE A9t 3~470e] F8 peak®t UEFH o™ Ueld 9 peake] Ho FFEVH
215nm A% o o]F ¢ HPLC Aol e HAE34<S 216nmzE AA s (19 11.5).

0

HPLC #4 A3 vehd 7702 F8 peaks £F3te] LT F9E 553 Xl
ARES g A 22-258 Abolo] &EHE 469 BHAoNA T & FFZHo] YEET
(7% 11.6).

7H A3 9 S YEhd= 4, 5o EH Yo AAEE HAFE] fste 4
ds HPLCE &A% A3 =7] =594 HPLC profileoﬂ/ﬂ Uehe= &5 Algto] FdsiHi
UEtaL @ peak= A4 H AAVE & HAdwe UAE Eioit‘r (23 11.7.

Y& Paenibacillus kribbensis CUO1 wj &<l 2 7#510—11/‘4 EZS HESS o]83le] AL F

2 49 2 WA 2Eo HPLCZ R47 27 1M $EVEZE qiie] G0%el P
FAER Bdol 22FL FAT 5 AAL, WP FEANL RULE 22 wde
% Bo| ATV =4

Ao we s Fuw Tdo AFIUY (1Y 118). 4 5%
A= 3
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% 11.6. 215nmoll A &4 HPLC profiled} 2+ #3H A2 S sclerotiorum KACC 4045701 o ¢
G FEA.

— Crude extract
1750 — Fraction of Peak 4
— Fraction of Peak 5

1500 -

At

1250 =1

1000 =

750 ‘ \ =

250 |
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— 15t butanol extraction of insoluble mucoidal material

1600} ; : : :
i — 2™ butanol extraction of insoluble mucoidal material
- — 3 butanol extraction of insoluble mucoidal material
1 — Butanol extraction of supernatant

1400

1200 |

1000

=
&

2 S i
a9 118 Hoy Bde Huo o 8% 95FE 2 WY FEUe oo F
=9 HPLC &A4.

KACC 40031 Fusarium oxysporum KACC 40157 Phytophthora capsici

A : Control (MeOH)

B : 1t butanol extraction of inscluble muccidal material

C : 2r butanol extraction of insoluble mucoidal material

D : 31 butanol extraction of insoluble mucoidal material

E : Butanol extraction of supernatant

o = P

29 119, By BAe FEeg ol§F A%5FE % WY 450 vu
< FEEY IF 24 A3,
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BN = 2D AAEE S7HE $3 HPLC B4z FAsE #3393 23 BEAALS
AJT 55 /R Folxu JAt Y ZHavt glidew, 3390 XA E ITFS
FA skt (19 11.10)

. — 7] HPLC 84 =

— &= 5}tE HPLC -Er =74

1500

1280+

1000

TEO ‘

500+ | i

| S |
N | \ I o T e
L‘ju‘_J"._»r-z-" Illulﬁ - -
L J'Lﬂ'l'f_ws..__ra" :"“lf."'ﬁif_f—/-—--— e
L
0l |

10 20 0 40 50 mir

73 11.10. HPLC B4 =74 H A3}

u}. Paenibacillus kribbensis CU01 A 4+ete= HAA B2 o F
on A

Paenibacillus kribbensis CUO1 #lj B ol EA|3t= # 25
o] &3 ¥ (1Y 11.1DS At WS H/e M9 vl oA uoFdt uj ok © 2 HE
A& EPSY o AT A A dA = ¢F 70pg/ml o] BF3tE0] EA5= A FAsATH
Ing/ml & #52 TS0 HAAH =2 &= T2 oF 380ug/m = HAA FA S 40% A
=Wk EPSE SAHIAH. ol v A %%% Ak A 3= EA-O] EAske AR AAE 4

om Yukxo g EPSol= wula 2= z12 DNA, humic substance’} &Ast= o
o= =2 (Flemming, et al, 2000, Donlan, 2002, Donlan & Costerton, 2002) &g =2-& &<l

St AdE gPdleof Bl w3 ojwl o|FolA Paenibacillus kribbensis CU017}F Y AF8}
GR# EZo] EPSo A=A gt A% = ojof g}
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0.0, (490nm)
=l = Q = = < =)
5] S wn o -1 [s=] =]

=]
ra

01

a9 1111 -3 os 243 2R~

y = 0.0076x + 0.0039
Rz = 0.9915

B0 80
Maltose conc.(ug/ml)
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Al 12 A. Paenibacillus kribbensis CU017} A AHsl= sl #3A &3
o 72 24

1L a7 38 We 2 3y

ksl m Al Eo] Aaksls FAYEF = lipopeptided] FREACE thkdk 717)7F AH&H
ok HZ o] AESHZ AlBo A3 FREA7|7]E Mass spectrometry’F Bo] AgE a1 Q)
o} (Smyth et al, 2010). & AFoN\M= Paenibacillus kribbensis CU017} A4tsle= =49 &4
< 9?8t LC/MS, MALDI-TOF/TOF MS &¢ HAl 7715 ol &3 72 4 Pttt

T2 AEs7] 9% AR Evle v 2. WA Paenibacillus kribbensis CU01
£ TSB (Tryptic soy broth)uj=]ol A wjd® FTHS o] &3t 1% %= MnCl7F 100uM

M9 x| HFstHTh o] % 30C, 180rpmol A 3€ZE wjeFste] 5,000 x goll A 30& &<t
g F ajgdel] X &g XX HEAF S-S AT T 5Y R REES A
F2ol Al 3AZE 300rpme. g2 'S o] EFES B Zdr]dd ¥ & 3A W
& S Bt e 5L rotatory evaporator (Buchi)E o] -&3ta] A XA
4 thnl 1/100 F-3&f weES o]§ste] 3 Zoylith. olef o] FEH/EFH A
£ HPLCE o] &3l &+ &AL zh= fractionS £33t vaccum dryerz &0j& &8
Z1 & HPLC injection volume¥} ¢ F3jo We&2 =l & FxEA o AL

we, o rf

7}. Paenibacillus kribbensis CU017} A AHsl= 3l H#3-A &2 9o LC-MS &4
HPLCE &3] AAFE AEE o]|&st] & 1219 =Hdo=Z LC-MS ¥ MS/MS EA& 39
o},

# 10.1 LC-MS #A4 =4

Operating condition

HPLC system Shimadzu HPLC
Mass system AB Sciex API 2000
Column ZORBAX SB-C18, (4.6 X 150mm, 5um)
A : 100% H,O containing 0.05% TFA
Solvent o .
B : 100% Acetonitrile containing 0.05% TFA
0~3min : 0% of solvent B
solvent program 3~30min : 0% to 100% of solvent B(linear gradient)
30~35min : 100% of solvent B
Detector UV detector
Detection wavelength 215nm
Flow rate 1ml /min
Injection volume 20ul
Range 200 - 1800
Polarity Positive
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LC-MS % LC-MS/MS #XZA% fusaricidin A9 E4E o= oy fragmentatione] &
HE}A o] Folx A tth o] cyclic lipopeptidee] F+%32 EA wjiEel Ao E AztEo] 3
st7 g2 53 BEXTxE Ad3 Al7|A st fusaricidin lactone ringT7%E A
o} (Kajimura & Kaneda, 1996). o]¥ #xE 1% %9 G474 9L AHgstA 7t =
(alkaline hydrolysis). AA = @we Z79 cyclic lipopeptidee] FEEAS folatA 7] 9
alkaline hydrolysisE ©¢]-&3%t} (Deng, et al, 2011, Choi, et al, 2008, Kim, et al, 2010). &
ToAA= BAE AE Ings IM KOH &9 1Im& AHgste] Aol 1AF ¥-EAIZ1
HPLCE o] &3t thA] At A& (F 12.2).

o rR Qb Lok

3 12.2 Alkaline hydrolysis ©o]% A& A& <3 HPLC =41

Operating condition
HPLC system Agilent, 1200series
Column ZORBAX SB-C18, (4.6 X 150mm, 5um)

A : 10% Acetonitrile containing 0.1% TFA
B : 100% Acetonitrile containing 0.1% TFA

Solvent

0~3min : 0% of solvent B
Solvent program 3~30min : 0% to 100% of solvent B(linear gradient)
30~35min : 100% of solvent B

Detector Phododiode array detector
Detection wavelength 215nm
Flow rate 1ml /min
Injection volume 20 ul

. Paenibacillus kribbensis CU017}F A4bel= &2 #&4 =2 o] MALDI-TOF/TOF MS &4

LC-MS/MS &4 43 Al&9 fragment o] &Ajo] go]stA] gro} FATF 2 FAo] of
2 2 th. webA lipopeptide®] &40l A AR&E+= MALDI-TOF/TOF MS #4& A =33t
AAE ARE 100pg/nl o] s=2 WEgEo] 5o d=7|2HdAFd KBSDA et &
MzALe & 1333 Zoh
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# 12.3 MALDI-TOF/TOF MS &4 =4

Operating condition
Instrument Ultraflextreme
Laser Smartbeam2 (modified Nd:YAG laser, >1 KHz)
Matrix CHCAC( a -cyano-4-hydroxycinnamic acid)
MS range 500~5,000Da
lon mode Positive

2. A7 A3

7}. Paenibacillus kribbensis CUQ17} A4
Paenibacillus kribbensis CU0O17F 23 iy
L5+ ASE 88337 8979 F8L m/z Fro] YEF

Inbansity (%)
1007

83330
24340

BE3.50

12:90. BE4 B0

BB 50

875

il II'th L

885

e

LAl
1}
AN

= peak® F8 m/z e 987, 911 olATH1HE 12.2)

=249 LC/MS 4
T4 B LC-MS XA 16.9%87
o (19 12.D. 183 1758734 &&5

887,20
89710

7.30

B37.40
849800

810
ESSSEU

268 30

B9340

%0

12.1. 16.9minell

- 148 -

LZ=5 = peake) LC-MS Ho]H.

