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SUMMARY

I. Title
A Study on the Development of Next-Generation Biopesticides
1. Development of biopesticide using insect pathogenic microorganisms

2. Development of next—generation biomaterials using antagonistic microorganisms

IT. Purpose and Needs

<Purpose>

The goal of this project is a collection of basic data required for the list disclosure and
registration of new eco—friendly organic materials and biopesticides using insect pathogenic
fungi or antagonistic microorganisms and/or natural materials to plant pathogens as active
ingredients. The final purpose 1s to develop two next-generation biopesticides hereafter
based on the data obtained from this study. To secure the process, the large—scale
production of microorganisms (insect pathogenic fungal strains and endophytic bacteria)

and the evaluation of the prototype formulations was carried out.

<Needs>
O Social concern; Consumers have started to concern about production of safe
agricultural crops without chemical pesticides and LOHAS (Life Of Health and

Sustainability) trend is under discussion.

O Global competition; Through expanded trade that was triggered by FTA, international
competition is becoming fierce. To be competitive in the market, the production of
eco-friendly and safe agricultural crops was inevitable and the reduced use of chemical
pesticides is being drived by government. Ministry of Agriculture, Food and Rural
Affairs has set up the plan "the 3rd Five-Year Plan fostering sustainable agriculture” to
reduce the amount of chemical pesticides by 15% until 2015. It 1s, therefore, necessary

to develop good and efficient next-generation biopesticides to reach at this goal.

M. Research scope and contents

1. Development of biopesticide using insect pathogenic microorganisms

O Analysis of cultivation characteristics and mass production of Metarfuizium, HY-2 and



Paectlomyces HY -4

O Establishment of spore harvest system from mass produced Metarhizium sp. HY-2 and

Paecilomyces sp. HY -4 strains

O Development of formulation techniques to increase the control efficacy and shelf-life of

products

O Stabilization of the developed formulations for improvement of insecticidal activity under

various conditions
O Field tests for efficacy and phytotoxicity of the products
O Development of QC method for a new product

O Toxicity and safety tests of the product for registration (eco—friendly organic agricultural

materials)

O Studies on the insecticidal mechanism of insect pathogenic fungi (HY-2, HY-4)

2. Development of next-generation biomaterials using antagonistic microorganisms
O Establishment of mass production system of novel antibiotic endophytic bacteria
O Optimization of formulations to increase the control efficacy and shelf-life of products

O Development of microencapsulation, microsphere and minigranule producing techniques to

enhance the bacterial stability and its control efficacy

O Investigation on the efficacy and phytotoxic effects of the products (greenhouse & field

tests)

O Studies on the antagonistic mechanism of endophytic bacteria against plant pathogenic

fungi & bacteria
O Structure determination of antibiotic compounds produced from novel bacteria
O Development of QC method for a new product

O Toxicity and safety tests of the product for registration (eco—friendly organic agricultural

materials)

IV. Results

1. Development of a biopesticide using insect pathogenic fungi

O For the production of the Metarhizium sp. HY-2 and Paecilomyces sp. HY-4 conidia,

a widely used biphasic process in which culture is started from liquid broth and

_10_



finished on a solid substrate was applied. Dried powder of silkworm pupa sped up the
sporulation and enhanced spore yields and wheat bran made the softer mattress of

strain colonies. Maximum spore vield of 5.1x10° conidia/g was obtained at 28°C.

O Solid state fermentation was used for mass production of Paecilomyces sp. HY-4
conidia, the highest spore yield of 2.8x10" conidia/g was acquired from rice bran under

the appropriate culture conditions

O Two types of formulations were prepared for further commercialization. Wettable
powder (WP) type was mixing the purified conidia with several carriers to enhance the
control efficiency and to extend the conidial shelf-life. Oil-based emulsifiable suspension
(ES) type was prepared by adding the dry conidial powder to soybean oil including
emulsifier, stabilizing agents, and suspending agents. The concentrations of conidia in
two formulations were estimated using serial dilution and a hemocytometer to yield
8.5x10° conidia/g (WP) and 8.5x10° conidia/ml (ES).

O Bioassay of Paecilomyces sp. HY-4 against the cotton aphid, Aphis gossypii under
laboratory  conditions was conducted. The appropriate concentration of the
entomopathogens to effectively control A. gossypii was evaluated to be ES (emulsifiable
suspension) formulation of 1.0x10" conidia/ml, because the cotton aphids exposed at this
concentration was almost dead after 3 days. The ES formulation had a LCsy of 1.14x10°
conidia/ml at 6 days after spraying and the LT50 with 1.0x10" conidia/ml was 1.57
days. For the control of the two—spotted spider mite, 7etranychus urticae, the
accumulated mortality caused by HY-4 using SD-tower spray was about 73% at 6

days after inoculation.

O Baed on the toxicity data of the product ‘PaeciPora’, the product was found to be
enough for registration as an eco—friendly organic agricultural material and is now under

processing for registration.

2. Development of next-generation biomaterials using antagonistic microorganisms

O Identification and cultivation of two antagonistic endophytic bacteria, Martelella
endophytica YC6887 and Bacillus methylotrophicus YC7007 were carried out. Data for

the optimum culture conditions for two bacteria were investigated. M. endophytica

_11_



YC6887 had very good antifungal activity against important plant pathogens including
Phytophthora, Pythium and other fungal pathogens. B. methylotrophicus YC7007 also
showed strong suppressive activity against powdery mildew, rice bakane and

anthracnose diseases.

O Formulations of bacterial strains for filed tests were developed. The optimized concentration
of bacteria in the dried wettable powder was in the range of 10° - 9x10’ cfu/g. Another
microencapsulation technique was developed to enhance the bacterial stability and its control
efficacy against plant diseases. The average microsphere size according to the attrition mill
operation time was 0.73 um at 60mim. The attrition mill efficacy was maximized at the
concentration of Chitosan and Alginate 15% and 1.0%6, respectively. The sodium alginate
minigranule showed the Dbacterial preservation efficacy from 8.7x10° cfw/g to 3.9x10’
cfu/g.Chitosan-Sulfate Complex Microsphere size increased with increasing molecular weight of

chitosan and the microsphere formation efficacy was maximized at the molecular weight of

chitosan 14KDa.

O The efficacy test of bacterial formulations against pepper anthracnose, powdery mildew and
rice bakane diseases showed high control activity with over average 602 control values in field
tests. These formulations also had plant growth promoting activity of 6.2-10% compared to the

control.

O The novel bacteria M. endophytica YC6887 was found to produce two antifungal
biotics,  p-hydroxybenzaldehyde and phenylacetic acid and induced systemic resistance
against bacterial pathogen in Arabidopsis by expression of associated genes PFKI and
PDF1.2 This bacteria showed growth promotion of side root hair of Arabidopsis. For
further elucidation of the bacterial inhibitory mechanism, the full sequencing of M.
endophytica YC6887 was completed. Its genome size is 4.8Mb, GC content 62.14%5, the
number of ORF is 4663.

O Toxicity and safety of one bacteria-(Semeuru) and two natural materials— based(Bitan,
Mobitan) products were investigated. Based on the obtained toxicity data of fish, honey
bee, eye, acute and subacute toxicity, it was found that these three products are enough
for registration as an eco—friendly organic agricultural materials and two products are now

under processing.

_12_
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M2d =Hel 7lsHe g

A1 A SHe BeFet e A%

FS 10% 0122 550 SOt old

O O O O

1S9 A2 A TR

O A AA AEFF A2 2003 468 million US$, 2005 672 million USSP, 20114
1,320 million US$E A °oF 10%° A4S yekhddoem, 2017d 74A °F 3,200
million US$Z A+ 15%0]d AHE Aoz ofisxn ok AujHdS 20019 53
million ha(hectare)ol 2011'd 160 million haZ A &Aooz oy} 1374 FAHE9
&3 FoEYE VWo R getwoks hAE AR e AEwEofo] A A
2 U5 o goiE slow Azdn

Ay

Million US$ Million ha
4,000 350
—— A E R
00 T e iy 200
-
3,000
CAGR 15% 1 »ill 250
2,500 L
200
2,000 &
150
1,500
1,000 - 100
500 - 50
CAGR 10%
0 0

2001 2003 2005 2007 2009 2011 2013 2015 2017

a¥g 1. AA BEFSF A 93
(Global Biopesticides Market, Trends & Forecasts)
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g
" 2008 2009 2014 A& (%)
TR
A5 2HA) 1,200 1,600 3,300 15.6
s}8k5 2K(B) 38,800 41,200 47,800 3.0
3 Al 40,000 42,800 51,100 3.6
A/B(%) 3.1 3.9 6.9 -

£ Xl: Biopesticides: The Global Market (BCC Research, 2010)

O A AA 1104478 34 < 370 347 major player &< skl glow, &
F #1579 AsE st major FAIEE 40M US$e Alds st 9

O Al =l =gk A2 oF 8009 o] AFS dAsta glon, I8 sits Al
3

[\
(@]
[y
w
L
2
rir
(@)]
BN
©
[@]]
Q1
19 -
40,
(0]
frt
O>«

Aga Quest Verdera QY
6%

Oég;rs S ok AlIE A ANAR 2 2k 10MAF g 2

£ : The New Biopesticide Market (Business Communications Company, Ine., Jan. 2006)

J8 2. AlA =2 4= gy 82

AR — AR
=107 "500 OHEY
(21$) 87 a0 (42)
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A& A2 (The new biopesticide market, Business Comm.

Company, Inc., Jan. 2006)
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T3 22U F B ME=o S5 8 (s&dEFH, 200114 122 &XH)
Q| g | 1= A 2y 2 3A(%)
i Il

1 Az | A= HpA 2 B E g AT HH] 1501 5=3HA] 1.0x10"9cfu/g
2 Az | A= HpA 2 BE 2] AT 1 H[ 1501 Al 1X10"6cfu/g
3 Az | A= HHA F 2 B e g 2 A A o] -9 A A BHA 1.0x10"7cfu/ml
4 T AAE vl =2 B E gl 2 ¢l o}o] 600 4=3HA] 2x10"11cfu/g
5 TH | HBE HEA F 2~ HE 2] 2~ 010] 1336 F73}HA] 1x10"9cfu/g
6 Az | 1A= R F 2 B E e 2ot 5/742-1 A FAE A 1.0x10"7cfu/ml
7 Az | A= U F 24 B E 2] 2 a2 o] Al o] | 0] 238 4 A 5.0x10"7cfu/ml
8 Az | A= v F 2 B E 2] 20| 365 F3HA] 3.0x10"7cfu/g
9 Az | A= W F 2 BE 2 22 8] 365 <34 1.0x10"7cfu/ml
10 Az | P AE HpA 22~ B E g A~ A o]H]401 F/3 A 2.0x10"7cfu/ml
11 A Z | v AAE A Z A2 Bgg AA 08 A 1010 F3HA 1x10"5cfu/g
12 Y | A E WA 22 A B E E] 2570 ~E] 713 S 3HA] 5x10"9cfu/g
13 9 A= HpA F A B E g Ao 2B 713 A4 EHA) 1x10"9cfu/g
14 Az | v B E AF ol 2] F A Al A 0¥ A 1121 F=3FA 1x10"6¢fu/g
15 T A E Hpa 2 S G0 2B 2808 A AFREHA| 1x10"9cfu/g
16 Az |WABE | ZEFErto] A 27| A 2T Ef-2ko] 0] 324 < A] 1x10"5¢fu/ml
17 Az | mAAE 2 EFEntol Al AF FH|AA AT EF-2ko] 0120 A 110 4cfu/ml
18 Az | A= obA 2 ojo] Al 27 A~ 20 0] 794013 23}HA)| 1.0x10"7cfu/g
19 | At |9 | A= EglmynfolE R H|glo] = o AFA o] E]-1 F=3}A] 1x10"8cfu/g
20 [ At | Az AE E gl Zun}stA] ol obo] X459 a1/dAl 1x10"8cfu/g
21 |t | Al x| A= sy vl e Al o] Al -1 NGS5} A] 5x10"6cfu/ml
22 | A& Az | nAE BUAZAEFER-THEA 01 H]A]3017 A 1.0x10%4cfu/g
23 |5 | Y| WA= Fel gl ofutAlofufA] of o] x| of o] - A EHA] 1.0x10"8cfu/ml
24 | AT Y (A E Fol g obupalofitE]H] o o] -1 ol %A 1.0x10"6cfu/ml
25 | &5 |79 | AdE H] B ofo] 2} ofo] ol <=3} A| 8.5BIU/kg
26 | &5 |79 A= H| Bl ofo] &} }o] /<= 3hA] 35,000DBMU/mg
27 | A [ Az | A= H| E]o}o] 2} 2}o] AN E]423 =3} A 1X10"9cfu/g
28 |5 | Ax A= H] E] o} o] 2} e} o] Al E]423 43} A 110" 8cfu/ml
29 | &S Az A= HlE]ofo] z}olo] x| H|413 N d=3}A| 1x10"7cfu/ml
30 | &5 | Az | A= H B F2 28] 3814 16BIU/kg
31 | A% | Ty | VA E HIE] F 2 2 E}7] N34 10%

32 | AF | TY |V E HIE]| 2 2EL7] {1 3hA| 64BIU/kg
33 | A || st obztt e ]1A 0.15%

34 | AF Az | MAAE o) A Zrfo] Al A F R AR A - T H| 1] -2032 52314 5.0x10"7cfu/g
35 [ Az || st A} 2 325k {4 53%




FEre] AAsith dA4 SEE AMEFF AITAes 16 FEoZ uUREol Bacillus
thuringiensis w7} 5 d5olH, oA #Avjs= BTA T (F)&+F

TMe} Zddnrte] e Ele] EUIATM2 F57to] U 72 7iIdd Aoty EXfe]TM=
71E] FUAIE BTA AlFe 80% ol de MAstdA = AF /A
TS 95 vk At o] ¢ tE AFS EF o

Bt. aizawai®} Bt. kurstakiZ 5753 Jth HH AF 55 o= SR = g A%

b

FH
N
W
=
i

so d=s &4

T2 &E n A E (3H9) 48 Wl M A}
) Bacillus thuringiensis aizawai Hlj S Z nlo] 9 E)
= Euto]l WP, SC | B. thuringiensis aizawai NT0423 i =5l (P Eigeks
ME | qawy sc | B bassiana TBI-1 Hupol ol ()BTRS
WAlg WP P. fumosoroseus DBB2032 A7 Rl () EEEs
Aol = B. thuringiensis SEoba v
@ dHl B. thuringiensis (BRI,
2FHY B. thuringiensis aizawai (RIS
] H] @ 7+ B. thuringiensis vl =k
jg . Hpo] @ M| E B. thuringiensis (BATIES
. | % B. thuringiensis IEEBRR R
T aEY B. thuringiensis =SB AIE
11733 A4 B. thuringiensis aizawai Hj 3=k
:]H v 2 B. thuringiensis SIS RE
52 2t 1] El B. thuringiensis (BATIEC
° | HtelF B. thuringiensis [RAZI=S
e Ee et B. thuringiensis aizawai IR

O Al =l AEsf AdAZ 55 1 A2 F 21 F50=2 L 33 1 57 Bl
=7} st o, A thEEo| Bacillus subtilis, Streptomyces sp. s Alitoln F%ol=

Trichoderma harzianum s 3 F522 %o Aot (F 3).

3. =9 ZleAE d £ AL -

FN



O =9 Aewofdd tg A= 1930t siF ¥AAd vAE 2 AeHdd 43
HAE] e 72 AT olF R FFES HaAyHo gom 1970d ] 25E EGHA A
S AESH A AEIAAS 7oz Ayt astA A=A 19803 = Fut
Agrobacterium  tumeficiens®l 23] WHE= X= IFSTH WAE $5d
Agrobacterium radiobacters ©|-&3 Hx9 AEFF AFo] A olF AA7A A

= he] A&How P

A

%E

AN

O 20054 ©lF AAMOR FHE ABFopo] 3700] Fo2 A e, olFelA A%
A7t 27000 Fo= AA o T5%E AAF: glor], YEwoke] e wwH &t
k

q
2 HAES FHOR oFolAm Quke A3 URE AR 27d WAE S )

wol o SAolg @ 4 vk WAE Forom SEHo] o fH: vARe FHE
Am R FFolel Ayto] ZPE Bi I tgoR T8O R o]& ¥ Hiolg Xo|r)
v EPAY] S5E% 19964 o] %o A EF 2 (biopesticide) T H#FolE AR 3 F4&
o #7} AFe obel weh 2k (W EPA FollolA). 57k EHol Slelulel A=
|7 A 2372 Fulo]lom 1998 REH TA| T Fo] o] 200674 =8 S
ST (EPA &3 o)A #FA] ZA}).
H 5 HH M2 e S8 (EH : The Biopesticide Manual, &= BCPC)
M Z 5 (F)
5 & FAE
'98 '02 '05
H &5 °F (Micro-organisms, whol @ 2, A, Z3o
Living Systems) 60 96 112 AATE AF 5
SFANE A Al XL |1l =B ]
2924 (Natural Products) 30 51 58 ° 332;3 > oo=e
TEE o
A A7 - : ]
47 (Macro-organisms, Insect 10 54 197 AAA B FAN mEE
Predators)
H 22 (Semi-chemicals, A5 53 56 gaer eak @ o2 o] &
Pheromones)
W= A z=A4 AsHA
§47 (Genes) 13 19 20 S Aed AR
A
Al 158 273 373
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O AAALRE AEwofd st /M Ve dridids F2 dA7|Hdelvd T4a9A4E
of 9a FEAo=Z A $k=d, 53] v AgraQuest, Certis USA, Central
Glass AF 5ol 2kt d 40 M$ ol 9] A14s dAdstH 7l Jsata vt 17
U H =4 7]3del Bayer Crop Science’} AgraQuestE <1<+ &H 3111, BASF
+= Becker UnderwoodZ <13}l 21 Syngenta®™ Novozymed A& #AnjZS 9

deke Adsts & 22 d=4 ZIdEe] AA ZlehE o] FatEa vk

rob

=24 Yz A HE] 478 AEe = ur 33
X]' 9’]’ U]Xﬂ% = &]%Oﬂ/ﬂ %—EH% %@E 7H1‘321_‘Q_ xgg—)q__-_']_
FoFol M w SR MLHE A4S Holx rh Fulsh npRbAE At 9

o Al @l FeE= AwAl AEe A % AL AT Ao

Canadian Farest Industial Tachnology Wicanein Aumni

FIITSLKG KK 7 Service, 2 Research Institute, 2 Research, &
Counc of Scietfic &
Incustrial Research, 2 foralluest, 4

Comell Research
Foundation, Inc., 2

Nippon Eisel Certer, 3

CENTRAL GLAZS CO
LD, 2
AGENCY OF IND

SCIENCE & TECHNOL, 2 University of New

WA, Grace & Co.- Jersey, 3
Comn, 3

J8 5. 23 MEsY SHEREE (BI=2S3FEH, 2006)

g A= A5 A A A Az A A =44 7l B
Cai s 135 29 10 7 7
o] &A= A= A =2/ 8}t A A 7l H
TE T 60 45 40 43

O AAA AWEFF AFA AFA o] v &L oF 60% o] Foz o] FTolA o BTAL 7]
B} wAAEAT oF 469 AHES AASL i, 53] Certis USA, Andermatt,
Ecogen, Troybioscience A} &©o] ZA Aol oF 30% oS HfFsta Avk. 73 A%

o= BtAlgt 2 AA 3] AFE 9%3—’, o] TolA T WA wFo] AFES



F Y98+ Beauveria bassiana, Metarhizium anisopliae?} Z}A|3}al QTtHE 7). 12y
o] A|FES FFo] EAE o83 A AFOEA UIFE LA, A, a9 59
ol o] sAE AYa A= AAlTt (& 7, 8).
H 7. 0|M2 MESs20 SFY &N (2010)
OHE M (million US$)
=5
20| = OtAIOLH Z = =H0| or=eldt, == & A
Total Bt 72.00 27.57 74.75 30.19 6.28 210.79
Other bacteria 23.94 6.30 14.05 4.56 0.40 49.25
Viruses 5.57 7.47 23.90 3.80 0.48 41.22
Fungi 15.85 5.64 18.85 35.96 0.78 77.08
Nematodes 9.40 7.50 0.95 0.16 0.13 18.14
Total 126.76 54 .48 132.5 74.67 8.07 396.48
* EX: Trends Biotechnol., 2012 May)
H 8. OHRAOAM JHY EHOH SO 2FYHIIH SE0| & =H
A5 ol o sl AL 3 AL A= =49
. boll weevil Troy 5
Naturalis g gzzzzgz A 7}F 0] Bioscience u}i
’ | 5=7] Mycotech
Ostrinal B. bassiana European Calliope LA
corn borer
Engerlinspilz B. brogniartii o zZkel F o] Andermatt 29~ o
St P
Biopath M. anisopliae v} ) EcoScience v =t :g:;o] °
Biopath M. anisopliae 3 7 EcoScience = SEA}
. . . - . = (A LA
Biogreen M. anisopliae W ol o) BioCare s
Per-97 P. fumosrosseus| & 7}F9] Grace v =
Vertalec V. lecanii G &= Koppert El=k=as
Mycotal V. lecanii A 7o) Koppert Haa=
Betel B. brogniartii o] Calliope Reunion
O H 59 A AA AETF AdA AR #HHe ®HadA 712S 7V Bacillus
subtilis 91572 Al A THste] 7|5 A FolA ¥ AP S sty TS ST
A A= WA (endophytic) PSS o] &3 AlF MEZ AdE . 53] o] & vA
o] Aitsts S EAS o] &%k Astst woF e tgaE VdEs F4HeE dHEa

ATH,
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3R aRf 4

0%

e % Zm

Ald 2F BAUAES o] &F AU AAE Z5A AT
(A 1394 A53A)

<AT W& H >

A FE A A7 WE ¢ W
o Metarhizium sp. HY-2 =
A LS S o | Y =2 H A g
Wk 241 HE e Paecilomyces sp. HY-4 5
W =7 H A3
e x7te] H¥Y|ZF 9 FH
mE A 24
AE A 9] 3 ¥z} oF
Dz AAe | s SEe e
A g sel pope W | S )
S QAN AE « A7b A HEA, G
= c e of that Ex} orAA FHA
o 315 AT A, A, AzA
) gk compatibilty #4
o A ¥ 2ol wetting time 2
EALJAE o] &3 AlE | suspensibility 2]
A e Emulsifiable suspension &
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2 3 (plate size: 150x25 mm) & 2 mle] T HLS E=Fdlo] 28+2T A 20

[e]
bojgstan. 27 Weke dxd, #A 44 F T Wge gxdom adstgon,

2
S
L]

(o]

o

BN

)

rlo

=g 3 2do] = Hd AA MErIE AFESAY 53] pupa £E AT ellA

TA3 pupas 22 AXAIZ T YA E Zol 60 mesh? sieveR YEZS ZAHse] Ay #7

— & 5C »
ad o T - g ,.-T
——%—= 30°C -

Colony diameter (rmm)

Incubation time (d)

& 1. Metarhizium sp. HY-2 @32 HIZZAHUHAN 20 [OHE HE

H 1. Metarhizium sp. HY-2 @ F2| BHEXZAHUA pHOl & H&

pH Mean growth rates (cm/day) Degree of sporulation
10.0 0.2098 + 0.0037 +
4.5 0.2275 = 0.0035 +
9.0 0.2314 + 0.0043 ++
8.0 0.2427 + 0.0044 ++
5.0 0.2450 = 0.0023 +
6.0 0.2528 + 0.0033 +
7.0 0.2557 = 0.0040 ++
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H 2. Metarhizium sp. HY-2 =#F2| H¥=x

A0A B0 OHE &

Carbon source

Mean growth rates (cm/day)

Degree of sporulation

Mannitol 0.2085 + 0.0030 ++
None 0.2088 + 0.0041 +
Lactose 0.2095 + 0.0032 +H
Maltose 0.2195 + 0.0037 +++
Sucrose 0.2199 + 0.0025 +
Sorbitol 0.2227 + 0.0045 ++
Glucose 0.2394 + 0.0048 +++

I 3. Metarhizium sp. HY-2 232 HILEZAH0A

A0 OE L&

Nitrogen source

Mean growth

rates (cm/day)

Degree ofSporulation

None 0.0743 + 0.0030 -
NaNOs 0.0997 + 0.0044 ++
CO(NH2)2 0.1199 + 0.0048 -
(NH4)2S04 0.1405 + 0.0033 +
Corn meal 0.1767 = 0.0041 +
Soybean meal 0.1883 = 0.0059 +++
Yeast extract 0.2365 = 0.0052 ++
Peptone 0.2451 + 0.0053 h -
Tryptone 0.2608 + 0.0046 1 +++
Pupa 0.2613 + 0.0034 1 +t
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H 4. Metarhizium sp. HY-2 22 HHZEZ2H0 A C/N ratio®ll T2 Y&
C/N ratio | Mean growth rates (cm/day) Degree of sporulation
Control 0.0715 £ 0.0049 +
160:1 0.1600 = 0.0073 +
30:1 0.1933 = 0.0070 ++
40:1 0.2199 + 0.0061 4
20:1 0.2588 + 0.0032 4
10:1 0.2605 + 0.0052 e
51 0.2639 + 0.0061 +
H 5. Pupal HHIXIZD ZXt =S8 XX
Pupa (%) 0 0.1 0.3 05 0.6 0.8 1.0
(gsp}:)il‘ei;iplate) 0.15 0.22 0.41 0.77 0.78 0.80 0.79
09
08 |
o7
% 0a |
8 0.3 4
02 |
o 00 o0z 04 06 08 10 12
Pupa(%)
2 2. BIXILHOI pupa & 20l MHE ZX =S8

= =
T E

g, i v o] 544 AFR vl o] HAHsE e W 7 ouiA o] Fel wE x4
o @}s}oq 30 mie] amato; WEAS A7 SHTh 3, wheat bran HY-2 #AH
mat®] =45 Mdste E347F A : ] PAE A ZFE
Y25 3% u wheat bran 3 7HE 23 A sl A A wheat bran®| =

]
Aol old 55E Qe s GBe FAste] AA Adel A gt

ftlo
i1t
o
X
T
ot

_34_



H6 HI XN XX =S8 FH3
Liquid substrate(ml) Total dry mass(g/plate) Conidial yield(g)
15.00 1.28 0.41
20.00 1.70 0.53
25.00 2.22 0.75
30.00 2.55 0.84
35.00 2.98 0.85
09
0.8 4
g 0.7 4
%; 0.6
2 o5
(&)
0.4
0.3 T T T T T
10 15 20 25 30 35 40
Substrate amount(ml/plate)
8 3. J1& 820l & conidia &t =2
H 7. Wheat bran0il &8t ZXt &4 SOt
) Yield Conc. of Viable
Plate yield ) L )
Substrate (a/olate) (grg dry conidia counting
£/D mass) (conidia/g) (cfu/g)
SDAY 0.15 0.07 3.9x10’ 4.5%10"
SDAY + 0.5% pupa 0.86 0.36 8.7x10’ 2.3x10’
SDAY 9 9
4 05% wheat bran 0.53 0.22 9.3x10 3.1x10
SDAY + 0.5% pupa 10 9
+ 05% wheat bran 0.88 0.35 1.0x10 3.2x10

L 23

H

3

il

2

1t

rk
ol

i

N

#3ol
[¢)

E=2

Y-4

rr

=R

Paecilomyces sp. HY-4 ¥x QA AAH/3] 4= =] 2 2 3}
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culture and harvest from solid agar plate)® 21 &&} vt A& o] 2 &3 x| wjxo =%

EIrFs F Badog 3= PDBE AMRSHAU, E& Czapek-Dox brothE o] 83152
e S717Ft
Rice:H-O(1:1)3} Wheat bran:H-O(1:1)°] 1

N =R

NS A B

A2 2ol 2ol whE AR H A 5=

Colony diameter (mm)

H 8. Paecilomyces sp. HY-4 @F2| HIZ X

2 ¥

A s
a1, 28Tl A 15days¥ <t
32 sgthad 4, &

8
ofef ol Aol YERHATHGE 12713).

il

B7les ARSI WA 7
geta We o)

“11).

-

80+ —8— 26°C

Time (d)

8 4. Paecilomyces sp. HY-4 32| HHL¥X

A0AH 2&0 OE &

Z0lA pHOI TE F&

pH values | Mean growth rates (cm/day) Degree of sporulation
45 0.2340 + 0.0079 o
5.0 0.3169 + 0.0083 ++
7.0 0.3747 = 0.0053 ++
6.0 0.3824 + 0.0080 o+
9.0 0.3998 + 0.0050 o+
10.0 0.4084 + 0.0048 ++t
8.0 0.4289 + 0.0091 +++
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2 9. Paecilomyces sp. HY-4 @ F2| HILXZAHUHAN EARN OHE &

Carbon sources

Mean growth rates (cm/day)

Degree of sporulation

CK 0.4724 + 0.0045 -
Glucose 0.4982 + 0.0042 ++
Maltose 0.5148 + 0.0050 +t
Sucrose 0.5155 + 0.0040 +++
Lactose 0.5279 = 0.0038 +
Mannitol 0.5285 = 0.0043 +
Sorbitol 0.5406 = 0.0077 ++

T 10. Paecilomyces sp. HY-4 =22 BHEXAHUNA 2AR0 HE FE

Nitrogen sources Mean growth rates (cm/day) |Degree of sporulation
NaNO3 0.3233 = 0.0080 ++
(NH4)25S04 0.3586 = 0.0033 +
CO(NH2)» 0.3610 = 0.0074 ++
Yeast extract 0.3757 + 0.0033 +
Soybean meal 0.4007 = 0.0026 +++
CK 0.4283 + 0.0102 -
Corn meal 0.4362 + 0.0053 +
Pupa 0.4414 + 0.0047 +++
Peptone 0.4952 = 0.0051 +
Tryptone 0.5303 = 0.0029 +++
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Sk

H 11. Paecilomyces sp. HY-4 @F2 HHZEZ2A0 A C/N ratiodl E L&
C/N ratios | Mean growth rates (cm/day) | Degree of sporulation
N=0 0.2838 + 0.0055 -
160:1 0.4277 + 0.0046 +
10:1 0.4441 + 0.0025 +
80:1 0.4449 + 0.0047 +
51 0.4459 + 0.0050 -
40:1 0.5023 + 0.0074 e+
20:1 0.5218 + 0.0047 ++
H 12, Hlw &0 28t xH xH &0l
Condition for HY-4 Optimal Unfavorable
Relative Humidity >75% <70%
Granularity 1-5mm 0.1-0.5mm
Petri dish plastic glass(gap)
Sealing with parafilm unsealed sealed
Temperature 27-31C <25TC
Grinding granularity 20-150 ym >500 um
Capacity 30-35g/plate -
Liquid seed PDB/Czapek 5ml -
H 13. HY-4 ZX d4as 2t Xl = H 3t
Substrate Yield Yield Conidial conc. Czjizfg
(g/plate) (g-g "drymass) (conidia/g) (cfu/g)
Czapek 0.03 0.02 3.2x10" 6.6<10
Czapek+pupa 0.12 0.07 5.7x10" 1.2x10"°
Rice 50-60 - 4.0x10° 8.3x10°
Wheat bran 25-30 - 8.6x10"
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o =EHAA T3] £ YA A 2 By
Zape] 3= B U A fand] & ARAZ T, AN = Sze Abito] ®@ FiF Al
Qtol Al scraper® FojAl HaPstgth HY-2& ¥4 X 90 g

AEA 71 14.0 kgol AAES SRSt AFstE Qg A4 AAE JAPEAH aE £
A= Wy S do AzA (A FA @)t g7 Yol WAAH oFe AR HIAFIL)

(3£ 14, 15).

H 14, BHAIZ=2AHE ZX2AM 4o

Strain Meduim Harvested
Metarhizium anisopliae
SDAY agar ca. 2 Kg
HY-2
Paecilomyces lilacinus Cooked rice ca. 4 Kg
HY-4 Wheat bran only c.a. 10 Kg
I 15, BHAIX2AHE EXIN Mo
Strain Concentration Viability Viable counting
Min (conidia/g) (germination rate) Min (cfu/g)
HY-2 5.1x10° >95% 1.0x10
3.0x10° >95% 5.0x10°
HY-4 m 5
2.5x10 >95% 8.6x10

ohgel Axid Fol Huyd T F3

H 16. Metarhizium sp. HY-2 @F9| M4 tEMd HE

Storage Temp HY-2, Harvest 1 month 6 months
Ambient 6.4x10° 6.4x10°-4.1x10°
1.5%10°
4C 1.2x10° 8.4x10°

HY-4¢] 2% 32 2 242 aAMAzRe g580 AR Qo s 544
o TAEEIF QAR GRAW, BeolAe] wybo] v FhAL 1059 Fo] Wl E 90%

ooz FAEHAT. HdAAMA Aol s, Hadujxol] wjs| A iAol gitH
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HY-4 %4¢] Fejol= Aol nol Aagee wgzzie] L4 YEE T4
1Aeh.

o
o]
4

I 17. Paecilomyces sp. HY-4 @39 Mad 8 M HE

Substrate HY-4, Harvest 1 month 3 months
Wheat bran 8.6x10° 7.5x10° 9.0x10°
Rice 7.8x10° 7.4x10° 45%10°

HY -4 conidiophore and conidia

HY-4 from wheat bran HY-4 from cooked rice
8 5. Xl B8FYE Paecilomyces sp. HY-4 @2 MXE0IE A&

gh, XA o] &% 9 pH XA wolg

HY-2 X224 A = vjFuj o] whep ol o] dbA A xto]& Hth HaAvwfA| ol pupa %
wheat brans FH7HAl 27] EAsEE ofygl ARbEAE Fold =EF2kdd WE AW
7F A @AY, pHO A 2R Qb Ao & o] g1t (Conidial powder of HY-2 from

different substrates was transferred into test tubes (0.1-0.2 g/tube), samples were kept in

the oven at 60C, 70C and 80Cfor various time (0, 5 min, 10 min, 15 min, 20 min), then
diluted to 1.0x10" conidia/0.1% Tween 80, 200 ul suspension was spread on agar plate
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(SDAY) to test the viability. The average germination percent of control-test maintained
98%. More than 70% conidia of 60C-20min could germinate and almost no germination of

the 80C-5min treatment was found, the germination percent of 70°C-5min was about 80%

and 70 C-10min decreased to 10%. It indicated HY -2 wass sensitive to high temperature.)

