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< SUMMARY >

| EEEE | D-02

Purpose &
Contents

I. Purpose
Development of  practical application techniques and systems of
environment-friendly biopesticides such as natural enemies and functional

microbes

II. Contents

A. Development of advanced field-applicable techniques and control systems of]
biopesticides

B. Development of advanced field-application models of biopesticides which
pare proved by extension experiments

C. Expend research bases for e-friendly agricultural products and consulting of]

biopesticide application

Results

A. Development of advanced E-friendly techniques for the pest and disease
management

- Constructed the seed bank of natural enemies: 6 species including predatory
mites

- Developed economic mass-rearing techniques and high control efficacy of]
natural enemies (Hypoaspis aculeifer, Hypoaspis miles) and functional
microbe application

- Developed easy rearing methods of bank plants for parasitic wasps

- Developed pest trap plants and practical application methods

- Support farmers group field application techniques of natural enemies

- Educated farmers how to use natural enemies and bank plants by opening the
education program

- Analyzed economic efficacy in field application of natural enemies and

microbes

B. Evaluation of field efficacy of microbes which can be used in agricultural

fields
- Developed rapid and accurate diagnostic techniques of natural enemies and

microbes
- Developed bioactive function of natural enemies and functional microbes for

plant protection

- Established the standard maintenance and mass rearing system of beneficial




natural enemies and functional microbes to the farmers
- Construction of the stable supply system of natural enemies and functional
microbes into farmers

C. Establishment of field-applicable sustainable cultivation system suitable for the
crops of Gyeongbuk Province

- Established field-application techniques of newly-developed biopesticides

- Preparation of sustainable plant protection manuals suitable for local crops
such as apple, pepper and oriental melon

Expected
Contribution

A. Technical aspect
O Improved e-friendly pest and disease control techniques using natural enemies and
functional microbes
O Developed the economic supply model of massively reared natural enemies and
functional microbes
O Increased the scientific values through the construction of systemic management and
database of natural enemies and functional microbe natural resources
B. Education and job market aspects
O Increased the scientific values of sustainable agriculture with natural enemies and
functional microbes
O Increased hob opportunity in the field of biopesticides and sustainable agriculture

C. Economic and industrial aspects
O Increased stable production of agricultural products and farmers profits

O Improved local economy of sustainable and organic agricultural industry

Keywords

: . . Sustainable
Biopesticides | Natural enemy Microbes Plant growth .
agriculture
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lfnsecr pest

Natural enemy
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- Oral Toxicity of Photorhabdus Culture Media on Gene Expression of the Adult
Sweetpotato Whitefly, Bemisia tabaci. ('11, ]J. Invertebr. Pathol.)

- Oral toxicity of symbiotic bacteria Photorhabdus spp. against immature stages of insects.
(11, J. Asia-Pacific Entomol. 14)

- Isolation and characterisation of the entomopathogenic bacterium, Photorhabdus temperata
producing a heat stable insecticidal toxin. (“11, J. Plant Disease and Protection 118)
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Steinerenmatidae<;(10%)
HeterorhabditidaeZ-(3%")

Steinerenmatidae<;(14%)
Heterorhabditidae<; (5%)

Steinerenmatidae < (2%)

Xenorhabdus sp.(10F)
Photorhabdus sp.(3F)

Xenorhabdus sp.(14%)
Photorhabdus sp.(5F)

Xenorhabdus sp.(2%)

Heterorhabditidae<: Photorhabdus sp.

4 Ap Steinerenmatidae <5 (3% Xenorhabdus sp.(3%2
= Heterorhabditidae<: (3%) Photorhabdus sp.(3%)

5 s Steinerenmatidae < (4& Xenorhabdus sp.(4%2
°e Heterorhabditidae<: (5%) Photorhabdus sp.(5F)

6 ol Steinerenmatidae< (16 Xenorhabdus sp.(16%
- Heterorhabditidae<F(14%) Photorhabdus sp.(14F)

7 P Steinerenmatidae < (20 Xenorhabdus sp.(20%
e Heterorhabditidae<F(13%) Photorhabdus sp.(13%)

8 o3 Steinerenmatidae; (7% Xenorhabdus sp.(7%
o™ Heterorhabditidae< (5%) Photorhabdus sp.(5%)