835 00



Ba7.10

05

19 12.2. 17.5minel| &%= peak® LC-MS t o]

I Ast FRFEAHo] 53 F AR miAe 47 8833 897TE oFEAoH. o9k e

= E2S ZolE A fusaricidin A$} B7F [M+HI'o] Y of e o mis
el &= Aoz st By &8s A4S 3] 913t LC-MSIMSE F33tAtt (1§
12.3, 18 12.4). 1 A3} fusaricidin A9} B7} E3E S w 2EHOZ UelhUE mz 2569
u]$- %2 intensity® el ThE fragment ione YERA] efo} T2 EAo| HjtetA o

TZEXMo| fo]3t== alkaline hydrolysis A &l& 3+ A&E LC-MS/MS$ A3l= Ege
o) vty = v thekd fragment iono] UENZ g ot o HE =

g o

Intensity (10%3)

mz

% 12.3. m/z 8834 MSIMS &4 A3
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. 258

Intensity (103}

= = = =

mz

" 12.4. m/z 8832 MS/MS +4 A3}

. Paenibacillus kribbensis CU017} A4tsle & #&24d EZ o] MALDI-TOF/TOF MS &4
LC-MS/MS #4143 fusaricidin Al99] &2 FAHES o} fragment ione] F£o 2 A3t

P sAol ofH AT wEk 2471715 whre]l AWk o= lipopeptide®] Aol A ARE-H
MALDI-TOF MS7]7]1& A&31712 3l 593 §3 olE B A7}

i

el

¢

= T3 247171 RRTlde &<l

7] 2R LA TY KBSDANA Ef D AAPF-E 3t o] o] 7[&He AIRE 95t
BAAAE SRlstAT. Alse IxdEH] & F EHAS L1 E3e AI59 o] AR
£ alkaline hydrolysis 3+ A|&E AM&3FA T

™ %] MADLDI-TOF/TOF MS¢] A} intact forme] EA-E9] ExaFS <213k A} LC-MS9
Aol FAFEIAM L, o =3+ fusaricidin A9+ Be] monoisotopic mass (Z+Z}  882.553833Da,
896,569519Da)et ®lw gt Ay H'E o]23 HAS A5 YelE F v mz gholl IAsHAT
23 alkaline hydrolysisste] A3t 29 EAFL 18HE F7istAl He=d ol g3t
= miz Z%= A7338E @ (m/z 901.6, 915.6)3 L A|stA UEST (19 12.5).
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A i
= 837 528
1,808
04
323413
e
41832
53355: 853550 233552 —_ ip2aa21
o ; . | L _—
- CAIZ
B =

:::::

13 12.5. MALDI-TOF/TOF MS data. A : intact form, B : after alkaline hydrolysis.

7} o

MALDI-TOF/TOF MS dHlolg #4 Axt F8 m/ -2 intact formell A 883.6, 897.6°]aL
alkaline hydrolysiso] %= 9016, 915.6°]1t}. °] m/Zz <& 2Zr= °l2E< collision-induced
dissociation (CID) modeoll /] MS/MS 23} T}

MALDI-TOF/TOF MS/MS ¥4A3 intact forme] o€ (m/z 8836, 897.6)5e 7=

LC-MS/MSe|| w|3stef fragmentation 2 Lojwtoyt m/z 2569 intensity’} W& =4 & &
Mol oy ¥t (29 12,6, 17 12.7).
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tnfens, p.]

lintens, fra.]

2o 3 250 s&o =k o 250 s
a9 12.6. m/z 883.62] MALDI-TOF/TOF MS/MS data.

a9 12.7. m/z 897.62] MALDI-TOF/TOF MS/MS data.
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Alkaline hydrolysise] $-o m/z 901.6, 915.62 #Z= = o]2&-& MALDI-TOF/TOF MS/MSE <
8§34}, fragmentationo] & o] FoJHA T2 E4o ARESAT (LF 12.9~10).

Alkaline hydrolysiso] & d3sle EA7x=E zt+ Fusaricidin A (LI-F04a)¢} B( LI-F04b)<¢]
Tz 9 miz 32 19 12.89 2t} (Deng, et al, 201D).

LI-F04a ( m/z 883);
Thr—— Asn Ala
I
C=0
I
0
- - |. -_—
Val —Val Thr—C—CH;—CH—(CHz)z—NH—C—NH;
Il | I
0 OH NH
- i
Ny
GHPD

m/z 901:
Ala— Thr — Val — Val —Thr —C—CH;—CH—(CH:)12—NH—C—NH:

Il [ Il
0 OH NH

LI-FO4b ( m/z 897 ):

Thr——Gln Ala
|
c=0
|
0
——————
Val —Val Thr —C—CHy—CH—(CHz)1—NH—C—NH;

ll I I
0 OH NH

mz 915 .
Ala — Thr— Val — Val —Thr —C—CHs—CH—(CHa)1z—NH—C—NHz
Il I Il
0 OH NH

19 12.8. Alkaline hydrolysis *]&] & fusaricidin A, Be] +x% 2 m/

m/z 901.62] MALDI-TOF/TOF MS/MS <=3 A3} fusaricidin Ae] th&2<l b, y ionE°] 2z
ebgth (28 12.9). w&kA] intact forme m/Zz Zkel 883.6%1 &AL fusaricidin AR A5ty
=3

m/z 915.6¢] MALDI-TOF/TOF MS/MS <3 A fusaricidin B8 w323l b, y iong°] &
Yebgtth (28 12.10). whebA intact forme] m/z ko] 897.6%1 &7 & fusaricidin B2 43}
=3
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b b b b b

e [k [ b [ b [k, [
Ala B Asn | Thr | Val | Val ] Thr 1 GHPD
¥1 ¥z VE ¥a ¥s ¥s
350000 S
[M+H]~
1 901
300000 -
250000 +
> 200000
£ 150000
100000
50000 -
0- :
100 200 300 400 500 600 700 800 900
m/z
13 12.9. m/z 901.68] MALDI-TOF/TOF MS/MS data.
b, b, b, b, b,
Ala _||_ Gln JI_ Thr _||_ Val JI_ Val JI_ Thr JI_ GHPD
¥1 ¥z ¥3 Ya ¥s Y&
400000 - M-+H]*
256 9]5
] gag M-COJl"|
350000 - N
1 1
. 1 1
300000 - . L
1 1 1
4 346 B, o
] 445 1 1
250000 - ' ! o
1
z - . wal |
g 200000 - '. : e | ||
- 1 ¥a ! ¥s | ¥ :
£ 150000 R L y :
ya | [ 1 v
T S-IIB : 3%19: : bg: 3
498,
100000 Rl [MH-H.0]
_ L2 T O I ' by 897
Ldg] ot i 698 ¥
50000 | AR R | i ’
| Vl vy ol ! ! l i 2
o JL | ﬂuh LMI' L .JLHL.A m}ju o L.EL NN
100 200 300 400 500 600 700 800 900
m/z

a9 12.10. m/z 901.69] MALDI-TOF/TOF MS/MS data.
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Al 13 A. Paenibacillus kribbensis CUOle| AYAFs= Fusaricidin A<}
Bel HA A4 =271 &9

1L a7 38 We 2 3y

22 t)Ab4kE 2 non-ribosomal protein synthetase (NRPS)©] 3HAdsl+= lipopeptide= +27} =
Gol o] Ao T8 IFE st HAoE dEA U

Paenibacillus kribbensis CU017} A34+&l+= Fusaricidin A, Be] A4k A3 S &) WA
Ed AFAS Aol doh. 8o E HAuste ARV §lol 94 Fusaricidin A<t B
HPLCZ At A3t ZFE& o] AT Fusaricidin A<t Be] &¥|34gS o3
o. WA Paenibacillus kribbensis CUO1E TSB (Tryptic soy broth)uj zJol| A v FHE FS o] &
st 1%9 == MnCl7F 100uM #H7FE M9 Hij Ao HF3stE ok o] % 30C, 180rpmellA 3Y
b wjeFste] 5,000 x gol Al 30 FQF YAEE F wjdde] HA ¥ FAHX HAH EF
< FA% F FY FIY BEES HUIS AF2olA 3AIRF 300rpmeE REstgth o] &
FES & 2ol ¥ F 3N BA F Res FvE ZYeit F8E& 3 rotatory
evaporator (Buchi)E o]-&3le] 2 < ©o]&ste 39
SZoWth o]9} Zo] FZ/FFHH A st X H&AH S Zh= fractions &3
3l vaccum dryerZ & E E ZAH3 & Ing/nlo FEE WS
of &3t FEE&AE TEO AEIAT. HEFHL EFEIS A3t HPLCE &3l
Fusaricidin A€} Bel| a3+ p B

oy AN

o

7F WA &Aoo wE fusaricidin A, Be] A4-eF w3}

LB, TSB, M9 Wl =A<} M9 ®j=|e] ztz} ®#3 FeSO,, MnCls, NiCly, ZnSO, CoCly, NaMoO,Z
1x10™M, 1x10°M, 1x10°M 7} wjAS FFEE 3x10m¥ THEZL 7)o 0.1%2]
Paenibacillus kribbensis CU01E AE34th. A% F 300C, 180rpmol Al 3U 7k wlaksh 3, wjok
Hof| 10ml o] F&-&S FH7Iste] 33X FF sty EFsAT. o] Al5E 5,000 x golA 30
OB YARY F PR 200F Hshe] HPLCE 23Ut (F 13.1),

U, wj ek A7kl whE fusaricidin A, B A AreF wis)

M9 HiA o HFE FeSO; (1x107M), MnCly (1x10°M), NiCl, (1x10°M), ZnSO, (1x10°M),
CoCl, (1x10°M), NaMoO, (x10°M)S A7}kl 39x10m ¥ wWE3  od7d  0.1%<]
Paenibacillus kribbensis CU01S A ZEath HE £ 30C, 180rpmol A vikstA A 1247F &
912 3749 wWFAL FHato] 10m o] FeheS Hrlstm 34z B Agste] EEATE o]
A ZE 5000 x gollA 302 F HAEE F FEE 20uE FHste] HPLCE 43t (&
13.1.).
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131 WA =4 2wk Akl w2 fusaricidin A4