35 40
30 1 * v e G
N\ Pl STy ey —A— T
\ 30 4 | e -
— \ =
D 251 \ 2
=] o. AN 2 o
0 N o o o o o
© 204 A\ 2 5 o
3
T NS g
g) \ c
= 154 o\'\ =
5 N 3
8 N\ 8 104
o 10 N\ [}
K \ e}
s N g
> 5
\ . . . . .
N A\ 0 .
E:\\_\
04 -— . =
T T r : T T T T T T
Control 5 10 15 5 6 Natural 7 8 9
Heating time(min)
—e—— SDAY —&—— SDAY
o SDAY+0.5% pupa o SDAY+0.5% pupa
——-¥-—— SDAY+0.5% wheat bran ——-v-—— SDAY+0.5% wheat bran
— D SDAY+0.5% pupa+0.5% wheat bran — D= SDAY+0.5% pupa+0.5% wheat bran

$HH, HY-4 ZAA &=, 70204 16+ A gk Expe] 90% 0] do] Wolale] dbgdo] =&
Aom HMEgon], o Hute] Sols TINY Avstz AN Uik obehel 17
2 0ol Mgl gy L pHe| e EEZ EASY
14 14
o o o °
_ 124 o 12 4 ° o o
g ° o S
m; 10 4 % 10 4
g 61 g .,/—0\.’/4/.——4\’
2 g
8 4 I
g 2 4
o 29 S
o
L e e 2]
V= -y ¥~y ——— - ———¥
Cor‘\trol é 16 1‘5 2‘0 3‘0 ’ 15 Na!‘rua\ é % é é 16
Heating time(min) pH
——e—— Czapek ——e&—— Czapek
o Czapek+pupa o Czapek+pupa
——-¥-—- Rice ——-¥v-—— Rice
— A= Wheat bran — b= Wheat bran
2 ZAAA ) AAA HANS S WG wH zde] HA5
7}, Paecilomyces sp. HY-4 w59 @A x21 Aibs 913 A& wi A H A3}
) FAYaES 9138 Paecilomyces sp. HY-4% QAWA S T3 Ty nAqmAE 53 2
ol

v 9k ] biphasic process(liquid seed culture and harvest from solid agar plate)® % &3}
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o Ao Aggk A wjHe AL LETS F A

£ Czapek-Dox brothZE o] &3ttt oL

S o] &3t 7t7te] dxnd g AdrE HEF. A

B Ay A7) ALEETh WA A RicertH.0(1:1) 3

ol A 15¢ 2t wistar WS o] &3 AxdA F HUAE ol &l B 2 2AE TSt
Ztol A= 3k visible ® viable cell countE 33 Ay A7) &3 A7o] A o] uj

o ¥ E o] &3 HENHE "y & F JIAE FA|o F&3}
2

B} Gt ol @skAe st of

T
o
oS
_?L
i

Wheat | Rice | Cooke | Mixed | Wheat | Rice Agar

Spore yield bran | bran | d rice | hulls hull hull plate

Visible count

(10 conidia/g) 2.5 2.8 0.3 2.8 0.6 0.2 0.7

Viable count

(10 cfu/g) 0.75 0.77 0.08 0.70 0.15 0.05 1.2

T 19. J(&9 A 3D|0f 2 Mz HlW
Granularity
Spore yield
>20mesh(sieved) | <20mesh(passed) Mixed
Visible count 2.8+10" 0.86+10" 1.8+10"
(conidia/g) ' ' '
I 20. J|&Q == S0 OE M2 Hlu

Water content (Rice bran : H20)

Spore yield
2:1 4:3 1:1

Visible count

(conidia/e) 2.0x10" 2.7x10" 1.8x10"
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Milling & Sieving
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harvestZ o] &3}
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conidia
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3.4x10" conidialg
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Drying

viable conidia®
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Solid state
Fermentaion

] A= spore harvestE ©]
4:3

1t

4% dn
Conidia culture
(139%, wiw)

o
R

1

k<]
R4

gr
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Spore harvest Z ©@7AQ milling & sieving &7

LR R
Rice bran : H20
After autoclaving
(WC = 43.6%)
Inoculum (5%, viw)

gkt
W, olg A
Rice bran
(100%, wiw)

Materials
Milling & Sieving
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tol A (beads)
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=5 7HA

o]
H

bol

3|

o] 325 mesh(Y %= 45 m) ©]

S

FAch 100 ym ©]
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+o]
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b1 9l
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H] & (Al conidia)oll A BTF &2 A7kl %

8.0x10" conidia/g ©]4e 1%
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A

}od 2.0x10" conidia/g ©]74e] &4 X
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T AATH(TH 7, 8).
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Yield (% wiw)

mH

219 —e— 254 ;-,,1:9
| 0 ....... E:'_g -'_-"'_'-:_:-"-F-"_:
e N il e
19 —_— 100 g .-"E:H
et
18 4 K;-:_,f
17 i
N

16 5 LA

a
15 L

o
14
12
12
11
10 , : .

20

Operating time (min)

ZHSFUAL FHM2 212k AES0
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~ After treatment
(8.5 ¥ 10 conidia/

Before treatment
(2.8 %10 conidia/g)

gd xap
A4
e
8 8. &M IEXIC harvest 8FQ IE U SHEH
A AE

&

AE
Aol BEZEE Qe
b 2]

3. Paecilomyces sp. HY-4 Ex} A< <A
Z} B

b Az EALAY] BT E A
x xz2 9

Paecilomyces sp. HY-4 A
Z IAPAE AL (Ambient)¥} 4TS ZAdA 7}



o},

=

45 AGE Boheo] nEAS

S FEEFAS AAFORA AEY APHS B F Ae Ao 9, ¥
22).
20
L
- W
0
m —+— Spore fiter (conidialg)
= 2o Viable count (cfulg)
10 4
- 4] B
il - LT
el e a5
:| 3
0 1 2 3 4 5 6 7 8 8 10 M
Storage time (months)
" 9. Paecilomyces sp. HY-4 LA fHCQ E&)|2tE MRL 2
H 22. B2 ZHY Paecilomyces sp. HY-4 EXI2| shelf lives &4
Time (d) Purified conidia Conidia with substrate
4T Ambient temperature
0 >90 >90 >90
30 >90 >90 >90
60 >90 >90 >90
90 >90 >90 >90
120 >90 >90 >90
150 >90 78.8 >90
180 >90 535 >90
210 >90 50.2 85.3
240 >90 35.7 77.8
* Purified conidia: The air-drying SSF product (MC=7.4%) was milled and sieved to purify aerial conidia from substrate

_47_



' o

60 - *
a@ * .
i
C 504
=)
c 40 4
z
@ 30
o
A
[=]
@ 20
)
[
o 10 A

0 . . T . S

0 10 20 30 40 50 60

Conidial water content (%)
8 10, st =82 =0l & Paecilomyces sp. HY-4 XX 2= HEH
L Ol & FAdA 9 BE70E A At
Oil 8 ZAAAE FF FA9 Mol Bod LRor 779 ol 7 e E£29 o

AL HlaskA oild F/HE A o7 9 7}53F corn oil, soybean

of\

=2

>,

o

ot

C nE
[

ol

o

oil, grape seed oil, canola oil, =] 1L olive oil& ©]&3}°] 10% dry conidiaZ &3+ oil
SFAE =AU A7 EAE A2 il Hastda EdEE 7Hz ] AdaE v

“
W HESHAT. R, thd dakstAlel Wi HAA S A4S
=]

il

AcH™ 11, 12).

100
a0

80 4

T 0]
"
Q@ G0
©
-
- 50 — & Comail
= seefpe-eeo Soybean ail
= 404 ————— Grape seed ol
‘5 — e —u—. Cancla oil
(73] 30 4 — & —  Oliveoil
—-—0—-—  Blank (Conidial powder only)

20

10 A

0 T T T T T

30 G0 90 120 150 180 210

Storage period (d)

" 11. Paecilomyces sp. HY—4 T X} oil mixturell SB&J|2t8 M7= XAl
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ey, ———  Conidial powder

a0 S - :'\ e O HLO
\\ - [ ————— Comoi

a0 4 W Y A ——=f-—-- SoyDean oil
- \\ N — = —  Grape seed oil
Eri' 70 \\\ \ _\ 3 ——0—— Canolaoi
: Olive oil

60 ~
®
=
- 50
g
= M
5

30
w

20

10 4

0

0 o4 48 72 aF 120

Heating time (h)
18 12. Paecilomyces sp. HY-4 ZXtQ] SotEHAHNH UAAHMEL oil coating &1t

H 23. ls=0l 2EE Paecilomyces sp. HY-4 A2 a4t EIF St
Survival rates (%)
Antioxidants*

30 d 120 d 150 d 180 d 210 d

Conidial powder 94.3 91.8 79.6 58.4 50.6
AO blank 93.5 94.7 90.8 36.8 715
TBHQ 92.7 915 88.0 85.1 52.9

PG 95.6 93.6 91.7 92.0 84.6

BHT 94.7 95.5 94.1 92.1 88.2
BHA 98.3 93.6 93.0 90.2 69.9
Vitamin C 93.8 92.7 914 81.1 63.6
Vitamin E 96.1 94.4 88.5 76.3 56.0
Lecithin 97.0 93.3 92.1 75.6 51.9
Fe203 94.6 95.0 89.4 85.7 73.3

*AQO blank- oil formulation of conidia without antioxidant.
TBHQ- tertiary butylhydroquinone;
PG- propyl gallate; BHT- butylated hydroxytoluene;
BHA- butylated hydroxyanisole.

0.02% (w/v) of single antioxidant was added in the soybean oil formulation of P. /[ilacinus HY -4, the
conidial viabilities were determined monthly. After 210 d of storage at ambient temperature, BHT was found to
be the most efficient in maintaining the viability.
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100

Percent viability (%)

——=8—— Control {soybean cil only) y \

agd o Ay 250 Tween 20 W
——-¥—— 2.5% Tween 30 0O

| ——f— 2.5% Span &0 \Q
— — —  2.5% Span&5

=0 ——0——  2.5% Triton x-100

10 1

o T T T T T T T
] 80 =0 120 150 180 210 240 270
Storage period (d)

18 13. Paecilomyces sp. HY-4 Z XS HEH S UAHANY Crest RSHS HEE

. Paecilomyces sp. HY-4 X A}o] 3}8hg ool ]t compatibility 7 &

ATAARL 28 AY wdol Paecilomyces sp. HY-4 EAbe] vfeh shshgofel] ujeh
compatibilityE A EsAt}. 3}otE o2 %%Zﬂ A TAl, 2ol ARAR FESke] A A
Aot AFAl= AlFHI e YR TIES v §8F k2 1X(lethal/fatal dose),
0.2X(subfatal dose), 0.1X(low subfatal dose)® T3t Paecilomyces sp. HY-4 *272}9} &
B O, FablA oA EAbe e}, A{EE FH 3

g3tk A 9] lethal dosecll A= BgAke] XBlE Waldl == 2:0]= chlorpyrifoso] ©]a}¢]
50%¢9] wolAslE 7hxlod, UmA tx stetagol] 8ol 7hedkal, 0.2X ©]&te] subfatal
doseoll M= R QHASHATHEE 24).

ARtAC teiA s diFEe] Al AsE wekou, MY FFolHo] AMg =
polyoxin Bell thejx= AsjE A FATHE 25).

w5, Sdo] gk thFdh AlzAe tiek S glyphosated A9 vy oA = w2
Al E e AT (R 26).

olAe] ANE wlelto R S5 Paecilomyces sp. HY-4 FEAE o] &3 n| A E A
ol &= &7ol A ’\}%E]E stetA|ote] E87bs gl tigh Fi s HESAL, ARE oA #
S Tot] GAFAE AT Al o] dad Ao

FUI

_50_



H 24. Paecilomyces sp. HY-4 X0l CH8F chemical insecticide2 compatibility

Inhibition rate? |Germination rate

Sporulation3
) ) RC (%) (%)
Active Chemical
. . (ppm)

ingredient class

1 0.2x | 0.1x 0.2x | 0.1x 0.2x ] 0.1x

RC RC RC

RC | RC RC | RC RC | RC

Abamectin Glycoside 6 |188| O 0 | >95]>95|>95 | ++ | ++ | ++

Chlorfenapyr Pyrrole 50 | 3.1 0 0 | >95]>95|>95 | ++ | ++ | ++

Chlorpyrifos Organophosphate | 288 | 516 | 7.8 | 1.6 | 852 | >95 | >95 | ++ | ++ | ++

Dinotefuran Neonicotinoid 100 | 281 | 47 | 1.1 [ 824 | >95 | >95 | ++ | ++ | ++
Etofenprox Pyrethroid 100 | 95 | 15 0 [ >95|>95|>95 | ++ | ++ | ++
Imidacloprid Neonicotinoid 50 | 98 | 3.1 0 |>95|>95|>95 | ++ | ++ | ++
Indoxacarb Oxadiazine 50 | 250 1.7 0 [ >95|>95|>95 | ++ | ++ | ++

Methoxyfenozide | Diacylhydrazine | 105 | 14.1 | 0.9 0 [>95]|>95|>95| + S

Spinosad Spinosyn 50 297 | 14 | 06 | >95 | >95 | >05 | ++ | ++ | ++

1 RC- recommended concentration (field recommended ppm of technical grade).

P Inhibitory rate=[(colony diameter of control -olony diameter of treated group)/(colony diameter of control)] x100%
3 Sporulation: (++), normal sporulation; (+), poor sporulation.

U EC- emulsifiable concentrate; SC- suspension concentrate; WG- water dispersible granule; WP-wettable powder;

[EW- emulsion in water
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H 25. Paecilomyces sp. HY-4 X0l CH8F chemical fungicide2l compatibility

Inhibition rate2

Germination rate

Sporulation3
o) O,
Active ) RC (%6) (%)
) dient Chemical class ( 1
meredien bpm 0.2 | 0.1 0.2x | 0.1% 0.2% | 0.1
RC RC RC
RC | RC RC | RC RC | RC
Benomyl Benzimidazole 350 |100.0{100.0|100.0| O 0 291 - - -
Chlorothalonil Chloronitrile 1275 |100.0{100.0{100.0| © 0 0 - - -
. Cinnamic Acid
Dimethomorph ] 250 453156 | 47 | 816 | >95|>95 | ++ | ++ | ++
Amide
Fenarimol Pyrimidine 41 906 | 828|578 | 94 | 242|847 | - - -
Fludioxonil Phenylpyrrole 40 16721609 594 |2251271|327| - - -
Hymexazol Isoxazole 300 |56.3|56.3|60.7|>95|>95|>95| + + +
Ethylene
Mancozeb o 1275 |100.0| 703 [ 188 | 0 |245|814 | - + +
bisdithiocarbamate
Polyoxin B Polyoxin 100 0 0 0 [>95|>95|>9| + |+
Tebuconazole Triazole 125 1100.0{100.0193.8 | O 0 0 - - -
Tetraconazole Triazole 60 [89.1|828 (531|547 1621 |75 - - +
Thiophanate—
Carbamate 700 (100.0/100.0{100.0] O 0 0 - - -
methyl

1 RC- recommended concentration (field recommended ppm of technical grade).

2 Inhibitory rate=[(colony diameter of control - olony diameter of treated group)/(colony diameter of control)] "~100%

B Sporulation: (++), normal sporulation; (+), poor sporulation; (=), no sporulation.

U WP- wettable powder; EC- emulsifiable concentrate; FU- fumigant; SL- soluble concentrate; SP- water soluble

powder

_52_



H 26. Paecilomyces sp. HY—-4 X0l CHSt chemical herbicide2l compatibility

Inhibition rate2 |Germination rate

(%) %) Sporulation3
Active ) RC
) ) Chemical class
ingredient (ppm)1
0.2x]0.1x 0.2x]0.1x 0.2x]0.1x
RC RC RC
RC | RC RC | RC RC | RC
Alachlor Acetanilide 1093 | 828|766 |516|359|368|80.7| - |+

Butachlor Chloroacetamide 1470 | 781|484 | 375|586 |>95| >95 | ++ | ++ | ++

Glyphosate Glycine 2000 [ 29.71125] 94 | >95 | >95| >95 | ++ | ++ | ++

Napropamide Acetamide 1250 |100.0| 875|609 | 0 |152|7715| - + ++

S-metolachlor | Chloroacetamide 750 781516313243 (675|822 | + |+

1 RC- recommended concentration (field recommended ppm of technical grade).
2 Inhibitory rate=[(colony diameter of control - olony diameter of treated group)/(colony diameter of control)] "~100%
3 Sporulation: (++), normal sporulation; (+), poor sporulation; (=), no sporulation.

YU EC- emulsifiable concentrate; SL- soluble concentrate; WP- wettable powder

4. aFE GAAEAE o] & AP & A AE AT

H:

7}. Paecilomyces sp. HY-4 ¥219] A &3S 93k wetting time 2 suspensibility 3%
T3HA Y] 75 180% ool =l o] FHojoF stw, IFAFo dE= FIA #S 5
AE A Hrbetel 1 4 AEsto]of o meh x Aol 22 JiHE 2HE Sl &
detd F A=E I AFS AAEF 2 €88 A4 e st AR & o
Paecilomyces sp. HY-4 &3 x24¢] 444 HE A3 vdfs ddAet FEdolA A3
a1, o] sk B FA|E o] 85to] wetting timeS FHATI|7] 9Ete] I FEE A5

EH o7 AMEEE FEZ bentonite®t kaolin, L2 3L corn starchE o] &3le] 9] &
1] wetting times 43I a1, 10%(w/w)e] EAsXEo Al corn starchol] tdt bentonite<}
corn starchell ™%t kaolin®] ngoﬂ £ wetting time ¥} suspensibilityS =74 3} %t}

XA} FEo] tigk FE A ke 2:89] H]gol A wetting time®] 743} 3L, corn starchell
Y3k bentoniter= 2:7, corn starcholl T3t kaoline 1:872:79]1A4 wetting time wH] =&
suspensibility S YER At}
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o] Aol AI}E bentonite : kaolin : cor starch : HY-4 spore?] H| &S 35:35:20: 10 &%
3to] wetting time 164%, suspensibility:= 70.2% %2 =A & JAcH(1H 18720).

1200
o

1100 -

1000 - —e— Corn starch

— s Benteonite

—¥—- Kaolin

Wetting time (s)

Spore content (%)

& 14. Paecilomyces sp. HY-4 EHEX sT8 wetting time &4

Suspensibility rate (%)

100 200 200 400 500 00 oo

Wetting time (s)

& 15. Corn starch2 bentonite2l HIZ0 & wetting time1l suspensibility
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20:0
* oA

20 4 gl
<)
8 = 020
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S .
o .
= & 405
-E * N n
=
C 50 e
@ 2070
o -
7] i 10:80
=5 ® e P
7 0:30

*
30
-z:l T T T T T T T T T

100 120 140 180 180 200 230 240 280 280 200

Wetting time (s)
18 16. Corn starch?t kaolin2 HIZ0| & wetting timelt suspensibility

Y. Paecilomyces sp. HY-4 ¥ A}+2] Emulsifiable suspension A& & $3F /34 HAE

FEA e odA VIS f% FEAE ol &3 AWMEd ZHE AESIAY vHELR
de o] 8511 = 34+ tween 20, tween 80, span 80, span 85, triton X-100 52 A
% UE hydrophilic lipophilic balance(H4 JAF4 FE)E 7HA L vk webAd, o] & o] &
g emulsionE ¢lste] HLBl W& v & A= @88 5 vk

Paecilomyces sp. HY-4 ¥ A+ hydrophobic &2 Aoz HF dAAdA Eo dAgst= A

& Mty s e FekAlY g3S 2438t emulsion A1 5 Th ZFE f-8Alell U
Sk ot A QoA AFeH L, B AF oA += high shear emulsifier mixerE ©]-&3te] 3

A AAFEo A 27 Al7bol] wE emulsification abilityS =74 a1t}
Paecilomyces sp. HY—-4 ¥AE ©]843F eumlsions 93 HLB #¥ e HLB 11.022 ZA3}
of fAl EFES TR, 10%(w/w) EAFEAA 23%(w/w) T3A EFES
5000rpmeoll A ztzhe]l A7+ 2 emulsification abilityS =343 A3} 98 o]Ato| A 90% o]
T AARTHE 27, 19 17).

nﬂ

9] emulsifiable suspension FA &S &9l
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H 27. Emulsifiable suspension HI&= {8 |3 M2 HLB Bl

Surfactant EA (%) HLB APP. Remark
0il + water
Span 85 43.7 1.8 Qil-in-water emuision i Water-in-oil emuision
W/0 :
Span 80 0 4.3 0"’0% 0%
il ® | : Waler%
Triton 61.3 13.0 ® : 0
.Water . $... 0il
Tween 80 24.0 15.0 oO/W o/W w/0
Tween 20 30.8 16.7 Bty Bt (U

HLBg X B% (w/w)

94

92 {

90 4

88

86

84

82 4

Emulsifiable ability (%)

80 4

75 9

76

1 3 5 7 9 T 13 15 17 19
Emulsification time (min)

2 17. High shear emulsifier mixer& 0|&8t Al2t2 emulsification ability

719l AFANE BEYR 259N #%o] Paeccilomyces sp. HY-4 84 ¥AE & X+
, =3 o

71 & moll A EAE AE ]
qA AF= ApEstdTt v=e A9

[e)
o
o
SEaAlel 23 2= vel, o AdE, 2T AE ol Z&st

(PaeciPora)’ & ™ %3} tHE 28).
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¥ 28. Paecilomyces sp. HY-4 Y25 o] &3 IS A RF7]5AA A A

Dosage form Visible count | Viable count | Ingredient | Content %
Spores 5710
WP 4,010 15x10°  |Corn starch) 5710
(Wettable powder) conidia/g cfu/g Bentonite 30750

Dextrin 30750

Spores 5710
EC/ES Vegitable -
. 3.8x10’ 1.8x10° ol 50760
(Emulsifiable concentrate dia/m] fu/ml
conidia/m cfu/m g ~
/suspension) Emulsifier 275
H20 30740
Spores 5710
OL 5.2x10° 1.0x10° _
) . . .. Soybean oil 91.2
(Oil miscible Liquid) conidia/ml cfu/ml
Emulsifier 2.3
5. A F A7 & AU AFH HAS

B Al AFe A4 2 A AL
FAAM BAA A3 Qe o b AF F

f d
TEe WA dder A F a2 AW A AAE

ol
=
~
=l
o
o
E[Oll

it

(1) Awvto) ol (Tetranychus urticae, two-spotted spider mite)

- 10~113] WARE WE AUEZ Aste] Wurel ol B3 AulAle] dhakel we A
G4 A7 BE A5F 2L BgRel 2 NS T Al dFolh
- A1FWAT Hol /178 ] A% EAA ASVFR AR PP e F

5w Aol Hold Agah=nl goladh
- 25CHHNEE 70%, 12L:12D o2 AW AFSSATH( 1Y 18A).

S
e
ofy
L
o
rﬁ
m{n

(Myzus persicae, green peach aphid)

- %%0}26‘%%% AAH ez ZEEO oF, A&7lFE ASstuM w5 15, &Haof

FUE 5 667 3000 F9] A=A FNE delE F2F ol
- BSolEATIE AL gAH o ALEFHE 713 w3 FTEw A8 Ao 2 o
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BRE o]gd ARPY WS WU B3old ARARUMow

ﬂlﬁ

Attt (Shan &
Feng, 2010; Shapiro-Ilan 5, 2008; Shi & 2008).

=
+ potter tower sprayer’} ©]-&% 3 o} kel FH|E 3 W2 AFAE] o837
o= FAgs FAHo] A} o]l EAZ & Ast7] 9ste] potter tower spray=
sko] A 7ke] ool B el el F AR A gho] (B4 (=51 02 mm), &% F
FHAFGEANEE: 15 psi), Y& AlA)E AA A Aekal SD tower sprayer @ kil 1 /g

55 2AEYE T (1919).

001 = 24
(air brush)
Lo A2
(spray sample)
22 =3
(spray nozzle)

2Rs
(spray tube)
ZFYA
(compressure)
= |

(specimen dish)

2 19. HI&E SD spray tower 25

A2 SD tower sprayer 2ol hemocytometer® =31 1ml(1x10° conidia/ml) E A} e S

ol
2xgo)dt & WAHY "ojx= ¥EAFS AAbelal, 7] B alE potter tower sprayer ©] 83k

¥y B3 v (Shan & Feng, 2010). == A3}, #|12¥l SD tower sprayer © A-83}%

potter tower sprayer ° H|3] 238 XA} £AEo] A Ygow(E 29) T3k o] 5 0|83}
of 217 Hulo]Sofof Axgo] P& Al 247 FoF AbFo] T|EE R gowHn HEH &
Aol =84 2 EEA TAHASRE A3t Fa7t gle oz FRlso] FFolo] A A7t
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-

H 29. SD spray tower®} Potter spray tower2l HAEY A= EXE dlu

AlgE EHY Abg3 ¥ em® & Wolx b £AE (%)
SD tower sprayer 1x10% conidia 5.8+1.4x10° conidia 99.4
potter spray tower 1x10% conidia 1.1£0.4x10* conidia 99.9

U @gole] Mg 2 APl WE 45 vm
FostAl A AR ole] 74 g ol gatel wFH FFol wWFe W AANE FAW

of 37bA B el e FFole AFES ww Fisrevh

.
selstednh. #4 A el glo] Ao o) @
&

=& hemocytometerE ©|-&3ste] =<l

£ 30. BEHAA AHEE TF H AA LH

T 717 FIAEE

Metarhizium anisopliae HY -2 original 5 x 107 conidia/ g
M. anisopliae HY -2 10% WG-1 | 1.7 x 10" conidia/g
M. anisopliae HY-2 109% WG-2 | 1.6 x 10° conidia/g
M. anisopliae HY-2 10% WP | 1.1 x 107 conidia/g

] o substrate: 9 o
Paecilomyces lilacinus HY -4 . 3 x 107 conidia/g

rice

o substrate: 10 o

P. lilacinus HY -4 2.5 x 10" conidia/g
wheat bran
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UF ER
8.8+2 X 107 conidia/ml
SHEat SEE)
100 ul =2 conidia/ml
0.01g/1 ml 10HY &4 1004} &) & . 51
W e @+ 500 0.1
/ ' . 54
< = ®-
=) i ‘ .36 406 0.06
;‘2?111431?05 conidia/m| E}ﬂlﬁiﬁf conidia/ml . 39
e . Nk
7 ' 4 @ :
0.1g/5 ml o ;T‘-IE¢ AE| ERpA: . 53 446 0.06
58+12 £ conidia/m 1+29 5 conidia/ml
=T S et R ! @ : /
6.6+1.3 X 107 conidia/ml
8 20, 229 Mg E SHXEXE E0loh)| st BAS L Metarhizium anisopliae
HY-2 original 2 &48EZX s&
ToAs, BHEA FUS AF TAAGe 4o Qo TAEEE JHulsel 2 3
AE As dAnAddgoz g3t om, PDA wX & o] &3t zt7zte] w5 2 AFEL S
AHES 0.025%712.14% 2 A A 22 vl w9 wEA YERSTH(GE 31).
H 31. 2 ME€H OE LA MESE
Figes %71 EAYEE(%)
Metarhizium anisopliae HY -2 original 13.63
M. anisopliae HY -2 1096 WG-1 -
M. anisopliae HY -2 1096 WG-2 0.24
M. anisopliae HY -2 10% WP -
) o substrate:
Paecrlomyces lilacinus HY -4 ] 14.22
rice
o substrate:
P. Ililacinus HY-4 40.74
wheat bran
e @ Ante ¥ wF BE QHAAol W %o @]l YL HAFE Angon, A
st BAS AF A 2 AEEL A3 Yol S AHst= ARY) dubg oz 3 WYl
A Fgole] A b Ao]l =X 22 Ao E Yehyr, olE Hesty] fEA AY A



o] 7FA H7FAl o g meto] dFHolmm AAe Aol theiA = 7hs g el i
Aol Faghs AA s FAT

(2) Autolg-ofol that 59 HA

90 mm disholl #5E SAHE 25 I Yol A5 20 mm P FdF IS ¥ & Ay
ol &) A 15vtElE &4 TRt 2 F A7 & AR wdd dFEY AP 1
ml (1 x 10" conidia)& SD spray towerE o]&3lo] Axgolale] AEAA s THIEE),
I A3}, Paecilomyces lilacinus HY-4 oA 70% ©o]/e] An]Eo] Yelgon Als% 7

FAQ F3ol A4S E"j‘ﬂr(la‘ 21). =3 Metarhizium anisopliac HY-2 55 o] &3
Hj ol o A= oF 80% AH]ES Bl 10% WPE AlQsta o2 s oA = FA 9 H
228 A Eo] YEbg (| 22). 28u 10% WPl A Abd gk HGulo] S-ojol = o3
G BAY = glol FFolol og AFEIA wige Aol ofg AbEIA &2 gl
ATt

100

S0

= _

& w0 :

>

2 o }

—_—

=] =

T :

= / / ms substrate: rice
E * / / i == substrate: wheat bran
o

> 1 F == controi

= — /

= \

E

=
&

30 S -
. v i
10 / F / ! :
0-—!!4’-:/. % ’Fv.’ff"

Days after conidia treatment

% 21. Paecilomyces lilacinus HY—4 BHXIE EXSENH H2|l( 2 HE0|S0 &HIE

(At STOIYE L2 AMEE FE0IS0H(B)
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100

g £
.X—i

/l
" / —s—original

60
=4
/ = 10% WG-1

50
/ / L e 10% WE-2
a0 T "" i 10% WP

1 / - == rontrol
30 / .
20

o Pd : 1

1 z 3 4 5

Cumulative mortality (%)

o

Days after conidia treatment

8 22. Metarhizium anisopliae HY-2 BIXIE EXSHEM M2l HE HE0|S0H &HIE
X

(3) HFolERbgZol st AFe HA

15% agar’F ¥3¥% 90 mm petri dishol 60 mm=z Z& w3 A4S Fi, 1 9o BFof
SE A4S 200telE 2A2EA Syt 2 5 7 ujddel A widd 4 dFEY] £
gl 1 ml(1 x 10" conidia)S SD spray towerZ o] 83}e] ~X g o|sle] AEHAS AT
). 1 AR 5 23O w80 BE dExTet AR ASEE BoEN Egols

= g dF5g2 D 5 flAFH= 1] A A,

(4) Fuj7pFolo] g WAL A4

T2 Aal A=7F gkAl 2™ 90 mm petri disholl Fol 7ol 28 <%
e EvtE S Sl 5, 4 el vk A4 #FEY EAAEHY 1 ml(d x

10" conidia)S SD spray towerE o] &alo] ~xgolsle] AEAASATHEHE), 1 A7}, F

ZEHAA F8o] BT gz FARE AFE S BRoEN wurbFole diaiM e ¥

Jo stoldt 4 gdth(AE 1 AA)).

2

HjQFel gl wtSo] wet Zbr] & AF el el whel A7l o]&E o] widd e
AA G x2 FetEs vl g s

- SD tower sprayerg ©|-&3sto] A= o vigAoA mgH 2t #Fo S4xARE AEA
Aol o] g¥ TAF Fe 1 ml(l x 10" conidia)® 23Zeo] L A HAY Wojx= A

Aere ¥ 289 2otk

Ol
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T E7|% 4 I A /em”

Metarhizium anisopliae HY -2 original 754

M. anisopliae HY -2 1096 WG-1 -
M. anisopliae HY -2 10% WG-2 145

M. anisopliae HY-2 10% WP -

. Lo substrate:
Paecilomyces Iilacinus HY -4 ) 870
rice
o substrate:
P. lilacinus HY-4 2320
wheat bran

5 7HA 2EHAA 7o) M. anisopliae HY-29 P. lilacinus HY-42 o] &3le] 359 &=
of A7 A3k 71—21‘_3’%, M. anisopliae HY-2 55 2|3 Hulo]Sof A4+ FA g9
=% AHES ow, FFoHFHAoE AEE Hulo|gelE: THET F gl M
anisopliae HY-2+ “‘#01 offo] s AFAo] S o=

lilacinus HY-4 #F5 A2t Huto]Fof A5+ AA Agd SH4ZA57F S5l &
Tebar A g Al HlE] =2 AMES BHow, AbEg Huto]gof tiukrrl F3 ol
< YEerH welbA P, lilacinus HY-4% Jaro]l Sol& AEZedH o=z whAst=d & =9

g Aoletal AzpsEo] B AAgE AAsE Aol o] g

ol v AE AA A E2e] A HA
(1) ol AAe TA B BH

A=A A A Z e (Paecipora)(18  23)9] S x2S gyl fsiA AA 01 g
0.05% tween-80 10 mlell 3]Aste] dAgdS w3 vbEozl FAg R ZAERS
hemocytometer2 7] 58te] Exte] ks AAbslgu. FA £ ol

SDA HlAe] Ewalel AAEE #Ee SR FYEAY £E BT,
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g 23, IHAIZ2t (Paecipora) MlIA

H 33. AIENES 848 TS

A A T S A
o A 5 2} (Pacci ) Paecilomyces 9+ 07 x 10° cfu/
: X aecipora + 0. clu,
b Jilacinus HY -4 &

a 7334 m QS A ) A] 2 (Paecipora)S] B EAZHL 9 + 07 x 10° cfu/goZ 7] AAE
(5 x 10° cfu/ge]l B A3 st Ao ® A I(E 34), AEAA A v A5 A
j417\]_%L_\‘i]r(Paempora)«] S| sl o] ditE = G4 s U AANEHE BEEATH

(% 34, 19 24, 219 25).