9 o)Ak Steinerenmatidae s (5%) Xenorhabdus sp.(5%
e Heterorhabditidae<(10%) Photorhabdus sp.(10F)

10 237 Steinerenmatidae<; (3% Xenorhabdus sp.(3%&

Heterorhabditidae<(5%) Photorhabdus sp.(5%)
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58, AYREY “REY ADF AN AQAG 0] 20208744 250919 FAL A
Fol ANEZS AH L VABAAN 5 FENEFHo] ABARHIFAANL FAG
Froed A9, 42 5 O $P8el A4Ho2 DA A4S FFE

T, A A A Felel oEsm Jonz FuelA YN & Aol
AAT EH, ABAA] A FREG ALE A8 1 B0l 4FHA 2 ASo]
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Agdel 287

O Al <A EAetE MAEES 7T A5 AT HE&=d QoA Fast o
S @t S A EAEE AR AE BE SAEHe AL aga T
715 AE A A AT 3 5 T8 9s Iddeta S olgd o
F29 =2 B2 AE Fo FHAA g A e golet o  1Fe o
TE Foto] & weA A Yy w8 2 544 e dE ol Agoln, of
ANAE @ol EAte B2 VAEEC] AR Kok e, SdolA EdEL
duld oz #A#o] H= vAE T oF 90%7F in vitrodl A QYA njFe] Asjsk Fo
2 48 A d5. 2R, FAdA v ol 1FES wEd We w564 e
o] Algo] m#Eojof 3 A, Semenov et al. (1999)2 <@l 21 Y= MAFLE]
e S8 uE 3 BYS A= AL e v g 28R 2l BES £
dre 2ol e A Eo] A gom, Algto]l A wet &3 1eEal BhE o}
THRES EYY 7, AEY & AE AS A7 2 AY 7]Fo wel 25 tEA
e

Soil System

Structure H Function

Formation T ; C&Ninput
" Microenvironments . 3 7 C&N cycle “.,
Breakdown C%/ U % C & N output

[Eg3t Aol e v ABE +3 3 (Six and Kong, 2006)]

O A& <o AMAste EYrAES 1l¢ 8% 985 st o= duA de 1
= AEAAFEZN @A (plant growth-promoting rhizobacteria; PGPR)S 21 & ¢
of MqAstHA 229 S 3 A7 AT, o5 A& o FAE Y, B
go S JAdsta, e AEES ol&ste] AT EYnAES FAEHE S AL
sto] AEHATOEZRY AES HIsAY, U7 5 ZAAE aAHst] AEAA dAi
AL FFAAY, AEY A4S 2HsE G4 B AA2AEAS AL, o
HALE Bl EG U9 13 22 vulEs 7H83siAA A Eo 3517 €A =9

FE 5o 9L v,

d

25 B AEA MAES TS o FEATdo]l dojuh=d], PAdE
o3 FEAAAHL 1xH o2 AL EA 3= LPSUipopolysaccharide)el |3}
B! 2 93 AE7 AgEE Aow Huno 98, w3k 3G
= ng 999 SAVF ISRY 25 B2 gt & &
A A oleh #Zo] wAEd 9ste] AEA Y Aol FRIHH WA @uHo]




S7hd B ooy, AExAe gad st o3 =AAME7E AstE ™, phenol R
phytoalexine 52 A4 #Hd WAEAS F7tE o] 252 WA Yo ZHE
Aol A= AR dEA Ae. ol B UFHoR doAeE AFAHS
ISR(induced systemic resistance)olel 3t™, WUT-7]5F A& A NA dojrh+=
AA Y544 (SAR)F v -§- FAFSE 98-,

STRESS

O AEAWY T2+ d
A2/ AEEY olygl W FFole} v olE xEEe
T AEEY O F 2 FFolR g ®avt b BwE AE
nAE A= Tl QY thare] AR o] &de] A A HAEe] AL
= HEAFTEZo 2= Ad| @ H(gibberellin, GA), 2Al(auxin, TAA), cytokinin,
abscisic acid(ABA)E X&38to] o}z A EAA] thegst At AE AFzAdEADE]
HEI 95