)= ]
'ﬂ_‘/}jl'é'

Operating condition

HPLC system

Column

Solvent

Solvent program

Agilent, 1200series
ZORBAX SB-C18, (4.6 X 150mm, 5um)

A : 10% Acetonitrile containing 0.1% TFA
B : 100% Acetonitrile containing 0.1% TFA

0~3min : 0% of solvent B
3~30min : 0% to 100% of solvent B(linear gradient)

30~35min : 100% of solvent B
Detector Phododiode array detector
Detection wavelength 215nm
Flow rate 1ml /min
Injection volume 20l
2. ATNE A3
Hj ] zAJol B ok 2o W fusaricindin A, BS] AAHFE =& 3] Y HFA
Z+Ado] H Q3T HA 7‘3 d ¥ fusaricidin A, BE o] &3} #F8&HLS A X3, HPLCE ©
&3t S AT 13.DD.
3000 2500
2500 - 2000 -
2000 - ‘500
- g o |
% o y = 23759% + 14116 < 000 -
1000 - R = 0.0062 ¥y = 2148 - 10267
500 - 500 - RZ = 0.9996
0 T T T T | (] T T T T 1
4] 200 400 600 200 1000 1200 0] 200 400 600 200 1000 1200

Fusaricidin A{ug/ml)

Fusaricidin B{ug/ml)

12 13.1. Fusaricidin A, Be] A&kA.
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7F viA Z2=A el wE fusaricidin A, B A4 ®

W= zAe] W fusaricidin A, BS] Al4ek Wa= #9la Ax} LB, TSB, M9 <o) A] Al
AP (0~30pg/mD)2 osklal, w4 ool 2¢d IteEe AN E 47 sEEE A
Aol S SdsAl vEbtt AV =42 FREE MY w2 AMdEE B vE=
tg3 2t} FeSOss 1x107*Moll A, MnCly, 9k NiCly,= 1x10°Mell A, ZnSO,, CoCly, Na;MoO,=
1x10°Mell A 7H8 =& A4k (60~100pg/m)S HATH (1Y 13.2).

S AP AHE WBOE 74 25012 Arles st AP Ay fEAoE o
Artgs Hel 52 BE F50l2s Ui A3 Hae] AiEe Boln (I 13.3).

ME &0l A7 AldlM FeSOs, MnClhe= Hul A4de Hol= H7E s HZHA7F
B2 kol FAHoR AFPsch 1 A% MnClh,e 1x10°MellA Ho) Ad3Fe Role
= 3—’:}‘3 HA o FeS0.,9 A 1X107°MoAM = AiteF 718 Bt (18 13.4). o)

EolM Aol AESAL 22F thARtbE o) BatEo] Frbskes A2 dRbHolX]
*a‘é AdE AAFsH7] sl FHA] Ade AAsAT AP FeSOE 125
(Autoclave)® 0.2um A2 o3tste] Az F 7HAE HAF H7 5 1x10'M,
02M 1xX10°M=& AAsAT ol LeFEEFA H o]o] stshste] st A A
=7 wobd Zle e Aotk 718t FeCl, & Y §52 Axst 125+
/\IEE Aol ARgstAT. 1 23 FeSO& Al=xst] oAAA=Z o33 ARE
1x10°Me] =2 Hrlste] wjoFdk wjeFdo] Hwhe| fusaricidin A4k (150~250pg/m)S 29
o (2" 13.9).

3}
§‘r

tlo

[O o2l

o g rob L o
)
Lt :i

—
X
— [

S
g o
, M Jo
ﬂ

iz}
4l rlo
r;'ﬁ o

160 ~ B Fusaricidin A
- B F usaricidin B

140
120 .
100

80

ug/ml

60 -
40 4

20

L P DD DD DD DD DD DD DD DD DD
\\QQQ\'\Q o «o -s"\\“@«%\\\\“oﬁo o F
o o O O O O O O

o (o N oo ¢
FEE T o ‘bom \:ﬁ}o G EETYT 4 a8

I3 13.2. HiA] =5F 2 F£ol& HUME w5® Fusaricidin A4
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Il Fusaricidin A

200 B Fusaricidin B

180

160

140 4
120 4
100 -
80 -
60 -
40
20 -
B

ug/ml

ug/mil

Fesy (104M) , Fesoy (1074M), MnCly (10°5M), Fes0y (10°4M), Fes0y (10°4M),
MnClz (10-6M) CoCl; (10°M) CaCl; (10°5M) CoCly (10-5M), CoCly (10°5M),
MNClz (10°5M) MnCly (10°6M),

NiClz (10°5M),

MazMoOy (10-5M),
ZnS0y (10°5M)

3 13.3. 289 F%0)2 HUME 9 Fusaricidin A Ak

250 Bl A
Il Fusaricidin B

200

150 +

19 13.4. FeSO,, MnCl,e] 7} =% Fusaricidin A A+,
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250 B Fusaricidin A

Bl Fusaricidin B
200
150
E .
S,
[®))
= 100 4
50 —
0- > iy > & S > >
& @ 2
N N
v‘\;\, \,‘& N ‘i\\ ‘i‘\‘ \i‘\‘ o ?}}\,O e
AN TS OO
0'90 OSB On\\D @‘9@ Qéﬂok <<éﬂoh W8 . B 8
& & & & & &
a9 13.5. FeSO,, MnCle] Ea¥H 9 H7F 5% Fusaricidin A 4FF
. vk Al7to wE fusaricidin A, Be] A4 w3}
Agh A3 24412 v & Ao A4

Hj ok AlZbe] w2 fusaricidin A, Bo] Az W32 =
=g
FE 2 o)A gk W WE AZE Qo] o]t AR AAETE FIIAR Helth FrhA o

2 O A wEAE HHSe A MESete] AHTA
(productivity)2 Ueldl= 2718 gHsls A7 2835t
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[

—— Fusaricidin A
—4@— Fusaricidin B

1SOJ

160 -

0 v 1 v E "0 T A I F —r 1 7 "1
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Time(hr)

19 13.6. #WjF A7l whE fusaricidin A, Be] A4t W3l
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Al 14 A. Paenibacillus kribbensis CUO12] ¥ A (ISR) &4 A4

o] W o3 w2 s dve HA=E AFo HE do7]

S YO 7)== Phytophthora capsici, 3|14 FFo|HE& Fod&
Botrytis cineria s°] Atk 1F9Y 2 F2o| Phytophthora capsicidl Tt AdAHS zb
o7 v 22 g A= BuEo oy (Hausbeck, er al, 2004; Hwang & Kim,
1995), 3|4 FFolW-& YO 7= Botrytis cineriadl AIRE Zte HAEFR E4dd A=
BRyud A37 A} B A= Paembacillus kribbensis CU012] wjoke) @ FZEo] 3130
A Zgo|H S Ao J|E= Bouytis cineriadl thEk WA o RE 52lslr] 3 AFPoln)

WA Paenibacillus kribbensis CU01E TSB #iX], M9 ®jx] 2 100uMe] MnCl7} A7FH M9
iAol A 2o = wigkE wiFdd 100uMe] MnCl7b H7Fd M9 v Aol A vk vk
oA REtSES o] &3t FE23 FEES X ASE Ing/nle FEZ ek =2 A
S5 Z+7F 1008) A st A=A

1
Botrytis cinerias &% &3t ALFFoIHS 53 F 357 5 ¥ TAES HESAT

i
of

=

2. A7 A3

aFo Al EFFoly WA &5 HAS A3 Paenibacillus kribbensis CU01-S TSB ulj Z] o A
Hj gk HjFHe] 70% o] B HAS JA S o= gl Heloew, M9 wix & 100uMe]
MnCl7tF 78 M9 vl A vjFd wjFede] -5 20%3 = Wol it (198 141, 1
2 14.2). Paenibacillus kribbensis CUO1 ¥l F==ZE2 10pg/nl o] T2 A< o <F
50%2 W % A7 yERgth olgid d3E & o fusaricidin A, B& 354 ISR
(Induced systemic resistance) 712toll s Botrytis cineria®l ¥ TS A= A2 &<l

= At
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a8 141 13 ANIZFo)w Wy §5 7
MnClp) wi<Fe} B: M9 o

. Control: #F9 A2, A: M9 (with 100uM
=

DR == (10pg/ml).

=
o2 ot
L
O
—J
wn
us]
=
=
O
_1%
U O.n.,

120%

100%

80%
ot
609
e
o
40%
) '
0%

control

O 14.2. 313 AW FFo|y [ (Botrytis cineria)oll ok ¥ A
Al AA. Control: TFNH Tz, A: M9 (with 100uM MnCly) H%‘“’Ji B
M9 vjefell, C: TSB v, D: v F=Z= (10pg/ml).
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A 15 A. cyclic lipopeptide AW 74
L a7 a9

7} 91F cyclic lipopeptide §H41 =8 7t

2 AFdAE Aegd =49 A4 HHE BASHY] g o EN mAlEo] A4k
3= cyclic lipopeptide®] 122 FAHS AEstr] 98] wAd Hepol= FAH (SPPS)e
7123 33 WS NIttt diFgEHe dde 18y Adfeols T sl o]
29 (fturing o=z a9t (28 15.0).