H 34 42330 AESE 4Ly 2 S4A9 ELEN sk

e A& A A AH&-E 0.05% S IAFE
N A (g) tween 80 %(ml) (conidia/ml)
109 1 10 9 x 107
504 0.2 10 45 x 107
100 8] A & 108 3] 2] 5o 6
100N et 9 x 10

(A) (B) (C)
O 24. OIS H M IHAIEZ2HPaecipora)E 0.05% tween8001 108H(A) 508H(B) 1008H(C)
S| &6 522 vortexing S AFEH
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IRETTE FREE M
JHEBEIE ENEPF TS
Iﬂl-!=lll==l

NEE OB
ma

@ 25, DIMEH A Al Z2HPaecipora) 1008 3|44 oM

mlo
3]
[[])-I
o
Y
[

A, v AEA A A E 2 (Paecipora) = 0.05% tween 800 A4 detEm (29 5), dnH
A Ay AA e FAE e BEALSo] P, lilacinus HY-4 o) H1F B X 5o 9= A

rulo rL Ll

sl = AT (™ 25).

'Lﬁ %]Xé

(2) xqmo] oH A Z=of ] EH

6
E 97] 98 15% agar’F X3HE 90 mm petri dishell 45 mm= Zd

AT Qe M Az
AT A% Fa, 1 90 Futel el 4% 15~20 vl e 2H A &aﬁ;z SR LR

A 3 Al 322} (Paecipora)(0.05% tween 80 3]A1€l 508, 1008] 3|2 <H) 1 ml & SD tower
sprayerg o|&3dto] Az olste] A= 7g oF A oh(39HE).
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100

80

70

50

40

30

Pathogenicity (%o)

20

10

Control 508} 1004}

8 26. DIMSHIK IHAIZ2HPaecipora) SIAUIE0 HE HEISOH &HE2Ad SEHOIY
SAoZE F2 ABH0IS0H
o Ay wAEAA A E 2 (Paecipora)s= control thH] 508 2 2] ol A oF 40% B Ee] A+
HES BITH(dE 26).

Aol gof Lol WMy HAALS H5e Exdo] 9% 55 mm dishel 12 mm= 2
AT A Fa, 2 foll Aol Sof 45S 15~20 v E A YA HFskL oF 443
s s 2 F ASE AASAT (3 AYTE 2o A= oF 3070). 2 F, vAE

2
N

=l
>
ke

2} (Paecipora) (0.05% tween 80° 3121 % 504, 1008] ]41<) 1 ml < SD tower

sprayerg o]&3te] ~xgo|sta (3Rby), 5¢ F H3lE FF & #A@IAT. 1 A,

v A E-A| A 9| A E 2 (Paceipora) *] 2] 7-E control ¥ o] ¢F 90% olA H3IE&S B, F

shEA 2 oM dH A4S AT F AT AAA R A xe AAE Futol
[e]

o el el WedAdol gl ALl

g
R

[
e,
o

P. lilacinus HY-4 59| 35 dg 434S 7557 s 14

]
b IR T4

lilacinus HY-4°] QAE &4 3]Fol spray$d Xx}9] sl st F2 AR5 FAA
pal

2} 1218
nAoz #A39h 1 mli(15 x 10° conidia)] P. lilacinus HY -4 XAES Hulo] Lo o} 24
ol XtlE A3l SD tower sprayer & ©|-83}9] sprayst ¢ ©]& fume hoodel| A 303t

dET Axdnd #FES Y ARl AAE = 25% glutaraldehye, 2% paraformaldehyde
vl x]3kH o 2 10, 20, 30, 50, 70, 90 = 100%<]
ethanol= At 2 30234 FHA A &3t @571 8 A5« air diys 522 3H9

slal FAA A ] 7 (Carl Zeiss LEO-1530) 2.2 #2319l th(Asensio 5, 2005).

N
s
e
it
e
ofo
_l [e}
o
fr
Do
N
>,
&
=
ol
ot
uE
Ho
N
ofo
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2um : WD = 43 mm CBNU
2 Photo No.= 5 ULTRA PLUS
Signal A=InLens EHT = 2.00 W e e Date :12 Oct 2011

Mag= 2.00 KX

2 27. P. lilacinus HY-4 23 EXIJI HY0|20 450 229 A= 2S(FA4E)S
A XIS 0EOR 2EE 25

A3, P lilacinus HY-4 3052 2A7F Aufel 3o Aol 5243 A& a5 Al
(27 27), HEobE A Eol = Aol &l ol P. lilacinus HY-4 w59 EA47} F-245
ol d= Ae HAT F JAJTHEIAA. ol Aab= mEA A 3 A] E 2} (Paecipora)
7b HEolsatiEel] WAES YEhA 3 AdFe] shuEA EAF ANiEe F3EA
X3 Aol dAd 7HedE A

ﬁgiOVﬁﬁkﬂﬂﬁp%ﬁﬂ%ﬂEHE#%%Q%
T

2. A x ARl we
(1) Aol golol tlg 435 44

FRaAN A HALGE FHA, G4 2 o QA FHE 247 ARG AR(TY 2)F o
gabol AAE 500, 1009, 2009 2 50002 27k 54ste] dvtolgelo] diF AEAAL

ERET S

ofj
AL
I

El

Y,

oxl
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73 |'l|:i F'l_l rd

8 28, THAIZEH MK (==3tK, |HI, LA

7] 9 FRFE AN eAue A,
< H, 1 9ol Hutelgof AF 10~15
AAE FAu|gee] 2 FH(E 35), 1 ml
A HEREE ) (2™ 29).
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100

90
80
70
—
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o
- 50
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40
2
30 -‘—
20 | [
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0 ————— T 1
T4 H 225

8 31. HAIZeH 2 ME0 U8 mycosis HME

A, Z47Ee] A A Ao it w E

Som(2d 31, AHEe EaE AFAQ 58] Al EE
¥ 32).

dol AR, P. lilacinus HY-4E o] &3 A xee] F8A|, FA], 244 37HA AF &
b Aol ol WAls LAAZE Avlse] 7HE E=A vEst e, 23 o] Jhedk it
QAANA Ths E=A vEbdel wel, futolSof WAIE 9% AL} xﬂ = L
7 Eedor AdHAY. ofefd ZFH AN FFolE o] &3 AA= AA A Al
| o w oF 171709 AFol e #FE ol&sto] AiltEo] o] &Ha glow, #59 54
I BEA &Fe SAo @A FEkA, A4, 2UdA To= AFH Jti(de Faria &
Wraight, 2007). ¥ & & 2o Huto]g-elfel] il oF 50% <9 W& HIAAT o= A
A1 mls ARERE Aol AA Fholl A ARRAl oFRFel E A A elH 7] Wit A ET P
lilacinus HY-4 ] A& AAl Huke] Gof WAl & 235 & A= 7jgidry, =3 2

o]
RS

(e}

1o ok
2 o
L r°"

Xl

X
o

e
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Aol vt AA=Z NdE P lilacinus 1T Beauveria bassiana € Metarhizium
anisopliae T "H7IA 2 ST WA de o]l &EHE FFHAL FFoln, ZFold
ME5F, o, AWE & Uddd FHFFEd date He 75 HYE /Moo g8A
A (Fiedler & Sosnowska, 2007). whebar] @A) = Aol AM&¥ P. lilacinus HY-4 w5+
Auto] Sefvts o ® AW AAZA Y AFE DA AT, & thtd fFol A&

AA 2715 WSS SQldvd Fubolo]golf Rt ofyE}t FAol o rbA] sE WAlel o]

Paecilomyces sp. HY-4 75 o] &3 A|FAY ‘WAzl JNIFAR[F7 A4 HEFTAE

ko] 5F o]k Azl g vl Ade 3 Z =

F), FEHHA A, Zel(Fae)), aga @rj(wEhHe AAsR, JXuFE FH

(10082 Wi =F (G0N ] w2 FAste] FR7] BPAE Wil wef SybE st v

3l A2 43]o A Wl w55 AT AL, &
3

T2 A Al o #ste] s

FEAR =] 2] A 7] 3] A wj) &=
A| A v ] .
sl LI FHH Hl| &
) ] Z mfo] 4 =
i g F127]
2/ 2 A2 HY -4 534 | 5.0x10° cfu/g - 1000 501
CREDS T
I 37. dHioll Al A& 21
H S AT (079)
s8 | w3 e SEEE
FH Hl| &
a3 a3 0 0 H] 3] §1 =
Hj 5= ok ) 0 0 H] 3] §1 &
Z=uk A& AS=4r 0 0 H] 3l gl =
9] T332 0 0 H| 3 §1 &
=7] uj) <F 0 0 H] 3l gl &
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12 33. Al 2HPaecipora)

zehe) A

T2 HY-4 F3HA (3 4]

2 gk

3= nmgo 7 s Zulol A

ﬁo
w
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7} @0 AHutolgol okAlwAl EAE
143 F715AA e FAET U FAUASS
Astel B ZEo] et vE) AlF, FAlEs A 5o Be A8E &Tet 9tk BE:}, 5
QAN e FAHoR FA87] el B AFH/L Bad APAFL
of AFENE Aol R YERY] falAE thdst APl o e Haska, of

o}
AT AGS Fohly] flsiA HAEA A R AEdEdTa

BBA AAE o

0(

9 FHAEe B

of oj#ste] =33ttt

12} AdAES Hubol&oll( Tetranychus urticae)®] W3+ &5 7

s ZAER sl PGS F3838 Paecilomyces sp. HY-4 #F5 o] &3 AldAd ‘FA
Vs 3E 389 WlHel wel ofg B ofs AFES FAston, AR oAM= &
oF Zo] s, kg 9 oFa 3nkRo R 7}7h z1dsh kEaAFS 33)o] A FAAHE
A kAAE 3, 79 F 7 5050l v ATFE AR AL, oFsiAlE S 33]o] AA of
AAe 3,5 74 F Aol i ofalFrE ASAT (G 39)

I 38. MHAIXZ2HPaecipora)l 2%& L AMAIE X2lx=AH

= n °F & A & °F & Al &
A @ oA T
S ¥OEAWT aaas e
(%) = o \r 7= Y
A5 s
T E o)A 2] EpA] 1009 %ﬁf 2;3-3? 1008 | 5041
HY-4 (A 22 - b (6.15) | (6.15)
(6.15)
ofxAtolFEY 3
' H( qfi) T o5 | 15000 y - -
2] - - - - -
H 39. Uia =2 3T 9HY
Aoy EERE 444 7] ores A A
(cm) (cm)
A2 A FH 3¢ 15¢ 120 15%15
SEEAY /)2 | SIA, 20 Autel 3ol okAA EANG FAAY F EAL
Kes

T AT S0KA o] TlEel wEk FA kAl e d8Ade BUEHeH, & AldelA of
AR 7d F FAYT Bt TAR”IETE 2783 JHAR FAE HTbskrlel SR 7ol
T AEE T A, AFA A Rviol A gEkAl s HY 4R A E2h) ]
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o

Qo] FHukolg-ofjol] thgh WA T FAA T 3U F 56.0%, 7
= 2ol A ksl E vEbubA] kv whEbA Al AL siAl

of&ofell dia] #H=EFadels NAAFIVIsAAEA A&l vk FEFHATHE 40, 41,
42, 7117 34).

e
o
&
D
Ny
i
i
%3
l

7]

A )E Qo] Huab
(7 )= 2

H 40. 20| ZO0ISOHO CHE AHMEH SIH(AMAS = 32X

ok A ] A A =5 (9%
A] 8] kA ijx%i peEo) ol xF | A7
(mher/) | Tk | mes | mas | g @ |(DMEDE 00
T H 2 o o] 42
2l el Al 72 HY 4 263.3 435 37.7 61.6 47.6 b 56.0
EREL)
ShzALo| ZRE 43
FEA ]< rfz) TEAL om0 82 | 85 | 98 | 88 a 91.9
A4 247.0 105.7 | 102.7 | 116.2 | 108.2 c -
Q0| HEOIS0H0l CHE LRIWH STAMIM & 7YX
ok4] A 2] § %5 (%) ]
A& oA W i ol | Ay
(ahe)/) | Dake | meks | mes | g g |(DMRT ()
A& & ol o] 4]
2l e} A== HY -4 263.3 54.9 44.7 579 525 b 53.6
EREL)
obzALo) FRE 554
CES 272.0 11.3 4.4 75 7.7 a 93.2
T4 247.0 1084 | 1089 | 122.1 | 113.1 C -
I 42, 20001 et LoHAIE (SRl & 3, 5, 7L EAH
oFa] 4 % (0~5)
R AR W
New | oW o
T 2 o] A2
&) ef A== HY -4 <ol (Wrirty]) 0 0 oL gl o
EREL)
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A 2l T

5 H
T T

—

oAl A = 7¢

-

KO
1]

o0

I Al Z 2} (Paecipora)2l 20| &

8 34.

)

7]

Eehel 2

2 (A

Fed 20139 2

S

FE 4€Y 309 7HA

4 44

o] 1A= o] 2005

A

3

5o 5

3

A

o =}

=K

L=

bo 7% Ad Aol $4, T4

S

19980l &4

(%27, Seolhyang) o 2

A

1]

1129 EFFA o 95

L=
1l

Aol F= AujEa Aoy 35).
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AFAEe 434 (WP, wettable powder), +EA(ES, emulsifiable suspension)-1, 2 A|7}4]

Agatga B4
=

EAFE 1.0x1072.0x107 cfu/mlZ 3Fe] 2008 3] 4]8te] F 13], A A
-2 2] - (p—contro) ¢ & (n—control) & WroiA A3kt (& 43, 139
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L
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Hd =

T

At

=
T

4 A

=

=

Al 35765% Wl 9] =
L 3¥ o]Fole= Hd 34T, F% 3H% R ¢

I (Sig. =0.001)¢] 4

S

A3 A FFEFEL P<0.059]
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=

=
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H 44 ANEHEE IS2Ly BIcH
Time
Control WP ES-1
(weeks)
3 0 0 0 0
BLOCK 1 7 0 3 0 0
9 15 3 0 7
3 0 0 3 1
BLOCK 2 7 7 6 9
9 48 ! 11
3 9 0 0
BLOCK 3 7 60 37 18
9 60 60 18
3 13 42 7
BLOCK 4 7 60 60 7
9 60 60 17
w
230 4 T 1
©
B
: - M
2
8 20 [
e
=
5 151
o
Z 6 I
c
©
[T
2 &

G T T T T
Control WP ES-1 ES-2

Formulations

O 39. NENEE &5 24 Z1(ANOVA analysis)
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i % 4%
& vk, SobAls HEA Ao BYEA BEo) e Brag AGAY AT, b=
Al =
= =

S7gskainr (2 40).

A

A A eA0 HEHE R Y B.HZERE MY
(Infected strawberry leaves from greenhouse) Aphid larvae of the same age were selected.

L A
" Vi A% -
C.HVISANSHER D. 2R eUF ME T
(Different concentration of PaeciPora) {Infection pictures after & days)

02 40. ABALHNIAS 24240 Y ASSSs 24

zZhzke] Agd, s ASEAdS 243 O AR EFes AR, AdstE 59
st AE7F =2 &S UHEHALL, 53] FEAY E5e] ¢ As S &4
ZATE B F$ 69 B 2 7rkEl el ABEo] EQa, kA= 1.0x107 cfu/plate
ol e FEAIA 4DRE 50% oo AEFFHS YEhATh FEAE 1.0x10° cfu/plated]
Frol A 49kl 50% o], 1.0x107 cfu/plate®] FEo A= 2dukel] 50% o] A}, 4wk
100% 2Z&%S YERAR, 1.0x10° cfuplate®] FZolAE 197k 50%, 347kl 100%
FFEe s YA (29 41, & 45)

Aol Soo Aol sAAN BHE FEE2 FAHE EAS X o glon, oA



=0

o

—

NI
o
gyl
il

o

HY-4

2
=

IH & 2 0L0I Ml A

I8 41.
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H 45, 2t2t9] HEo BAHEIS sEY8 MESS
) Number of death
Formulation Conc(entr)atlon (102 aphids/treatment)
cfu

1d | 2d | 3d | 4d | 5d | 6d
Control H-O 0 0 2 4 5 5
ES 1.0x10° 58 | 89 | 102 | 102 | 102 | 102
(Emulsifiable 1.0x107 38 | 51 | 84 | 102 | 102 | 102
suspension) 1.0x10° 14 | 25 | 38 | 57 | 67 | 72
1.0x10° 17 | 24 | 42 | 61 | 65 | 68

WP -
1.0x10 11 | 13 | 25 | 53 | 54 | 57

(Wettable powder)

1.0x10° 7 8 15 | 24 | 33 | 37
1.0x10° 16 | 16 | 23 | 28 | 36 | 37
Aerial conidia 1.0x10" 12112 | 15| 2 | 33| 35
1.0x10° 5 5 6 7 15 | 31

ANHAE S o] &3ste] AFassS FAL Als AI5E ol &3t
nAow #AAFFAT EEI AFAIEE 25% paraformaldehyde-glutaraldehyde(4C,
phosphate buffer, pH 7.2) A YA 2A7F A A5}, &5 M (0.1 M phosphate buffer, pH
72)0.2 104 33 AR & 1% 0s04(25°C, 0.1 M phosphate buffer, pH 7.2)14 2A] ¢

1
¢ FuAsd. Aol 2 AR Y dFEHor 53 AHI F ethanol F= A

i

Fol AAwFE AAE

5
Twl® ©FAlA isoamyl acetate® |23}l critical point dryer= ZAIZl & SC502
sputter coater® ©]&3}e] 20 nm FAE =3 F AT StA AW AR FHod=
FEI Quanta 250 FEG(FEIL, USA) FARdA@A R o2 10 kVell A w23}l

AR s A A %71(172Y) AFES B FF9 #AE At e AL g & S
AN, A 49 o] F 9 NEe Ales FW o

o (29 42).
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i

) 00101 :H:L/H o{E}d}\]

(1) 0101 ] o}E/d/\]ﬁ

0.

(LI

¢

ABEE  MAED
MRS BAZZH M8 SEZNSLNE

2l SEANEE =8 SENBIIZEN YR(sENEE0IM M 2010-295,
2010, 10, 13)Ml FEH @ATHD O INE S 20 AFBRLUD,

201145 068298

tF) #RsRoELeRs SEESIUT
ESEMYR 0

O
i

=

5

jus
o:

1 O

d

3 A 3 2}(PaeciPora®)’ @] Qo (Cyprinus Carpio)o)| s 34

AT 24 AAFAT 9647 B

BEE A erokr) wheA,
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- AEE SWE ud: 2O

Obsavatian LD 95 % conlidence intervatl
time (ug a.i/bea) (ug z.i/bee)
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<Asg %L FPH>

7h @AM ZA At 23 WA 225 W 54 AL

(1) A& WAATESY &2

A EW Al WIitF Phytophthora capsici®t Pythium ultimum®] 23242 WM TS &
st7] 9kl HElAd AEAaA A= 6714 TR AAAE Rosa rugosa, Vitex
rotundifolia, Suarex scabrifolia, Glehnia littoralis, Elymus mollis® *2lE 33t A3
g Y E FEEC AT ¥ HYE A 274 om ddste] 24RES 1% NaOClel 10
1 AT A4 Al AetsE Aol 11 Aatstsd o ghgto] AR A=A
=<1 6} -.40}04 AhatE 278 1/10 TSARIA] o] &3 397F &
Atk Aol A3 AAGsHA e BE FE9 1.0 g2 FHotel mtdw AEE ozpe npgh
E(AFS) 9.0 mlol ¥ 2ty Fiap A2 2okt o] mide o 01 mlE FHsbe] At
ohstE 09 miol ¥ol 10°~10°7k4 10815 54 H gk E(FS)E AHEEH 1/10
R2A wjx]ol] =38t dt) o2 F3ole 29E& =o]7] 8l A &5 el cycloheximide
50 ng/mls H7bstadth w7l E 28CelA 2-3F &<t wids & dd #F& F8aa
23 #F5 15%(v/v) glycerolS
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WAATEY FrEAS It Bdwdd 15 AEA(P. capsic)I EEESH AT (Py
altimum)©ll W3 A FHem FAARE A =S Abste] e P. capsiciot
Py, ultimum W %2 247 V8 juice agar(V8 juice 100 ml, agar 17.0 g, CaCOs; 1.0 g, DW. 1
L, pH 6)9} potato dextrose agar(PDA; Difco)oll A wjkslit), He #3559 ZA3g o
PDA ¢ V8 wjA|[ed7}3F wlet&E(FS) 1 Lol (half-strength (1/2) PDA ¢} half-strength (1/2)
R2A (yeast extract 0.25 g, proteose peptone No.3(Difco) 0.25 g, casamino acid 0.25 g,
dextrose 0.25 g, soluble starch 0.25 g, sodium pyruvate 0.15 g, KeHPO, 0.15 g, MgSO4
003 g)& HZF3 V8 juice agar]ollA] ZE oy HAY2aE o] &ste] dAAY A=
S AlgeAnh Fol gaas wdre H2e AUPEAEREE 1 ecm)oll %k g
o] A 100 wE Fol "o F&Es| 2MEA it el PDAMIAI(Py.
ultimum)$} V8 F2~ WA (P. capsch)ol A 49 S<F &t WY+ #A9 6 mm g A2aE
Ske] whF7] Zhedl Far 28TColA 4-6943F widstlth 2@ At wF T W
TARe] Al Al WelE SA skl Frte Atk

o
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(3) WAt &7

welE MEe A4S st 16S tDNAS @71A4E 4 9 Ae|Asiey 548 AT 471
AE A4S 93 genomic DNA extraction kit (Intron Biotech, Seoul, Korea)E ©]-&3}o] Z} #F59
genomic DNAZ FZ3150th ¢F 15 kbel 16S rDNA %7+S ZZ317] 98] Al 5Ao| AMgHE

universal primer set 27F/1492R (5'-AGAGTTTGATCCTGGCTCAG-3'/
5 -GGTTACCTGTTACGACTT-3)& AH&3tith w2712 94T 5%%, denaturation, annealing,
extensione ZHz} 94°C 1%, 58T 50%, 72T 1%7&94 S-S 303 wk&E-sk 4= 72T A 1087
HES- A1 A 16S rDNAE FZAZ T o2 4] 9L PCR products PCR purification kit (Intron
Biotech)& ©]&3le =Figlste] A7|dsS %31] TEFF 2 3715 8213819 sequencing
3} tHGenoTech, Daejeon). Data #4<2 NCBI network service?] BLAST program %
EzTaxon server (http://www.eztaxon.org/)E °]&3te] Fd3Att. Aledsd 242 284
Alxtel 16S rDNA 97149 Z3}E Geneback Data baseE AM&3le] ol& A7IALE¥ f4}
3 w9 tF AEs fFAE(similarity) & Ao, Q7ML S ol &t ATTE A
28 98 PHYLIP packageS AF-8£3F31 1L, unrooted tree R %2 neighbor-joining

WhHo| o]s AALS 7|F O R bootstrap EAMOR ATt Azt EA A=
Smiber & Krieg7]— A oksk ®HIH o whEl oxidase, catalase, urease, casein, starch hydrolysis
Al 19 Tas A Az 5EAS 2Abe7] $1skel APL (Analytic

Profile Index) ID 32E, 20E, 20NE kit ¥ API ZYM kit (bioMérieux, Marcy-I'Etoile,

France) & A}-&3}%th

Lol WA 23aEs &) flste] wEolo] AExHe Fallste Ao Bl 34
=9 AAARE AT Cellulase &4 #83 TS5 05%2] carboxylmethyl
cellulose’} #71¥ wiA]o w3 T Congo Red (1%) &Hoz dAM3i 1 M NaCl &4
2 At wF FHdd AdE FEEe AUE 5’\}5}"4 Z} ] ®

t}. Chitinase €72 0.5%(w/v) colloidal chitine 3 1

oA 7L MR F wF FRY FHste] AV|E2dd A=E skl Protease €442
0.5%(w/v) skim milk7} £33 1/2 R2Av|A| oA 28T, 547t nj g3t &

o] AL T3 &dstd . B-1,3-glucanase] AAF2 0.2%(w/v) pachyman¥} 0.005%(w/v)
aniline blu 1/2 R2AviA o A v Fet & 5 FRlo T3] PAFE B4
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(5) NAATE] HBAGED Y 24

2]
SlAE3E] =% &4 (phosphate solubilization activity)< inorganic tricalcium phosphateE 3
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stal= vl A (agar 15 g, glucose 10 g, NH4Cl 5 g, NaCl 1 g, MgSO4-7H-O 1 g, Cas(HPOy)2
0.8 g, veast extract 0.5 g, pH7.2)9l 4] phosphateZ &a&lat= WA S 237 98] AL
sttt T 28°Coll Al 10-12U7F wigsta A #F TRl FH3 A oF5 F3f F7I
A4E Gl E AT TR QIS X3 A H*FE JFeA L Husgle
M ORE 232 3 ukEo g £33ttt YAA T E] siderophoreE A=A o] RS FA}
3}7] 98] Perez-Miranda 5 ©] A|¢tsF O-CAS assayE 33t th. CAS agar platesol] <<
sHAl el #FE 28°Col A 2-3U3F wi ¥ & FEFEol 1= CAS medium 10 mls #j &4
Yo Fol=rh, A 30-50% ©]% o) siderophore A #59 A%, Yo Fola vjx
A Az s Fal AARTE BRESHAT Indole-3-acetic acidIAA) Ao F-+= Gordon
and Weber’s colorimetric assays &3l &A3stAtt #F5 2% tryptic soy broth(TSB)ell 4
28°Col Al 130 rpme 2 48 A|ZHE<b Hdefol A wjgste] o] wjke 5%(v/v)E tryptophan
(200 uMDol e 22 wAel HFske] 30°Cel A 72A1% Bt ek st v F
9,000 g, 4°Cell A 10% &<t st & 1 45 A1 mDol Salkowsky's reagent (2 ml of
0.5 M FeCls with 49 ml of 35% [v/v] HCIOy) 1 ml& H7}3 & Ao A] 303 7Hg-A1%1
th JAA A S BEeMew Wet=A] gelste] 2Rt w59 nitrate U5 H S 245
7] 913} Smibert & Krieg7} A|<ESE nitrate reduction B A& AF&3lt). A =2 AFE=3 &
A& Arabidopsis thaliana(Col-0) &A& AR&stA =], TAE 70% ethanol 1+, 1% NaOCl
3 T xR § A SRl o2 WO AHES T SAE 4°ColA 297 &
Fotsks vl kTlol AlaL 21°C HiQF Aol A 12A13F Ao w Hldt ofFs FHA
i et ATt 7]'11 T YC6887, YC6898< Marine broth(Difco)oll 30°Coll Al whAl 7] H,
225t} AEE 10 mM MgSOs &l desle] NEswEE 107
colony forming units(cfu)/ml® %5tk 25 wlSE Arabidopsiss v EY 1 kgd
Z

Ao 100 m 4ol WE WFETL So] Qi EEel $A AT vETE 2e 2o 10

A8l sto]  Arabidopsis E"ﬂo] szl 71] O}Oﬂq PApAL 'JFJ-E 3FE o 7 3l HiEg 2059

s
Aol AFHAT LE AP T WA 2AFA

(6) WA ot B TALS] FAAAAR G A
WAAM T YC6RR7 w0l &3t P. capsici® wAF A &HE Z2AFe7] 918, V8 juice agar
LSt HjE7]ol A 6 A 6 mm AAFY wAF WoEE W A7l 3 em?l HELH
HEZ Ak o] A Yool YC6887 #5o A0 cfu/ml) 2 mlE 7}skar FARSE A
2 L5 12A%F FF FolFATh o] A GolglE A EIL o] REekA| ¥ EE

HA A W A A 2% glutaraldehyde% ESFE= 4 hF oo 3A17F Bk 1A

1z
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(7) WA A=l A3 d &<l
WA AT YC6887 ol A=A A SAS syl #ste]l @t AH(plasmid
PRK415-GFP)E YC6887 ol dolAlA duj2ls ol HE da@ddes A

YC6927 52| competent Al¥EE H|dte] Unge S©] #|eksk W
FAFAAE Ad WA= tetracycline 50 pg< Si_ﬂé‘}% Luria-Bertani(LB) agar HlJ =] 79l

A el wiere sl el WEetel et e Aran Slgsit

(®) WAAT] 9t =434 (induced systemic resistance, ISR) ZA}
WA T YC6887 #57F A% Hold AZAHE FEsteA sty 9ol F42F avrRpt2
E 33 plasmidE A WYX o 9l Pseudomonas syringae pv. tomato DC3000 =
Wit Jedoz Agd A& ATE o] #F= King's B dAwiA oA 28C= &%
FoF vjFelAa, B ol gl DC3000 ¥ Y plasmidE Adslr] $35Fe] King's B 2 A vl
Ao tetracycline 20 mg/LE A 7}&9dth. YC6887 i+ Trypic soy broth(TSB)ell A 28T =
2417wl FSA TR 9,000 gollAl 102 sk AR 3 & AHIAAQ Silwet L-77(van
Meeuwen Chemicals BV, Weesp, The Netherlands) 0.01%% 3$F-3t= 10 mM MgSO, £ <4
o HE ¥%7} 10" cfu/ml(ODen=0.4)0] E %2 A& dto] A thaliana 2= ol 7+t
MNAT. A. thaliana®l SA+= ZHAT 3 F 9o 7|3t g2 Awistsdth. Swanson
AlFg ol & vhge]l gl 1 ml FA7E ol&3te] 10 mM MgSOs e 107 cfu/ml 5
avrBpt?2 A HYAo]l Q&= P. syringae pv. tomato BWUATS ZF A& 3¢ o] &}
T2 HFE7]) Ao A8 EA3A (systemic acquired resistance, SAR)S 3Y
. Pieterse Tl <&l At 2, AlE BHE A7 vt=2 2 B¢ YC6887
HAE 10" cfu/ge] B=E dAgds &3 A FEAFAHS Frte]

FAAE Fiste 10 mM MgSOs&9dl HF %7 107 cfu/mlgl B4 o]
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A w2 2AE RT-PCR 45 ol &3to] =3stslth. 14 RNA 55 918t
of F-A 9 A thaliana 1S AFAsI] WAL stollA sAA7IaL 05 g

datd S A4S o] §ate] wASHAl mhsE sl o] s EES polypropylene¥te]
A wg 50C7F ¥ A 7F23F TriZol A ¢F(Life Technologies, Rockville, MD) 5 mlE ¥ il
vortex® 30% &<F X&ste] #Ast F 4T A 10 &<t ¥AE21(10,000 g) stATE. o] 4

go
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S oo chloroform- isoamylalcohol(24:1) 2 mlE 7}8tal £33 & 4T A 108 FoF AR
g sttt of7]el 0.6¥] EZF9] isopropanols E-2 FE&A AJHIAA 4TE 10 &< thA
AAEE(10,000 g) aFe] A RNAS HAHdES AArh o IAHdES 70% ethanol® A 1L
2l t}g diethyl pyrocarbonateE #€]3t SHFH59] A3 I, 3|ALe A AFE A
of we}l, oligo(dt);s, M-MLV reverse transcriptase(Promega)E ©]-&3to] RNA 2 pugolA
cDNA7} AAE QIth. Tag DNA polymerase 1 w7} £A43t= Aejoll A AA 4 ple] ¢cDNAZF
PCR &% AFE-HAY. PCR % 2712 94T GRE), 94TAR), 68CAw) 303 w¥H&E 72T
), HAF 72TCGE) o]t} Negative control® GAPDH(58T, 254HE)o] =3t} A&
A A}F-specific primer PDF1.29} PR-5 o]l 3, 2% PCR A& 1.2% agarose gel® #4
ST

A

=S

X

_?L
ol
2
T
22

!