GA:; producing microbe groups

<Fungi>

Gibbregllla fujikuroi, Phaeospheria sp., Sphaceloma bidentis, Sphceloma manihiticola, Sphaceloma men
Sphaceloma persea, Sphaceloma rhois, Fusarium proliferatum, Penicillium sp., Arthrinium Inhueospern
Cladosporium  sphaerospermum, Scolecobasidium tshawytschae, Gliomastix murorum, Aspergillus fumig,
Chrysoporium pseudomerdarium, Phoma herbarum

<Bacteria>

Acetobacter diazotropicus, Azotospirillum lipoferum, Azotospirillum brasilense, Bacillus lichenifirmis, Bag
pumilus, Herbospirillum seropedicae, Rhizpbium phaseoli, Bacillus cereus, Bacillus microides, Burkhol
cepacia, Acinetobacter calcoaceticus

Auxin producing microbe groups

Azospirillum sp, Alcaligenes faecalis, Klebsiella, Enterobacter cloacae, Acetobacter diazotrophicus, Herbaspiri
seropedeicae, Rhizobium, Bradyrhizobium, Pseudomonas, Xathanmonas

_10_



Cytokinin producing microbe groups

Pseudomonas fluorescens, Erwinia herbicola, Agrobacterium sp., Rhodococcus fascians, Pseudomonas savast
Gypsophila paniculata, Azotobacter sp.

ABA producing microbe groups

Botrytis cinerea, Cercospora cruenta

O PGPRS GAsE A3t 7155 7FA a1 5. ol PGPRo| A3 GAsvw ®
=9 A FFS ST S HAE dow gy on, vhE g o}
gw AR ATer A8 #RAAY GA ARAH 4% ATA%E dgew
ﬁﬂﬂoixg. Ao, durr o g GAE GGPP(geranylgeranyl-PP) 2 H-E 3} & o] A
GGPP+< copalyl-pp, ent-kaurene, ent-kaurene oxidase, ent-kaurenoic acid oxidase,
GAl2-aldehyde, GAp® A= WEEM T & o2 AEEES &t o8 GAs

o] A% olZ. Morrone et al.(2009) & 3} ‘5’1‘ ) 2]o} operone] 7MSlel tiele] Hm
st =), vrel 2o} operon® EAZ FAo] AEI #FH GA /ngaw Azmol= th=

rlo HH

=g oz HAedHE AMEE GA ATAH HAEE ZAEA 7] AL 93] vl 9 &, o] vhy
ao]_ Eo]ﬂ GA xgsl-/ﬂ AR= q]xq]g +E Eq__ )\1 xﬂ_/] GA /\grﬂ-/ﬂ ﬁig} H]/‘
o o e o] & FES GA group®] EAEC] 15 AE, ¢, HHoER

FE 13 6’01«] A AHS 2] 2 5AHH(Hedden and Thomas 2012).

mevalonic acid-PP =) ge n Igeranyi..

P o) copaiyl -PP

g

_ ent-kaurenic acid ' Ekf:kaurene

- 4

- GA347

BT 4EAGE] ATAN FuE B2 AL
o otat AL B ATHE AEsay

w, @5 EE gel uw @7ds gr8 gd B A
o) =
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(2 A7e] A7ADE JBTEE YAFF

 Host plant Endophyte ‘Hormone Published journal
Aspergillus fumigatus sp. LHO2 GAyoyp () Process Biochem., 2011
Cladosporium Sphaerospernmim GAyysrimmw (7)
Soybean J. Microbiol Biotechnol. 2009
Phoma herbarum GAysyr0ns0m O
Chrysosporfum Pseudomerdarium GAisgown () J. Microbiol., 2009
Phoma glomerata LWL2 [AA (1)
Molecules, 2012
Penicillium sp. LWL3 1AA (D)
Paecilomyces formosus LHL10 IAA (D BMC Microbiol., 2012
Cucumber
Cn'adospomm sp. MH-6 GAI 347912151920 (9) Mycolﬂgia., 2010
Phoma sp. GAHT GArsyoison () J. Microbiol Biotechnol, 2010
Burkholderia cepacia SEA GAysa0519m () J. Microbiol., 2009
Crown | Penicillium sp. MH7 GAisareisas © I Microbiol. Biotechnol., 2010
Daisy Acinetobacter Calcoaceticus SE370 GAy 5 4012151920245  (10) Biotechnol. Lett., 2009
Bﬂcf”ﬂs lelﬂﬂs Cj‘ég GA]: 3,4,5,7,8,9.12.19.20, 24,44 (12)
PE[J[)H‘ Bacillus cereus MJ-1 GA]‘ 3.4.7.9,12,19.20. 24, 34,36 44. 53 (13) Biotechnol. Léﬁ., 2004
Bacillus macroides CJ-29 Gfstl_ 3,4°7.9,12.19,20. 24 34 3644 83 (13}