0_14 —'

9 151 B o Tturin 2] g A A slElol=

=, cyclic lipopeptide2] HEelol= HE-& FEelo|= Aol 25 WA linearz A5t
N-3 C- #de& dAdsts 183t vhe& fidste 208 A9E o+ A} oA %=
cyclic Flefol=+= A& (fatty acid) FAE lysine 7}Aoll ZAEA|#A cyclic lipopeptide<} Ak
(mimic) <1-& cyclic lipopeptide §AH-E /HetstA = Uk

Cyclic peptide synthesis (28] Helol= A E Al Tl 23 Fmoc-obr] =4S A
ZFal R ar, Trityl resing AR&SEF T Iturin®] €714 E2 N-Y-N-Q-P-N-S¢] F 77] o}vw]:=4k
ol of7]o] CEto] KE 3t o B4 FAsAY. FAAGA= 712 SPPSH| we} linear
peptideE 3 A Z T} Reaction vesselel A#FE resing ¥ il DIC (2M), HOBT( 2M)E # 7}st
o olw|:x=4kS activationAlZl 3 3AIZE o]+ coupling HHSAIFHT Fo DCM3} DMFZ
washing 3+ & 20% Piperidine®. & Fmoc R &7]& A A3t} Trityl cleavage @A A= 2%

a
Zl
Sis
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o] TFAE A g5ty HAACIE HZA 7|1, Dimethyl ether2 4 EEste] HZHAZl &
EHAES HE STAHAY 59 cyclization Al A= HERo| =] &4 scaleol| Wt DMF,
DCM, 2M DIEA, 2M HoBt, 0.4M HBTuE A @2 o= F7}3F reagent® 1643t o] wk& A1F
t}. Final cleavage test& <3l TFA 82.5%, TIS 5%, Phenol 5%, Distilled water 5%, EDT 2.5%
E #7138k solutionS A Z35he] 2413 o] WHSAIZ oW, Ethyl etherZ A4S AA crude
peptide® A& 4 AUt LolR crude peptiders LC-MSE o] &3l <= (purity)E els}
AT olel B AT AHEH 12]d HEeol=of FAAH thdk Rl schemed T1¥
15.2¢} 2t

(DO DDO® | M Heto| sters uy
oA C-D-O-Q-E)-O-G) v | M8 HELO|C 2 FIOIM L2

e

HELO|C 2|3} Bt

0lo

HEIO| £ blocking group XA

a9 162, ¥ AFolA AR g d el =9 g .

F

¢1& cyclic lipopeptide &4 "WHH 7fdo] W& LC-MS =4 ¢

A o]Z crude peptide= 25%2] ACNoll 0.05% TFAZ}F 7} buffer2 =< 15,000rpmoll A 5
7 QAEES 3 0.2um=z syringe filtrationst Stk o] AZS LC-MSE o] &3] A=
cyclizatione] A=A &<21stth. 717]= Shimadzu 10AD HPLC<®} API 20002 <1Z3}e] shim
pack Cjg analytical column (4.6mmx 250mm)S F48& ZHAPo=Z A3}t Masse positive
mode=Z 200 ~ 1800%] range m/z Z735tol A A3y SFAT.
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2. AN A3

7} 1& cyclic lipopeptide &4 W 7lZol] w2 LC-MSoll 2|3 &<l

FTHIE &2 200 FY3st] ACNE 5%lA 65%7+# 3083t F=TFuE Fo &% 1mle
flow® 230nme] FF=olA #=3 Az 71E9 lineardt peptide’} cyclizationo] 2 & AE
peak retention time (I =2 MFF AIZH ¥ 1/ EAFOE AT F AU (1H16.3). £
g 2] cyclic lipopeptide®] A& (linear) EA&Fo] 964 m/zd o) 18]s} (cyclization) W & &
ko] EAEE 180] WA R A 946 m/zo] BTHTLH 15.4).

160

140

€ ME HEO|S (MW: 964.1)
D 100 — 2|3} HEIO|= (MW: 946)
™

W a0

§ B0

S

QL 40 &

a

O

o A o m——

20 J
It 'I__l'_/a——’_/_/’J‘.J
Q |3

10 15 20 25 20 35
=20

Retention time (min)
a9 15.3. HPLC &4 9g 13t fEetol= A &<l
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(W HE of +G7: from Samgie 1 (TureSamplein) of 20141128 Bunn_inear_cearvag Max 7 1B cpa
Tiedl, 3680
g e .

irsa AT

4 Dol |
BT
g 2008 D20 700, 852000 WL um "% uws. e
Bt et e B e o S

0.t ] 0 T 20 = £ 3% 40 4

Tierse, mins

T 01 19.253 10 19 788 min from Samgie | (TuneSargielD) of 20141128 Buen Max 1 Bod cph

= Mg FELO|E (MW: 964.1)

X8
12820 15342
o I . v "l
1400 0 1800
(TG of +@1 from Samgie 1 (Tunesamphei) of 207141128 Rurn_ Sumais_ cyce,_ Whax 7 Dob cpm.

oot 5 10 " nm = £ » e 45
"W 01 M e ko2 Mnmmwmm:uwi:;um Max. 3 ted cpn
30045 wso 31 2| T} FEFO| S (MW: 946)
5_ :_oul 1882
f ,“Imz

261 110
- HTED 14080
0 000 00 1000 1200 1400 1800 10

vy, ey
1% 15.4. LC-MSE o] &3 1183} Jelol= A4 <.
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A 15 A s WA HAE D A% A%
1L 70 =3 W&
FEAA E3 #

@ WA HAE, Bazd 8

7}. Paenibacillus elgii 34-6 W& 4H8 A8} x| 7

FAR VYT AFEF0] S48 P elgi BC-6 B UFo2 tlPUAS g 285 )
AE AdstnA AT P elgil BC3M-6 ZFo] tFAAL 9% Ao wads Aagd A
2 QA

HA HAHo] gAY AS Y M9 HA4uiA| o 0.5% yeast extracte} 7EF €4 (glucose,
glycerin, sucrose, lactose, corn starch, soluble starch, chitin powder : 10g/liter)& z+zb A}-g-3he]
ket & w4 ARAAE © ajFds A Fx1FEd chitinase A4S SA3IATE HES O
FAE AAad AEE fs M9 HAuA o HF dados AWE 1% sucroset 5FFY &
Z~%(yeast extract, tryptone, peptone, soy bean meal, ammonium sulfate : 5gfliter) & z+z} H7}s}h
of Hje & A AAARE D vidT A FXHF&A, chitinase 248 SA AT

A ARAEE YA F35E ODg 2t A5 SAsIA N, WiFdsdy &
AL Azt vl sNS WY FHol Fusarium oxysporum f.sp. radicis-lycopersici (N
W), Sclerotinia sclerotiorum (F34Y8), Colletotrichum coccodes (B4 )3} HH thx] WSS 5
st =k 2HzF w5 H 9] chitinase 42 S S (DNS)ol| s =AMt

Y. Paemibacillus elgii BC34-6 w52 1% v A &3 A (Pot assay)
a3 &AW (Colletotrichum coccodes)? W’y Paenmibacillus elgii BC34-69] WA &3-&
3}7] 913}e] plant growth chamberoll Al pot assayS <33} th. HZujx oA vlgFH P el

BC34-6 wjoFel o] 1008} 34k ABE 5F AE AP 1F HEJ AF A3 T 1FHE
LAY (Colletotrichum coccodes) S ZXAANZATH AE S A3 259 FES FA5HA

79 F 9A PHES SPsGTh @4 AF 4% BRED JE w4 A F70%
ANZ S2E 2AFUA AF, HA AB)E 272 Aset

tt. Paenibacillus elgii BC34-6 w52 ZH& W WA &3 13 (AR

A8 AFEES Tt FE ¥ WA 4ol 53 Paenbacillus elgii BC34-6 52 11
AT 13 AFZZTFHEA g ZAANFE S TP AA Z2H oA ZE Wl o
P EY AAS A AEGAATAEH
E AR, 24 W T 67, A W EFARNME 20159 5 AAEAT. A= BT
15 &AW (Collectotrichum coccodes)™ 115 MTAHAFHIHW (Xanthomonas euvesicatoria
173-DE AH&stath. A3 wixle 72 374 (FAEF 23 AYFE WUrerd, 159
AxAE = FF 15cm Hom AL Hds WAk WA, 2 elgi BC34-6 w]oky L
o] A F AEF 2000 Mt Azt WA TS f& 1F SAHS 3

F% 10° spore/ml, 3 ATAYFYEL 10° cfu/mZ #0138 3 29 At LT+ A

=

=
s
oA ZAAND S AP i FeE= 3

o

<]
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T 157 F 449 8 Al i ¥ dHES =AEAH.

2}. Chitinase WA+ Paenibacillus chitinolyticus 35-2 #32] )= H A3}

ZAH| g, 11&§8&9°] chitinase A4HS E& OS2 Paenibacillus chitinolyticus 35-2 w52 HjX]
A3 g AEo] thtk wjFA e oFd - oF3) A PS &Skt Chitinase A4HE A 83 A
M-S modified chitinase A4F HIA S 7|20z HA o 4297 AAYS Mastaz st
k. Modified chitinase A34F wjx]ol 4FF ©4< (powder chitin, colloidal chitin, glucose,
soluble starch : 10g/liten)& Z}z+ 713k % 30C, 3¢ E<F wids & A5A7} 1% colloidal
chitin& 1A17F &9+ WA 3¢ =A™ (DNS)S. 2 chitinase A& =43 o™, o Znj
& T A 4 L YAEA 4 AFE BESEY =3 dAY ARS8 modified
chitinase A4+ HA|o 5FF 4 (yeast extract, tryptone, peptone, soy bean meal,
(NH9:S00& 371 & 919k 53 o2 33t

v}, Chitinase A4t Paenibacillus chitinolyticus 35-2 52| 2t& W A &3 744 (Pot assay)
) FAAE HAu R oA v SFH Paenibacillus chitinolyticus 35-2 w52] vjdFH S A3}
o w3 &AW (Colletotrichum coccodes)dll that WA &%5& ZASY Y 2725 483
Wl X] TSB (tryptic soy brothellAd wik® P chitinolyticus 35-2 WIS A3 P
chitinolyticus 35-2 d2] wjFH-& Z+zb 2004}, 5008 3]sl 55+ A= RS A=
gl #F A & 153 dANAS FEANA 179 9 BES)
sttt PAEAANE HHstA Fe FAYTY A, 159 B4 §F H
o] o 70% oldg Ho A9Ad ¥ Lol d&stA o] FoHES it =
chitinolyticus 35-2 w52 wlFA S A A EA d4, 1A, AW A T ZFEA g oF

s o%g FrbHow AAsn

2
2
3
2
o
+ & [

vh, 2ZhE Al w B AE Bacillus & o] WA HAS D A AR (n vitro)