(10) Ao A whF =0 A
WA ] A FdetEde] i Abel] Hagh HA =18 &) fsko]l YCS W

s AE *
ek 107FA1 9] Al wj g i AE Addete] Al wigstHA ARbER AlEEE 2 oujek
of o] gt FAFS AT A FHEE AAES AlTto] nittE Hol Al AE] e

2l tE WA E ol &3k A

A FYHACBRZ R2A HIGtE HFHIAIE o] &3ttt o
3 A3 YCS HiA|(yeast extract 8.0, Casein 2.0, &7} 50, Dextrose 10, MgSQOs 4.0,
MgCl 20 g/5®F5 1 L)E 7I2MA= AAstdth H4 AdzdL o] mjx & o] &35ty ot
2 EE 84as uAstal el 3 aavt wiAshs WAoo ddS s wA oA
gt Aitel Bolsts A AR Zde A 24 AES st A7 skE A

= Eoto] st AdadE ZAsEAT 2o Gl o it LA FIre oAl
g 7y 7 1.0%9F 0.1%% H 538}
HA skt 2= RS 20-40Te ®folA HAsATE Wi AlzbE dx W

Hj

Ao A 28T, 120 rpmo.E Flguj k7)ol A 96A] 7+ vl &F3}FH A

S E o] EAAS 9t v YCSHIA S AF&-3}9] bench scale ®Ha 7)ol HA @wagx
o

[¢]
A v At o 2o w AAsigdnh & owlge 500 Lol 2arlel 200 L S
Ha gt o, MY wko vhes 2 2% 28T, wW £% 110 rpm, 7] £% 0.6

VVM, 18] pHi 6.8-72% A8ttt mjid7]el ¥4 s2= AFS £838= HH7] 7k
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9l 2o 500 L EaE7lelA mjdkd Al (YC6258) it 300 L& ¥AlEelste] Al Al

At} o] FEES CHCIY/EtOAcS] £wl= open column chromatographysS 42
Alste] & 23709 8 (MEI'ME23)s 4t o] 8 5 7H¢ &40 F& &8 ME22
(2.2 g)& EtOAc/MeOH &7"l=Z open column chromatographyS 2 Aldle] AR 21719 A%
S Ada, I F Ao L& AEF ME22-199] thale] semi-preparative HPLCE 2 A
o 33E 1 (Ao 74 2 ) 62 mge w89t o2 &48 YEUA &g+ &
FE3 5o thstel A %= open column chromatography % HPLCE AA|ste] AE 659 3=
= s Ati(2d 1. v& #57(YC887)7F BAtete vt &4 LS gk w2 1
F'd %= bench scale && 7] Ador % w A (proteose peptone no.3 12 g, yeast extract
2 g, glucose 10 g, MgSO4 4 g, MgCls 2 g, NaCl 5 g, KbHPO4 1 g, sucrose 10 g)& AF-&3}
o HA wagxror Ak E vt 500 Lo wrEr]e] 200 L vl s Y 533}
Row Hig Forel sbE 2L & 28T,
i pHE 68-722 FASATE 7)ol dXx+= A
60AIZE 3 HA A S A4l dto] AT As Ut dd 549 & FHE fst s
NS FUgk §399] ethyl acetate® 2H FE3 & AFUYEH71E ol &t 5314

Txd FEE 78 go dlsle] Hexane/EtOACe] &vl= Silica gel open column
chromatography S A 338t & 27709 28 (Fr. 1~Fr. 27)& <t}l. 1 5 fraction 11(47.4
mg)S 23 wWEereS AF&3lo] C18 open column chromatography S Zl&&te] 1070¢] A2 3
(Fr. 11-1~Fr. 11-10)& LAt Fr. 11-2 (6.3 mg)S Luna 5u C18 100A column(250x10.0
mm, 5 yM, Phenomenex)E& AF-&3te] & @ ACN gradient &0 =7 o2 HPLCE A Al5HY
Compound 1(2 mg)S 23tk Fr. 14 (127 mg)ol da] &, W& A4 o= C18 open
column chromatographyE F&3s}$lal, 1 23 Aojz 57]¢] subfraction & 14-35 A ZAA
o o2 Compound 2 (2 mg)E w8tk E3SE Fr. 15(124 mg)ol Wsle] methylene
chloride ¥ Ethyl acetate &4 2 & silica gel open column chromatographyS A]3)3le] &
1478 2] subfractiong ¥ 3L, subfraction 15-4(21.2 mg)¢} 15-5(7.5 mg)ol a4 Luna 5u
C18 100A column (250x10.0 mm, 5 uM, Phenomenex)& A}-&3le] & 2 ACN gradient & v
Z7Aao 72 7247 HPLCE AAdte] Z+ZF Compound 3(11 mg) ¥ Compound 4(1.2 mg)ES £
SFA T Fr. 16(599.3 mg)el tisiA % chloroform % methanol 2=/ 22 silica gel column
chromatography & A& sto] & 23719 4&3S 9 1 T subfraction 20& Luna 5u
C18 100A column(250x10.0 mm, 5 uM, Phenomenex)E Al-&3te] & % ACN gradient & v
Z7190 % HPLCE AA3e] Compound 5(4.7 mg)E #7353t} Fr. 255 MeOH &vj=

AAE 2AA 8] Compound 6(3 mg)S AATHTH 2).

Wi
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ME (4.9 )
open C.C.
l (CE)

T T T |
ME1 ME19 ME22 ME23

(49.0mg) 228
open C.C. open C.C.
(C/MW) (E'M)
T T T | T T T T 1
ME19 1 MEI19 2 ME19 11 ME19 13 ME22 1 ME22 13 ME22 14 ME22 19 ME22 2]
J{ l (42.8mg) (180.0 mg) {(11mg)

HPLC
cyclo(Leu-Pro) phthalate (ACNW)
(6mg+l.2mg) (2.4mg) HPLC®

(ACN/W) ToyocamycinN-oxide
(6.2 mg)

T T T 1
ME22 14 p3 ME22 14 p5 ME22 14 p6 ME22 14 p7

| ! | |

cvclo(Leu-Tyr) cyclo(Phe-Tyr) cyclo(Phe-Val) cvelo(Leu-Phe)
(26.2mg) (8.2mg) (0.8 mg) (5.1 mg)

[ T 1
ME22 14 p3 ME22 14 pd ME22 14 ps

| | !

cyclo(Leu-Tyr) cyclo(Phe-Tvr) cyclo(Leu-Phe)
(10.7 mg) (3.1mg) (1.2mg)

8 1. YC6258 =2 H g4d=2 22l JIE

Bacteria extract

(7.89)
5i CC [H/E)
I I I |
Fr. 11 Fr. 14 Fr.15 Fr. 16 Fr. 25
(47.4mg) (127mg) (124mg) (599.3mg]
c1s CC cis C.C silica gel C.C | Silica gel €.C
MW IM/W) (MC/E) 1C/M) recrystallization
Fr. 11-2 Fr. 14-3 | |
(6.3mg) Fr.15-4  Fr.15-5 Fr.16-4 Fr.16-20
[21.2mg) 7.3 BO 17.6
- mg (7.5mg) (80mg) (17.6mg]
|ACN/Water) recrystallization HPLC HPLC
Compound 1 ACNIWaier recrySTG"IZGTIOFI (ACN/Water)
(2mg) Compound 3 Compound 5 v
Compound 2 ompound 4 ompoun
(2mg) (1.2mg] (3mg)

Compound 3

8 2. YC6887 == FH 24d4=& 2l JIE
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o AE i g T8 S 2 AAE AE R

(D) AR 5 2 A S oA

A el AMEE w#FEE 12 dRe] FEEo] Al &b F3d Al AT
Martellea endophytica YC6837 2 33 ®d(GFP)o] %A% YC6887 w7 o o= w)
Fe ot Ay FFY WA =2 E Fuiks AN A3 7P a A 7F o] A st Al
1 A=V =4 o= AAI MI0 8] A (Yeast extract 10 g, MgSO, 4 g, MgCl 2 g, NaCl
5 g, sucrose 10 g, KeHPOs 1 g/ 1 L S/F)E /Ndstsiom, o] %] 5 ml oA seed
culture(28C, 120 rpm, 24 hr) 3+ % 250 ml®] MI10 #iA|o] F3 1 mlE H3F3le] shaking
incubatorol] A 60A]7F v (28°C, 120 rpm) SFA Tl =kl dS ¢15te] 50 L & %59 fermentor
of 30 Lo wx]& Al F antifoam 30 mlE Y3 F3F3(121°C, 20 min) 60A]7F w43t
YC6887 F1 wlgFe 250 mlE HEFS F 60 AlZF E<F wlF(©28C, 120 rpm, pH 7.0, 0.6
vvm, ps 0.4) 3ttt pH+= 1 M HClL €93 3 M NaOH &40 =2 24 3t} v & o
Al & fste] MEFds A FAE o fsto] dAWNS T F AAF AAS] A}

o 6_]— AN

(2) WA ARG A A s}

AAst= AAG A GgE AAZ st Az =, ATl BE 7S AA 5] 4§
slo] oA E A Aol = trehaloseE 0%, 5%, 10%(F-Al/53]) 4] YAk AE MI10 8 Aol
A ekl YC6887 Al % GFP-YC6887 A 100 mlet 10 mM MgSO, & 150 mlS 7}
7} E9kstel & §-97F 250 mio] WA sFATE o] AE AAE AoNAH BsHA O, 1
2, 4, 8, 1650 dAEZ sAslo] Mt ME LE(cfumDE FAAT. YCORR7 i+ =
Z Wy Ao A A& He] olBE nittEg o] &3 AA AASE A =skith vl el
S 2RE xRy A 100 mE E#(121TC, 15 min)AlZl BF5EE 100 mieh 410 A2 HE
stw 0, 2, 5, 115 @A 3slA st AiF(cfumDE SAsEATH Ag= #istE gl
MgSO, buffer, M523 ¥} A, marine brothE& ©]|&3} AL} vlgtEd] 5% trehalose(g/v)E 735}

of 45 4 vasty

o B

2

(3) WA e AA 3

YC68872] 1143 AlAs AdS 9130 rice huske} peatE f2l wlg7]ol 100 ml® Zo}Fal
et gk F #AE 27 200 mly 4ol FRATh wAlE A2 BastHA 0, 1, 4, 8F A
% 5 gg 93 SHSF 45 mlol ¥ 100 rpmel A 1087 W& 3 5 dAERE 325
AT (cfu/g)s 54 stttk & A= A4 LS =07] Yt 4 1xE o] &3}
S, wA 10 Lol 72°C dry ovenoll A 1A1ZF e & &A1&+ 1 kg(10%, g/v), Eit

2] (121°C, 15 min) ¢ trehalose 500 g(5%, g/v)S Yol+ H EE°] & HojF1 H Ay
st AAZE traydl Hol -70CAA 29 s FAAAY. 249 dAE gE&F 54 A
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Z7)o) B3 397 B4 A% ATk 54 AxE @A FEdd B F m@ ag v
v g § Aeel muelEA 0 1, 4, 87 42 545t AT F(clu/g) WS ZHHY
o,

2k YC6887 52| WAl &5 2 oFsf H7t

(1) YC6887 Al 2lol o3 a5 o4x Al 5t 3 S, soaf A}

YC6887 w2 a5 A® @A ax 9 AS, ¢2F SV adE dotry] g8k 20114 4
4 2195 w93 tgn 48 sHEFA dad)els 2ZAddS FHsdn Ad A
g7 FAE, Y0887 A e, steheel AR urela] shddeuiAow 4ukko
Z AAsnh 15 2F AA4E 49 219 FUkelA 9 EEev. #FDE F 7 A
45 em, AT & 1057, F & Z 50 cm (FA o ®E Ao]FAh YC6887 FFE A HAA S
5008 8148ke] 8x10° cfu/ml F== F B 125 ml ¥ 49 214, 59 64 23 #F A
o Ad 7R = 71E ofAl A= & 19 2ol Aldslt

E

H 1. YC6887 @2 = Mii ZEAE Xl US.

Dat Treatment
ate
Control(1) YC6887(2) YC6258/TORY(3) Chemicals(4)
Water 8 x 10°cfu/ml 2.28 x 10"cfu/ml Water
2011. 4. 21
(125ml/plant) (125ml/plant) (125ml/plant) (125ml/plant)
Water 8 x 10°cfu/ml 1.4 x 10%cfu/ml Water
2011. 5. 6
(125ml/plant) (125ml/plant) (125ml/plant) (125ml/plant)
T harzianum ..
Insecticide
2011. 5. 23 Water Water (450ml/plant) .
1 (Konido 10g/20L)
5 x 10" cfu/ml
T, harzianum 1. harzianum
2011. 6. 21 - . . _
1 x 10°cfu/ml 1 x 10°cfu/ml
2011, 6. 29 - Fungicide Fungicide Fungicide
o (Casting 20g/20L) | (Casting 20g/20L) (Casting 20g/20L)
1. harzianum T. harzianum Fungicide
2011. 7. 18 - - . )
1 x 10°cfu/ml 1 x 10°cfu/ml  |(Casting 20g/20L)
1. harzianum T. harzianum Fungicide
1 x 10°cfu/ml 1 x 10°cfu/ml |(Casting 20g/20L)
2011. 8. 4 - Insecticide Insecticide Insecticide
(Nabangen (Nabangen (Nabangen
20ml/20L) 20ml/20L) 20ml/20L)

WYE 2AE A8 4 A9 P 49 1F F5E A

o1 of WWES AN At
(Ol 4+100/% F ). % ZAE 20113 749 42, 79 142, 89 4

o, 8¢ 14 F 43], 4
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Fe ZF A2l 10
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VAl Aol), ZE(cm, ¥ ¢ 5cm

o] 2011 79 210 7zt AY T F
Holl A 12} EA]H7EA] Aol)
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=
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A
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sttt YC6887 ol w

S

)

%7
44

A
AA 555 o] A

19l

o

==

7

=
jod

M

(2) YC6887 = &el ¢
YC6887 w5 A 2ol ¢

3t7] Yske] 2011 79 5 Aot A

S

AL

=

A% we

L
o

!

o

2]+ 2 F FAHGlycine max) 30702 & 3}

Z 300 ml¥

=
T

3o (2x10° cfu/ml)

S

S|
ax

5004} 2]

=

=

H YC6887 A

z=

al

zal

1e] o= &4 Azl

%

I
-

bl o,

J|

= THAl 300 ml¥

ol
ol

o
o

1]

J|

F& 5000 314

o

—
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300 ml
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(3) YC6887 = &el ¢

YC6887

L,

o Fa

1ol o] #sto] 7F

o
o3
R

gk 5 ah ol

sho]

Colletotrichum

It

-
fins

3

. Puccinia recondita), .23l

oW (WY Botrytis cinerea),
I 5ehA g (H

[¢}

3

W =AW (WA Magnaporthe oryzae),
=

. Rhizoctonia solani), EVFE MY 3+

Phytophthora infestans),

l

=] [e)
=9

1

sp. hordei)

It

-
fius

3

7V (B A1 Blumeria graminis f.

ErhE (Y

K

P
s

# 2

coccodes) ] A T}

1

=
ai

3t

FoA]
Q)

0
yal

=
A3

BEE

-

1

w5 A
FHzd A ol

o

Al A ] HAIZIHA spray gun($H=:
9 Magnaporthe grisea KJ201 w5 2A

3

B

o

R

H =< W (RCB)

.

-
B

X
23!

No

il

X
23!

e A

ol

<

71el
}
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FE = 24X <
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- 101 -

=

(3x10° spores/ml)S =H|

=

ol
80% oleln %7t 26°CRl &



TEE
| JMEE.
~) © w3 —~
- zf g 5 s g T
‘WOJ.O %HMMJXIUEH Adlll
é%m.ms%&@ﬂaxﬂﬂ
- Ll(\Cﬁo — ﬂ}qOW1aﬁﬁa
N g X .2 = o 1& = N M_m o zaw @ o
) . ]1 X .
%_arﬂojm;%é@ﬂ 1@.}q1&%%w4§41
@%ﬁ%m S A %du{AM ﬂ%o%éz%%1
a£4gmg ar.om%m;mwﬂwa 7a,+8ﬂﬁemzz
ﬂﬁooﬁ]oT_loCﬂ,AZEHxoﬂ;uZ]ongﬂA&ommﬂNrioLn_AlﬂvﬂLuﬁ_ﬂ wMNJB
%ﬂuﬁ ﬂ@m@%mm&nzomoﬂplﬁémmﬂﬂmgiuLo%ﬂ %%@ﬁ@?w&
moLxs " rE CENRA = T L -
N M o L | < T WH o X W] n_A]I oo e ol ° ﬂiw oy fred E o Nk {n ®m R
d77.,o«§o do N Aoogaaw}glurm ) )

I~ - o s, o N W = =< 0 < — oy =0 B vl 0 ] . B
woWMal ﬂAlSo_u ﬁuoﬁeﬂhéog}e mﬂOAoﬂﬁVLmd; dﬂ\mduo_eﬂdu
mmiwomo:giso 021%%Q@@iﬁﬂwﬂ@7%4%5%&@ WM%
2z v <= ﬂ@.ogw}qaecm_ﬂaoi#J%}%a@R%%zA%

T W ° %qoumﬁxx%]oo% o W S < m K (H_@}mo
=~ j U %o i ~ N~ o & E, B L, ® ERE N R o = o}y

™ o f e ) = iyl i Mo o o ) n = L, X No ol
— o° K ey Z ®e = 5 OT \W_r‘._ ,DI 1;‘_ o U# v e Z.* T .E OM EE 53 o) X o WI - oH

e E 2 B LB zqoa@@J>L.# i to m T oo
oy - T = 3 Ho Mo o U 2 ol B % oy Mo ™ o oS T ™ Ny T T s
o & T oL R o ~ ol X = P E 21 =o W= S Mo T o o - T o -
T o iy o o — = 3§ GURECE o 0 Mo = g T
‘~|/2 %OEUOOE\#. E<\H~IHE\I\Im ;OT 7.X ,l.._‘lrllﬂo R\Ir
= ol = o _@%}wyo@ alf..ve SN E s

G = R Wuﬁ B B N o~ cﬂ% oy 7 oS X 1@ Mo X . X zr m/u N
Mﬂlro} uAl;oﬂ_lAﬁﬂz.ﬁoXoﬁa ]ﬂe.mﬁﬂlolﬂm_fx.#?‘._@ocﬂiﬂ g =

LJLE 1o -
woﬁourw}ﬂ% Es@inowm_wbdm5zizomi<¢o%%ocz,@c,mo
L@uw:ﬂ74%owmﬁo;;oTmmm4xamgnioM%ﬂﬂww
o = T O.f Ee et oﬁ ¢& — .m B el ol .m (U\ m w w MUNO EO ‘.A| N X = _wi N
P w3 .Loluf:_@%/ 3n1rc4@zr T Yo o &
@%;ﬂﬂqgﬁ%mommowwrg%mﬂrozg&goaém_ asa;ﬂa

ﬂﬂ@mmcllmeam.zfﬁw.mdrAxeaﬁEmdi%omé%maﬂoﬂr
o _d5__o5§q}m4mo_n% T ) &@p% N
-~ 3 @}2 Dzbdo w F o X 9 O 2 o o
BG%LA ﬂ71mVpﬁmo .nﬂaJ%Comimﬂ}ﬂ@ﬂs e
n o= 7 <0 M d.?muo = 7 < aqom\ ORI 3 o T e T of
m.zxé &%33w@&ﬂwrmowwgﬂ%monpﬁmmg mvﬂhﬂog
mow%%%%@ﬂmom%%%P T mg1,mb1egaou27$£

3 ol - o ) 5 = 2 B Bo
@m S T E W RS o AP SN MM oF o 57 T oo o p X k) o2 iy M_m m fo = W B

0 —_— )
quqmw&ﬁﬂﬁ%ﬂ%%mE%q%mmﬂ7o_nﬁ%mmcwx?Em@amﬂ
uTm@%%ﬂizbﬁﬂﬁxﬁéﬁ o T oﬁmourms.%w]g Sox
< g = w mo = = < 7 N % (- {z B oW g 11r U o T < B s % yp oF RV 0
R _ T o) > mo oF % oF o 0 T M5 o s X H {z
% .M w = W Mo o I ol \b T o = w U Woowr Am_m Mo Ho % Ho N W

_— o

R%ﬁ@ﬁ.@mﬁwﬁ%wﬁEMM%DL“W%“MMM%WE/x\ ﬁmemwrﬂwﬂw

WO ] B;O‘Ir_o‘l o .6(\&” ~ S o
7D —_ 10 N W EEL! E_/ —_

moxEnwoﬂﬁmm%m(@opr%wrmbmoﬂ%mﬁ@uﬁciqmﬂ

<w$_xw,osmoﬂz%A.%E 1gmm,ﬂzg

o ™ %urm¢8mx fri%} 7u1_Jx| oH

Y ,Elerdﬂ ol Sy E

& o= & = o n o B E up g 4N

o T oPu ™ ,:Al = [ 1_,AF 5 S o i e

%miwoﬂz%m?ﬂl¢

LU R 2 o 0T

71_,&0]120_;\/1%
ﬂoe O e

N 7

(OE

)XlOO

3

/A 2] T

ko] vhA 7=
- 102 -

w7 (%) = (1 .
 qe e

I 7o
o Alarael wel Az

[e)

j=4

o}



A4 < C13 NMR, Proton NMR, M/S & #4142 BHE& o
Ao A& WA Colletotrichum  acutatum, Pythium ultimum,
Phytophthora capsici, Burkholderia glumae®] W3 thx]wj 74 (confrontation bioassay) 2.2
AR ARNAEE ZASEA Y. C acutatum® P. ultimume potato dextrose agar (PDA; Difco)
oA WS L P. capsici®t B. glumac= 27 V8 juice agar(V8 juice 100 ml, agar 17.0 g,
CaCOs3 1.0 g, DW. 1 L, pH 6)¢} half-strength tryptic soy agar(TSA; Difco)oll 4] Fo]t]2
A 4% (paper disc method)s ©]&3te] AY A& FAtetAth. ©F wEld &
Compound 1, 29} Compound 6 Z}Z} methanol®} dimethyl sulfoxide(DMSO)Z =21 %
L& 1000 ppm(pg/ml oz zdsto] 200 WA S ol Yxad FiE3d ~HEA & & &4
3] WE Tl ) Z 2= methanol® DMSO 200 7He Fo] tAa=d] ~HEA slo] A3
ot 18] ar PDAWIAN(P. witimum) €t V8 F2= WA (P, capsc)ol A 49 &<t Ak #7 W
At #AFY] ZF 6 mm YA E A 7h-Hl Fa 28T oA 4-64 %t v FSt AT B glumae
half-strength tryptic soy broth(1/2TSB)oll A 30°Cell Al 130 rpme 2 14 A7 %<F oAb ej ol A
AN Fels FFSHF7]Z 600 nmell A F3= 057 H=F XA Z . olojA FAH
TN 50 W= 1/2TSB & iAol spreading §& =3 #d3¥ &4

A5 2 el S o] wErIE 30°CellA 14 AIZF

A FEe 2718 2Aske] oAl B4 Hobsaloh

o
[>
K"
f[rt
X
3
ofN
o
[>

7

;

(2) YC6887 w2 2§ 714 1149

YC6887 w7 A EAAEZZ (plant growth promotion)¥ % %# &4 (induced systemic
resistance, ISR) E37} J&=*] &7 st N7 &N (Arabidopsis thaliana)s ©]-&3to] A3
St WA 7] d FAE 70% ethanol® 1.2% NaOClell Z+7y 1:23F W Aarsh & At
ZHFE o8 H AFE & MS(Murashige and Skoog medium) ] %] 7} E0] 9l vjd7] o
AaL 22-24°Ce A& AFAolA (16417 B, 8A1F ¢hx=x1) sttt YC6887 w5+ 28°C
oA 36-48A1%F W& W F wjdd s A st AEE 10 mM MgSO.= A3 E sfaL
1 EeE 10° 1079 10° cfu/ml2 7H2h 24kl g F 253 ® o71guE 74 vee @
ool Z3tE EFol A AATE 25 Fol vhr] A =R o] YC6887 Al dE s #Fs)
At N7 FHE 25 Fo] 33819 A& 9] biometrical parametersE A} Tl
FEAGA A= 457 At 71 (Col-0)E AT HAS 98] AH&statt. o 4
812 M. endophytica YC6887, Martellela mediterranea, BTH(benzothiadiazole), ™ Z (&%
29t W& TF(water-controD & 570 A& gt WAES AP HEL 10° cfu/mlz
AxsEs £dee] 24 dF A5 10 mA S Edol #F3dt. BTHE A3 A=

3
1.2 mM BTH(sigma aldrich)E &% 3t%la, dlxvo2 22 4o E3 10 mM MgSO.&

—
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ALgEgTh BE ARS 59 Fo] oo Ewgol A" wrztx 10° cfu/mlEEe
3 o k7] <

S
=
FAe Ha AEASYd 33 FAT B A 5Y Fol BHELS A= T Sl A

o\
=)
R
ui
Sl
iy
1
e
2
o,
(o,
4
ftlo
)
rot
o

Q12 Pseudomonas syringae DC 3000
S AEL 0, 6, 12, 24, 48 ¥} 7241zt ¥ YC6887 w55 A#g N7|FE AT
Total RNAE RNA extraction kit(Qiagen RNeasy: plant minikit)S A}-&3}e] YC6887S
sk AMZ3 A shA] Fe MZoAM FE3 Y Complementary DNA+ PRIZ PDF1.2 +4
A HAdE A7) 98 1 oug o) RNAS AFE-ste] REEIT

YC68870 2]3t of 7| Aol A e (lateral root)e] W& IS o 71 H(Col-0)8] FAE %
WA & MSHIA S ¥$hel= v 7)o sEslal 22-24°Co] A=A oA 9 16417, o

(@)}

AP 2o s wikstnh 69 Wi f7IFHE YC6887T HEAANA 5 cm (HASE
MS iAo A g W 7hrke] dER F ASItE 1§, o] vy AE ASdelA 8UTt o
kst 7 Z7HA] HaEH =} AF F(fresh weight)S S48t
YCE887 gk aFo] AFEFANLAGS &7] fste] LFFAE 70% ethanol® EH A5kl
28°Ce] AEAFAAA fet 22 2o wjdstrt. Al 28°Coll Al 36-48A1%F F<t %
gujkst F QA Fyste] wAE 2ol 10 mM MgSOs &l detsle] $%2 10° cfu/ml
rEo E3tetdth 2y Aol FEE B0 cfu/g soiDol 2F A
F 2 A dgAS 238 AAH HEFsAT A 2F

_1

I biometrical parametersE 7| =3} t}.
off 712t ol WAl P. syringae DC30002] /WA DE=E ALtelr] f1ske] WA YC6887
S HESAT 2F 0,1, 2,3, 4,5 A4 Fo d& 1 g8 B H, 70% o
27 AW Arsta Hyr SRSl 3027 9 Tt AEEL AR whzp
o 10 mM MgSOs= & Zgkth o1 & dHH o= 10u4 &4 31e] rifampicine &
frotal 9l kings BuiAloll HE3gk F, 28°Coll A 48A1%F vl stk vk §, FRUYS F+=
Qo] AFHF g CFUR =439
YCE887 it olg 7|FAIAE = FAEE O AAs] L] s oArdd e WolAl jard,
JA/ET7F 2o W erl-32F SA7F 2ol¥ NahG ¥ o] A (transgenic line)E HAE 3sF3t). of 7]
el £AE Col-0, NahGFdAE wHa 3= Col-09F W o)A (signaling mutant) nprl, etrl,
jarl® FAES RHAS & MS 8o A 719tk 2573 71 & HaE E Y (autoclaved
soi)S E3etE FEO 24 A4S FH 23°ColA 16417 W 7], 827 k7] & growth chamber
oANA mFatdh. Al st E 98 473 Tl AES AREsith JF 59 Fol
DC3000& A& 3 ¥ mock A& 2= YC6887 5 Al 21 &, o7&t Col-02} ol
A5 NahG, NahG, npri, Jarl®t etrl-3°] Wi &S ZASAT HATY MAT s o
A5 g@ CFURE ALtstdth. 22 A=ls s 24709 A EEo] AU, FA=
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H2
F

standard error® A< Wt A T wal" YC68879] 6% 3¥ =% compound
2(phenylacetic acid)E ©]&3to] w7 A SA ST IS ZASEA Y. Phytopthora
capcisi, Pythium ultimum, Botrytis cinerea, Alternia panax®} Pyricularia grisea®] TAFt]
3% compound 25 0, 10, 100, 500 ppm X 3tsli= PDAB|A] 2] Tl Fo}. FFoleo] A+
A= v AN-(AgE wiAplatedl A A A5/ AlstA &g T s Ao o
APl A3)] x 10082 AlLkste]l 3 SEATE vl A = 28°Col FAL 3ol e A2 5d
N TA7FA A8

=

(3) YC6887 2] full genome sequencing

M. endophytica YC6887 7} zta Qe &g &2 A= =

717 & AEY AEE gets fdte] dA FAA dVIAE AAS AAE . Wizard
Genomic DNA purification Kit(Promega)E AF83}9] total genomic DNAE FE38}%1,
DNA®9 A#Z2 Quant-iT™ PicoGreen dsDNA Assay Kit(P-11496, Invitrogen)< ©]-8-3}¢]
TBS-380 Mini- Fluorometer(Turner BioSystems)® A Alstth AA] 42 ALdjgu
&)Chunlab Inc.olA 483}t DNAE o] 83}o] paired-end libraryE T3+ Illumina
GAIIX 9} Roche 454 Titanium< ©]-8-3}] Sequencing-% Fste] G7IME ARE g =55

e

I
3

3L, 53 whole genomes assembly 3 & ol = contig ¥ scaffold 5 gapS sanger
sequencing EZE A 2~E £33 complete whole genome sequencesS X33 th RAST server
9} GLIMMER3 2z=z713S &83o tRNA2 rRNA prediction, SEED, COGE &3+
functional annotation T3ttt Holgt AEH R dolguo]x W daglFS 7|Hoz 3§}

= O
=
= genomics 41 L2713l ClLgenomics softwares ©]-&3le] 1 AE EA35%

uh, =R A=

(D YC7007 w59 &2 2 &4
YC7007
e H AT e WAATE

H(NaOCD &fol]l 10&3F &9 FHS ddeditt of 22452 I/I0TSA #i A (Tryptic Soy

N
rir
R
Y
l
N
o
=
)
El
>
o
e
o3t
lo,
i
ft
o
=2
R
)
i)
re
>
e
=
v
=
Jr

= Ll
Broth 3 g, %4 16 g/ 7% 1 L)l 2el%m 2-39 A% wFstar gwols A7 43
2E BASUN EW SdelRE Fosqrh. xzte) Bu el #ol | Re) 27 10
A

gs FHste] st T|AA AdE TR 9.0 mlE Ho] Auwd Ty A= Akt o
e o 0.1 mE FHs) 9 Aeta(10°, 109+ 107°)
A HS 1/10TSA wjAlol mEA 33 7b& e Eguh o wdr S 28°ColA 2-3F
L wgsta ASE ddFES TFckA 28, gstan. 2EE WAAT dFES] B
Axto] gk 23 &3= 7F (D), )¢ #Zo] Fdstdnt. +HEYC007 #Fo $AES 9135t
o] 16S rRNA TZ 2 97|14 4E A4S Y3 primerE< universal primer set 27F/1492R

&
i
£l
)
o|\
i
ol
(@]
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(7}, (3)S AFg3tdtt. PCR 72 initial denaturation®©] 94°Cell 4 5% 303] whrE-%+= 34
¢l denaturation, annealing, extentions Ztz} 94°C 1%, 58°C 50%, 72°C 1&#, mpAZ o=
final extention 72°C 103 WA A FFAIAY. TF F PCR A= PCR purification
kit (Intron Biotech)E AF&3le] At o]EA 4& PCR AHE2 1% LE agarose gel
(Seakem)S o] &3dle] FZFHF %2 AV|E FEFYa, PCR 4HES Geno Tech Inc.
(Daejeon)oll H.o]A] automatic sequencerE %3] 16S rRNA gene 9714 E 48 AA
3l th. Database #4-2 EzTaxon-e (http://eztaxon-e. ezbiocloud.net/)E ©]-83tAth A&
&2 EAS FeE Aol 16S tDNA 97149 ZA3E Geneback Data baseE Ab&3dto] ©
T 971X} FASE Tk s AEete] A S (similarity) & o™, @71AES o
sto] AlES4E ZAAsdt. A48 98] PHYLIP packageS AFE-3F31 3L, unrooted tree 5.2

2 neighbor-joiningW ol 93 AxkS 7]F O 2 bootstrap A H o= 2459

oo O,

O

(2) YC7007 w79 E¢ da8(H 7vheiy) Al &3 ZA}

W 3t (Gibberella fiyijuron® E%¥ HEEFS AAs 7] ¢4

, 5,8, 10, 15, 20 g& Ao WIA A& XA 2

13 & %(autoclaved soil) 3} Uéﬁé‘}xl 2 B A YC7007 ool ost AE3HH WA=
%

AEs 7l A 4Y T HF 39 Aol YCT007 59 Axdgds F¥%E 600 nmollA
3

=
o
A
i
AU
o,
122
0
2 NlO
)
rot
N
Lo
o M

=

OD#< Alo] =& xH3trt. ODgtel 77t 0.039 = 5.65x10°, 0.074 =)
w 2x107 cfu/mlgth. AE #ed 15 ml (10% v/w basis)S s 23 stx &S & zbz}
150 goll gt Al XxdEg AL 10 mM MgSOs= dEelqit). 1
% 109 o disease rating scales AFE3le] 0-571A] SAHsIAT W wA7H%Disease
reduction)= ™ZET 2 E(Mock/+ plants)¥} vl sle] AAbstdch g2+ AHEe HEE
YC7007 < 2 gle] 10 mM MgSO.& A3 Aolth A 10719 AEE5S 3vHo
= AREEFATh
YC7007 2] Al o 7lvhey WA ade ¥Hes sk, YC7007 #5E 2+
10° 10° 107 cfw/ml s=2 Asta 104, 209, 308 F 49 A5E AT YC7007
Fo A sxd B chlorophylld ¥lalE YC7007 755 2t2H0% 107 cfu/mlis =2 %
dslol Agde u 77 AgFER A9 g chlorophylle] mgs =43kt Chlorophyll
9] %2 Lichtentthalerel]l 9J38] ®uH 218 AF8-3te] AAkdEt}h Total chlorophyll = (7.15 *
A663.2 + 1871 = A646.8)/1000/(fresh weight of leaves); AlAtE e AWE % g chlorophyll
o] mgs uYEbdt ZIdel] YEeEhd =X +Set= SPSS statistical softwareo] 2%k Duncan’s
multiple Range Testol & FolatA tt2thHP < 0.05). ¥} 28 =+ Sigma Plot version 12
Abgsle]l 1tk ¢ = kW G fiyikuroiE 10 g FE3 AL ustal MockS HE O}X]
< e gt Z2F A F 10709 4SS ARRste] 3RbE skt d2 HET 5 20