58 MARe ABF 7% A AR AL NS £ A RARA R}
A, obA FelA olsh BeE AT ofd 7]2Ael el Bk Wk ofe
AB7 %ol I Pere Mepstn PAF. uhebd B 48 FAAL 5 A
5 FFEE AW} BA GPS FUSE /& A BEFOEN B ATFE
ABABY A A& Al F85] 48T F A AOE AR

O #3F ) U PAF WAS AT ASH VDY AR BTFHa, 4E 3
A A%HoR Frbstn glom, 20089 MR REAFOE A% A4E Auo] of
Fol MAsE FAY. ol A8 Eixol Hold MR Fofo] kol AR FItol
BFHT QS AW MFBGe] AR %, 9 FOE AY LPOw U A
A EheA W] ofelgol e W olueh Fad ¥ AN V54 AR F

=]

O OECD<= HpolQ Al7]=o] B 7&Ed %S AHste] 203078 == Al o
TR S 7HA = Blo]l L 2 Y9 Aoz HdH(OECD, 2009)
- "ol 7= 21C QIF7F AW A7 oy, g4, B A 40 =4S a2 s
oo A gES & Aew Vv

O AHATAN ALt nol LA Adste vehAtA oA
- AEATALL wlolo. Fope] WA HAL A% WEHA AFiA ol oA,
;‘g_

87, 59, 4%, 49 5 ARGA HAS BE vloledA FEL AT Ay A1)
& FuE AT UL 2 A4
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9.

D AH AF 7H4 24064 7€)

2874 A4 2 vAE AL N AAY BA A

T= NeEd tHel 4 A H| X7}
2o ME |OIZofZEw A E 5000r2]/4 44,000
Ofd=Sof =] 10,0000 2|/ 28,000
#H3 12,5000}2|/bulk 300,000
X|=sfo|2| 20 pack/gF A 500pack/EtA 350,000
pack/H A 100pack/gf A 80,000
=il 25,000012|/H 65,000
Xlzfo|2| 20 = 2,000042|/4 33,000
ESTIEEEX] =] 5000f2]/H 80,000
Atgto|z|2of pack/gt A 500pack/Et A 680,000
& 2,000042] /4 25,000
Qo|o|z|Zo0f = 25,000012|/H 40,000
SAJZ0|EY = 5,000012|/7tE 50,000
gtz te 5,0000r2|/7HE 50,000
SERIINE] il 250012 |/H 40,000
=ofzC e =] 5000f2]/H 22,000
=S0I=TIC™ 4 500012/ 30,000
ESTEIET =] 2500f2|/H 48,000
ZC|= otz E0] 1,0000f2|/E (0] 44,000
ETNEL=TCE =] 50002/ H 220,000
o 2| S EZXXRE| il 1,0000t2|/H 60,000
#H3 10,0000}2|/bulk 300,000
=4 HZF | YAHEUE otz 100 D|/zt= 35,000
CEHHf RS e 2T =il 250012 |/H 60,000
2) FATIAS A TS ERAHE
20161 10¥€72017\d 10€7hA A A 25 A4 25wk 2] 7kAg-off ik
Fel F71 10 &7
7t A &% 428 |t
A AL F 36 ut
Seed T HH 62 4t
% A H (Seed TFF AY) 464 1t
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S 2
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ABHAF A9, EvkE) 5719 4% EF AFPAUL Aol 14716