3% #HAE AW duis FHFEAPol ELE%t Bacillus subtilis MRS6-4, Bacillus
methylotrophicus GM2 w59 dZFALHS 9 HZF A& 2 dazxd Add doA
Ao w IHF A ARG, 1EEY FEEAE dFALe Txs AT oA A%
AET AT HE0 2 FFE (ODgE SA4sIAeH, HAE Y & yAaxx AP ELS 60T,
AR &?F 713 wj S LB agar wiA|ol =@ete] A S WHOE FASAY. ®
gk ZHE AldHeo] Ok Wit e S FASIATE TSA (tryptic soy agar) HjA] o
Xanthomonas axonopodis pv. glycines KACC11151 (F EvHE-Y), Xanthomonas euvesicatoria
173-1 (23 AlvA A FH9H), Xanthomonas campestris pv. pruni MAFF 301420 (<ol Al
TRATHHE)S EES $F paper diskoll HldEA 100uE HAst 30C, 1-2d &<t v st
A A clear zone A4 oFE #AESIAH.
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AV Bacillus 4 #F €9 15 Ao UA &3 #A (Pot assay)
B AT in vitro 274 ZHE Al ol

=
W Bacillus & T59 2008 IXAE 5537 A= AAS 1F HEI vy #
AEARAAEIE T (10° cfu/m)S F712 A9 Axsigo. YT 4F 159

o}, Paenibacillus chinjuensis 31-3 o52] RSM 7|4k = Z =] 7fgt

Chitinase A4t 2 28 WA FFo| Fusarium oxysporum f.sp. radicis-lycopersici (XS
ol gt R FEAo| 53 Paenibacillus chinjuensis 31-3 #F2] HAw|A LS FHs
Atk LB HiAE 7|HFS.Z colloidal chitin =& 2Ed 53F WA (LB AkAl, LB+0.1%
colloidal chitin, LB+0.2% colloidal chitin, LB+0.5% colloidal chitin, LB+1% colloidal chitin)ol| 4 ®j
¥ F AINEE S F A chitinase &S S SATH

T3 Plackett-Burman A3 HAkQl WS o] 83k Zhzb 99l (factor)E©] chitinase &4
of M AEE yotstg o, wjx AR F yeast extract, KHPO, 18]3 NH,Cle] HZ &

Colloidal chitin agar ®jA|]ellA] clear zone AAdo] 43 Ao=2 FRJAHA Chromobacterium
sp. #FE &5 WAL E JNEstarA chitinase AA4HS 93 A g@4Y ALS s
k. 0.1% colloidal chitin, 0.5% yeast extract’} X&¥ M9 HjA]o] 7
glycerol, sucrose, lactose, corn starch, soluble starch, chitin powder)<
T A A= A" A DNSol| o8| chitinase F48& 5

e HsoSIGER Hutolgofd A3 F dsarhs HAsAT

7 =49 (glucose,
2vzk A7kske] Wl ra
,].:.

[

2. 7N 3 A3

7}. Paenibacillus elgii BC34-6 o) 34H8 283} nj=] 7fat

ARAFGAT AEE%0] 53 Paenbacillus elgii BC34-6 #F2o A4S 93 H Ao
ey AAYe AWstch

HZA o gAY Ae 98] M9 HujRo| 0.5% yeast extract®t 7EF &
glycerin, sucrose, lactose, corn starch, soluble starch, chitin powder : 10g/liter)& Z+z} AL-&3}o]
Hj gk & oA AAAE 9 wjdTHde] FHFEA T chitinase 84S SASIAS. +F A%
of FFS HAE HHY ©AYLS chitin powder, sucrose +£O &2 EHon, ujokas o)
Fusarium oxysporum f.sp. radicis-lycopersici (NEwW), Sclerotinia sclerotiorum (F3)4),
Colletotrichum coccodes (A1) tdt I FEAd 3 chitinase &3-S glycerol, sucrose o 2
=T (& 15.D. A AFZE AdfskA £33 A X, 0.2 mm A3 Al A, 0.4mm A3 Al O, 0.5
mm o’ A3 A O= FAISHAT

b~
(o
o)
o
O
(@]
wn
o
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i

3T

15.1 Paenibacillus elgii BC34-62] thZA4H8 HA B4

carbon sources cell growth antifungal chitinase
(10g/L.) (ODgo0) activity activity(umol/ml)
- 1.18 A 0.71
Glucose 1.10 X -
Glycerin 0.25 © 1.50
Sucrose 1.44 © 1.16
Lactose 0.88 O -
corn starch 0.70 X 0.66
soluble starch 0.54 X -
chitin 1.52 A 0.85

E i FAAAEE HAH o Aad AdS ] MI HAu|AY HA gAadew Add 1%
5%9] A4 (yeast extract, tryptone, peptone, soy bean meal, ammonium sulfate :
Sgflliter)S 24z A7bste] wjkst & A AAAE L wjdASA o R F3A, chitinase B
Z=As9ch 7A AAS soy bean meal, peptone =02 Egtol}, AE HAA Fdo] A B
AUdoR =2 gt AAYOS R yeast extractE: AHEAS <

AL 7MY w2 AFRE BRAY (£ 16.2). ZEA O F, Paenibacillus elgii BC34-62]
RS 9% H A ey AAYe 247} sucrose, yeast extract@ A st )

A% A Age wA g

i

=2 %
ol & rlo

X

¥ 15.2 Paenibacillus elgii BC34-62] thaFAAkg 22 A X

nitrogen sources cell growth antifungal chtinase
(Sg/L) (ODg0) activity activity(umol/ml)
Yeast extract 1.3 © 1.02
Tryptone 1.5 X -
Peptone 1.61 X 0.8
Soy bean meal 2.51 A 0.61
Ammonium sulfate 0.8 X =
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v Paenibacillus elgii BC34-6 w59 115 &A% WAl &3 A (Pot assay)

Pot assaye &3l Paenibacillus elgii BC34-6 52 115 ®AW (Colletotrichum coccodes)
of oz BAEHE HAASAT. HFYLHE HHuA A widFd P elgi BC34-6 a %FY
(1x10% cfu/m)E& 1008 3|43 ANEE 557 AE AP 1F BEY #AF A3 & 1FF8
X (Colletotrichum coccodes)< ZAANA W WAl &35 #AZ(o. 179 334 $7-H
153 FEAA BIFo] Yehr] Ao, FAETY A 0% olde FHES B H
Aol A&etA o] FARSS FASATE 2T7]dde HE YA 2 XPO]— EOV]

A Zbo] AATars 247te] AgFEHE ¥ 2 AET Gt dA AlFd %, FelEI Q)
I3 gAY WAL FUlsAANE SF5H 20 AF (A AE, HAF Xﬂw)% =72
stAach tizT 270 AEF P elgr BC34-6 vk R FolA Ty Ftol] Bls] 13 e
A A7 A} 53], P elgii BC34-6 ¥ A5 AT ] AFERT YAEHTT &
A vEsttr (" 15.D.

rlr

ab

Disease severity (%)

) D) @  ®  © O
a9 15.1. Paenibacillus elgii BC34-62] 1.5 ©AW (Colletotrichum coccodes) A &% HA.
HAuj R ol A thFBAE P oelgii BC34-6 wi ¥ o] 15 v o] tigh WA E5& ZASHA
o ATl f5 FuEII e 20 AFEY ¥ =& ¥ 3AVEE B2 (A) Control (A

27, B) JAF A3F, (C) HAF AlF, (D) P elgii BC34-6 vl . a) ¥Fo] A3 A=, ab) ¥
% X A%, b) ¥Fo] wHE A

=W A 29 A28 (AR

ASH Paenibacillus elgii BC34-6 #3529 15 &A1

(Collectotrichum coccodes)™ 115~ MR HF-HY (Xanthomonas euvesicatoria)®ll Wk E7gA|

ds TPtk (2F 15. 2) A, P elgii BC34-6 v NS 2008) 343k & u5 fFHo A

ratR o, 1579 A3 & 747 HAdES HEFoAoh 1 A% ¥ I E (disease index)
FA YT AF 50% ol B Aol XA ow, P ejgi BC34-6 ¥iF A+ F

. Paenibacillus elgii BC34-6 +5-2] %
ZHe W A Aol %k o g

rlo H n
O
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ATl Bl @A e AAE et £33 AE HAdd S
Wtk (19 15.3). 919 AA==HE P elgr BC34-6 vl ¢Ff
e}

Foll wls) 2u) o4 EA Lbeh
e HAY 5 Yot

34

Ty PAAZA T S5

15 BAY R A
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\J
HF =Z A

P elgil 34-6 WA A F= 3 ¥A A

b | \ - S 0

237 A el 7

19 15.2. Paembacillus elgii BC34-62] 2% W WA TAAH 34,

A B
100% 100%
< 80% 80%
H g
= 60% § 60%
-§ 40% 0 20%
20% T
0%
control TSA34-6 0%
control TSA34-6
1% 15.3. FAANF 93+ Paenbacillus elgii BC34-62] & ¥ WA &% AA. HZF iAo
Al i FAAE Poelgil BC34-6 ¥ S AbEste] 2= B (5 @AW, AT FHH) o
St WA E5S TAAAES T AASAT A ¥ TAE, B) P elgd BC34-62] ZFE ol O
g+ A 7L
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2}. Chitinase X4+ Paenibacillus chitinolyticus 35-2 w52] wi#| % 3}