Ak Fo mobd 4Ee AW,

F %] 9= (severity index):=

HE

oil

o

& ml

e

_

o

- 106 -



WA el Ao YCT007w 9] A ZFE A3 vl kA 53 ALE flete] ¥ Ao o
o] lem7HA] W& ¥4 5 YC70071# 52 AZAEH(2x107 cfu/ml, Aso=0.1)el 307+ 9# =
T, 28°C ol }\1 24X A8 EE. 60417 Al st YC7007 w2 vl S 10 mM MgSOq
= ol&3dte] 1110 Hl& = Mg F, ol &Fskar 28°C oA 543+ FA SR L AT
2789 +%o] diskE HEshar, thAl 28°C oA 543 FAAZH. EHES Hdd HFT 7
o ¥ FAAF0-5E A&t SA4sAY. Mock A2 WS HFoto] FAAA
ok 20709 oS ARESte] 3RbE FdEAT W FEO B, W, AGE FEddA A
T ZAE G ofigikuroiEs §1%F AE vl ](25 ppm Malachite green+1% PDB+ 1.5% 3%+H4)
E olgstgen, YCT007 #FE 77 10° 107 cfu/ml =2 A2 F 2090 A FEe

%, e, AR RN BT AANFE AT

4

f

AL YCT007 9] o= vl = A A s}
YC7007 9] il ks el wiA A3 s FAS Deste] vk A3 dx A5
At W3k 7P Ae viA|(glucose 0.25 g, NaCl 0.5 g, Pancreatic digest of Casein 1.7
g, KboHPO4 0.25 g, Peptic Digest of Soybean Meal 3.0 g, 1 L SF)& 7/I&3stact. 73k
Al 2] 50 mldl 28°C, 120 rpm Z o2 24A13F &9t 7|8 %S 3 H 50 L fermentere] 30 L
o] WA E Wl HEFA wiY =AL 28°C, pH7.0, 120 rpm, 0.5 vvm, ps 0522 72
Al Et A ThHE26). il S 918 500 L fermenterol] 200 L v A& Hif3tal 244
ZF wjokdt wjdel 20 LS HE3d & 72A17F w9k (28°C, pH7.0, 70 rpm, 200 vvm, ps 0.5)3}A
CHE27). AAsE flal] mdd s F2dudy A2z, BErdxe] =235 HA st s
Al oy Mo ANAS A= A 727 i gFE v

I
of THAxF F o dAlek FEHAS A A= W UHE zl"*ﬁ‘r = ATH(FE2).
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WAZE (%) = (1 - Ag o] yubda /52 g5 ¥abdasg) x 100

(2) B7] g7t kg, sl Alg (2FAE)
YC7007 it gl
(AFA] ﬂ%%ﬂd)ﬂr A5 AFA Wdd st

N
lo,
i3
~N
oy
AN
)
-
ok 4
fols
olf
)
o
2

2 39 Aestgch. 97 AEY AWE 2AE 9
s 7 AT g owEE @) ASLE Aol WHES AetArhel IR F4100/%F 2L B
A 5. fAEAE oF §7E YRRAL Stk okx AR 20139 39 209, 49 59, 49
129 %33] 3WHEo = 2 A + 3¢ 254, 3¢ 27¢, 3¢ 29¢ F 33| 3nkE

o7 ATt ol AAE AFe 49 495 E 49 BU7A] AAEG o, W] FEe
A 7T AT, EYEFUE a3 AT E U
oA o 3urEow HAAsgrh 4F AP A F FHE 127, 7 U 10 m, 2eWF
m’gaL, okel AFe A F FEE 157, P UL 2w’ 2ewEe 30 mAth YC7007
FFE oA RS 2500, 5008 Ak 1x10° cfu/g FEE U % 7Y Ao R 49 49 4
9 114, 4¢ 189 =+ 33 4% Adstdth dx=7¢ E
30% = 40008) 3Asle] Abgatdth FE FAME 20139 49Y 249 3ukEo g A A Eg o

s ZAFE 49 79, 49 99, 49 119 F 33 3utE oz A

<d3d AI4>

7b 2t Ark AT e w8 B 54 2AL
(1) whatrol 234l WA TS &
gl dol A At 657 AAAEY] HedA 7] vE #F BYS 7H 20659 WAATS &
getsith e 22 A2 R dateahd wittes o83 1/10 R2AB|A| el A wij e}l o, 3t
Fo] A77} o A2 vAES 2-3F7 wiYedtt &5 S * Poultimum®} P. capsiciobe] A
S ol dAEe] L 249 UAATS ALSIATHA 3).

d

(2) 2l WAAMTFY seE FAL
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Ak WAATE oA YC6890, YC6R91, YC6892, YC6904+= P. ultimum *F P. capsiciell Wl 4-5
mm&] A A gt doem, YO8’8, Y6839, YC6893, YC6900, YC6901, YC6902,
YC6905, YC6907, YC6909, YC6911+= 3 mm o]ste] °Fgh AAEdE HATH &, YC6894,

YC6895, YC6896, YC6897, YC6898, YC69062t YC6910 ¥+ & F7 WAl el A3t
Al adE BAR, G2 3 7FA Wgtel tisiM = oFF A EAE el T AR

H7F e T YC6258, YC6887, YC6897 % 6-7 mme] 43t A&7t At

(3) 2g4s 7k WA 16S rDNA F71M < 4
At 24F WAARTY 16S rDNA F42F d7149S 243 A3 Bacillus species’} & 8& 202 7}
getow I tgo®  Pseudomonas(3%), Stenotrophomonas(3%), Staphy]ococcus@}‘)
Microbacterium(2%) species® WETH Zakao] 7b4 E9kd YC6887% YC6897 5
27y Martelella mediterranea MACL11Y, Stenotrophomonas maltophilia ATCC13637Tﬂ
08.3%, 98.8%2 FAIEE H AT W YC6258 i+ Saccharospirillum impatiens?} 91.2% 2]
S MRS Bl B AdEs THHUA fARRTE B2 it YC6898E  Hoeflea
alexandrii AM1V30' ¢ 95.9%°] FAM=E UEbd T

\S]
e~
ol
Lo
=
o
)
F:ﬁ
0
>
_OL
i
a
ol
o
Lo
=
e
&
iz
gl:l

8 491 cellulase, chitinase, protease, B-1,
BE A Y. phylum Firmicutesdl <3t 43 Al YC68R9,
YC6893, YC6894, YC6902, YC6905, YC69062 ddo=z =2 cellulase &S HIT
YC6897 & 73t Agte ¥ ol 7F3h cellulase € =X GTE HE3F YC6258 % P.
ultimum, P. capsiciol 6-7 mme] A 575 YEFHRES ¥ ot} 43t cellulase &4& B

t}. Actinomycetesdl 3= TFE YC6895, YC6896, YC6901+= chitinolytic A4S ®.3laL

2

3 glucanaseiﬂ A A

r_{

ol B S e Firmicutes, Actinomycetes, y-Proteobacteria®l 43t 13 YA WA A
52 YC6889, YC6894, YC6896, YC6897, YC6901, YC6810A47F el (3-1,3
glucanase €42 3t a5l JFHA i dE A8 T/ dFFEMA YERS

I 3. EaHZEN AMadte SMAZNA S2Ist WMAZ2 HSEF SAME, 28 2
NEE 2digas Mo ofF
Antagonistic b
.. Enzyme production
Origin/ activity against’
Strains . B-13
Closely related % P. P. -
number ) . o Cellulase | Chitinase | Protease | glucanas
type strains identity ultimum capsici
e
Rosa rugosa
Martelella mediterranea
Y6887 MACL11" 98.3 o o+ o - - +
Pseudomonas koreensis
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YC6388 Ps 9-14" 99.1 + + - _ _ .

Bacillus gibsonii DSM

YC6889 g722" 95 N N . - N B
Pseudomonas brenneri

YC6890 CFML 97-3917 99.4 T + _ N ~ ~
Stenotrophomonas

YC6891 rhizophila e-pl0" 98.8 ++ ++ + - - +

Vitex rotundifolia

Bacillus stratosphericus

YC6892 41KF2a" 100 . - _ _ - .
Staphylococcus

YC6893 saprophyticus GTC 843" 98.2 + 5 + _ _ _
Staphylococcus

YC6894 epidermidis ATCC 14990" 99.8 o+ + + + + -
Micrococcus

YC6895 endophyticus YIM 56238" 99.2 ++ + - n i+ _
Microbacterium

YC6896 arborescens DSM 207547 100 i+ 5 _ N . N
Stenotrophomonas

YC6897 maltophilia ATCC 13637" 98.8 - + I - 4 _

Suaeda maritima

Hoeflea alexandrii

Y6893 AMI1V30" 9.9 ++ ; N _ _ .
Paenibacillus

YC6900 parcinonensis BP-23" 08.8 + n _ _ _ N
Microbacterium

YC6901 laevaniformans TFO 152347 99.6 + + _ N _ .
Mycobacterium
frederiksbergense DSM

YC6902 443467 99.2 + n i _ _ .

Carex scabriolia
Saccharospirillum

YC6258 Impatiens EL- 105" 91.2 o+ ot ot - _ _

Bacillus safensis FO-036b"
YC6904 100 ++ ++ - - ¥ +

Bacillus aerius 24K"
YC6905 100 + + n - _ _

Glehnia Iittoralis

Bacillus gibsonii DSM

YC6906 8722" 99.7 ++ + o - - -
Bacillus thioparans

YC6907 BMP-1" 99.8 + + - - - +
Pseudomonas koreensis

YC6908 Ps 9-14" 99.3 + + + - - -
Stenotrophomonas

YC6909 maltophilia ATCC 13637" 99.1 + + + - - _

Elymus mollis

Bacillus stratosphericus

YC6910 41KF2a" 100 ++ + - ++ - -
il ; T
YCe911 Bacillus pumilus DSM 27 998 N N B B oy B
AT e 28°Col A 4-6U3F vl F TAMAE AAAEE FAHSA T +, <3 mm; ++, 4-5 mm; +++, 6-7 mm.
Prasye AT BF Fae Fyael a/8 Fgske] 2Abakitk -, Negative; +, <3 mm; ++, 4-5 mm; +++, 6-7 mm.

- 112 -



B AEREEH2 54 24

16S rDNA 9714 4Y 48 Soto] A2 To=2 &A% YC6887, YC6898 & AEAY F3l
of #efsli= AAES] AxHg3, IAA 2 siderophore AAF, FAARSIA e HALE fd] A
watdet. AurEl 2 #FE a-Proteobacteria g0 4ol 24z e Hol| HasteE G4
A=A R rugosa, S. maritimal X FEEATHEL)., AEAAGHZIAZANA 29T BT
tricalcium phosphateE &35t 31, TAAE A4tsh= Ao =2 vERstt Siderophore A4k

YC6898 i+ Foll At 3+el ¥ a1 nitrate reduction 5 H-& YC6887o A vt A2 JQH(E 4). =
Sk YC6887w = A. thaliana®l W& 47 F tix+o wla Halel 719 Aol HXH+=
A el

T 4 goll HEWH MASE SMHAZNA =2l UHAZS ASdHE S8 4
Growth promotion characteristics
Closely
Strain no | related type Phosphate IAA Siderophore Nitrate Growth

strain solubilization production producction reduction promotion

YC6887 | Martelella ++ + - + +
mediterranea

YC6898 Hoeflea + + + - -
alexandrir

(6) YC6887 2] &4

YC6887 = Gram 7gol%lal 540l glle
1.2-23 m)olq i EAE FAsHA
o Aestd aeal A EAES F Vs, AdudHe] FEI AHEAY Bluxel
QI THE 5). T AHARE Cigin7c(57.1%), Cigon8c cyclo(7.6%)°.%2 Martelella %2 &
o] Auat 43 FARSFE T 28y YC6887 i+ iso— Ci703-OH, Cigo 23] L Cigo9l
| &0l Get Martelella 521 FEF] AAakat FEHAHE 6). L8], o] #F7F &
FAFEE FE53 2 HE& aesculing, B-1,3 glucanase, casein, CMCY 7lr&Esol e dow
caproate®} adipateE ©|&3}= Z ot} YC6887 ¥+ F+ & quinone< Q-10 °] L, 16S
rDNA A Qe wuwEA A3t Martelella mediterranea MACL11 2+e] §AFE7} 98.3% %
Martelella%ol 438999, Rhizobium %2 $E3+% 91.6-93.6%, Aurantimonas coralicida
DSM14790" 2= 92.1%, Brucella 49 53 924% °lth. <4 AT 7HI=(d 3)
oAl =& bootstrap value(100%)E YEFH AS & w YC6887 T Martelella
mediterranea MACL11" ¢} 7} 7b7he a8 g4k o)k o] 165 rDNA A g 9]
A, AlFEAT A EA Ak A3z B oul YC6887 v Martelella% ol <3l
2 YEutth YC6887 & Martelella <3 oe7he] Y 540 e tE 7k

=
°

. Jo
o >

ay
Al
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Y} FEEHAJG(E 5). 2HBRE o] g EFRIH AYS AR B d, YC6837 T
Martelella% 2] MZL FJo] HIEZE o] o] o|FS Martelella endophytica sp. nov.=
g =

Rhizobium etli CFN42T (U28916)

7 Rhizobium leguminosarum ATCC1004T (U29386)

___Rhizobium rhizogene IFO13257" (D14501)

98

100 | Rhizobium tropici CIAT 8997 (U89832)

86 Rhizobium alamii LMG 24466" (AM931436)

2020019021y Y

Rhizobium daejeonense KCTC 121217 (AY341343)

” Rhizobium larrymoorei ATCC 517597 (Z30542)

1 99 L Rhizobium rubi DSM 67727 (AY626395)

Fulvimarina pelagi KACC 12056" (AY 178860)

Aurantimonas ureilytica DSM 18598 (DQ883810)

100

e Aurantimonas coralicida KACC12050" (AY065627)
59

= Aurantimonas frigidaquae KCTC 128937 (EF373540)

2DIVPYUOMPUDINY

99 Aurantimonas altamirensis LMG 233757 (DQ372921)

Martelella mediterranea MACL11" (AY649762)

100 Martelella endophytica YC 68877 (HM800924)

Caulobacter vibrioides DSM 98937 (AJ227754)

0.01

8 3. YCB887 #F2 UIE 2HE= AIOIQ oS LIEHWHE 16S IDNA ME2 BHE HS
2. W& =X= 1000BH=0IA LI bootstrap valueE LIEFHCH50%0] A9 £=X[JF 2HE
SOl =0 &ICH. &35 oty A= GenBank/EMBL/DDBJ &2 #£=XICt. JIZ2Z,

nucleotide ¥IXl & 0.01 Xl

(o]
AR

rr

ro
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H 5. YCB887 #F2 2T 8= E4.
23: 1, YC6887'; 2, M. mediterranea DSMZ 17316'; 3, F. ulvimarina pelagi KACC
2056'; 4, Aurantimonas coralicida KACC 12050,

Characteristic 1 2 3 4
Isolation source Halophyte Lakewater Seawater Coral
Growth without NaCl + + - +
Salt range(%) 0-9 0-6 1-8 0-10
Temperature range

°C) 4-40°C 4-37°C 4-37°C 4-40°C
Catalase + + + +
Oxidase + + + +
Production of pigment - - + +
Nitrate reduction + + - -

Hydrolysis of:

Aesculin + + - -
51,3 glucanase + - - -
Casein + - - -
CMC + - - -

Acid from carbohydrate

Glucose + + + +
Rhamnose + - + -
Melibiose + - + +
Mannose - - - +
Sucrose + - - -
Amygdalin + - - -
Arabinose + - - +

Utilization of carbon source

Glucose + + + +
Arabinose + - + +
Mannose + - + +
Gluconate - + + -
Malate - + + -
Mannitol + + - +
Maltose + + - +
Caproate - - - -
Adipate - - - +
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H 6. YC6887 #=2 UE 2HESSH HEEH= MEE X2Hat gtgk,

ZZ : 1, YC6887: 2, M. mediterranea DSMZ 17316"; 3, Fulvimarina pelagi KACC 2056';
4, Aurantimonas coralicida KACC 12050". Xt2= &3 XlZatel =282 HAIGHACH fr,
1.0%0l5t ; -, &KX LUAS.

Fatty acid 1 2 3 4
Cizo tr - - -
Cigo 2.4 12 2.6 6.7
Cimo - tr - tr
Cigo 2.2 tr 8.2 1.5
Cie1 dic - tr - 1.3
Cis1 @ic 57.1 21.6 82.9 76.9
Cis0 3-OH tr tr - -
Cig1 2-OH - tr tr 2
Cigo 3-OH 1.7 tr tr
1s0-Ci70 3-OH 7.4 tr - -
Cig90a8c¢ cyclo 7.6 414 2.6 10.5
Ci90 10-methyl 2.6 tr - -
Cig1a7c 11-methyl tr 8.8 - -
Summed feature 2 5 7.6 - -
Summed feature 3 1.3 tr - -
Summed feature 7 tr - - -

Martelella endophytica YC6837 sp. nov.ol| thsk 7] @

Martelella endophytica (en.do.phy'tica.28]2~ 59 endo- <¢toll; 18] T EAL phyvton-
28 Al BtEo] H8A} endophytica - 21E<dAl e, Al AE 2AoA R A F
H). MEE Gram 94, ¥ A= JAFA &= 4 FH05-0.8 gm x 1.2-2.3 gm). Marine agar
2216014 ¢ MA= &F8etal, w2, 7Pzt g ar, Zhurh B55kal vjan gk
A= o] 7140l a Oxidase®t catalase™ Adolth. Ao NaCle Aol A &= ot

NaCl 5% 9%(w/v)7}A] A 73t} Indole A4F, arginine deaminase &4, aesculin 7}=¥3)

A

= okAolal whHol gelatin 7R 9 ONPG 9H4& &4 o|t}. Voges—Proskauer HFHE& <
Aolt}, o] 72 Tdd BAYo® glucose, arabinose, mannose, mannitol 1% 1l maltoseE

©

g3t} A Al AWAEE Cigie7c(57.1 %), Cigon8ceyclo(7.6 %)t &+ Z& quinone<
Q-10°]t}. YC6887 = wWetdl= e d detrtelA Aeli= Rosa rugosa Thunb. ex
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= A%t YC68879]

17} T

=N

of gk oA

Sttt

[€)

F(in vitro, in vivo ZA)
W (P, ultimum) ¥ G (P. capsc)® AR oA &3E uj

=N

Murray © 2] W5 Z2 A &
(7) YC6887

O
ar

™
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B

fite)
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(a) YC6887 @2 Xclet

& 5. YC6887 @ HMclll &

&; 3-8, 4YHZ+YC6887. (b); 1-2,

F

[m]
[u}

SEE

729 5.0 x 10* @F=X/ml B@Z: 1-2,

32

(c); 1-2, 2EF HMel; 3-4, FHEIF+YC6887).

CHE+ 3-4, YC6887 Al Xel.

=K

(8) YC6887 #7529 <

T

S

tel SEMS AR&-

)

)
—_

o]
—

Aol Alztel § A aE

1529 6).

3lo
= U

—

b= 91Tt

=t

3} We) Wojd FAAE WA B

=(b).

ot YC68872 Xl 12A12

MNEXRHOIZ At (a)

P
e
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rr

8 8. =l 2o BHEZS0IE otolMe YC6887 =2 &EEH. &2 gfpdt €0 U

(10) YC6887 ==l 2|38 Arabidopsisoll 2] A4l A4 F=

YC6887 += Arabidopsis®] A& & AF FE%+= AIA A =7 Jasmonate/ethylene 7 =
1% &L galicyclic acid 42U RS ZALs}7] 9)8ke] Arabidopsis B8 YC6887 < 7]
E Ao o2 % 55 # He wWdAo] e vt WAl gl P syringae pv.
tomato 5 FEFaAoh E272E WAdT S HEot7] 4Y, 794 Hel 10 mM MgSO4 &4
S AEd ESHT At 49 F YC6887 o TE AT EdFAA A7k A Eo] FAE
23t AErth okt AtHdY 9a-d). P. syringae VYA

PA

o
TS A3 A2 o FWYgsA A= @8 S8 Mo APzt Jebd wkd

RT-PCR +4 A3} P. syringae w9 A& HAF 29 ¥ PR-5 transcript 45 & F A
H(1¥ 10a). o] vl YC6837= F &% <oA= PR mRNA® =5 =4 37y

kTl YC6887 A7} &4 jasmonate 2 ethylenefr® HFSQIAE FALs7] 9dhed,
jasmonate % FHARI & it @A S A3l AE W] §HA PDFL2E ZAVES AL
MeJA ¢ ACC E5F YolA PDFI.2 transcript 45 233tk YC6887S * 2|8k 2] &9
QoA = PDFI1.2 °| transcript F°] S7Fste Aol #AZ = (1H 10b), o]+ YC6887
o] 5 Ao 93 FEA3A A3 o] jasmonate?}t ethylene W59 Ayols &4 = A

.
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0% 9. A thaliana? £'2. (a)2X e,

tomato(Ps) Mel, (d) SR Pst M|, YHATI} A4 EZ HEAE ( ) YC6887 &=
dXel & GJA Pst#=2 EEc A2 statEs TAIE 22X AZ22B0 Psi? YHAETZ D}
HACH
12h 24h
' X i L

M M+Avr  M+vr B Btvr M DM+ivr M+yr B

12h 24h

Btvr M+ Avr M-Hrr

Bivr M+ Axr Mﬂrr
PDF1.2

& 10. YCB887 =3 HMc2l0l st A. thaliana A22
S&EXQ transcript == (a) PR-52 (b) PDF1.2= 28 SEXHN &

=& 2= prime2 AFEst
RT-PCRZ Z40IQCt RXH o=z U= GAPDHE RT-PCRE2AQ X2 AI=20IUCEH M,

fxcl; Avr, HIE34d2 XMl B, YC6887 =@ XMcl; vr, @347 X

LIRSl =& HHY R ZAH L S72E2 (HEMA

== o
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Gyt =Ao] S Skl M2 gE o wiAel AEd At ninta s
%

=
"3—% TR Al F2 a¥rh AT wistEe] fls el et

i
i)
ox
r >

mN
12 o

capsici, P. ultimum

P e
15} &} ao}oq e ead,

e e 2

2 60AIZte 2 YElgt g8 g@a9a AAJES AU AlY xS
oA YCE887 wFE wjdstel =3 Edo] uF ‘33
7F =4 YERE T 11). YC6887 2] g o
o] AL A HIH AL ethyl acetate® F=3+ T =% ethyl acetate &2 CI18
reversed-phase flash chromatography s ©|-&3e] @A A =84 weE22Z A5t 247
=

GAER S ﬁ—?ﬁh’i‘?}. 01 Tdss CHgClgOﬂ

= 11. YCE887 ZX2| I Gi40) 2Bt DX REEHUARS AH. (a) YCS BIKIDZBHY
0 =

02, (b) Silica gel columnez =& = 13=2& 1 (¢c) 14

(2) YC6258 wtT+=FHe 454 +x 24
YC6258 o] Wikl FAAAS A HEF: Edd FFE 19 F$, 'H-NMR
spectrum®l Al § 353 ~ 6.02¢] A ribosed] EAAQ signalEe] UE

2 811914 aromatic sp® proton signalEo] WE} o] 3&Eo] ;i HFrAdS FAHIL 5
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k. PC-NMR Spectrumoﬂjﬂ 12709 gas e & gen, § 1256 L 1527014
At HMBC spectrumo©l A, &y 8.13¢] ribose2] anomeric

PN

;9

aromatic SD Cal”bOI’la —1 ]?:52

o

carbon¥} correlation st HS A3} AL, cyan group?l carbon¥®= correlationdlE A<
gelete] ribose B cyanyl group¥ ©]%3ha ST F U o] AdRE H3 A vl
3} o] o] SRt E S 4-amino-5-cyano-7-(B
-D-robofuranosyl)pyrrolo[2,3-dlpyrimidine-3-N-oxide (Toyocamycin-3-N-oxide) = <135}
th(1¥ 12). Toyocamycine ddfole] A~ 3ot g3p7p £& A7 WAFoA 2e H
b= 2oy Toyocamycin-3-N-oxide®] -9 FAHE A9+ Jov} ddolA &,

Hh= gtk

&:1

1~J

Toyocamycin—-3-N-oxide; &4 FA & 2 'H-NMR (300 MHz, DMSO-ds) &: 811 (1H, s,
H-2), 808 (1H, s, H-2), 6.03 (1H, d, J = 6.0 Hz, H-1'), 5.38 (1H, d, / = 6.0 Hz, OH), 5.13
(1H, d, J = 48 Hz, OH), 510 (1H, t, J = 6.0 Hz, OH), 435 (1H, q, /J = 6.0 Hz, H-2'),
410 (1H, q, J = 4.2 Hz, H-3'), 392 (1H, q, J = 4.2 Hz, H-4"), 3.65, 3.56 (each 1H, dt, J =
4.2, 12 Hz, H-5"); ®C-NMR (75 MHz, DMSO-ds) 6: 166.3 (C-6), 158.0 (C-4), 152.7 (C-2),
150.8 (C-5H), 125.6 (C-8), 110.9 (C-10), 87.2 (C-1'), 8.2 (C-4'), 73.8 (C-2"), 705 (C-3'),
61.8 (C-5").

NH, cN
O
\N = ‘ \
g
N N
HO
o
HO OH

-

I8 12. YC6258 @ F M stz &AH =& 9 P XE(Toyocamycin—N—-oxide)

(3) YC6837 =K FHEL T+ AA

YC6887 #3o wjgdol ] BAAAL AX HE Felw AE 6% F 2% ﬁw o T

z7h AAHAI, UrA sSEEe Tz

spectrumol| A1, § 9.8601 4] aldehyde®] 52449l signals #3138 4= UL, § 695 2 7.80°
o

/ﬂ AsBy system®] aromatic ring® proton 81gna1~ QL Ely

o0
sy
1o
)
>.,
il
Jet
o,
p‘L
=]
M
)
o
o)
E
ol
£
o,
-*‘L
ﬂH
rlo
=
e
=
=
o
D
j=)
N
)
Q
o
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do
o,
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8
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1o
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3B HF B A4E 5ol AgHE duAe FAFBAE GeA dou obd By
gomt aeld vt ¢

- Compound 1 <13t ZA72d 'H-NMR (600MHz, CDCl; ); § 6.95 (2H, d, J = 84 Hz),
780 (2H, d, J = 84 Hz), 986 (1H, s); *C-NMR (600MHz, CDCl; ) ; & 115. 92, 130.13,
132.39, 161.15, 190.87

- Compound 2 ¥4 14, 'H-NMR (600 MHz, CDCly); 6§ 3.67 (3H, s, H-8), 7.30 (5H, m,
H-2 ~ H-6) ; ®C-NMR (150 MHz, CDCls); & 40.90 (C-8), 127.35 (C-4), 12865 (C-3 and
C-5), 129.35 (C-2 and C-6), 133.23 (C-1), 177.04 (C-7); EI-MS m/z 136 [M]"

COOCHS3

Compound 2

i

O3 13. YC6887 ToF MA SnEd 2HO X
ok PAE g7 g T g 2 AAE AY

(1) YC6887 wt2<] HA|3] AlA s}

M10 ®j Aol A YC6887 wild straine A57F 2o 27 1x10° cfu/mle 54 stth7) 2%
Fofl = 2x10" cfu/mlo® sttt whde] A= FPgwd GFPel HH¥ GFP-YC6887
o] IxE HE 27| 1x10° cfu/ml A 45 Fo 1x10° cfu/mlo = A5adrirt, 165 &
of 3x10° cfu/mlz ZFAagd 2y 14). MgSOs bufferdl A AdF5 ZHAE HEA 2x10°
cfu/mls FA 8oy trehaloseE 5%, 10% H7FsE &=

O
cfu/ml, 6x10° cfu/ml 7}A Aol 8F %= #E A4S #AEIT 5 ¢tk M10

broth®} trehaloseE ¥ &34 22 MgSO, ¢F&do B 39S "= 8F F 7+7F 8x10°
cfu/ml, 1x10° cfu/ml 742 723t oh(2d 15). o] A2 B o o] 739 dAF AAE=
AL3LE 95te] HAS BHE 7| oF 671Y FoF o UE FAX7F oAHY HAEEH HE

Ao AztAr
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Letld

1etd o n —8— GFF strain
i RN o Wild streir
=N DO
lets A . Y
\r .
E 1et7 E\M
g \ G
& s e
= -~
3 -
lets \
leid
lets

Storage time{wks)

& 14. YC6887 =3 wild strain & SZC8HA T X strain? YHE MA S

= oo
o =
YT H3
le+9
LB — s MIOB
= o Tr=0
leg - N ———— Im
\\\\\ — == —- Trell
- Y \'N
NN
= Lo
= let7 - " N T
- . . Py
E Y
=) -
0 .—_—
2 —_—
3 leis . — .
.D.._
s
lets - )
lerd T T T

] 2 4 ] & 10

Storage time(wks)

J8 15, MAHE™ RNA = trehalose EJtJF YC6887 @3 L0l OIXl= HE.

(2) YC6887 wt2] vtokE 2] A|A s}
GFA 7 vpgk S wmge #3e A FE A 2x10° cfu/ml, 2F T 1x10° cfu/ml, 55 &

h=|
8x10" cfu/ml, 115 ¥ 1x10" cfu/ml7bx] 2 W §lo] $AHE AL A& & Yrh. =
A7 A A @ TEo] FUSE "= AA Fo & A HAY Trehalosed 5%(g/v) E
HEEHE 3 MgSO, $58doA = 29 & 543 U 45 BT HbE Ao
Lq] =

6 =
HEA, 15, 25 3o 7217} 3x10°% 9x10° 2x10°

3}
gz oll A Y6258 T:Hﬂ% By e
F Aol BEHA &%k

el
Y 16). o AW wop X FFe] AAP AAelE ulgE HES o]§F AAH %
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o o o =
Le+1D
—a— Control
e 4 —o— 10N MgS0y
—y— Seawater
T —i— Seawater + 5% tre
le+8 o %:::_ —_ix -
- \\ \\\\- —
& ] —
E‘, let7 \ \\ \\"‘x__ \i
3 ! N “‘x&
leto - 5\ \\ M‘x,&
\ ™, Ta
le+5 + \ g\\
\ N
Le+d T T . .\ T
0 2 4 G 10 12
Storage time(wks)
1etl0
lesd 1 —— M2
—i 5 3
lerB *?‘;{%& _: _\Eva:er
let7 o \.\\ HR\\"{)______H_
I N
E lets - \‘\.\ Ty
) N
2 letd .
:l \‘\\
letd h\\x
let? *\\
letl A T
-
letd A \\‘
Tel T T T T T
0.0 0.5 1.0 15 2.0 2.5
storage time(wks)
8 16. HI% 2 0l HHE HAH = YC6887 #=29 LT B3,
(3) YC6887 o] 1173d A A s}
Peats} 4AE o] &3 AAdME HF 27 22 2x10° cfu/ml, 910" cfu/ml W=7} 45 F
ol FEFol MAFA Fkrh FAAZX A d Y0887 #FE 27 1x10° cfu/mldlA 15
% 8x10" cfu/ml & FrA8tL 8F 744 2x107 cfu/ml W=7} FAHATHZE 17). 248 AA
T wAE 4 1x ANA AAS & Ao] 7MY =2 AES Boy A&stE AdAeE &
A Az A AAA wre ALt Bas
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le110

—&8— Freezedry

1et0 - —0— Rice husk
—¥— Peat
1e+8 A
—_
=1
=
£
= lel7 A
of
=]
|
leto A
1e+5 A

lel4 T T > T T
0 2 4 [

@«
—
(=]

Storage time(wks)

a8 17, D48 WA S YC6887 #F2 LT Bigt

tol

2k YC6887 w59 AlE 558 A e R o3| Bt
(1) YC6887 Al o 5 oy Al &}

B s A 23 dat 25 A9y BAELS 20110 74 49 24l
A AT 25%, YC6887 A @7 7.75%, SHehg el Ae T 13%] dHES Bl 79 18Y
APl A= AT 30%, YC6887 Al 8%, shehwek AuT 16%E Hlom, 20114 8
g 4 FAbel M= FA P 35%, YC6887 A 18%, shebsof Ael7 16%9] & e
WRLT 33 2Ab A3} A el wske] v Al Al shsheek Aok folHel Aol
7b glol AR Al BaE Bolnh o8y 79 FolE SetyotEu: WAl 29 o F2
B WAtk Ty 89 2EANH AEHA F97t £obA 849 z%vmb m R EA A
gt stebE ek Ay h FAEe wete]l B oAl a3 fFAE o 89 14Y A A =
A2 T 68%, YC6887 A @] 72%, Stehwel AT 50%9] WWEE ®o] BE ATl

Hg—xﬂjé‘_l’]--% ?_]Xézg’ T H/\}J\TA'(:LE] 18).

J
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100

I Coutrol
[ YC6887
80 1 B Chemicels

Discase Incidenee(%a)

2011. 07.04 2011.07.14 2011.08.04 2011.08.14

Date

18 18. YC6887 =& X0l 28t 0= Y Yl S

(2) YC6887 A gloll o3t 153 A5 B 8 AL
Ay 13 A5 -Ef‘ﬂ?q = %24 9855 cm, AE 1.07 cm, 4% 23.45 cm, YC6887
A2 =% 100.35 cm, 1.13 cm, 7473 2445 cm, 3t <F A8+ =4 9635 cm, 4
B 1.20 cm, 47 2400 cmE ®elow, 7} Az o4 Aol IAT = AT
7). FEFS 2011 79 30 At A= AT 4219 g, YO6887 A el 4875 g, 33t
oF A7+ 5019 g, 2011d 89 9 FAfel A= FA 8]+ 5675 g, YC6887 8275 g , s}ehwof
AT 6725 g, 2011 8¥ 18Y XAt A= FA T 11425 g, YC6887 A 27 11425 g, &}
steof A=t 1520 g& How, 3w 8 Hg> FAT 7106 g, YC6887 A
9125 g, stskseF A2 8981 g& HIU. AAH o= YC6837 A& 8¢ 7|7+ FA
g ol Hlsto] }ekEof Ael et AR AR FE e HA ey F4U ALSHow 2
8Y T olFol= FAETE} & Abol7t 0491‘3}(1% 19). o] 232 & o 45

237
A v AT EA W AT AT £ A&HE B o]Folk FetAE
e},

H 7. YC6887 @ Xclot 1F =0 0IXls SE.