M) vhd=g-of oF 1,000/ (600 13] AHEAl °F 600,000) A&

A Fo wH2 1T 1,000 71, Folsrh 10E7E 1d 22371, 23] AFEA

- 1,000 x 10-57F X 9 1,0009 X 227] X 23] AF-8-A] = 40,000,000
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1. HM2MF: &E Y pld=2] 43 A A Alst
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1. 3874 7154 nAEY s3Y F43 249 DB

ol

)
pop

o
2
s
K

>
fu}
oX,
30,
rlr
Jo
>
it
Lo
ox
o,
AP
>
~
12
2
i
oX,
11
=
ehL)
ol
S

&

TAESR FAvE NaOCl solutions 25% = gAsk &0 2 3087 T4 Ax5S AA
F, 75% ol gkl @ oA Atk AuE FAs o|AFTHITE ol&st Alxtd A
& B 3le] phosphate buffer saline solution®l HFAIA WA E2lE Hsysigdct &
YWATEL 1232 Salkowski’s methodZ ©]-§3}o] Indole acetic acidIAA) B TS 7|+
1059 WATS Adstset Add ATES LB mediadl &tk mjgstion, Z
HjF 2 15% glycerols ©o]-&sto] -20Cel] A&ttt 14 Add #F9 5485 93] 16S
RNA 71z EA388Y 72 16S rRNAS A H9S FE3517] 98t 27f primer(5' -
AGAGTTTGATC (AC) TGGCTCAG-3")<} 1492r primer(5'-CGG (CT)
TACCTTGTTACGACTT-3)< o]&3ste] F=F% M4 DNAE template® 3ol PCRE
goto] s dol AUIMES AAsAn 2 E A7 ES NCBIOlA 98t BLASTE=
8 AEAS AAste FASIAY. EeE WATEY A" A 474 Arthrobacter oryzae
RWL-2, Micrococus Iluteus RWL-3, Enterobacter soli RWL-4, Micrococus Iuteus RWL-5,
Pantoea agglomerans RWL-6, Leclercia adecarboxylata RWL-7 <} Citrobacter youngae

RWL-8% &7 =AUt

43t 5 ethyl acetateE ©]83t 83 a2 viEaHT & &
ae AT F GC-MS SIMS ol &3] IAA F3< B o G Bt

[-& Wt e] TAA 3]

2 QARI)E olg3el 10000g, 4ToIN FeE ABH F FFAL 355
2 ZA43

_59_




e

IAA B4 A3} Enterobacter soli RWL-49A 744 =& JAAS #(38.8ug-ml ) &Helst
™ 0&o%2  Micrococus — luteus  RWL-3(31.55ug-ml )@} Micrococus
RWL-5(2847ug-ml Hell A Z& TAA ks Helstsl ole} WrNE Pantoea agglomerans

RWL-6(0.851ug'ml el A& 7H A2 IAA T3S gelskch #8& Aol A4dshs ABA

luteus

Saks BEAE Ay F 7oF FolA 67T ABAS AAEE Acw yeyon o F
Micrococus luteus RWL-37} 387 pg-ml o2 7} dheko] =gkch,
50
45 387
AR 366 334
3577 277
T 30 -
Bas -
?‘E 20 16.75666667
13.49
15
10 4
-l
D i L T _\
RWL-2 RWL-3 RWL-4 RWL-5 RWL-B8 RWL-7 RWL-B
[-8& WAre] ABA &3]
- WAl AE A £ &9
o9 YAAES 7|5 A=< HE g ogse] A5 =15S st Zhzhe) o
T+ 500ml2] LB media®ll F&3}e] shaking incubatoroll 4] 150rpm, 27°C= 5¢7F w3ttt
Zyzyo] WAyt i ele spectrophotometers AF-&3 optical densitiesE 058 =& WFEEE 2
2 TRTE FUHeEY sdd w2 s o, ¥ T 25%9] NaOCle o] &35t %W
S Atk F o|ASHFE o] &8 WolAlA sand mediumol A FAAEEATE AwlE A=
BAE ol gshlar, 28TA 1441%F, 24TolA 1043 FEE 60770%=2 sHeith. AT S
HE9 & 237 719 A5 SPADE o] &3t0] 54 I 52 A Th
[3E] 8T Al wE vl A5 a3
Treatment S.L. (cm) R.L. (cm) SEW. (@ S.D.W. (g) C. C. (SPAD)
Distilled Water 17.00+£2.58 f 2.71+0.57 e 0.083%0.03 e 0.02120.0003 22.73£2.29 ¢
IAA 23.92+£2.41 cd 4.17£0.75 bc 0.122+0.01 d 0.030%0.006 d 27.94+3.81 b
RWL-2 25.71+1.81 ab 5.00£0.76 a 0.13Bed0.01 0.033ed0.002 38.73£2.75 a
RWL-3 23.31£2.77 d 4.29+0.81 abc 0.129+0.01 d 0.029+0.003 d 38.78+3.70 a
RWL-4 22.00£2.52 e 3.33+0.41 de 0.133%+0.01 cd 0.029+0.004 d 39.91+3.58 a
RWL-5 24.938c2.61 4.50+0.76 ab 0.158b¢0.01 0.034B€0.003 40.54+2.45 a
RWL-6 24.29+2.51 cd 3.79%+0.39 bcd 0.14Bed0.02 0.031ed0.003 39.10£3.13 a
RWL-7 26.07+£2.34 a 3.79%£0.70 bcd 0.159+0.01 ab 0.037£0.001 b 38.53+£3.79 a
RWL-8 26.14+2.81 a 3.64+0.38 cd 0.170+0.01 a 0.423+0.004 a 40.75+1.82 a
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S.L. = Shoot length, R.L. = Root length, S.F.W. = Seedling fresh weight, SD.W. = Seedling
dry weight, C.C. = Chlorophyll content. Each value represents mean += SD of eight
replicates from three independent experiments. Values in columns followed by different
letters are significantly different at P<0.05basedonl.SD