Paenibacillus chitinolyticus 35-2 55 WS & chitinase A4kl 2 23k HZA g4 A
S FY3A . Modified chitinase A4+ vl AU S =Z powder chitin, colloidal chitin,
glucose, soluble starchE Z+z} Z7}sbe] wjkdt & colloidal chitin agar platesoll Al vl 235 <Y
9] clear zone 43} SDS-PAGEO|A ©ulz Wy A& ZASHATH I 23} powder chitin
o] 79 chitinase &A4¥ @A dddo] w4 HFHJUG (IH 15.4). EZ chitinase A4k
A%e A4y ARS F33% A7 tryptoneo] HA o2 EAEJT I# tryptoned] A9
A4 38 Aol ol 7H4o] |F Eof chitinase A4F B&3 714 ApolE Akt A
FTH o= yeast extractE: HAHow AWttt (" 155). AEHCS=E, P chitinolyticus
35-2 59| chitinase H#EFAYLHE WA 2L o3 2ol AASFIT. 0.5% KeHPOs 0.4%
MgSO,.7H,0, 0.5% NaCl, 0.05% CaCl..2H,0, 0.5% (NH9.SO4, 0.5% Yeast extract, 0.1% chitin
powder. 919 HAujA =HOE 500L HE7]|S o] &3te] 300L e kst Ax 1x10% cfu/ml
o #AFE IS F AReH, 90% olde] WAEAI FEFH A

M 1 2 3 4 M

starch colloidal chitin '
240kDa 240kDa
140kDa | 140kDa
Q- 100kDa 100kDa
. - 70kDa 70kDa
glucose powder chitin 50kDa —
35kDa 35kDa
25kDa 25kDa

%
colloidal chitin agar platesol| 4] clear zone A4 2 SDA-PAGEo|A @uld e A2 %A}
Aok M) size marker, 1) glucose, 2) colloidal chitin, 3) powder chitin, 4) soluble starch.
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o=
n
L

0.5

Chitinase activity(U/ml)
Chitinase activity(U/ml)
o
L

T T 1 =
Glucose Colloidal Soluble Chitin Yeast
chitin starch

‘ Pelw;;l;e I Tl)’[;tone ‘ Sl:v I.Jvean ‘(NI-‘IJ;l;;;O-t'
extract meal

1% 15.5. Paenibacillus chitinolyticus 35-2 ©52] chitinase thaF44+8 HZ g2y, ALY A
o HAH gAY o= powder chiting AEstRow, AAY2 chitinase A4t 83 §8&F

VA& Aekeke] yeast extract® HF ARSIt A) HA g4, B) HA dad A

L

v}, Paenibacillus chitinolyticus 35-2 52 2= ¥ WA 33 4 (Pot assay)

o) FAAE AR R oA vl Paenibacillus chitinolyticus 35-2 T3 ¥l ] pot assay
of olst nF &AW (Colletotrichum coccodes) WA Esg ARSI E2T=2= 483
A TSB (tryptic soy broth)oll A wik® P chitinolyticus 35-2 ®i<FH 3} A E-xkA) o S A €] of] A
AFNES  Pseudomonas chlororaphis 06 w3 wWdHNS Z+zh AMg3Ste] wlwstdt (19
15.6). HZAu| A A A4k P chitinolyticus 35-2 wjFd el 739 200, 5000 343k wj kY
BT wA &5 Aoy, EzTF=2 AE3 Pseudomonas chlororaphis 06 RUtb+= <FzF
— ‘ﬂXﬂﬂ% yUerAtt 38 TSB Wi Aol A AR P chitinolyticus 35-2 BiFH o] 79 200
Mg A9 WA &30 Ao, 5008 A g wjgAoA= B A Esol A gl

gk P Chztmo]yrlcus 35-2 WA ol M3t & ofs oAFE # i—é?‘f} A7 2 EA 9
4, 2 2 T o FAE AFEHA Zof A AT F U Qs

=

JLT,VL%XL

ol

o
= — 12
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Control P. control Cl—-200 Cl-500 TSA—-200 TSA—500

® disease index

0g

03

07 L

Ha

06

—ipa

05

04

03

02

01

Control P. Control CI-200 Ci-500 TSA-200 TSA-500

19 15.6. Paenibacillus chitinolyticus 35-22) 1.5 AW (Colletotrichum coccodes) WA &5
A7, HAZuA CD 2 AEuiA] (TSANA N ZFBAHE  chitinolyticus 35-2 v ¥ 2475 200
v, 5008) 3] Aste] Ak & 15 BARo] 3 WA Ees ZAEIAS dHETE AEHY
AAFANE NA ND3 Pseudomonas chiororaphis 06 v oFH S ALg3te] ¥ WA 7}S vl s}
Ao Control) F*2], P. control) Pseudomonas chiororaphis O6 #l %<, CI-200) CI wj =] =}
el 200u) 34, CI-500) CI ®iA] ®j <k 5008] 3]4<H, TSA-200) TSB uj=] #jFH 2004}
3] A o, TSA-500) TSB v A] wj<Fed 5008 329, HF Y A=+ asb<bc=cd<d o2&
YEFA T

=
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v}, Brevibacillus laterosporus TSA 31-5 w2 ¥ WA &% 774 (Pot assay)

B AFgA el My AFE E&| Botrytis cinerea (AL FHo|W), Phytophthora capsici (<
W), Fusarium oxysporum f.sp. radicis-Iycopersici (ANESm)ol tigh d-FEA o] 43 Aoz
S Brevibacillus laterosporus TSA 31-5 vl FH S o] 83} pot assaysS E3F W WA &%
S AT TSB wjA| & AF&31H 500L %Eﬂ oA tFW4E B laterosporus TSA 31-5
Hj kel o 100, 2008 3] A g A5 15 AHFFold gt WA &5 HABSAT FA
g 7ol A AEz Z}xﬂﬂ XA 3] "’/\}Q“ b o), B Jaterosporus TSA 31-5 wiFed 200u)
Xiﬂ]?%ﬂ/ﬂ% oFZt WFo] dEEHJoH, 1008 wFl M Tl M WEo] UdehA oF
*oh (2" 15.7).

12

08

0.6

04

0.2

control TSA3I1-5(A) T5A31-5(B)

8 15.7. Brevibacillus laterosporus 31-5 wjFHe] wn3 A FFo|W (Botrytis cinerea) A
8% ZAA. TSB wiA oA thZFA4rE B laterosporus 31-5 viF Z+-z+--S- 100ul, 2008) 3] 4438}
of A F 15 ALFFolH i3 WA a5S AR FAETY Ae A=A
A3 TALE YoM, 1008] 3 X3 B laterosporus 31-5 ¥l M FE= W WZFo] JERY
A kdTh I 2008 34 v el A= WEo] ofxt AT Contro) FA 2T, (A)
100v] 314 <, (B) 200uH 3] 4.

Ab ZbE Al WAS Bacillus & w52 ¥iA HZA st 2 3A] &3 1A (Pot assay)

A8 AFE B8 ZE M Xanthomonas axonopodis pv. glycines KACC11151 (5 En}
£49), Xanthomonas euvesicatoria 173-1 (.5 Al F-H"), Xanthomonas campestris pv.
pruni MAFF 301420 (H<olhuF AAd7m8w)ed ek 8ol B3 Bacillus subtilis
MRS6-4, Bacillus methylotrophicus GM2 2] thEgA48 HAw A =242 o33 o] &4
3t Yeast extract 0.8%, NaCl 0.15%, Glucose 0.6%, K.HPO; 0.25%, Na,COs; 0.05%, MgSO4
0.1%. HAWAE Ar&ste] 500L Ha7]olA HAH Ldaxde wIF:E 30C, 7%
0.4~0.5vvm, n¥Wr&ES 100~110rpm, WHE<4E 0.4kg/eiloz® SHsIATH (3 15.3). HAH|x 2
g zAo wel 22417 g F A EA FAL 90% oY FEHACH, AFFe =1.3x10°
cfu/ml &2 ZALE ).

- 177 -



3% 15.3. FE A

W WA S Bacillus 4 4F

o ARujA 24 8 wER7

w4 24 W 24
Yeast extract 0.8% g% 30C
NaCl 0.15% 5715 0.4 ~ 0.5vvm
Glucose 0.6% WHESE 100 ~ 110rpm
K,HPO, 0.25% ul5-oke 0.4 kg/cm2

Na;CO3 0.05%

o)
o\
ol |
—
R

MgSO, 0.1%

o}, Bacillus &

22 Aldel dgh
methylotrophicus GM2
euvesicatoria) WA a34=

=
#FE9] 1
3

pot assayE

skt A AT

Al A 23 A4

(Pot assay)

Rno g AR Bacillus subtilis MRS6-4, Bacillus

2008 M AE 5F AL AR 1F B v

cfu/ml)&

¥l X Fol A

A 27l

2ol A3E nigto 2 B subtilis MRS6-4

4 15.1D.

F7tE AE dEsko]

8 A Z37F A
T 23S vEyEd (2" 15.8).
EntEd tig A= A5
35 FAE T Bls] S

3
vs| =7]

™

nF AEAH

5% 473
& HAMANA WFH Bacillus & w5l

(Xanthomonas

#F Ay T 1F AFAATIE T 108

< AR T. O Ay Adbgo s BE uAE )
3] B methylotrophicus GM2 u}] &F<j o) H 22 g

subtilis MRS6-4 w5 wWigH& A3t F 209

;1 j—
=7\
A=

TTE PAEH R (7
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E/\}?\,\E‘r B subtilis MRS6-4 v -2 |3k Q0]9]
ARE HYow, EvtES ¢

ZA5HE= E_ﬂr— Ueldth (28 15.9~10).