Treatment .Plant . Stem Main stem
height (cm) diameter (cm) length (cm)
Control 98.55a 1.07a 23.45a
YC6887 100.35a 1.13a 24.45a
YC6258 / TORY 96.90a 1.08a 23.60a
Chemicals 96.35a 1.20a 24.00a

* Means with the same letter are not significantly different (p=0.05).
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1300

B Control
1600 1 =3 vcess?
I Chemicals
1400 4

1200 4
1000 4

800 - I

600 -

Fresh weight(g)/Splants

400 4

200

07/30 08/09 08/18 Mean

Date

8 19. YC6887 @ Xclot U= &0 0IXls g&.

(3) YC6837 Aol g T K 3 &7

YC6887S Ag3 Fo A& 2 527 cm, BAF 670, A% 1164 g, @ 6967H, qF
62,770, 9F 165 g, TEFAF 244 kg, MYF 263 g ol om FATY Y& 27 623
cm, WA 5570, AF 74 g, 5 62370, A 6237, 4T 154 g FHFAF 228 kg, WHT
261 g oItk 2AME AEAR T AT FEATFAA fFoAHd AolE vE Uden, &

FAF A mAE AYTo FATel vl 7% o = 2AE AT 8).

H 8. YC6887 #= Xclot 2 M0l OIxXl= HE.

=
i)
ofy

5 B ] 2~ = >~ o~ o~ o~
x4 A A q4 A AF TR

(em) | GN/F) | (@/=F) | ON/F) | ON/=) | (g/F (kg/10a) (g)

- 2 62.3 9.5 74.0 62.3 62.3 154 228(100%) 26.1
YC6887 52.7 6.7 116.4 69.6 62.7 16.5 244(107%) 26.3
LSD.os 3.8 0.6 19.3 9.1 ns ns

* geNeka A3E 9 (011, 6-10. Bt A9l we )

2

(4) YC6887 A eloll olgh 2= WA ad(EE 49)
YC6887 w5 AAle] W WAl AFEY Sls ffste] muieler Fag AsHdd 7F
of e WAlasE 274 A Wyle= At a1
AA BE AF 1Y Aol Aestel WALE ZASATHE 9). YR
AR eEy 129%, EvEAUFFoY 31%, EvtESY 8% nFwAY 720%° e 1}
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u}

Y
s
Y
ok
2
oifil
flo
fol
k)
N
0,

Lo] golx ). 1008] 31X Azl = GAFSE Ao 7
t‘é

ARAFH G 18%, ErtEALFFoIY 50%, ErEY 8%, Wiek

W 500, TEEAY 8% WAE R BF AGTIAE 1000 AN AL A
o 2AF A8 ggirel mal W mUW 4% EelEA ey 7%, wrhEey 19%9] we
A7 E e

oz =
N ox
o
v

H 9. YC6887 @ XMoo =2 A=d YAl st

Treatment | Dilution Factor| RCB* | RSB | TGM | TLB | WLR | BPM | RPA
Spray x500 0° 12 31 8 0 0 72
Spray x100 0 18 50 8 20 50 81
(BD;TZE) %100 4 0 7 19 0 0 0

‘RCB: Bl g™, RSB: B JFHntEY, TGM: EvfEAY F3old, TLB: EvfEdY, WLR: 4#H259, BPM: K23

7}, RPA: 54, "EA7E %

ok YC6887 w59 28712 s
(1) YC6887 = HHe d-dE4d F+x 24

YC6837 w7 wiFo Ao A FEH SFEE FHddS A A SeE #1333
sllom, wWentEWi#l Burkiolderia glumaes W& WA173elA 4 mm o]/de] A7 JA7F #z
YA #25 P. capsici®t B. glumae®] RB7S w0l JAEIG oM, #3 P, capsiciote] v =] uj ol A
4 mm o]’ A AAHE HEeATHE 20).

O

o5

&N
i)

'
rlo

P. capsici P. capsici B. glumae

I8 20. YCe887 da SnEd 229 D 4F A
HHE & 659 =Y 725 NMR, MS 59 #3384 A5s5 At 274 ssled, 1 5 &
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vanillic acid, 5-methyluracil® ZAFAcH1H 21).

= #1, #2° 717 p-hydroxybenzaldehyde, phenylacetic acid= Q1% 1o,

[e)
o] gl #4, #2> 717
Compound 1 Compound 2 Compound 4 Compound 6
CHO COOH o]
| K
CH,COOH H,CO H 0
OH phenylacetic acid OH
5-methyluracil
p-hydroxybenzaldehyde
vanillic acid
8 21. YCE887 @ Mot g Ed SHS X

(2) YC6887 2] 28712

M. endophytica YC6887 w57} AEAAGEHZ S4S YEU ol& ayxe=z sldt 4
AEE 247t b2 AxF oA of71gdde AFS wuwagdrt AE FEE 10° cfu/mlo®
xzdsto] AR s W FF(plant height), A5, silique(F2t2hH) e +7F =3 & &
EROE §Fo948 JdA S THE 10, 19" 22).
H 10. YC6887 22| OHD|&H MEN OIXles =t
Concentration (cfu/ml)
Characteristics 5 7 ; 5
control 2 x 10 46 x 10 75 x 10 45 x 10
Fresh weight
() 1.27+ 04 156 + 0.34 143 + 0.23 1.09 £ 0.27 0.84 + 0.35
g
Plant height
(em) 2123 + 25 2401 + 24 208 = 2.7 1958 + 5.2 16.16 + 87
No of silique 1513 £ 76 | 2253 £ 1052 | 1426 £ 11.22 | 13.8 £ 10.57 102 + 79

* Values are the means of five replicates. Means #* standard deviation within columns followed by different letters are

significantly difference test at P<0.05.
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Control 2x 106 5x 107 8 x 107 5x 108

8 22. YCE887 4+ =S8 OHIOIEU MFU OXs &1

Arabidopsis(Col-0)ol A P. syringae DC3000°] w3+ YC68’7 9 HE=AFAS
t}. BTH(benzothiadiazole)= 7413 5 #34 (systemic acquired resistance, SAR)<
kAl ) Z % (positive control) & & AFE3FA 3L P. syringae DC3000 #2] 54 Zo] »
ALSEA T YC6887 w5 Bl A AEE2 FAYT N M. mediterranea X2 w-2} B
asto] W Eo] oA o® AT Ao® UEutH( IR 23).

_—

Control'water

Disease severity (%)

w

8 23. YCB887 &= HMcelUl 28t Arabidopsis(Col-0)2 MZYE = (P. syringae DC3000)0i
et Hetd & &0 H2l=E 10 mM MgSOs, M. mediterranea (5x10° cfu/ml)2t M.
endophytica YC6887(10° cfu/ml) Mel7=et 1.2 mM2 BTHE H2IGtRCH M2l 52 & 2o
DC3000 MIEZBIEH(3x10° cfu/ml)& =25tUCt Different letters indicate statistically

significant differences between treatments (LSD p<0.05).

RT-PCRE A48 % A%

r 2|
i
o
=
B
i3
[".9{.'4
M
1%
<
Q
[@))
o0
o0
Ay
=X
N
il
uy)
It
o
ot
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Arabidopsis(Col-0) ol A defense¥ & A z}el PRI} PDF1.29] Elgs
Reverse—transcription polymerase chain reaction (RT-PCR)S %3dlo] 43t} ol &
AHEo] AAFA) (transcripts)s= A8 0, 6, 12, 24, 48 3} 72 A|ZF F-9] Qo)A =H =AUt F 7
FrAazke]l B2 Mock A A=Aleh Hlaske] 249F 48 AJZFol A ESkvH(ILE 24A).
DC3000& w5 HESH Arabidopsis(Col-0)¢} YC6887, DC3000s Al A e|sk A ZA o

IS BAsE T PRI RS DC3000S 48, 72A17F Fo & &3
o A WA E WhH YC68879F DC3000= Al A glgh Al &A= 12, 24, 48% 7241t
HATHE 24B). PDF1.2°] 282 DC30001Hs A gh A&l 4 641%F
g ElE Wk YC68877 DC3000S 37 A st AEolAs 6, 24X 3F AEE
St At 24B). o] A¥=E & @ YC68370] A ES] WolAl~®ls AP A

PN
v & 9

—_

I
e e

o

=
R
e
rl
>

x
rE A=
rv |

o
tl

1
=2
Mo >

(

)
2
o

m U
o
b
>,
Y

YC6887 w+F2] o 71t Be] - Z(root system architecture, RSA)e] v X+= F 3}
2 2x10° cfu/mlz ZAs}e] 2] &0 20, 50, 100 ¥ 150 ul HFsta wg 8 o
2, T e o] o AWee] #£5 XAF SFATHIH 25A-D). dxawH tE

gto] 50 plo] Alet dgAs AHdd A7 dd e AeFd 27 7 SUHE =

FATH L™ 25B, C). Z23fuk &= AgolA F F2 dol= ¥ Ao7} gldvh(1d

A
o

o o
-y
ox
ofN 1

=S
&

A
=2
=

K
Y,
o
Lo
o

ot
[\
g

5)

A Control M. endophytica
0 6 12 24 48 72 0 6 12 24 48 72
PR1
PDF12 L — —— -
Acin ERT T
B Control/DC3000 M .endophytica/DC3000
0 6 12 24 48 72 0 6 12 24 48 72
’
i ———— =

O 24. YC6887 &= X2l ¥ DC30001 &M XMel EF Al Arabidopsis (Col-0)0IlA L
PRI PDF1.2 REXISl E&E. A, YC6887 &= Ml X+ 2A0MAE & S 2. B,
YC68871 DC3000= &M XMelst Arabidopsis(Col-0)2 FLNAL S SEX L.
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A 4 b ] *f..'-.-'-"-“'-*-l‘l N

vs)
@)
)

8 25 4 G
7 2 g
- g = 3
Es 2% =
& a s 4
g3 g 15 =t
A = ER
= = 1
22 T g
<3 (=} b
I z g!
0 0 £0
Control 20 50 100 150 Control 20 50 100 150 Control 20ul  50ul  100ul 150ul

Bacterial amount (pul/plate) Bacterial amount (ju/plate) Bacterial amount (ul/plate)

8 25. YC6887 XclJt OHIIZTS &el*X0 0IXl=s
YC68872 BSHIY. B, B2 M=Z&0l OIXl=
C, &%cle =. D, =2 %l Z0l.

YC6887 wFok thE wFrE oA Helahxe vAl= &3 vl o] #59k 16S rRNA

AR A7 doe]l IV FAFSE M. mediterranea, = TFE WERaEC.®E E. colif]|E o] &34

Wtz n A= g9E vl ZAEFATH YC6837S A S wiE AEAY Medy 2

7HA b SUbE oY g d e aye g9E HolA At 1™ 26). o] AIE Ho}
A

YC6887 tFRtol Martelella <21 AdollX= FdatA AE2AES SIS & F Ak

Contrcl coli M mediterranea M Endophytica
YC6887
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oo}
@
o

[TV A - |
P —

Freshwt (img) /plant
¥
No of lateral roots /plants

Primary root length (em) /plant
(=] — (%) [ = N S -1

8 26. YC6887 Xcldt OHJIEHe =0 0IXls FE.

A CH
SSHE. B, OWJIEU R d=&0 0= sstiedel st C, €%l #. D, = %l €

d 27, & 11).

H 11. YC68872 11 M&EN OIXl= &1t

Plant height Fresh weight
(cm) (g/plant)
Control 5292 £ 594 32.15 £ 342

Treatment

YC6887 55.44

I+

5.90 35.93

H+

5.38
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(3) YC6R887 +=¢] full genome sequencing

B AT BXS 53] complete whole genome sequencing % gap finishing< %3F¢] YC6887
2] full genome mapg AATh °] TF9 F genome T 7= 4,817,335 bp, G+C ratiot
62.14% ©]%l e ZE open reading frame® & 466371 o]ATHE 12). FH1AE I =
ste] 71540 BR/7F bty 28, #13). A B Ao HHQl grEg A d-
HE FAA FAS 2&9sta v

g8

ok
)
o
2,
Jo
i
o
Ho
i
N,

A

H 12. YC6887 =2 full genome sequencing 21 <

Name YC6887
Genome size 4,817,335 bp

GC ratio 62.14%
Number of contigs 1
Number of Scaffold 0
Number of rRNA genes 9
Number of tRNA genes 51

Number of ORFs 4663

18 28. YC6887 =2 full genome map
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13. YC6887 @2 COGHl JIx=8t JIsH &

COG Description Count %
Translation, ribosomal structure and biogenesis 164 4.39%
K Transcription 353 9.45%
L Replication, recombination and repair 153 4.10%
D Cell cycle control, cell division, chromosome partitioning 19 0.51%
(0) Posttranslational modification, protein turnover, chaperones 133 3.56%
M Cell wall/membrane/envelope biogenesis 181 4.85%
Cell motility 5 0.13%
Inorganic ion transport and metabolism 236 6.32%
Signal transduction mechanisms 123 3.29%
Energy production and conversion 222 5.95%
Carbohydrate transport and metabolism 474 12.69%
Amino acid transport and metabolism 476 12.75%
Nucleotide transport and metabolism 97 2.60%
Coenzyme transport and metabolism 108 2.89%
Lipid transport and metabolism 118 3.16%
Q Secondary metabolites biosynthesis, transport and catabolism 33 0.88%
R General function prediction only 428 11.46%
S Function unknown 411 11.01%
Total 3734 100%

vl YC6887 9] 713 WA 45 A=
(1) YC6887 #52 A 5= 712 77

Byt P. syringae DC3000 HFE F of71ddh <lel wobgls Az /fAlS S4: YC6887
T AT A8 mockHE AEE oA DC30002] 711%41#94 WekE 59Uz BEatg)
th. M. endophytica YC6887 T+ el 2] %S mockA ]l 2%

TS oAlEE AL BTt (1Y 29).

—e— DC 3000
—O0— BTH/DC3000
95 —¥— M. endophytica/DC3000
9.0
- 85
)
2 80
=
7
S
=75
Lo
£
Q 7.0+
=
<
=65
6.0 §
55 T T T T 1
0 1 2 3 4 5 6
Days post inoculation (dpi)

8 29. YC6887 Mclol &t ¥ HF = AZE HIIEU 20 EotA=
DC30002 JHil= F&. =X 45 g& CFUZ LIEHHCH
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YC6837 ol olsl] WA
JA/ET7F AoE etr]-39F SA7}

= ARE AAE &7l S o] WHelAl jard,
o] & ¥ o] | (transgenic line)E HAES TR WO
A jarl, etrl-314 THHE AL 5}9}5’_, Holal NahGe YC6887 5 A2l 2] & ol A
= o gilol mock?ﬂ?/] g izt o] A e vladte] {FoatA vkl S et 1
Hu, npridol A A= W E2Hproliferation)©] YC6887 5 AH#w 2 =3 mock
gt A =olA fFostAl Zskvk (2 30, A). TR oE HE 5Y 5o DC30009] 7 Ao

oW o
i

BN

FTEE TE WolAldA ARSI RE WolAle] AT TR dzarT YC6887 it
g Age A= QoA fFofsiA e S FAskAnh. e oAl mpriol A AAT F
T xed vud o foeA e FEow BRI 30, B). YC6887 w S
wA A o7 ge] el #RE DC30002] A Col-0, etrl-3 jarl®t NahGel A=
7vz} olol AEH g 3x10° CFU/g, 3x10° CFU/g, 6x10° CFU/g, 4x10° CFU/g%t}h. 181},
WolA nprie 8x10° CFU/g® mockS A&l d nprizt MAF7F SolahAl 2o 3ot

[ B T
5 o o o
; "
o
- &
o
-
[~
]

Disease severity
P

Log (CFU/g fresh weight)

=)

()
o

o
=3
o

Col-0 etr1-3 npri-1 jart NahG Col-0 etrl-3 nprl jarl NahG

8 30. @& 52 =0l DC3000S H™ce2l&t =, mock XMcl= A2 YC6887 2= XMl A
£ OHOI1EO Col-02k HOIME NahG, NahG, npri, Jar 1 2 etr1-32 g+S. A, OHDIETH
OIMOIAM & 2. B, HRZS HMelst 52 =0 YC6887 @2 mock HMelz A=229

A A0AM 822 M2 s=. G372 HHZ sE= o 43529 g2 CFUZ HAtoHA
Ct. gl 9= mockS XeIst A22S LIEtWD, AEM o= YC6887 #F XHMelz A
2= Jt2lZIth 2 XMelg I 240129 A2S0l AZEER/YD, =XI= standard error2 2

E

9

WCE. Different letters indicate statistically significant differences between treatments

YC6887 <] &g =] syl phenylacetic acidE AF&3te] thE 4%0]
Al HAEE 3+ th. Compound 2(phenylacetic acid)ES 10, 100, 500 ppm= ¥ 3+
Aol HFgo] S #ES Ay HAES RE FFolE H0%7HA GAISA
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A&B).

P, capcisi P, ultimum B. cinerea P grisea A. panax

TonuUoD

I 10 ppm
60 - /3 100 ppm
I 500 ppm

of fungal growth

% Percent inhibition

P.capcisi P.ultimum B.cinerea M.grisea A.panax

A, 500 ppmOlA CHE =&012 HE=S ANots WEHL MES. B, UE k2 €428
S Zgol= PDANIA =02 2680l E8l W22 PDA HHXIR HIWGHH S =&Eot
ULH =Xl= sE0| d&2 AKMS= HAlotALH

Ab =ES 29 Al YCT007 59 =4

YC7007 2] 16S rRNA 42 9471449 & EzTaxon-eol| A #A3 A3} YC7007 ¥+
Bacillus methyloptrophicus CBMBZOBTQ} 99.65%°] FAIE=E g YC7007 =

Bacillus siamensis KCTC13613T, Bacillus amyloliquefaciens subsp. platarum FZB42T,
Bacillus subtilis subsp. subtilis NCIB3610" Z}Z} 99.4%, 99.3%, 99.4% 4 At=E ®Ath HE
Ao g YC7007+ 2] 16S rRNA +3dA 971 4E 24 A3 B, methyloptrophicus®t 717
FAR o Ao o A A HAA SUS MRE A ol Tk Y

Apol7h Hol F7F AdE Fdte] M= o 5 #dd dart dn(Zd 32).

TGAGTTTGATCATGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGA
GCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGG
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GTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACTGGATGGTT
GTTTGAACCGCATGGTTCAGACATAAAAGGTGGCTTCGGCTACCACTTACAGATGGAC
CCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCC
GACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGA
GGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGA
GTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTC
AAATAGGGCGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAG
CAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGGGCT
CGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATT
GGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGA
AATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTG
ACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGC
CGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACG
CATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACG
GGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTA
CCAGGTCTTGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAG
TGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCG
CAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGAC
TGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGA
CCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAAACCGCGAGGTTA
AGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAACTCGACTGCGTGA
AGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCT
TGTACACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGAGGTAAC
CTTTTAGGAGCCAGCCGCCGAAGGTGGGACAGATGATTGGGGTGAAGTCGTAACACGT
AACCGTA

8 32. YC70072F2| 16S rRNA |S&X SIINME 24
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Bacillus methylotrophicus YCT7007

Bacillus siamensis PD-A10T (GQ281299)

Bacillus methylotrophicus CBMB203T (EU194897)

Bacillus amyloliguefaciens subsp. plantarian FZB42T (CPO00560)
Bacillus amyloliguefaciens subsp. amylofiguefaciens DSM 7T (FN397644)
Bacillus subtilis subsp. subtilis NCIB 3610T (ABQL01000001)
Bacillus tequilensis 10bT (HQ223107)

Bacillus subiilis subsp. spizizenii NRRL B-23049T (AF074970)
Bacillus subtilis subsp. inaguosorion BGSC 3A28T (EU138467)
Bacillus mojavensis IFO 157187 (AB021191)

Brevibacteriim halotolercns DSM 8802T (AM747812)
Bacillus vallismoris DSM 11031T (AB021198)

Bacillus atrophaeus JCM 3070T (AB021181)

Bacillus licheniformis ATCC 145807 (AE017333)

Bacillus sonorensis NRRL B-23154T (AF302118)

Bacillus aerius 24KT (AJ831843)

Bacillus safensis FO-036bT (AF234854)

Bacufaspam'ms ATCC 7061T (ABRX01000007)

Bacillus aerophilis 28KT (AJ831844)

Bacillus stratosphericus 41KF2aT (AJ831841)

Bacillus altitudinis 41KF2bT (AT§31842)

Bacillus galliciensis BFLP-1T (FM162181)

Bacillus idriensis SMC 4352-2T (AY904033)

Bacillus cibi JG-30T (AY550276)

Bacillus vietnamensis 15-1T (AB099708)

Bacillus aguimaris TF-12T (AF483625)

Bacillus marisflavi TF-11T (AF483624)

Bacillus seohaeanensis BHT24T (AY667493)

Bacillus carboniphilus JCM 97317 (AB021182)

Bacillus acidicola 105-2T {AF547209)

Bacillus sporotharmodurans M215T (U49079)

Bacillus shackletonii LMG 184357 (AT250318)

e

8 33. YC70072 =2 2 2HEE AH0I1Q H&2Z2 LIEtUW= 16S IDNA ME 2 OtE HS
. WE =X= 1000BH=0lA LH2 bootstrap valueE LIEFHHCHS50%0]1 Al £=XIJF 2 &

CHoll FO&AICH. 28 ool /U= =A= GenBank/EMBL/DDBJ &HZ =X NH=2=E

1

nucleotide ®IXl & 0.01 XI=t.

3}

ot

o} YC7007 el o zEw WA
(1) YC7007 52| v 7|che)d wa &3t

Hol 7itel EAS 3 7o EY J5EF 2AS fste] Hdde EY HEL
, 5,8, 10, 15, 20 g= 4ol BIA AFE AT

0
W A5k ke

S AE9 kg3 soil inoculas ZHzt

7)
Soil inocula®] HEwo] HoldF=
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Disease Severty Index (0-5)

d
g

5 3 10 15 20

Concentration of soil inocula (gmkg) prepared by G. fififurof

0234, Ho JiCiely gas

10
o

EY TY 2Z

04

Hirsk EYGy WirstR] ¥e B AM B methvioptrophicus YC7007+t50l 23k A&
BHAD YC7007 #5F5 Z2F 10°, 10° 107 cfu/mis =2 Zdéte] dad Ega disA
o] g3 BA &S 2AEAT YC70079] AEEE7F 10°, 10°, 107 cfu/ml=
T+ E%Eoﬂ*i% WAZEE Zb2E Bl 74, 8%, " E A S EgeA =
22, 34, 46%= oAl AS FASFATHREIL). T3 YCT007S HElds wf ditd Edo|
A AR e ESET WAl go] =9kt

1 &1
1
> o
L

&IO _]01!

MEstR uy
iy g %51 A 7}
A e wa ey | BESAGE || EEeA ge
£ L
Mock /- 0.07 + 0.03 d 0.73 £ 0.03 e - -
Mock /+ 3.5+ 0.06 a 293 £ 012 a 0 0
YC7007 107/+ 17 £ 006 b 23 +0.06 b ol 22
YC7007 10°/+ 09 + 012 c 193 £ 0.07 ¢ 74 34
YC7007 107/+ 077 + 012 c 157 £ 019 d 78 46

ANES J]$A 149 T JE 39A B methylotrophicus YC70079] A EF RS F3% 600 nmol A OD#S Alo] =S *
Aatgleh. ODghe 7H7h 0.03Y wﬂ 5.65x10°, 0.07% ® 363x10% 019 @ 2x10" cfu/miAth. AIE @etel 15 ml (10% v/w basis)
S 747 Bek E3 &R 2 F 150 goll Wk AEHEGNL 10 mM MgSO.2 AE3tgith PH x| 4 (severity index)E A%
108 %ol disease rating scaleS Al-83t] 0-5714] A&k © WA 7H%Disease reduction)= mock * 2]+ 2] & (Mock/+
plants)#t Hlulske] AL Y= G fgikurors HEF AL dnlsta, e A &2 AL 7T Mock AE 4
FE2 YC7007 w2 A §lel 10 mM MgSOs& A 2gt Aol Different letters indicate values that are significantly
different (P < 0.05) by Duncan’s multiple Range Test by the student’s T test. A 8|9 10702 A &EE52S 3ulE o7 AL83}%

c}.
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ke ¥ HE T A 8 B methylotrophicus YC7007¢] A &e 93 7)cte]® wA &3
= WA HE I H, 109, 209, 300 T YC70079] =W A7 Al 2090 Fo] sb W owr
Aol Agom YC7007 #59 HAelswst 2447 10°, 10°, 107 cfu/ml oA 52 W walo] 7t

28te A FAsATHZE 35).

@]

Disease Samaity Indsz (0-5)

NAEN

Mock 0 /+ W0+ e 107+
YCT7007 Concentration

18 35. &5

o

Al2E & YC70072 Xclol 2st J1Celd Al

YC7007 2] A %% chlorophyll % H]3: chlorophyll®} chlorosis® $13F Ex A< =
A 29 JehAtiad 36, A). YC7007 755 247+ 10°, 10° cfu/ml 22 24dsto] A
S v 22 A FEE 99 g9 chlorophylle] mge A9t 10°, 10° cfu/mls =2 A
S W 25 Mockx 79 chlorophyll®] 43 & Afol7h gld vk YC7007 o
= AYsHA &S W= chlorophyll®] o] 0.05 mgolstz HALS FAqTd 4= JtH(1H
36).
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0204 =

)

025+

020+

0154

Chlorophyll mefs leaf

0104
v
005+ T
000 T T T T
Mock 0/+ 108+ 107/ +
YC7007 Concentration

" 36. YC70072 XMels=E2 chlorophyll & Hlw

YC70079] ® Aek ol Aol o 71t BH(G. fyijuron®l Al G fyjijuroi E Hel
YC7007 w52 MXEX dgda Ax NS A Pde u ¥ T vE&e WA FIE 49
AIFHE= A=Y F7F o FAsta 3o FHE AEY 7 o e AS skt =
&, YC7007 5o AE Agdnn Mz oAds APS o WA T3t o FUTHIH
37, A). ¥ & ©]&3t detached bloassayoﬂ M YCT70072] Al dgoal AE ofde A
HPE W 60% B=e WAVIE BASH AT Atololl= FoF Aol7F JAATHZH 37,
B). A2ld W <19 AMES triphan blue® @S & F, dAv|d o= #&EqH. YCT7007
TE AYAS vl G fyikurorit A 7F YCT007S A bRl &S tx+of Hls] A} pegging

of 93l ghold e AT 5 AU 37, C),
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100

30

= 60

# cell [+ cof +

YC7007

100

80

60

40

o4 Level of induced protection

20

b

+

& 37. Detached bioassay0ll 2lst YC7007<

cell /+ cf /+
YC7007

G. fujjuroi & A

v fRe B W AR RRAXN G fyikuroi® %= ZA: YCI007 #FE 27 10,
10" cfu/mlz 2z 248t Aegon HF 2090 AW I HHe] B g AR RE
ol e G figikuroi®l MAFE A dixatol] ®Ee] YC7007S AHEds u &
figikuroi®] F%=7F FEY ES, Wy, AN FiE AR A RS FlstdvH(H
39).
A B
12 38. YC70072 XM2lRS I H K22 &, ®e|, WAL B20A G fujikuroP
A% =3
(4) YC7007 w72 wiF 713t & 9 AA 9 A HEws)
F262 27 HEdS 458 5T AAF7E 143107 cfu/mlz SAE AT 244 2F, 48X41%F, 724
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b o) Zhzb 12x10° cfu/ml, 85x10° cfu/ml, 3.4x10° cfu/ml®] /WAGE Felatgrh( L
@ 39). F27olAE= 20 L WAl 27 HEF A7 2.0x107 cfu/mlE ZA QL 244 3¢
To 59x10° cfu/mIZbAl E7FstATh 200 L i kAlol= wieE 24417 FolE 46x10°
cfu/ml, 48717t Zofl = 7.7x10° cfu/ml, 72417 o= 26x10° cfu/mle] MAFES 223t
(g 39). #2¢] WHow AAS B F63 F7e "WrE 7tz 26x10° cfu/gd 9.2x10°
cfu/gelAN L wigdnitt 9xE S80S o 371 1 2=wstrE gigloh

1E+09

LE408 - /

Log (cfu/ml)
& & &

==F27

F28
1E+04

1E+03
5} 8 16§ 4 32 4 4 55 84 T2

BRFALZHH)

18 39. YC7007 @2 U Ui & @ 2= Hal

(5) YC7007 Aol ot 2= A EF(EE A7)

YC7007 w5 AAe W BA ~HEF AL 95t gy H o Fod AEHAT 7E
o digh BAEHE 2714 A WyHeR Asrt 94w HAxe= AAF AAE 1008, 250
wj BAAA W HE 1Y dol Agste] WAZE A THE 15). nAE AAES 2500
A s W Boh 1009 34 S W WAV B Fdvh 1008 S A S W AE A A
WA b BE9Y 69%, HARFHuEY 6%, EvfEAYFIolY 36%, EvtESHW 31%,
BHESEY 83%, Wl AVFFW 72%, AFTAY 71%S E3E debdlth 2508 34 A e

= ouEdy 13%, HAXTEYuEY 6%, EnfEAY 8% WRE=W 67%, HE 3 sE
72%, LFEAH 58%°] WAZFE BT dF A FAE 1008 A S A5

A} AE Aol dsl W mawelw 20%9] WAbE weith

I 15. YC7007 @3 XMl 7IJtX ASY 2N St
Treatment | Dilution Factor | RCB? RSB TGM TLB WLR BPM RPA
Spray x250 13" 6 0 8 67 72 58
Spray x100 69 6 36 31 83 72 71
Drench
100 29 0 0 0 0 0 0
(5ml/pot) *
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‘RCB: =494, RSB: WA FH &Y, TGM: EvfEAL F3o|y  TLB: ErfESY, WLR: H#HS54,

BPM: 2.2 317b#3, RPA: 2584, "7}, %

(6) YC7007 "= AA Ao st &@7] 77y 34 a3 (2% 49)

D7) ZZA A HVFHY WAL Sz 40, E&F). B. methylotrophicus
YC7007 "= AA HA, FAA LDy @7 JfFE Ao IRAES FAI AT
(28 40, A&C). JAFA] e @7 7oA B methylotrophicus YC7007 7 A& |
AL 5008 A ste] "] AR gk WAERE ZAEAS W 33 AP 79 F
66.2%2 WA E}E YEFWATHE 16). A5 WdHe] Ao 50082k 2500 314 A g
RS w @r)sstFH et 27 90.1%, 94.8%<] WA &S YEFWUHE 16). ol 33t
A E ALEE T EEFuE S84 WAV 958%0l +dte adE w@v] 37t
oA AAlE AgAol ArkaL T AGEF Ve, sl A ofals g2 HE

LA ekt

)
AV
(i,
i)

H16. YC7007 DId= WA XMl 28 &2 8Jt2d M s

Al A8 ot Ay E (%) oz | WA
SN 1w | ogwE | omua | 9@ | OMRD ] 09
YC7007
e | GO0 2.3 133 16.2 106 b 66.2
T
e
A 181 329 429 313 a -
YC7007
oo 2.0 25 18 2.1 a 90.1
YC7007
wan | (200 16 13 0.4 1.1 a 94.8
ddw [ EdET
= s34 18 0.4 0.6 0.9 a 95.8
(=)
A 2l 24.1 217 180 213 b -
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™ 40. &= =82 YC7007 Old= XA del, 2xXel gl AN
(M=Al THEE ZEAIE)

- 148 -



ZFYCT7007 W E AA (AW F)E] H4d HAL
(1) YC7007 W& AAAHF)E o7 w4 B 54/8948 A9
AR A A = A
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2. NPER R R84
1) NEER
@ *3A4
3. A8 R ¥
@ @A
@ As83
@) FoiF 44 R AgF 74
@) NEEA Fo
(6) BF F AAYE
©6) EATH P
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1) AEE B AANF
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(3) Mz
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6. AEH
7. 3 (Tables)
Table 1. Mortality
Table 2. Clinical Signs
Table 3. Body Weights Changes
Table 4. Gross Findings
Table 5. Number of Bacterial colony in feces
Table 6. Number of Mi ism in organs 15
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1.2 <%

M) g AR 2% FHFH/ YUY & 248 915ke) SD A
Bo A=o] ¢ 2zt 200k 4 5.0 x 10° cfu/ge] SF 2 ATFRAY F 21
W) AR, AFY, AT, F4a R AL BAS NYE A
g aokstd ot Aok

M) AREAS) FAZ A ABERE 5 BE FATANA AUNT T
Qk PasA) @ik

@ AFdse A P BE FTA FAAA AFIAHE Ui
o

@) FAATN FF BE FAFA AuF KA o) YAAE BAHA &
ke

@) ool vAE wiEdRL 1, 3, 7¢0lE BAAAAT 14dlE &
A A W@k

(6) A71eM e v E FEe BAHA FuTH

ool Ax, A5 ol Aol 50 x 10° cfu/g SFo2 AFEAE @3]
AT FAN, JUA, ATE, AT A3 R AL Qo) AUy P&
A BANA ggker. GebA GF A=) i PP o7 Alvi e
Zdde (AT, M) AAFL G5 BF 50 x 10° cfu/g oldeldch