7= HE Ay AT iz IAAAE A3 ¥l WSS Citrobacter youngae
RWL-8 A FelA 7P FxgS glstdrh. 2749 4 26.14£28lcm= A 270l H] 3|
Aol 538% T7tstH o o] A 343% F7FelHal FEA e A A el v
a7 ul ool ApolE 1T & dAYh [AANA T2 2 A FdA o =don A2
T EFH 2AE Hole F&E 23|18 C youagae RWL-8°] 8 10ug-ml' AFolA 33
5ol 7MY ¢ AoE Al Hrh

[+8& WAt Al m& weo A5 a3t

BSI-DAEGU 50KV 18.86m x3.00KSE(U)

A zAM ] TNETs A ol
*@%9] A shd A=W S of




Proliferation of Plant thsur s Improve flow in plnt e se—— Alered the Qow of nutrients

— Improve plant growih/Increase bacterlal codenlzation during plant micrebe Interacilen

IAA Producing Bacteria

LA as skrnaling myslecwles _’ Express different genes in bacteria _lb Better adaptation sn plamt tissue

[WA el BAdsh= TAA Aol whe 2&e] whe]

Y. 80 AE X A ZEo A As 2A}
O A& ¥ HAE ‘A'cﬂ- A8t g 9 =X
H A O 29 5 B Ao W B 9 = EgS

= [e]
AH skt AH S E?} AEE 1g8 A4 99(0.85% NaCl) 9mlel dEHet 3 10* ~ 107
o}

2 3143l 100ul® Tryptic Soy Broth Agardl] =sle] 2S5 23t £ad o
F 104F9 dd ZF2uet HYA Fol= Potato Dextrose Agarell thxu) kst o]
E QRS Felsgth 1 AF 57 #FF7F Felo] £2 A4y 1 F b WL

5
Zelo] £& ANT #FE AT AUEA

Bolrytis cinerea Selerotinia sclerotriorum  Colletotrichum truncatum Fusarium solani

[ wrdol ek AY38e] thA] wj ]

al ot A A Paenibacillus
terrae?}t 99%9 AE5AS YeEFNU 7o Paenibacillus terrae® 57338911 Paenibacillus

terrae AY38°|8} W3

A #FE 165 RNA 71492 245t HAS
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L