C FEVPE FEIIY (O



Iz H8985THE
(Xanthomonas)

80%
60% -
Byl
40%
20% -
0% |

control MRS56-1 MRSE-4

a9 15.8. 2% Bacillus 4 wFHe] 13 NI AT (Xanthomonas euvesicatoria) YA &

5 A4A. A ol A \’41 HFAE B subtilis MRS6-4, B methylotrop/zlcus GM2 HjoFey z4zh-e
2008] 3]sl A2k a3 AlFAAFHE gk B a5 AT FAE T
H3] 2E H| A EA A 01]*1 Y WA 2371 #EHAY. 53], B methy]otrop]zicus GM2<e] 7%
W WA &50] Bestd k. Contro) A2+, GM2) B methylotrophicus GM2 vl <, MRS6-6)
B subtilis MRS6-4 Wl ¥,

50

45

as

w
Q

20| FY £0/fem)
o 8] N
] (=] wn

=
(=]

w

. e o
Control . MRS 6-4 Control MRS 6-2

% 15.9. Bacillus subtilis MRS6-4 v e] Qo] A& =2 &3 B subtilis MRS6-4 8] FH-&
g3t & Qo] o WA do| WA =AH3AT. B subtilis MRS6-4 v Fy-S &3t A3} F
ATl vls] oF 1.3 A= Zo] AR &AE yehlth Contro) ¥, MRS6-4) B
subtilis MRS6-4 Hlj ¥4,
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E0HE FY| E0|(em)

Control cantral MRS 64
19 15.10. Bacillus  subtilis MRS6-4 ®jFeio] EvlE A8 =X &3 B subtilis MRS6-4 v <F
NS s T EulE Z7] 9} do| MALS =AU B subtilis MRS6-4 B NS xg] gt
A3 FA e Ftol| Hiel of 14w F=9 Zo] A4 a3E yedth Contro) 7327 MRS6-4)
B subtilis MRS6-4 ] <Y,
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(2R H 10SMA] <HE 2012.01.20>

] ®e F821-21-20301 =
)
HEPNE §5F
1o ge(as)y . (MEGL=HEMDAER Y2
b2 & HAtdE FHF 2 YBE 495
3 HELY 4 SN
4, HERS dEB 1944-12-29
5. MEH AWK - Helgts S4 g o
6. H=2 &7 E]|MSH
THS2C|, MITENE, 22 ¢ NBE M43 2 2As Y
M4zt M2l fie 20l HEMHEE SSHUASE SSEULCH
sete

Hi e el

B2 437 (YEYHME 4o s)

MNEAE H7E

2015098 11&

Hzo 87 ¥ g3y

MAEe HEs 857 % &8 2S9EY RUdEY

JNEH

s FYHE

WEZO157:H7 (E
scherichia coli O1
57:HT). a2 @l
Salmonella spp.).
Staphylococcus
sp. Bacillus
cereus EEE

S20MEH M Bacillus amyloliguefaciens

20111223 KB3 : 1x10000000

Bacillus

amyloliguetaciens

KBa3 100% =

100%

s g8gileE
2 E3E UERO
157:H7 (Escheric
hia coli O157:H7)

. @2 & cHSalmo

=]

o1

i
H

M Rhodobacter sphaeroides

20140602 1x10000000 cfu/miQl &

s
P20
I

=1

Rhodobacter

sphaeroides BH2

& ®H 100%

p.J

LS e8s0 8
S E3a U
ZO157:H7 [Esch
erichia coli Q157
A7), & 9w (Sal
rm:neugf spp.) 2.

HEHH &t

20150911 g%’g: gaciilus subtilis 1x10°60!
fkg 3 & S0mg/kg
T2l 120mg/kg
LIZ 20mg/kg O
o 300mg/kg

Bacillus
subtilis 100%
=100%

9 15.11. Bacillus subtilis MRS6-4 #F2] nAYEHR R
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A}, Paenibacillus chinjuensis 31-3 2] RSM 7|4t 2 Zuf=] 7§qt

Chitinase A4t 2 28 WAA FFo| Fusarium oxysporum f.sp. radicis-lycopersici (NS
o] gt AR FZA ol 53 Paenibacillus chinjuensis 31-3 #F 2] HAwjA AL¢S 33}
Atk LB wiA S 71¥to 2 colloidal chitin ¥ =2 23t s & AIZEZ a5
9] chitinase A3 oA AFALS =AHsET 1 A 0.2% colloidal chiting #H7}ste] 3¢ =
QF wjFslS w Hirel chitinase @43 #A AAS Yo (2™ 15.12).

0.8
06 |-
a
o
0.0
Media type

719 15.12. Paenibacillus chinjuensis 31-3 32| chitinase A48 HZujx &3, LB

Wi xS 7]E o2 colloidal chitin 38Fe ZElsle] mjoksl ASole] chitinase A&

DNS ol ol wlwatdth 0.2% colloidal chiting 3 7}ste] 39 widkst A3 oo

chitinase A #-& uvebWith. A) LB ®iA], B) LB+0.1% colloidal chitin, C) LB+0.2%

colloidal chitin, D) LB+0.5% colloidal chitin, E) LB+1.0% colloidal chitin.

e AAE uiE z2vz}y f ctorsE] chitinase Ao w = gse sty 935t

Plackett-Burman 1211}01 WHo 2 £3%t A= E 154~60 YERAT o] uwEl yeast
extract, Ko;HPO,, NH,Cle] &= lg— g2 913l response surface methodology (RSM)el| 2]3]
o]l AA WA =24 HAHIE FYPstAt (2FE 15.13).
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¥ 154 Plackett-Burman A& tjz}<l Whiel w}& factors 4k

Level of components
Components
Low (-1) High (+1)
Tryptone (Xi, %) 0 0.25
Yeast extract (X;, %) 0 0.25
NH,Cl (X5, %) 0 0.25
CaCl, (X4, %) 0 0.025
MgSO, (X5, %) 0 0.05
NaCl (Xg, %) 0 0.25
KH:PO, (X7, %) 0 0.25
KoHPO, (X3, %) 0 0.25
Temperature (Xo, %) 25 30

3£ 155 Plackett-Burman A3 Yz}l WHol matrix TjARIFG A3 4k (N=12)

Runs | Xy | Xo | X3 | Xy | X5 | X | X7 | Xg | Xg | Xy | Xn1 . C.hitinas.e
activity (Unit/ml)
1 1 -1 1 -1 -1 -1 1 1 1 -1 1 0.537+0.076
2 1 1 -1 1 -1 -1 -1 1 1 1 -1 1.203+0.050
3 -1 1 1 -1 1 -1 -1 -1 1 1 1 3.640+0.104
4 1 -1 1 1 -1 1 -1 -1 -1 1 1 0.828+0.160
5 1 1 -1 1 1 -1 1 -1 -1 -1 1 0.371+0.145
6 1 1 1 -1 1 1 -1 1 -1 -1 -1 0.402+0.123
7 -1 1 1 1 -1 1 1 -1 1 -1 -1 4.063+0.186
8 -1 -1 1 1 1 -1 1 1 -1 1 -1 0.496+0.114
9 -1 -1 -1 1 1 1 -1 1 1 -1 1 0.606+0.101
10 1 -1 -1 -1 1 1 1 -1 1 1 -1 1.476 £0.017
11 -1 1 -1 -1 -1 1 1 1 -1 1 1 0.464+0.101
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0.375+0.121
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¥ 15.6 Plackett-Burman A& tjxllel] w2 ARy A}

Paenibacillus

Term Effect Coef SE Coef T value “
value
Constant 1.2047 0.03372 35.72 <0.001
Tryptone -0.8052 -0.4026 0.03372 -11.94 <0.001?
Yeast extract 0.9716 0.4858 0.03372 14.4 <0.001?
NH,Cl 0.9111 0.4556 0.03372 13.51 <0.001?

CaCly 0.1129 0.0564 0.03372 1.67 0.12

MgSO4 -0.0791 -0.0395 0.03372 -1.17 0.264
NaCl 0.2035 0.1018 0.03372 3.02 0.011
KH,PO, 0.0581 0.0290 0.03372 0.86 0.406
K>HPO, -1.1749 -0.5874 0.03372 -17.42 <0.001?
Temperature 1.4308 0.7154 0.03372 21.21 <0.001?
Dummy1l 0.2929 0.1464 0.03372 4.34 0.001
Dummy?2 -0.2622 -0.1311 0.03372 -3.89 0.002
Contour Plots of Chitinase NEW Hige [Vias:j rlfH)PIm [’:ﬁﬁlﬁ:]
055337 (1 il L i

/ /— i (="

; : Camposita
Desirahility
095337

By |mEE

Chitinas
Maximum
y = 47782
d = 0.95337

1% 15.13. RSM of] & g2d

e
Y
off
b
i
::1
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2}, Chromobacterium sp. @2] chitinase A4+ 2 g2 XA

A8 A5E F3 chitinase &40l -3 Chromobacterium sp. ¥
o7 ety st diEAE HHuA o gAY AERs £
colloidal chitin+0.5% yeast extract® 7]® o2 HZ¢ &4YUS A
A7 A Ao #A A& chitinase A4S Bt (& 15.7).

g 4= A BAE
Aot M9 HiA+0.1%
A3 1% powder chitin

4

% 15.7. Chromobacterium sp. 52| oA 4373} chitinase AH4He 2 gAY Agk

Carbon sources (10g/L) | Cell growth (ODgy) | Chitinase activity (umol/ml)
Cl - 0.43 0.85
C2 Glucose 1.22 0.03
C3 Glycerin 1.65 1.24
C4 Sucrose 0.39 0.49
C5 Lactose 0.37 0.79
C6 Corn starch 1.35 0.36
C7 Soluble starch 1.79 1.12
C8 Powder chitin 1.93 4.45

7l BE fd FE&rdE9 A= s WA &% AA

B AFE 53] AdE chitinase &4 43 Paenibacillus chinjuensis 31-3, Paenibacillus
elgii BC34-6, Paenibacillus chitinolyticus 35-2, Chromobacterium sp. @5 % Alg3le] B4ol3
AREF] Hulo] Sl & o2 3fF WA %S AASAT (9 15.14). 11 A Hdukol§
ofoll et A= FIE= P eloil BC34-63 Chromobacterium sp. A&l oA A Yelhyt (1
H 15.15). 12y EFol& Xl = et dle WA &3 Ee A TolA #EEHA I
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19 19

20
18 7 16
15 14 15 14
16 13 13 13
14 11
12 10 10
10
2 ! B
&
4
2
]
e — ™ [2s] = T3] — o (53] =t L1 — o (551 =T L
_.: al il a a 0] al al a a a al a 41} a al
c =8 =8 =8 o o =8 =8 a =8 a o a o a =8
8 E E E E £ E E E E E E E E E E
m m m m m m m o m m m o m o m
wl Wl 1741 (¥4 ] [¥5] w1 wl L 1741 (¥4 ] w1 (75 ] [¥5] L L]
24hr-72hr 24hr 42hr 72hr