5 A4 8 <«
FES UFE Wl ATe FAH o2 AT F 7A% ANEE AN
e FEANAM EBAVEA AWNFEE B AT FED
& Algol A8

@ A3

1) #3=d
B AP 25 2313C, FUHNEE 50£10%, 7135 10~203]/A3%,
29 A3 12417H08:00 HF~20:00 £F) % EE 150~300 Lux= 4
AE vio] 2214 AZNA7AAAF 30250 AAGRT £ Al
e AT Y B QAW IATE AGRRFHRN F
EAE LAY IACUQ) ] o3 HEHAC
A&, ALEE R ARG AR
$%¢ Individually Ventilated Cage system (IVC)el <3} 3! 21917]
Ztolle ARG AT 5uhe] o)dhE FEEHAI, Fol R BEINF
B ASAAT vty FEstR e, AASdAels R FENE, O
8L 71U AA 7= FASAT
3 AR L B

O AE 2 By FAPy

ARE AYTES TYAE, B AFESFE AFEANAT

8

(@) FAF 24 % AYE 74
1) FAF 23
AW F 50 x 10° cfu/g /ml/animal ¥ F& A4ssch

2) AYTe T4, FANF 8 FAF

= g TEF sE waaw  Sd9
- (v}g]) W& (mL/animal) (cfu/animal)
NC. Male 8 18 o o
[GEELESS) Female 8 21~28
M3 Male 3 911
T (30%47-%o] ¥39) Female 3 29-31 1 50 x 10°

2. NEER % UM
o AuEd
nY A ANT
PEER RIS L]
3) na=EY : AL
9 FF A FARL ALIANY

@ 34
nE A RAE FRF
2) n@E : AL
3) FFAH : HEFFFTU(F)

3. ME 9wy
W AN¥A
1) F R AT
574y A 22 (SPF) SD A=
2) FF49 : SAMTACO
3) N@AL dgelf
A=e EHAY) 7hg 9 ALHT Qe AYFE FY shiol
o & A% AEE FRF AYNEAR FHE A& WD ok
2 APATE skl golsinh
4) 79 3% AFEH
rE L AFEAN F98 15 59
. UFAN FES $20
L FAZRNA FH 16 59
L FAMAA FESF 20 F
g AL AEA F8 15 %9
L AN BES 120 &
L FAMAA FE i 6 79
L FAMAAN FESF 120 F

12~14

M7 Male 3
(F09AT-F0) $7%) Female 3 3234 5.0 x 10°
Mi4 Male 3 15~17 1 50 x 10°
(FURAT-F ¥ 149) Female 3 35~37 .
F Male 3 18-20
AEFRD) Female 3 38~40 1 50 x 10°

809 540l ¢EA AA ¥ AFE ANFTE SNRAETE EER FA
WOIE Hoz MS=Fee HASAT

3) e ¥ FEAR
FEe FEIAE e Zo) AAFAT $4, &3 F A
o3z 338 $EY AFL AT F FAARFYE BvEA
. $89 AAMAEL €710 FAviHe) G vREAY, T
o R BAVNE AR ¥ WREAY, T A4S
A8 AolA Ft== AASH

@ AYEAY ¥
1) Fejele] zAY
29, AWEE AMF 50 x 10° cfu/g /ml/animal 5 3H5h
2) o3y
AFRGE EUE FAW FAVE ol S5td AYEA R FYAE
2z A BTFFASAS.
3) #43F g Fo4713%
Foigdel AAEE 18 T3
4) FARF A4
Fo 4 FL ml/animal 2 AXISHT
5) ZAANRER] FFANFE
ZANREDN HE FFEAL A G

6) B R AAPE
1) 9933 2 AT ES] BF
FoF Lol £ A 13 R £ F£1,2 3,4 F 643l BFIA
on] £ £ 202 H F F2197HAE vl 13 o4y gurF
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el W, B4 R ARFES AFE BAIAT
2) AFEA
BE B8 tiste] AFE FARY Fof W, 2L F9 1,357,
10, 12, 14, 17, 19 % 219 Zgstgch
3) RHa
%a} 3,7, 14, 2190 BEE CO; uba ol A ARG Fol Hoisd
s B e Astel PRAAAZ F FAHOR BE YR
o) o) gfF-& BASIATH
4) DI E WE
Rof 1,3, 7, 14801 T8 B wol vIYE wiEE HASA
3) A A
Rof 3,7, 14, 2190] FEE CO, vh3 sl ARY Foll A7
Hgstn Rt vl ENG FEHE AU

© BARH P
Qoj7 Amel tetel BFRVATY ¥4 VAYIATL) B8
Q14-¢=Alel Thet Path/Tox System | §3te] AAISTH

4.2 3

1) APgE R XA (Table 1)
AU F AGEEL G5 BE FoTAA BARNA Ykch wet
A dco) WY B AREA AN AAFE FF BT 50 x 10°
cu/g ©14Felth

2 Y& (Table 2)
AP B FYANEZE THY ZE FoA o1 Fol wAH
A sk

(3) MFWE} (Table 3)

AFase) A5 G5 BE FATAN ARAA AFS/HE YETh

_8-
Table 1. Mortality
__ Group _ Sex | Dose (cfu/animal) | Volume (ml/anis Mortality (%)
N.C. 5.0 x 10° 1 0/8 (0%)
Male 5
T 5.0 x 10 1 012 (0%)
N.C. Female 5.0 x 10° 1 0/8 (0%)
T 5.0 x 10° 1 0/12 (0%)
Table 2. Clinical signs
T NC [ Observed sign i __ Observed sign
1 No change R change
x0T change
2 No change A o_change
3 No change |12 o_change
change
4 No change ‘change
5 No change change
o change
6 No change o change
7 No change o_change
o_change
8 No change change
21 | No change o change
- o_change
Aol No change 5 o_change
23 No change S change
33 change
24 No change 34 o change
25 No change 35 o_change
36 o change
26 No change 37 o change
205 No change 38 lo_change
39 0_change
2 No change T o change
10—
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(@) 247 (Table 4)
RALAANE G4 ZE FoATlA KAHOZ olgo] e £AE
BAHA Wk

() PIAE W& (Table 5)
BuelAe) BgBREAAE S5 BF 1,3, 740l E T Ee) 2¥H
Fou 1ol BAHA wgich

© 294 A4 (Table 6)
RAAA NAE R A P BE FAZA Bl BYD
A e¥skeh.

5. 0% % AS

AYER Ar$e] Aol YolM AFRA0) % FHFY/ UL =4
3t7] 91stel SD AEe] A=ol 4 22 50 x 10° cfu/ge) FFo2 ©H
AFFAGY F 1, 3, 7, 14€oE AL PHE MEE BANUL, 3,7,
14, 21001 27)e) FAAARE BN 2 A3t 1, 3, 7900 Bl
A ARl ME YA 1UYole WEIA G, AN E YR
o] WA @itk EW B AYelM APEA Feioh BAD ATE A
Fo Wzt R RPLAL BAHA U

olabe] ZAsh, 4 Ao oA 50 x 10° cfu/g BFOE AJEAE ©3)
AT FoA, BAY, ATE, AF W R FHaA) Qo] WP 54
245 BAHA Goich BAM P4 A= Ao ATFFA AP v
o PAe AU, MG AAFE G BF 50 x 10° cfu/g o1l
o

6. AREE
1) FE2AEA (Q012): FEATATA A2012375(2012 74 129) “¥F
9 QWA FRKINE

Table 3. Body Weight Changes (g) (Male)

Male Ao [s[s[7[w[rlulw|w][x
1 [1s64[1652 15242076 - | - | - | - [ -
2 1875|1645 1883|2129 - | -
3 1881|1708 187.5 2002 2190(2354] - | - | - | - | -
4 |1952]17638 1966|2200 2368|2500 - | - | -
ne |5 [1969[179.4 ] 1975 [2202| 2334|2527 2763 2873 [3000 [ - | - [ -
s
7
s

197.7|178.6 | 1958 |218.2[ 2307|2527 | 272.1 | 289.9 3083 | - | - | -
19831772 199.0 |221.5] 2353 | 257.5 | 272.6 | 286.5 | 305.9| 312.7 | 328.7 | 348.8

207.3 | 1869|2103 |234.4| 251.9 | 276.7| 3007 | 319.6 | 337.9 | 357.5 | 371.3 | 394.4

mean | 194.7 | 174.9 | 194.7|218.0| 234.5 | 255.6 | 280.4 | 205.8 | 313.1 | 335.1 | 350.0| 371.6

SD. | 7.08 | 7.61 | 861 | 8.47 | 10.63 | 13.30 | 13.63 | 15.90 | 16.91 | 31.64 | 30.09 | 3224

Male a ol a[3] s |7 |w|n]wu|uv|w|l2a
9 |188.1173.4 (1942|2155 - - -] - - -

M3 | 10 [1945]1757[193.1 [217.1] - < | -] <] -

11 {1998 180.4 (1999|2274 - | - - - - -

12 |1893|169.7 [ 187.0 [211.1]227.9 2497 | - - - - -

M7 | 13 [1940(178.4 1903 | 212 (2212|2411 - - -

14| 2006|1815 [200.1 [2212( 2339 [255.9| - | -

15 190417291903 |220.8|232.8 | 254.6 | 274.9 | 286.2|307.6 | - | -

M-14| 16 |193.8 (1743|1948 |219.8(232.6|255.7|273.8| 2942|3135 | -

17 |201.1]177.6 | 204.6 [226.8| 240.5 | 2642 | 288.3 3032|3247 - | - | -

18 |191.0171.3 | 187.2|208.5| 2153 [234.7 | 253.5 | 266.5 | 281.1 [292.7[310.7 |321.3

F | 19 1930|1721 [1927|217.5| 227.3 | 247.3 | 261.6 | 272.4| 2913 | 302.0 | 312.2 | 331.0

20 |201.9181.1|202.6 [230.6(243.9 | 271.1 | 2932 | 307.7 | 330.6 | 340.1 | 354.2(377.1

mean | 194.8 | 175.7 [ 194.7 219.0| 230.6 | 252.7 | 274.2 | 288.3 | 308.1 | 311.6 |325.7 | 343.1

S.D. | 4.89 | 4.04 | 586 | 6.84 | 8.91 | 1113|1515 | 16.52 | 19.12 | 25.14 | 24.68 | 29.81
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Table 3. Body Weight Changes (g) (Female)

Femle | 1| 0 |1 |3 [ s [7[w|[n][u|[uv[v][x
21 1538|1369 [1si0fiesa| - | - | - | - | - | - | -

2 [1saz|wosssafioz] - | - [ - [ - [ - -]~
23 [ 1550 1387|1555 1682 1726 1834 - | - | - | - [ - | -
24 | 1604|1488 1619 1211732 [ss3| - | - [ - [ - [ - [ -
25 | 1612 | 144.1 | 1587 1725 1778 | 1882 1994 | 20702203 - | - | -

NC 726 [163.1 | 1482 161.51783[ 1793 | 196.0 [ 2026 [ 211 [2249 - | - | -
27 [1633 | 1463 | 156.1177.0] 1803 | 192.5 | 204.5 | 211.4 [ 226.8 | 242.4 | 2487 2674
28 [169.5| 1514 | 165.1|178.0] 1845 | 1962|2014 214.7 [ 217.9 | 2258 | 2333 2442
mean | 160.0 | 144.4| 1581 [172.7] 178.0 | 190.8 | 202.0| 2110 2225 | 2341 [241.0| 2558
. | 549 | 522 | asa 482 [ as0 | 503 | 216 [ 316 | 408 [1177]1090 ] 1600

Femle | 1| 0 |1 |3 [ s[7[w0|[n]u][uv[wv][a

29 |1552(138.7| 1524 |164.9| - - - - - N

M3 | 30 [160.1 (1422|1573 |166.7| - - - g - -] -

31 [163.3[1462|160.7 [167.2| - - - - - N

32 [1558(139.9|151.6|170.2[175.1 | 189.7| - - - R

M7 | 33 [160.0]1469|160.7 [165.1175.1[1762| - - - I

34 [163.5]147.1|159.6 178.6(177.5 | 1866 - - - -]

35 |156.4|136.9|150.6 168.5166.0| 178.6 | 183.2|183.8 (2028 - | - | -

M-14| 36 1597 [1459157.0(1723| 166.5 [ 182.9 | 187.3| 1934|2013 | - | - | -

37 [164.9]146.6|160.8 |174.4| 181.5| 1932|2006 |211.6 {2201 | - | - | -

38 [156.5(139.8|153.9|167.9| 1622 180.6| 183.2 | 193.0 [ 193.2| 206.4 | 208.4|223.8.

F | 39 [1595]146.7|158.2(169.1) 174.6 | 182.8 | 195.5 [ 199.3| 212.1 | 214.6 [225.4 | 2312

40 |1663|150.6161.5[170.1{ 1799 179.8 | 193.2 |200.4 | 211.5 | 214.6 | 218.3| 2293

mean | 160.1 | 144.0 | 157.0 |169.6| 173.2 | 183.4 [ 190.5 | 196.9| 206.8 | 211.9 | 217.3 | 228.1

S.D. | 3.72 | 427 | 395 (3.96| 6.70 | 5.50 | 7.06 | 9.30 | 9.57 | 4.69 | 8.53 | 3.84

1z -

Table 4. Gross Findings

N.C. Gross Findings Findings
4 No change o_change
lo_change
2 No change o_change
eaalosy No change 2 Ly
(e 13 o change
e | 4 No change 14 o_change
5 Smpr— 15 o_change
lo_change
6 No change o change
7 No change o
o change
8 No change lo_change

¥ N.C. _Gross Findings Gross

21 No change & g
30 o_change
2 No change o_change
23 No change L
’ lo_change
Female| 24 No change o_change
: 25 No change 33 Col
36 lo_change
26 No change 37 o change
27 No change 38 0 change
39 lo_change
28 No change 0 o_change

13-

Table 5. Number of Bacterial colony in feces*

Days After Treatment

Dose (N.C)) Dose
Sex © i (5.0 x 10°
1 3 7 14 | No. 1 3 7
ND. ND. - e eixi0 80 -
ND. ND. - - 6510 85¢10

Male

waamawn=F

| mean 0
B [ 0 0 [sb 308 3% 2 0 |
N.D. : Not Detected

‘Hulg 10

—14 -

Table 6. Number of microorganism in organs (Viale)*

Dy Qgans 1

Dme e - Lnph
(cfnin) No Kdy Brn L DIrg Sk Sowmh Hood O
1 ND ND ND ND NDND ND ND

3 2 ND ND ND ND ND ND ND ND

3 ND ND ND ND. ND. ND ND ND

o 7 4 ND ND ND ND ND NDNDND
5 ND ND ND ND ND ND ND ND

6 ND ND ND ND ND ND ND ND

7 ND ND ND ND ND. ND ND ND

? 5§ ND ND ND ND ND_ ND_ND ND

9 ND ND ND ND ND ND ND ND

3 10 ND ND ND ND ND. ND ND ND

1 ND ND ND ND ND ND ND ND

2 ND ND ND ND ND ND ND ND

7 13 ND ND ND ND ND ND ND ND

5.0x10° o 14 ND ND ND ND ND ND. ND. ND
15 ND. ND ND ND ND ND ND ND

4 16 N0 ND D ND ND N ND D

17 ND ND ND ND ND_ ND__ND_ND

18 ND ND ND ND ND ND ND ND

21 19 ND ND ND ND ND ND ND ND

20 ND ND ND ND ND__ND_ ND_ND

N.D. : Not Detected
‘s qujs : 10*
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Table 6. Number of microorganism in organs (Female)*

Do Dy Organs
i) SN ey Boin D Lng Sk Somch B 2
21 ND. ND. ND. ND. ND. N.D. ND.
3 22 ND. ND. ND. ND. ND. N.D. ND.
. 23 ND. ND. ND. ND. ND. N.D. ND.
0 24 ND. ND. ND. ND. ND. N.D. ND.
25 ND. ND. ND. ND. ND. ND. ND.
" 26 ND. ND. ND. ND. ND. N.D. ND.
27 ND. ND. N.D. ND.
2 28 ND. ND. N.D. ND.
29 ND. ND. ND. ND.
3 30 ND. ND. ND. ND. ND. ND. ND.
31 ND. ND. ND. ND. ND. N.D. ND.
32 ND. ND. ND. ND. ND. ND. ND.
7 33 ND. ND. ND. ND. ND. ND. ND.
5.0x10° 34 ND. ND. ND. ND. ND. ND. ND.
35 ND. ND. ND. ND. ND. ND. ND.
14 36 ND. ND. ND. ND. ND. ND. ND.
37 ND. ND. ND. ND. ND. ND. ND.
38 ND. ND. ND. ND. ND. N.D. ND.
21 39 ND. ND. ND. ND. ND. ND. ND.
40 ND. ND. ND. ND. ND. N.D. ND.

N.D. : Not Detected
*S|AfHlS ¢ 10°

(2) YC7007 A= AANHF)E o83 4 Fy54 AF
a & A

Al L2
¥ A N @A : A 5(Bacillus methylotrophicus YC7007, 5.0 x 10¥g)e] =g o]-&
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AF 2] A=g o] §F FH AWUEAY NY 471 Age ohelol AE SANY7IE E3hel WAk
FEAFAIA A2012-375(2012d 79 129) “seF R QAL FHINE”

B AR AFAM0 BAE FAS 2SR, A4S AT T ol
wAsA ggkom e A7INRe] RE ARE AP0l FAHATH

20133 05¢ 02

ZAEERSHEY 54232348

AT 22 AL Yasuo Tarumoto ()
AGAAAH AT &
AGBASAER 20139 059

AueEsgey s
A8 o @ f
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ANELA
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Table 1. Mortality and Clinical Signs
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Figure 1. Results of eye irritation for experimental periods

Table 2. Acute Ocular Irritation
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101 (individual ocular irritation index) = (A x B x 5) + (C x 5) + (D + E + F) x 2
MOI (mean ocular irritation index) = XIOI/Number of animals
AOI (acute ocular irritation index) = the maximum value of MOI
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Table 2. Primary Irritation Index
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Figure 1. Results of Skin Reaction on Abraded Skin
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7Astal, thin filme] A+ &7l thin film2 F/FF2 vl&°] LIHERE ST/HTE H7skd
hydrationg Al 71t} ©]# ¢+ hydration?}d S §3 73 Liposome°] 3 ¥t} 73 Liposome

K L
S e 259 AH7C 18 AR V=S ¥ 5, 40TAA 20 23 259 A0 =F

AlA 23 unilamella liposomed 34 s},
WEod %7 BEE £ 200 nm /1F 27E 23 U D (Satorius)E FIAA, ]
FZEe] A7|E FAaA sk

@ Chitosan coated Liposome microsphere |z

7IEAE §H2 10 g9 ZIEAN(Cfolvvto] o k)& 500 mL SFrol H7F 1Elal acetic
acid 5 mL<& #7tste] 71EALS b8 &aA 7tk &4 £d S 918l chitosanaseE 7]
ZIEA G o] AR § 2525 40T FAS A ZheEdE P Tt F8
7B Ne] 225 90T A3t chitosanase®] &3S FA Azl 7|EAF &4 W7}
% 5 um MFE o]&3te] EFES AASH. Chitosan A2 liposome microparticles
coating Y& H7] Hal vhFe £AFE A chitosans AFg-8

Chitosan—coated liposomes< 50 mL & 3}¥ liposome®] 7] 7]|EALE Ao 50 mL A 7}F3}¢]

-
R
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10CAA 2417 A4S FAste] A Zz3). QA | AET A= liposomeo] HA 593k

F NEAgAS Brhe

Ehosphoiced
MhECE

O Microorganism

Non coating liposome chitosan coated liposome

g 2. I|E4 Y 2| S microsphere XX

(2) Chitosan coated Silica Microsphere A%
Silica Microsphereol| M| A& A& B Ual7] 98] 196 SiO; microparticles= 0.5 M NaCl-& <l o]
A7l & mAEFAE "rhste] 4A7F B3gth SiO, microparticlesS 33 A & <
of M= HAE A A AR E st e ds Al AT

SiO» microparticleZ 0.2 M acetate buffer (pH 3.5)°] A3 €3 & 05% chitosan &9 &3
=

o o
1=

ot

sk o wwHkS o} Chitosan FAF%F2] SiO; microparticles coating G &S H.7] 9

B22S 2 chitosans AFE3FATE 8AI7F 3 9o chitosan$ oS YAl 2

)

ok

)
AF

T
ol
of

3 A A€}t SiOy microparticlee 0.002 M acetate buffer (pH 3.8)& FA8lal FH+=E 33
FAE 3td. SiOs-coated chitosan microspheret™= 2204 4A17F FeF 25% glutaraldehyde
(pH 4)oll 93l cross-linked® o] It} o] glutaraldehyde= S+ = SiO;-coated chitosan

microsphereE A5k Al A},
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Non coating silica chitosan coated silica

8 3. I|E4F BE Al2|It microsphere HIX

(3) Chitosan-Sulfate Complex Microsphere A%

1% chitosan solution®] the¥st H]&9] sodium sulfate §4-& H7Is & A€ wiks 1A17F W85t
Chitosan-Sulfate Complex Microsphere2 g4t} 18] & 7]|E AFE35HY] microsphere?] Alo|ZE
@3 A7tk HeA vAETAE sodium sulfate 7 A chitosangol  Hrhsich FAH

microsphere= YA E T3] £k

0.1% Na,S0, Homogenizer Centrifuge
0.5% microorganism
Chitosan |_> L]
luti I >
€0 -

Chitosan-Sulfate Microsphere
Chitosan and Na;S0 ratio=1:0.2~1

8. 4. 7|E4-Sulfate Complex Microsphere M=

. s obg A WA g3 SUE $13F micro encapsulation A&

(1) Attrition Mill& ©]-8%+ Microsphere A=
Ux = volax W bead A FA] attrition millE dd AME3t 19 59F 7o)
stirred-ball attrition mill[KMD-3BS, KMDC]A| =8-S AF&3FH 0. Al 228l attrition mill
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A, stainless steeldll HZZo] Z®H 2 (grinding tank)7} ¥ dd +=xo 2 $X]3t 53

of e, £HEE TIAIE TEHEE, B

TAE AT, e Ryle 0Lo]x 25 243y Yot gEARAL olgdto] ES
= |9 50% FHsta, B2 dHHE FAAINHA F

Atk A SHdEE= 0-800rpm WA Thesid, Z&AQ 2 hed

ol
AulEE E3ste E9E dHE s, 207259t Ayt
o7 AT v 1027t AHAE ARRSte] E49 T EAAEE AFH AT AFHATE A
Sv YA BEE SAHSATH

T WA L7014 microsphere#] 2 05%72% LS4 fAS Bado] Wy Ao CaClhes ¥
AUl &z Zgete] S8 AdEz vrsa, 208 FoF AEsA wukskdoh A 147

122 AR AR A

N
O
oo
—_
o
Mo
d
=2
O
11t
(e
B
il
>~
Rl
ofo
ol
ol
s
Shia
2
i
(14
N
¢ >
>~

8 5. Attrition Mill 2&

(2) 1A~ JAZH7](Minigranulator)S ©]-8-3F Minigranule #| %

@O mAl JAZH7](Minigranulator) 2 ©]-83F Minigranule |24

Y 2H7= W AS HETAI Aol AEE Y] powderd] 47 B AAIStl

Aol AR 297 Y (extrusion)oll ©gk WHo R 17 60 Vet Stk AREE ¢HE Dome

die =S 05 mmS AFEsFHTE o|uf extrusion screw rpme 4002 Atk ZHA AFEH

formulat= tH23F 2t} ZF formuladl A FAE £7387] $13 thdel S50 dElsknh

U3 AEe ol Aevhse] 7= A9 dA ATt A extrusiont] mREEol o5y
= F7F Aadhe AEe Bokth e A At okshaA A Tl ©

el

2

stk B F% chitosans &S 7HAaL Qlo] A9 Alzlem A

485 AT =

il



S adste] gol& t(sodium alginate, Carboxyl methyl cellulose)®t 54 tH-F(Guar gum)S
A ElEkeith. Minigranule©] 3-8 $hAlEel tigh Al stability S E18b7] 18] 71 2 534,
FEHS ARG dA REAS AREJTE HASAES A7 formulacl o wHEoX
minigranule 10260 =3 %3(anhydrous dextrous) 90%< Z7lele] b &3t & 23 EAsic)

Ao ALgE nAE JA= PSBil Rodobacter sphaeroideS X831 th.

!

HE 1. Minigraulation 88 R&E

(A)
e 3 (%)
Sodium Alginate 85%
n A& Tt A 10%
=4 5%
B)
GRS & F (%)
A= A 10%
=dAd 5%
©
R o &F (%)
Guar Gum 85%
m Ay A 10%
=dAd 5%

& 6. Migranulator?t minigranule EEH
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H+ Micro encapsulation A4 (¥}o]€h) A=
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=
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=7t B =<l
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NaOH 20%-& 4l 30% -

Huaolo
Ta=

=

oF
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=
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o
= A

tol 2 AER Blolgt
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Aot AFA A AL AAE 7t
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e UFAl Lot ATHe 20| AIdotA

I FRT A a9 ool AMEELdA dHoR AUsgo, RE AelTe
Bol & 3059 ©olF AU §3 AM(HolRE W WA A/E Yse] A
e

=2 -
4, 7%, 1098 AR xA 0}051 x}ﬂo}cj{ou:]’ w oz
& st 109 Fol 99k 22 WRlez QAo Sy ES

ZAbste] WA 7S 74]’1‘}5}91‘4.
n}, 25 FEE3H Micro encapsulation A|A12] 251E WA §549
2] 3

EFZE3HF Micro encapsulation A #1¢] %1

D A EFZE Micro encapsulation #|A| (EH]€h) A=

- 171 -



F& Micro encapsulation A A1) AG1&E 2= gy =

d

i
all
i
i
ol

J€h-S 5008, 10008 24138} leaf disk'H<S ARE-ste] Egols zItlEo tigh A=&
AFSFATE. Petri dish(90x15 mm)oll 22 FFAE Z3L 5x5 cm®] Wl dS 194 g & &
% 104 &7 ¥ F TolE AEFEFES 30 cm Aol spray® 5x1F FASH]
1 ZdElA 1Y, 2¢ Foll AHE-E(mortality)S ARSI AR 8L 35 dm

A 3ok il 52 Ao Hekiith

BN

[e)

oy o > ®
i
o
n
i
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O
-

o
ofy ol
b
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i
i
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>
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iy
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i
iy
o
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=8
il
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offt
ol

<gT 23>

7h MABE A A S SHE 9% micro encapsulation A3

(1) Chitosan coated Liposome Microsphere #|Z

@ Liposome Formation

Cholesterol¥} #A €S AF&3}] liposomes A %89 th TEMOE liposome?] #A49 52 =A%
ok 2 73 2ol lipidel Eel wel F Wske gl vhedl A i) 7)ol

liposome FAdE FHoz AL ATt

e

(a) Liposome made with cholesterol
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a ¥ e a

i - m?m i

(c) Liposome made with mixture of cholesterol and lecitin
O 7. 2lEZS SEH(TEM)

(b) Liposome made with lecitin

»

@ Chitosan coated Liposome microsphere #|Z
18 8 chitosan®] liposomed| coating ¥ EEHM liposome? surface’} #AA 1}9:= HOF chitosan

coated liposome®] FAAHASS 20 & = AUTh

¥ 2% chitosan® Ao W& liposome size @ surface charge® &S vepdch F 23 7o)
chitosan®| coating2°l ™z} liposome?| sizew S7FebAInE #A15e] A7|9= #A7F gl A= &

x| e surface chargeE WERE zeta potential> chitosan wAF&Fo] S7kghol| Wl zeta potential
o] negativel A positive® F7tete oz SRIE AT} o] F chitosan©] positive chargeE 7HA L
210] negative charge?! liposome?] EHS coating¥ . 24 surface charge’} M2 o4 = glth

¥ 3% chitosan® sXo] wWE liposome size % surface charged <3S etk # 33 7o)
chitosan®] =7} 7kl we} liposome?] sizes /1AW 5% S71Ee B8 liposome?] size
Z7FELe gk Ao g 3IE S 01 zeta potential chitosan &%=7} Z7}8te] whel zeta potential &
Al positive® F7FetE Ao g2 Flyit) o] AL 1E %9 chitosan©] liposome?] EW-S coatingdho
2M surface charge’} Bl<% T positive® W3ehS & 4= o}

¥ 42 chitosan®] FAtgo] WE liposome?] P|AE 1A entrapment®] 93-S YERATH X 43} 7o)
chitosan®] coatingg°l W&} liposome?] entrapmenti= 7435 on Ext#o] XM entrapment’}
7}Fsto]l &olw Rl o} chitosan®] coating™ Al &2 liposome entrapment E-&X U= 255 81519

¥ 5% chitosan® &% W liposome?] "AE A entrapment®] 9GS LERATE E 59} 7ol
chitosan®] X7} 0.2%, 0.3%°1A] liposome®] W|A%&E A entrapment E-&°] H=Z ¥} 04%, 05%
o = liposome?] W% A entrapmentE&°] H43] 7AS el &tk

ole] AE liposome? H|ABE A entrapmentE= 3+ chitosan®] AL FAFHES 120kDal] il

A
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FEe 02%7F 7P AAse & 5 QST ol9F e chitosan®] X1 o® MAETA|7E chitosan
coated Liposome microsphere®| A release %= profileS 7331t} olwf AF&3F nAE #3)= PSBit
¢l Rodobacter sphaeroideZ A}+-&3Fth. 718, 99 7o) chitosan coated Liposome microsphere
o encapsulation® " AETAE 50417 o] % 27 #AS 35x10° cfu/gol A 15x10° cfu/g”} release
o] chitosan uncoated Liposome microsphere?] 3.0x10° cfu/gRt} BH Ao released = AS &l
3}o] chitosan coated Liposome microsphere”} P A& A 9] £ encapsulation 2A]9S <15t

184 liposomes W AE gl ofF FH oot target MAE TAE AL Al FHafel oJaf ofF 4]
A Qo] HE ERled) olF Ay A WEAE HIkslok syt M7k BRATE target
v AE Ao £4-8 F7]9 chitosan coated liposome microsphere™ "|A& T AE encapsulationd}

= Qe A4 B Has 22e ¢ 5 A

% 8. el£E2 Transmission electron microscopy A&l
(A) DEEX L2 2lES (B) 2IEA 2E 2IES

H 2. J|E4 EXNEO0 2lZES2 30|12 NEZEAEN OIXle &
Mw Zeta potential/mV Size/um
Uncoated -2.9 10.2
6kDa 49 26.2
14kDa 5.0 23.0
o6kDa 5.5 19.7
120kDa 6.7 23.4
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H 3. JIE4 st 2lEES 30| NMEtZEL0N 0IXl=s &

=3

Concentration Zeta potential/mV Size/um
0.1% Ch120 kDa 6.2 18.1
0.2% Ch120 kDa 6.7 224
0.3% Ch120 kDa 7.3 22.1
0.4% Ch120 kDa 10.5 23.2
0.5% Ch120 kDa 17.0 24.3

H 4. JIE¢ SXE0 et ZEE CESS sYSw
Mw Entrapment efficiency/%

Uncoated 81.6+2.4

6kDa 69.7+5.1

14kDa 71.2+3.6

o6kDa 75.844.3

120kDa 75.9+4.9

H 5 JIEM s met 2EE 2ESE s

n;

fol

Concentration Entrapment efficiency/%
0.19%6Ch120kDa 58.5+3.4
0.22%Ch120kDa 75.9+4.9
0.3%Ch120kDa 74.6+4.7
0.4%Ch120kDa 59.3+3.1
0.5%Ch120kDa 56.2+2.6
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3500000

= 3000000 ¢« ¢ ¢
S 2500000 *
é 2000000 * Uncoated liposome
]
-“; 1500000 . - u
51000000 . o B
= + u
= 0
= 300000 = 0.2% Chitosan coated liposome
0.
0 10 20 30 40 30 60

Eelease ime, hr

Al

J8 9. JIE4A DE 2EZEN S2E AZ4

0o

£ 3

(2) Chitosan coated Silica Microsphere #|Z

a9 109 114 H+e= ZAF} o] SiO, microparticled] chitosans coatingd S A-$ SiO.
microparticle®] surface®l| chitosan coating layer’} 3%+ AS TEM3} SEMOo 2 &9l 3t
A AT

6+ chitosan®] Ao W& SiO, microparticle size 2 surface charged] 33S vehith # 6
7o) chitosan®] coating® ol we} SiO» microparticle?] sizet= ¥-AF2ke] A7|wpe} 2uf o)X F7}3)
Aol &elwlom surface chargeE WERNE zeta potentialS chitosan #AFaFo] Z7}shel whz}

zeta potential®] negativeol A positive® S7}etAWF 14 KDa¢l42 zeta potential®] & F7}= HolA|

N

G <A =¥

5

At} o]Z A chitosan®] positive chargeZ 7FA il 21¢] negative charge®! SiO; microparticle?]

S coatingd 0. ZM surface charge’} WSS & 4= 9

76+= chitosan®] F%=o] W SiO, microparticle size 9 surface charge®] &S

3} 7+o] chitosan®] F=7F 71l wel SiO; microparticle?] size®= S7}eARF 5% F7}Zo] A

& liposome? size F7FES A &S Zlo7 Felw oM zeta potential S chitosan §%7} F7}st

of wal zeta potential SA positiveR F7Fsh= AC R FAEHQAT L F7lEo| HlE zeta

potential®] F7FE& JA| 24| g ASR FH T

2 chitosan®] #AF#el| wE SiO, microparticle?] A% A entrapment®] FdS LERATH

¥ 8%} 7+o] chitosan©] coating®g ol W} liposomed] entrapment: H243] 7FAsom Expgko] 7%

H entrapment’} G ¥ FAHEES FAFATLE o] AL chitosan®] SiO; microparticle surfaces

coatingS 3FA gk Ad#Fo] SiO, microparticle pore® Y E o] nABE FA S poreol A Lo

W d3s 7o so® Asdnh

ol/fe] A¥=E SiO; microparticle®] WA= A entrapmentE ¢+ chitosan®] AL A
%:

6kDa=12]1l F%== 003%7F 7P AAee & 4 SISk ol9F 22 chitosan®] 7o & WAEA7}

Fkl

Bkl

Bkl

rr
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chitosan coated silica microsphere®] A release ¥+ profileS F&FAt}. ojuf ARE3F | AE FA|=
PSB?l  Rodobacter sphaeroideS AF-&3t9th. 19, 129+ %] chitosan coated silica
microspheredl] encapsulation® | AETFAE 50A17F o]& %7] wAF 55x10° cfu/gol A 15x10° cfu/g
7} release® ©] chitosan uncoated Liposome microsphere®] 5.1x10° cfu/g®th &4 Lol release™
= AL sy 28y ¥ 89 Al o] chitosan©] coating® & ®M entrapment &&°] U
329 vrol =% %o} &M A chitosan coated silica microsphere™= "] A E#4| 9] £& encapsulation

2 ZA AE3t7] 98- entrapmente] &S SHAT]= Ao Fasdho] AlRHTE

a2l 10. SiO22 Transmission electron microscopy(TEM) A&l
(a) 22E Si0,; (b) SIO.ZE IIEA Xt

&, 11. SiO29 Scanning Electron Microscope(SEM) AFXl  (a) 22 & SiO»
(b) SiO,2E IIEA Xt (cross—linking agent: glutaraldehyde)

H 6. JIE4 2XtE0] Aei3te 30| NEZE AN OIXls S

Mw Zeta potential/mV Median Size/um
Uncoated -85 21
6kDa 2.5 24
14kDa 6.8 35
56kDa 7.1 41
120kDa 7.2 48
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H 7. JIE4 SO &el3te 3012 HEtZEA0 0IXl= HE

Concentration Zeta potential/mV Size/um
0.01%6 Ch120 kDa 6.5 18.1
0.02% Ch120 kDa 6.7 42
0.03% Chl120 kDa 7.3 45
0.04% Chl120 kDa 7.2 48
0.05% Chl120 kDa 75 51

o 8. JIEA S0 et DEE A2t sesu
Mw Entrapment efficiency/%
Uncoated 75.6x4.5
6kDa 32.7+4.2
14kDa 26.8£5.6
56kDa 25.814.2
120kDa 22.3£3.6
6000000
£ 5000000 o ¢+ *
5 . ¢
= 4000000 —#
2 3000000
_; 2000000
= [ ]
= 1000000 —a & " T N
0m
0 10 20 30 40 50 60

Release ime, hr

a8, 12, JIEd RE ATH0 Se€E M=

Al
i
oY
oo

(3) Chitosan—-Sulfate Complex Microsphere Az
9. 132 Chitosan-Sulfate Complex Microsphere®] Scanning Electron Microscope(SEM)
analysise]th. SEM ARl o] f3do] )i FHo| porosity’} B-&  Chitosan-Sulfate
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Complex Microsphere©] FA=H S & 4 Ak

¥ 92 chitosan®] FAb#e] wE Chitosan-Sulfate Complex Microsphere size % microsphere
formation efficacy? &S yepdth # 8% 9] chitosand EAF#o] 6 KDast #o] z2u:=
microsphere formation efficacy”} 72%°] A%t 14 KDax= 96% % 7F4 =4 Ut 28y &
Ap#ko]l 120 KDa A2 ofF #1379 microsphere formation efficacy’} %o} I& & 4 9l
AT} Microsphere sizet™ Ao S7kstol whel 543 S7kshe e & & ok

¥ 10= chitosan®} NaSO; ratiooll w2 Chitosan-Sulfate Complex Microsphere  size <}
microsphere formation efficacy®] &S YeERAT 3 109 #o] chitosan?} NaSOQ, ratio”f
Z7ksle] 1:10] & A% 7}% =S microsphere formation efficacyS 4 4 AAch 25y
chitosan®} NaSO; ratio”} Chitosan-Sulfate Complex Microsphere —sizeol 7| X+ 93-S wlH]
39T ¥ 112 chitosan® EAF#e| wE chitosan—sulfate microsphere?] VA& H-Ao tf g+
entrapment efficiencies®] 43S el % 113 #Zo] chitosan®] FA}Fo] o}F ZAL}
ol¢ =A™ entrapment efficiencies”} 74 3}al chitosan®] #EAF#o] 14 KDa$t Zo] low

molecule?] 7% entrapment efficiencies”?} 90% o] o2 =4 gt} ol AdZAn=w

x

chitosan-sulfate microsphere®l] 2]3F v A& A encapsulation< chitosan¥} NaSO, ratio”}

1:1, chitosan®] ¥#t#& 14 KDao] 7M £ 29SS & 4 JdAth

1%, 13. I|Eat-sulfate 2 X2l Scanning Electron Microscope(SEM) AREl
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H 9. JIE4 EXE0 2 I|IEA-sulfate X I MHASE,
Chitosan/NaSQ; ratio (1:1)

Chitosan—Sulfate
Mw microsphere Median Size/um
Formation Efficacy/%

6 kDa 72 10
14 kDa 96 15
56 kDa 92 49
120 kDa 74 89

H. 9. I|E4H/NaSO, HI20l 2 I|Edt—sulfate X AJ|% MHASE,

IE4 2XE(14 KDa)

Chitosan—-Sulfate
Chitosan/NaSQ; ratio | microsphere Formation Size/um
Efficacy/%
1:0.2 68 10
1:04 78 12
1:0.6 34 14
1:0.8 91 15
1:1 96 15

I 11. I|EN S2XE0 E I|Edt-sulfate X2 2¢ S2.
Chitosan/NaSQ; ratio (1:1)

Mw Entrapment efficiency/%
6 kDa 58
14 kDa 94
56 kDa 36
120 kDa 75

5 oA WA &Y E=E Y3 micro encapsulation A&

S 1
(1) Attrition MillS ©]-8-3+ Microsphere #|3
O A AIZbel| e JA=a7] Wt

ME

2

A7) 2 71 EA D 4714 microsphered] Ho A7) WEtE 3E 1237 139 YERdLh 71E

microsphere 252 A7)E 1083 3243 25904 308 T FEHE AAE gada

- 180 -



0% o] FHE = A TAEHA FSS oIt o9 e Wil F /KR A 4 ok sy
= " 7184} 4714 microsphered] 4A7F Y 7] wiitoll o] Al&EloA]l AE-3E 2|2 F Yo}

23} LS BHRA0RE O ol dA/E Y & glom, e Shhe attrition mill #43hs

2

&k 7|EANY &4 microsphere”t Al §F & ¢ S AoRE SiA T 4 9ty ¥ 142 71 EAL
microsphere®] attrition mill &3] HF YA RS SEMo= sttt el o 71EAE
o
A T

microsphere pore’} AT stil o} Fold &S &1 3 4 otk I¥ 156% 7]EAF microsphere?]
[e]

attrition mill 2] A3 golo] x}xolt) AR o] B & Ayt v QxlElE o] 48l A
suspension® A< & F AT
I 12. SMAIZH T2 JIEA YXte HZTD|
Grinding Time (min) Mean Particle Size (um)

0 51.9
10 154
20 6.5

30 3.5

40 1.2

50 0.75
60 0.73

I 13. 2HAIZH e L2204 XS BZ 30|
Grinding Time (min) Mean Particle Size (um)

0 85.3
10 12.5
20 85
30 29
40 0.95
50 0.85
60 0.84
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(A) (B)
2 14, 3|E4F 21X Scanning Electron Microscope(SEM) AFEl
(A) attrition mill M2l &, (B) attrition mill X2l =

(A) (B)
2 15. I|EA& microsphere 4
(A) attrition mill M2l &, (B) attrition mill X2l

00

&

Chitosan 3! Alginate ¥%=7F &g mA= 9FS 29 169 171 Heblileh. Chitosan 3

Alginate §=7} @& Aol E 8 &o] 7AW Chitosan % Alginate §%=7} 571845 2

S 3o 7} 2%, Alginate §=7} 1.5%0]7 W &2

of detEol LR &0l FaEs & e
&=

A 4
5%, Alginate =7} 1.0%°]std o] tjF& =3 &Eejge &
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Mean particle size(um)

Mean particle size(um)

60

70
Time (min.)

8 16. JIE4& S0 IHE B4 X30|

100

70

Time (min)

J8 17, 224 s&E0l E 92 X30|
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@ FAIZE Hate] w2 QA7 9] ¥}

Attrition millol A #3438t 7] EAke} 2714 microsphere?] #1E oFAA S ettt FAIZE Bako] u}
2 71EA 4314 microsphered] 9AHELY] WEE #elatglon Ade a1y 189 dehslth 165
SOF 40T g27]olA Bsto e 7|EAky}t 4714 microsphere YAFE7] W= §lo] Al g Ao
o} 488 sl 18 198 165 = 7)EAF microsphereg<Bo] o] 3] suspension¥ o] 9=

AL HoJFa glon o wE AWzt wpegl 7]E4F microsphere®] Aol kb Aoz wsly

2.0
_ 1.5+ —@— Chitosan
S -0+ Alginate
=
o
N
n
()
)
j =
©
Q
c
©
O
=
0.5 +
00 T T T T T T T T

Time (weeks)

8 18, )12 220l IHE B2 YX3I| ¢sl

(A) (B)
g 19. #D12t B2 3| E4F microsphere SH

(A) H& &, (B) 16 M&E =

- 184 -



(2) 1A JAZEH7](Minigranulator)S ©]-8-3F Minigranule #| %

(D Minigranules ©]-8-3F n| A& ob4gA] Ag

208 ALoA 16577 242t formulad] WE minigranuled] £ E o] Qe nAE #AFY WEE
Ve 29208 2ol €4 tFel sodium alginate minigranule %7] wA147F 87x10° cfu/g
oA 39x10° cfu/g@ 7+A5}e] minigranule®] A HFEo] 77} S-S 2}‘{]3}‘213}. HhH ol carboxyl
methyl cellulose?} guar gum minigranulee %7] #44 81x10° cfu/g A 22+ 15x10° cfu/g, 8.7x10°
cfu/g, = #4389 minigranuleo] A BEo] E37F AA S5 stk

IHU21E A2(40C)oNA 8F v FFol WE minigranulet] EFHEF O U= UAE FASFY W
315 Yeh i) Sodium alginate minigranule> %71 #7157} 837x10° cfw/gel A LIx10° cfu/g® 7t
Z3te] minigranuleo] A £Ae] wwste] A2 AP AT}t o] A HE GHF S Il
9t} HWhAo] carboxyl methyl cellulose®} guar gum minigranuleS %7] 34 82x10° cfu/gol A 2+
7} 18x10° cfu/g, 1.2x10° cf/g,® #F243] gasle] 2e 4849l o] minigranuleo] A HEd]

7L A4 FES gelskdith

Olt
-

9
—@— Formula A
=0+ Formula B
8 1 —¥— FormulaC
cRA
=
o
g
-1 6 41
5 A ."o
4 T T T T T T T T
0 2 4 6 8 10 12 14 16 18

Storage time (weeks)

O 20. A20A &2 B2 & minigranulel| 0|22 MZg AIE
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10
= A
3 L
m Ty 2}
(=) -
gt | 4 L
HH"““H.,
H‘“"xq__ o
—&— Formula A TR
2 -3 Formula B &4
—¥— FormulaC
0 T T r T
0 2 4 [:] ] 10

Storage time [weeks)

o

2 21, 40COHIA ZDI2 B2 = minigranulel D|S2| MEE Al

@ $AFES PAE g AE

TIHU22%E sodium alginate minigranule®] $-f-E hAlEOl digh A3k 40TolA 1257 H 8F3H
minigranulet] (ZZJ¥ o] & MAE dAFY ®IE UERTE 19223 2] sodium alginate
minigranule & A& A= 27] #2457 83x10" cfw/gdllA 1.3x10° cfu/g® FA3] Astdon 40T
ol M= minigranulet] A F7F 1.8x10' cfu/g2 F23] #A4stgth oleld Ad= @Al LA 2
EaRel lolA Al BEol ZIE Qe ekl 5 o] Fitel glojd FEAl B A

of et F7H4]1 Aol o] Fofxof
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10
8 .
¢ \ —&— Room Temp.
. O 4000
5 ]
=
o
8
1 44
2 7 .
o
0 T T T T T T
0 2 4 6 8 10 12 14

Storage time (weeks)

8 22. 40CUHIA 212t B2 = minigranulel 0|22 MEZ AlIE
t}. Micro encapsulation Ao &543]
(1) Micro encapsulation Al#] 73 2¥
(7b) Attrition Millell €]+ microsphere A4 &% A& (FFAnjAIE)
O 2+ T F A5 24
14, 15} o] 3
wafA FAS oF 6.93%, 6.88%2 Aol Tl ZHE HEUHAoH JF =
11.30%, 12.29%°] ¥4 g 2345 Yot H

o, AE FANME 6.22%, 10.04%2] zol= LERHATH

T 14. Microsphere M&2 &A= HJ&0 OIXle &

AAE 717 T FAANEE A FATeh W= FA e

A% gl QdolAe AAE
S FANE ALTE TAR T uls) oF 565%, 48006 & Fo) BAE R

ik L
2 2] -
Adol(em) | AF(%) | Aol(em) | AF(%)
o) %7 20.05° 100 10.09° 100
FH T 21.44° 106.93 11.23° 111.30
Hl} & 21.43° 106.88 11.33" 112.29

*DMRT at 5% level
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Z15. Microsphere N&2 &F H4&0 OIXle &

A A = AEST
2 2] -
A F(g) A 94(%) AEH(g) A 9=(%)
o) = 35.42° 100 1.93% 100
T 37.42° 105.65 2.05” 106.22
Hj 2Et 37.12° 104.80 213" 110.04

*DMRT at 5% level

H. 16 Microsphere M&2| =226 Z 1
S AE (0 - bH)
Al okA] | Al 2HE H] 31
218+ FAF Hj) 2F
TAA = g 0 0 0 okl gl

(\}) Attrition Milll )3+ microsphere A4l &% A8 (s FAujA18)

Wl ek 5 s AL

317, 183 Zol AwAIR 7IZF T FAAEE A FHF v ]
WA e oF 941%, 1150%° Zol T &IE UEdden % —f‘;ﬁoﬂfﬂE of
9.36%, 9.415°] FWA o TS Ul HF T dolAeE AT =

FAAE Hel P e s ok 6.68%, 9.79%] FEE ZUadE HelFon] A
5 FACME 11.54%, 15.81%2] ztolE eI

e

By

r\r

_y‘l_.d

©

Y
S

jus}

H
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H17. Microsphere M&2 = 4&0 DIXle &

S q=
= 2] -
o] (cm) A 4=(%) Zo](cm) A 9(%)
o) % 23.48° 100 13.14° 100
AT 25.69" 109.41 14.37° 109.36
Hl] o 26.18" 111.50 14.42° 109.41

*DMRT at 5% level

H. 18 Microsphere ME2 HiF= &0 O|X=s IS

A A = AEZF
A 2] -
A A = (g) A1 9(%) 1EH(g) A1 9(%)
o) = 68.54° 100 2.34° 100
T 73.12° 106.68 2.61" 11154
Hl| & 75.25° 109.79 2.71¢ 115.81

+*DMRT at 5% level

@ sAAES ZEel g ofsl A}

FAAIRS Aol o7k ofs WA FHFE TAFSHY] flste] FAAERE F

o] e k=Sl WiFE ot e® A ok AdEs A & 199 2ol A4 ¥
S Axg AgTelM AsAs 2 v S SRRAE Fokel B ey ojme A

g Fo A% ka7l dAystR] L8 Felst gt

ol

H. 19 Microsphere ME2| =226 Z il

FAAE (0 - 5)

AR | NG ] 3L
A Fa e uh

TR | W 0 0 0 ol 9le
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2}, 33k Micro encapsulation AA|o] #7159 WA 3543

(1) £33 &% Micro encapsulation A|A|¢] 71FH ¥4 £4 29

| S7p oy oA 53 HA

TG A A (AFol €S Aestar 109 F-o ZARE FA g ol S7pFE T

= 1% 233 o] 525% &, Al AREFE AR EHE st TR

L TFAAE sEEE GUA g Aol o] W el WAIZFE B, 5008 = 3
F B ES 25%0190o oo whel A7k 95.2%= WERsETE 1,0008) <

2,000 = 3 A st} {3 AAE A Aol e T o WA 7 7F 34%9F 93.5%, e

3L 154%9F 70.6% %= WERsktE Al ZEA ] A e s =oll A 2,0008) = 3] A sko] A 2] s}l S ¢

WA Zde vE 7 AY sl Hlsho ?ﬂ_;ﬂfﬂ kow 50088 €+ 1,000 314 A 2lgte] 4

o= FolAd e ZFol7F vk y] wiitel srbell A AF AbEete= A BAAdS 1Y

sko] 1,00080¢] 314 F=7F Ak Ao AR E

:(

g0

50
£
o 40
L%
=
LiF]
=
T 30
L
[l
@
a 20
5
a

) I

4 — T

1/250 1/1,000 1/2,000
Untreated
Dilution rate{Sulfur formular) control

8 23. REMAH s=0 CE 20| 824 28 AM it

(th AgAl7le] e Qo] 37y Wy oA E3 A4
207 #o] FAHEFAA Qo] IVMF

g
watzlol SEstdth. 73 AAE A7FHol TASy] AR 7]l A2

=5

o 428 5ol A
E37F 044%N M 923% vhebeTh SR f3 AAE AsE AL 2ol A5E A
b A grastg o, £ oln] #7FEol WASe] MRS 30% oY Aol f

3 AA ] WA 638%1A 57.3% = UERTh W DA AVER §3 AAE 59, 7Y

1097102 A 4% 2 stol A W, FIAA AAEE G PA D
& 59770] 1093+ nrbe A AR AT g WAl magtls e gl
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FIAAE Mgl 0o FAFHS BARY) ANAE Aelse
urhe T4 AhEHel WA Adel o ALE A, Er ol w4t

z71dl APt Aol WAl ded & U= WHelgks ASs BojFa vk

H 20. SEEXAS ®MelADI0 OHE 201 8otFY g8 Ax &

Treatment Disease-develping Period Disease Control
stage (days) incidence(%5) efficacy (%)
5 35 9.4.4
the early stage 7 3.7 94.0
10 4.8 92.3
Sulfur | 5 15.2 75.6
the middle stage 7 165 734
formular 10 175 718
5 22.5 63.8
the latter stage 7 22.8 63.2
10 26.5 57.3
control - - 62.1

nh AEFZESH Micro encapsulation AlA12] A5E WAl g2
(1) A EFZE3H Micro encapsulation AA| e ABIE WA g54
(7 AEFEE AAERNE Y AhE 24 a3
2 (RJEDAA e] Haols uEe] ek 4F9S Algste] 1 A3s 1912400 Ve
o} A2 Al e 280ulell A 7 skl on slA et =2 1,00080e A 7wl
skt gt AlE 3YAIRE 100269 ASES Btk tRk 84 w4 11,0008 49 o] F
T AFEo] 87%= YR

\I
01}4
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ASARISTN HOIE (18 SHBSES HS(S.D.AUE)E S50 13 ZT S0
3 E 14YSO AL, YUSSEY, AEHE U PALAS BE TAS 2D O
S 2ot

© BAAIES EOIHYLEQ 4,000 mo/kgW N XAHSES SIUCH
- YPSSZHS BYI OHIOL BEEUC

- MEHSE AHEN = FDLL0 Dot FYHO SHENS 2ACH

o RARI AFSE SO RS SOIE HoSE AAS BEEX YU

Olatel AIEZL, &&
Ok

|SXAHAH BROIES] 3t 231 250l CHE LDso= 4,000
mg/kg Cl&2ZM = Z = l

ol 2 s +

HEU

4. NEZ1
ot XINSE8 L LDso 3t
BHAS A 4,000 mo/kgOl A XIAPHHE ZEEX AUASH, 22
EFLEXI Q4QUCH 0lAtS] AIBIZ D, XSALIISAM HIOIEE S.O.H #HEH AL £
Ol T8 LDso2 4,000 mg/kg OIACZA sAR2IHN 2 SHS
(HNE4)oz2 2RCALC.

0x

Lt. 2EISESY
MEARIISAI HIOIEES ZOSHE 21, LSS S4S Sht Dot 242
A
o HSH s
ANESE0 ot &= ZS &M XMel £ 4EE SS0l e ySEHs 2F Al
g0 et 2+ 2F SIFHNE B0

Olgel AMEZL, 3R IIsAN btolgtel =30 23 250 et LDso2 4,000
mo/kg OI42Z2 M sAACIYN 2N SH2 FE6IH V=(HSE)0l e UACH
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cEdER IE‘%IU{H HPOIE*OH EH°F OIRA=EAIEE ENN(New Zealand WhiteH)E AtS
, 24, 48, T2AIZHMOl TSRS & 2E0t XA

_C'>_
=, iﬂ%‘ﬂi} e %‘F’J%E%Q% ZHE - DAE 21 O3S 20

ANEEZ 0.5 mL 2 New Zealand WhiteHl EJI0 F0{8 2 AIEI|2E  XAS
2 HETX AUC.

UBISEFAS ZELX AUAC

ANE2&=Z J|ols S0/8 MESHslsE AT

ANEZSE MH & 829 ZAXSSHS 2Est 21, &8t 2 BF £9 HIIEX=0|
ZEZ| X 40 1A A2X+=P.LL)E “0.0"2Z AEE UL

Olatel ZUZFE New Zealand WhiteHl EXI0 THeH AIE22 9 I8 HEE (IR
I H=E]O ol UHS40| gle SHO HS2 WLt RL

4. NEZ1

ot LESEEY € XAMNSES
DE NESS0 AWM HHE Lersas 2EFDX RFUALMH, MUSE L8 &A
SRl S RACH

Lt. MSHsE
ANE2E2 HEXH, HE = 48, 72AI2H00 HME NSS =38 Z0, NE2E=
Jlelst S0l8 MESEHets AUTH

Ct. Dl=es2 8ot

ANEESE L& E2 5 1, 24, 48 & 72A12H0 IIREt2S 226 20, AEE2E Mg
£ EU Y EF SS9 IFES0| ZELX A0 1 X IR X=X 2=(Primary Irritation
Index, P.LL)= “0.0"22 AEE UL}

OlAS| Z2ZLE REAHKII=XM BIOIEFH2 New Zealand WhiteH E7(2] IS0 =EA
[T 11X AH=2E]0 S8 AS4H0| gle 220 Aoz HHHDULT
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EBERI|ISAM HIOIEH0l CHE AFUT=LEAEE ENI(New Zealand WhiteH)E At
Eaot 2NN 18] M2l & 1, 24, 48 3 72AI2HH0I LPHESEA, IAs, HE
B3 o HFAXNIELAES 2E - ZAE 2= OSH 20

o AIE22& 0.1 mL2 New Zealand WhiteHl E7|0 S0& 20 AEI2 & IMSE2
SEC X LUCH

o JHHE HE=ES ESFHE ZIH, Al2H0] FUEY [t SIHENE BULCH

o ANE2E HE & MgHQ Z2ANN=4HE &S Z, HAHZUA 222 250
OHst XUH=2S40] 2EIN 22 X£=(A0.)e 1.3"22 && ZIACH ZEE
OIEOITI= MO BIES2 24A12H0 ZEA| LA BE AESE20| HASZE 3 2L
AUCH

HESJ|sXH HIOIEt2 New Zealand WhiteHl E7[2| ord ot

olatel 2ol et &
;‘.

s
ol HBA [o®Y H2E]0 o) H3L0| gt SHE ALk

=
2E SSUAM NESE X2 F HHE SSSYE DEEX YO0 AAE SEE
212!

ANE2E XMel £ 1, 24, 48 & 7T2AIZ M0 ABAX=SHE ZTAE 23 TAIZHR O
=212 2F0 et AN=540| 20i212 MMM ZEERCH tEUTF LS 244l
ZHI 2HE Al 240 2 A8 S20| 422 3=HUCH

o] =X +=M.O0.I)e 1.3, 0.0, 0.0 & 0.0 22 22} &EE

o
O “1.3" 22 olgULt

Ol&tel Zotol et HEFRIIsAM HHOIEHZ New Zealand Whitedl E£7(2 ot
ool HSAl [EY NI E]N 26t A=40] eles SEZ UL

- 207 -



HIOIE 2l 20101 Chet

=sd0SsEAE 22N

pKBSI1 (F) P=¥E0RYyt1L

Y KOMEA BIOBAFETY INSTITUTE

- 208 -



ZEHFI s HIOIER AN (Cyprinus Carpio)dfl THet SHHSHAIEE 96AI12F SOt
AAIGHH Al UBESZAE 2EFD HS L MES ZAS 20 OSH 20
= TIVES S X Aba=(0k2)
(mg/L) arel) 24h 48h 72h 96h
2.00 0 0 0 0
2.99 0 1 1
4.47 2 5
6.69 10 6 9 9
10.00 10 10 10 10
Control 0 0 0 0
o ULIESSZAOE HEAAM(LOE)O| ETIULCT
o ME2 E 440+£0.23 cm, MS2 &2 1.36 £0.25 g OIUALH.
o pHE B3 7.41(7.15 ~ 7.77), DOE HZ 88.6 %sat(82.5 ~ 99.1)0[ALCH.
o AIED|Z2IS BZ 22 21.0 C(20.7 ~ 21.3C)0|ALH.
Ol&2 A2, RESARI|SXM HIOIES] Yool st 4 l?_ gt X Abs = (LCso) =

5.072 mg/L(95%AIZI8tH : 4.252 ~ 6.050), 96AI2H Bt+XIAbsZ(LCso)= 4.471 mg/L
(95%4128HH : 3.723 ~ 5.371)22 sZe/Bul 2 54\5‘% T=20tH S22 2F
B RALh,

4. NEZ21
Jh NESEHMel & ZFTAIZHE XA

co aoe == x| AL (0F21) XIAFE (%)

(mg/L) — (Db2) 24h 48h 72h 96h 48h 96h
2.00 0 0 0 0 0 0
2.99 0 0 1 1 0 10
4.47 10 2 4 5 5 40 50
6.69 6 8 9 9 80 90
10.00 10 10 10 10 100 100
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Lt

. AIE2&29 |Cs X ESSSH
LCso(mg/L) ]
3= ESEY & ZE(cm) H=(g)
48hr 96hr
el T NOR 4.30+0.25% 2240.22
(20121020) RS 1.22£0.
5.072 4.471
BEOI € + +0.
e (4.252~6.050)  (3.723~5.371) LOE 4.40£0.23  1.36:+0.25
UM ER 0.131 0.115 SUR
5 .35+0. 2940.2
(KTF-1202)" (0.114~0.152)? (0.098~0.135) ~ LOg ~ +o>%0:24  1.29%0.25

Ch.

% 534 NOR(Normal), SUR(Fish mainly at the surface), LOE(Loss of equilibrium)
VoL IR AIEDIZ2E 2012, 10. 08 ~ 2012. 10. 12

NEER

MEARIST HIOIES o0l [HE IHOISHASZD, 48AI2
L2XIAS E(LCso)s 242 5.072 mg/L(95%AIZIBIH 1 4.252 ~ 6.050)% 4.47
mg/L(95%AIZ|8H : 3.723 ~ 5.371)2 soAB2lH0l AN S48 P M2
OS2 EREHAUCL OM4BM02E HENMO0 ZEIUD SLHUERUAM S0/

ZNe BEEX UUCH

He
«©
D
=
]

|’E

—_
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2 °F (Summary)

Hpol ko]l EHol i FAHAZFAANES s 23 AAF(Table 1)9

g 2.

0%
o|\
o
rlo

o FQ o|AFAS BAE A kit
o ABA7 F HALEE 255T (205 ~ 28.9)0] 2 th.
o A7 F HAAUNEEE 69.1 %(27.0 T 90.0)°] 2Lt}

Table 1. HIOIEtSl SHEESLAE 2
A A A
A 2] 5 = (ng/bee) A& At A e 18 hr
100.0 30 0 0 6
A =T 30 0 0 0
& 1ff o 2= (acetone) 30 0 0 0

ol Fel AP A} wpolgke] wRle]l tigh 24A43F Bl 48X 3F WA AR (LDs) S FER

o] EQH|&7]|F 22 100.0 ng/bee o] o] A}

jus

5. Nd4dn

51. Ald&3 =4

A7 S EHAE Ao AW eks Fd 255T (205 ~ 289) 2Ela AdsE

T Wt 59.1%(27.0 T 90.0) ol k. AlF AW o] AF- A Zhho A A =

o Wel(&% ;23 7 27C, % ;50 T 70%)E oAt 1 Al A ¥
f 4 :

MAE GFol gt Aow mel AFPE

s
N
-
o

o] Fel A @AW wpolgre]l o gk 24417k Bl 48AIZF W X AR F(LD50)S F
AEFYH & (10%)7]F 2= 100.0 ug/bee o1& ol Att.
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ArE

AEARI =X 2H S EHE?F I2N24dAES EJJI(Ne Zealand WhiteH) 2
D XA

& 2#&0

=

O
3
T, HSHE R dEEESME EQ~£ME¥ ”TFE -é.’— o 20

> NE=& 0.5 mL € New Zealand WhiteHl E7I0l S0HE 20 A& & XIALS
2 HEEX EUCH

o UUESSFAS AFEX R UCH

- ANE2EZ D|elE S0l MEHat= UL

- ABE22 HAH = FER2 IAX=4S 28 20, 88 ¥ 25 82 IEN=0
2E X 40t 1X ASX=(P.LL)E “0.0"28 &EL/UCH
Olatel ZUZRH New Zealand WhiteHl E7I0I e AIEE2E 2 I8 RES [IIF

X A=H]0 2ddh A=40] gl 22 HeZ BHEHEJUCH

4. NEZ It

ot HESSEY | AMSES

DE MNESS0 UMM HEHE LSS4T 2FCX UULH, ASS= L8t gA
o

Lt. MSHst
ANEZSE HEXH, HE F 48, 72A12H00 HHE MESS £Fe 21, AEHEEZ
Jlelst S0I8 HSEsts AUTH

ANEEE & S8 £ 1, 24, 48 L 72AI12H0 DSEISS 2&EsS 20, AIEEE BE
| 25 52| [I2es0| 2EEX Lot 1XF IIE X=X Z4=(Primary Irritation

Index, P.LL)= “0.0"22 A&EL|RULCH.

t= New Zealand WhiteHl E712] L1220 HEA
SZol o=z TEL UL
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Q2 °F (Summary)

=
[}

(Table 1)9} ¢

2 b4

NIl

ojn

A ekt
T 0.92+0.20 g oAt

3

3

T 4.27+0.35 cm, A5
T 7.37(7.32 7 743) oA 1L, DO

713k

3

S ¥
T

=z

e

o

T 90.0 %4(85.7 7 97.3) o] At

T T2 235 T(232 7 236) oAt

3

1o T
— M
R

2

hy:

pHT
Al

o

g

DE

3]
=

o

=
600
(@)
=
200
D~
)
=)
<H| =
T e |°°
ﬂ4
&M
J-
~
<
400
N
—
hOO
(¢9)
Mm S
o0 2
H= oK
H X2 |2
£ X0
i

A AL

4811 % 8L 964 ZF wE

gk

, AR 71 EAA Eujgke] Jofol of

3 4 3}
E=(LCs0)= =5 10.0 mg/Le] %

i

1]
=

HAFAAIE A, 4843

Els

ool
10.0 mg/L ©]

B g

%

i
i)

—_
file)

i)

el

e
AL

A}

=
7

ok

axel

Table 2. AI& 12

XIAHE (%)

96 hr

48 hr

96 hr

72 hr

48 hr

10

10.0

- 222 -



Table 3. AIEZ2ZE9| [Cs ¥ SESA
LCso(mg/L) zE=
T B2 - % (cm)
48 hr 9 hr S
R s ) ) \OR 4.04%0.19”
(20130502) )
ek > 10.0 > 10.0 NOR | 4.27+0.35
0.131
g (0.11470.152) 0.108 SUR 458+0.15
(KTF-130D" | 7™ (009370.124) | LOE | —

ofy

- 223 -
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K °F (Summary)

] A} 4= (Table 1.)¢} o]
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EFSA identifies risks to bees from neonicotinoids

Press Release
16 January 2013

EFSA scientists have identified a number of risks posed to bees by three neonicotinoid insecticides.
111 The asked by
use of clnmmmmm as granules,

Appiications hepdesk Calls & consultations.

& pnt

See also

+ Bee health homepage
+ Pestiides homepage

regard o: thei on bee colony their effects on
bed v anc s behaviour; and the risks posed by sublethal doses{2] of the three substances. in
some cases EFSA was unable to finali

The risk assessments focused on three main routes of exposure: exposure from residues in nectar and pollen
Inthe flowers of Ireated plants: exposure from dust produced during the sowing of treated seeds or
application of granules: n fuid[3) p v plants

EFSA, in cooperation experts from EU

Member States, concluded the following for all ihree substances

+ Exposure from pollen and nectar. Only uses o crops not atiractive o hoey bies were considered
scceptable.

Arisk y could not be excluded, with some.
‘exceptions, such as use on sugar beet and crops planted in giasshouses. and for the use of some
ﬂlanules

The only
case, field stu
substance through uunalmn fuid.

for maize treated
effect on honey be d tothe.

EFSA's concl tain tab uses for 85 granules of the thrse.
substances in the EU and indicating for each route of exposure: where a risk has been identifisd, where a low
sk has been identified: or where an assessment could ot be finalised because of a lack of data

n il | EFSA's scientists for the

atEU fevel and in support of | Memoer Stal leve,as wel s
relevant iterature and monioring data. They also considered new developments in the assessment of risks to
polintors from piant protection products, in particular recommendations contained in the EFSA Scienific
Opirion on plant
protection products on bees, which was published in May 2012.

8. EFSA Ot

Products and their
Residues (PPR)

2 H &t neonicotinoids®l #

248
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