I8 1515 FE f MAES 283 Hdolsol A B A4 FE fd mEY] wedEs &
dro]-gofjef] At 72412 Ay & AF BHE BESIATE P elgr BC34-6 (sample 2)3}
Chromobacterium sp. (sample 5)olA A% @37} =4 Yebstth Contro) FH4 A,
Sample 1) Paenibacillus chinjuensis 31-3, Sample 2) Paenibacillus elgii BC34-6, Sample 3)
Paenibacillus chitinolyticus 35-2, Sample 4) Chromobacterium sp.2] LB H} =] wlj¥<l, Sample 5)
Chromobacterium sp.2] A A Hl FY,
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A 16 A ARE AL D AE SR A

1 A7 33 W& 2 Uy

oA B3 Paenibacillus elgii 34-6 PIFY S o] &3 AAEF AL L AR mFLEES
Metr] 918l 71E pot assayE T3 ATEAAE EA st HAH Y AHEHEE JNEst] ARE
A& AdskAT

o

L
T

2. AT A3
7}. Paenibacillus elgii 34-6 A A

ENAN BE3 Paenibacillus elgii 34-6 wj¥kR ol 13 &AM (Colletotrichum coccodes)
PAE A% TFNMY AHE Mg g3 2ok D gEAdkd u g EAA (1x10° cfu/m)
£ 20080 AT & A= A4 Hell ESF (200 7], 1L ARl AEste] ESF 4, 2) 200
Hj s|A g 25 A2 37 F A Ax I 1F HFeE A Ax, 4 B I AT By
7 150l 2~33] Az 3o}

HAZAA Y A WAEZAE FAst] BEo| & e floy, AAAZA] §l
gk 3ol BRadth =3 7hg A 3ok WsA AHES I3t

Paenibacillus elgii 34-6 AA = F715AA H5= FA 5A AAo|T)

ﬂl

rr
g

A

o

. Bacillus subtilis MRS6-4 ] A & A A

28 AWAZR FH7 L3 Bacllus subtilis MRS6-4 Al EAA = AESE g on (7]
AEHE, 8% 0 Fd97D 20]9 EvtE gk AHE WiwdEs tad 2ok D diZFAA4E A
AEAA (1x10° cfu/m)E 2008 343 F 2H&E A2 Ao B (2008 71F, 1L AHR)ol Ax
st EY W -3l 3, 2) 2008 sl AS ZE A2 3F & #BF AEZ 3 1F HFHo=E
A A, 4) Fol H FH AR FH

A A 7 WAZAE A5t BT 2 o2 gloy, AAGAo] gl
gk ol Bdty m=3 7hg A SEHl st WA ARES 9T

rr
lle

A
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HM4dg SEEEE X AHE0H02] 7]0i=
AR dTEEe] YA ATNEERe] AR B FHHELope] rEdAe] 714
Ch-dE
Al A SEEH4E
A ATNE Fxok Brhe] HAbH 8 5% GAEE ol o et AAE o
3 5 =% 24

M BESe mF ATAHA Y Amsh do] A BHY oM, Ao HF
T:]— 3

TE L Ay FECEET IS AT A&
(O‘_:]_E) T [¢] T d = - (%) pi = T
- 3T A A9e SAHSE 15049 FE
NS BH
- B3R, HawA, AR E ol &7 =
A= FE&UE A B4 2 T
. - AV F(Fusarium), 3 +(Sclerotium) ol
@ (0% Ae T, o el sl e g
. hiti A A St 3 &4 Bacillus 4%, Pseudomonas
e A4 %%g]c itinase A 4 = 00 | 1= vy
AEes ol&d 7|\Ed EE 2 9 m R o ) —

] %}6] %:Z]'XH 7]:']?-:]_ El] /@% E]D—/}_]'J ‘g.l %% - Chitinase "gd' D]}\(EE Bacillus 40, Cohnella
12 %, Alloactinosynema 1% NCBI GenBank +
d4= = Jg 1 =2
(2012) - WEARYAE o] gF W W WAE

Leifsonia 1% Chioroflexi 1% NCBI
GenBank +5 71&t ¥ &%
A1ES)
5 - W2 0|83 &7 = B
FE &A= OgFEae  wg . AzvtEIHRIE o]&T Fd =49 £
A E - AR _ 100 | 2 - A
A 2 24 =4 . s
= 7% 3 tEA - Faede] Bdael i 24 AF
R L
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Al F- 34 7

Al -

4
3]

iy
bt

d
(%)

AT FRHE

12}
da=

(2012)

(A28 %
FERZRE ;ﬂ
98 7154
AEAA
GERLE
g3k e wA

2 o

|35

AR
1=t

ol ye

3

100

- FEHAE EEE Sl FFFGA,

A A9 A 16589 FE Alm gr3}
Fusarium oxysporum f.sp. radicis-lycopersici
ANES8)ll gt F-F&4d Bacillus
18, Paenibacillus 2-&, Brevibacillus 1°&
e - A%

Sclerotium sclerotiorum (&) of gk
FAFEA Bacillus 9%, Acromobacter

< e - 53

Chitinase 34 2 &+
Bacillus 3, Paenibacillus 14
¥ =5

031

A
pot assayE &3 7
Chitinase 2§4F H A g4,
9 oA wix] &g

A

e om ed
2 ot wa,

) 01r ofN
1

23}
A

(2013)

A2¥ )
A% WA 8
gA .z

o] Ay

i

O &=

Bl

v} ;(ﬂ
:?:___}— Al

chitinase 24+

AH
A

% 13_1

o] 3l

z
S

100

@

L
=

|23
=]

Z3go]o] 3t FRFE Ao
3¢ Paenibacillus chitinolyticus 35-2,
Paenibacillus chinjuensis 31-3, Paenibacillus
eloii 34-6 1%kt
Collodial chitin agar plate, DNSHol| 2|3}
=& chitinase 4 &1
Z¥]8 31§ & chitinase ™Ay
ey

8 HAA

Al

Paenibacillus elgii 34-62] 3% A&
% - vl AFRo WA A E50]

o >~
e

E3 =49 14

100

12Ad= 28, 5488 Paenibacillus elgii
34-6, Chromobacterium sp. 2]
chitinase A48 A wj= 7|23t

3 A= ool thet a4
A F T ET S U =2 A5EAE

Hou JhE WAds 230t fle

2753

=
<

A28 %)
A% 57l

T AFAFE

9

A A

O MAE
# Werol=
A

o
T

&

Bl

%a’

=

A
«

| 100

Paenibacillus elgii 34-6°] A Absh= &2+
| E}o] = pelgipeptin ¥, A A
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T o} = o H}o] HE 3¢ SR o d
A28 =) - A= A WAL Bacllus & ¥ &
e AREER, (O FFE ATE EA 100 g, 3%
Al A 8- & FE&HAdE 29 - Bacillus & 59 #E AFEHH a3
nAE e ZAMSH
- Winogradsky column ®H3} succinate
(A 1A H) O AE AF 52 9 brothE o] &3 JFFA Ald<S £
AE AAEZ, E|BEY 29331e 98 0 | 3714 2= MITHAE o] &3t
& BE3E v|BIET 24 L F st R FAEE Eeste] Astst
AE A e A 8N U s AdE AA catalase negative®} gram
positive}! #FYS AT
AN B
]Ag(ﬂ]; ':;]‘) ﬂ O%%E%%@' ‘ﬁ% - ,Q_:g]_p ] u;}% chitinase g/\]_ Az—]p;]. U/\H
o EA| A Z
ware sq g EE AF WA 10 |- we w@ e ol4e A7 chinase
oxt= T SRS A A o] H=A
—— Eal- 4w A o] A3}
- Paenibacillus kribensis CUQlo] AJAbsl=
231 100 | &R+ £49 &, ZA.
4 = [e) S
Gy O e e e - AA Ao FAF B4
A @ Heels ®, 3
(2013) |"174= e A 9 EN Fu g - Paenibacillus kribensis CU0le] AJ2bst=
= = = [s] = B L
A= ] W= WA A8 100 G E-o FxEA(fusaricidin A, B)
- Fusaricidin®] A4k =74 HZH3@E|A =4,
i AZE F)
- Paenibacillus chitinolyticus 35-2,
A28 O I+g4, &% Paenibacillus chinjuensis 31-3,  Paenibacillus
FE M2 §80|E84 7o tFAgLt 100 elgii 34-6 thFAAHE (500 L Pilot scale)
AES o] &3 7|8 wix HHs3 gl A A 9 ez g9
A A L |axd g9 - AL v EAASY &% AR (pot
assay)
- H-NMR 7|9t v g8 A4 B/th AR 2]
HA1ES) o = =
5 TEady AT
JE FEUAE _ ) 3 .
o a2 O "AE FAZE - g NMRE ol&& dAZEY &4
4“ ”L;j'fww% 24 2 2 00 | 7= 79
A= L
makzxr m‘;ﬁ g T 'H¥} BC NMR (HSQC, HMBC, TOCSY,
il °ceT e COSY, NOESY)¥} mass spectrometrys 3
- gt gAtEe] B4 T2 Y
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T ) =N
(%) FE AT 3t o A7 2
- Paenibacillus elgii 34-6°] A& tiA A&
o]
AAD) |0 154 448 e 7
S A4 savlmasAge] AL - Bacillus subtilis MRS6-4 (WA EWE, B3
WES olgw AAHAMA sa | | EEUDS AW A e
e A W aes - Zelr)de] )EolA, s&olAE A3
23,
-5 BEs Y TEold T AGE %37
A1EE) - fAES olgd HATAN BAHY
= fevge(0 ADBEA || SR S A g
of  FAAE - of[FAAA T AT - DAY HElolE FAWS ol gF B4
3% |gge 9w W Efol= ol eyt W A
9E g il Ao s 29 2 = N
(2014) |y o wa 100 |- e 35 Bdo] B8] 29/=E U
O vaEAAe 4 T/l MARAAE pot assay, A
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