a7 Paenibacillus kribbensis (AF351123)
L FPaenibacilus polymyxa (AFOX01000032)
e Paonibacillus brasilensis (AF2TIT4)
100 Pagnibacillug terrae (AF39112)
e & Paenibacillus terrae (KX129792)
Paonibacillus terrae (KMBTET1T3)
50 B9
-£ Paenibacillug temae (EFSS0404)
27 Paenibacillus hunanensis (ELT41036)
— Paenibacillus lactls (AY257668)
g8 l—— Paenibaciius uliginis (FNSSE6457)
Paenibacillus phoenicis (ELSTTTEI)
300 Pasnibacillus barengoltei (8 Y167814)
?{: Pagnibaciius timonensis (AY323610)
_: Paenibacillus lentus (KCS0OT 16)
73 Paenibacillus woosonpensis (A YB4T463)
13 _: Paenibacillus provancensis (EFZ12893)
iDp0 Paenibacllus urinalls (EF212892)
———
0,005
[Paenibacillus terrae AY382 A& 4]
O FE-SEM< o] &3k WA F3ole] AK5A &<l
P. terrae AY383} Botrytis cinereas PDAo| A st & B. cinerea®] A5o] A
B PR Gge WA ge PRS pAa7]9e FE-SEMOR stk v ) #
49 PEe dud F ond U 94 442 A CPDE Azsgov], sy ¥
FE-SEM< o] &3l Al5e F4E& SAstt. 1 A3 P. terrea AY389] s W
e npe @A} @3 AdeA E4Ee B oy FA B4 e Hasa
=

'
1|||\l|n| |NB

Non Damaged

[P. terrea AY33%} th x| ujj ok

Pagnibacillus polymyxa (LT223607)
Pagnibacillus jamikae (AJ2T1157)

Damaged

H B. cinerea® 3]

[ e e
100pm
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O GC-MSE o|&3 A3+ IAA A5 &2

P. terrea AY38 B -& 10000g, 4TollA A2
2 ZA3FA T o]o] A ethyl acetateE ©] &3t 33}
gz AAgE & GC-MS SIMS o] &3l TAA S
P. terrea AY38¢] thE(10957ug-ml Ve TAAS #n]3 T}

ol
e
o, ok
o
olNl
£
o
0 to
i
ol
£
(o}
s
o
)
o

o

Q15T TAA &2 2A141
o]
AA

rr 4
o)

|AA contents

AY3E

[P. terrea AY332 TAATH%]

O P. terrea AY389] EvntE Q] 2EAF =X

EntEE gido g 3te] P. terrea AY389 2EAAH X TS FAdsAu. P. ferrea
AY38 wjgFdS oF 3 & 7% EviEd W EAlstd HE:sdoew, &
cinereas 71 WAE Adste] HASAT HETAEFEH 04, 1Y, 2¢, 34,
Asz2ALE ddstdnt. 449, AY38HEF7F FA- T val =%, 9%, g% 7
7} 26%, 6%, 7% <7}3} E3] B. cinerea X279 W&l B. cinerea + AY38* &+
o] %ol AA FUtstA =S & Ath

I

e -
Rl

Water AY-38 B.cinerea AY-38+B.cinerea

[AY38 A gl w& EulEg] A 8-Z=7 a3}

O AY3Rel oJ3t AEsh= whAl gy}
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AY389 AESAH WA s g2l 3}7] Qe o dH EntEo] o wjgHdS gd
Agstg o, W AgsE AY3RTE HE 3 PDAJ Y3t B. cinereas 7‘2‘% 2 A 5
S48kt om.

B. cinerea X gl = 773k o] 4.245cm2, H
NI cinerea®t AY38% A AHeEldt FolM=

2 WukE2 279%=2 YEiyt. o 23 B cmerea@r P. terrea AY38 A8 +7F B.
cinerea &= TR Y EntE 9o wWuto] 183% fHAstASe Felstith

ot
EIRY

zZhate] skt HE 79 F WinDIAS 38 o]&3le] Wute] U424—%
?:;l,

Water AY-38 B.cinerea  AY-38+B.cinerea
[AY38 Ao mE FaA A a3

O AY38 Ao & T= st A
JA $Ae BAAxR ARE % 2 AAskel GC-MSel Fdskel RS, 1
A 3URARE B. cinerea % ATAA JATH e A% FAF 5 Ak o
of Blall, B. cinereast AY38& 7 Aeletds wol= JAF R & W) glas o
A3k

150 ]

= 3 Control

i B AY-38

:;-__“.r,ﬂm_ B3 Botryiis cinerea

5y 0D AY-38+Botrytis cinerea

E

2 so{onan nnlll [l 1l |l

~ 0- H H

...!.‘

S P
> > v o B )
NN P PN P

[AY38 Aol mE EviEe] JA 3 W3}
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SA ¥4 5AAXS Al55 MeOHZE FE3}o] 12,000g 4TColA 1583F A&
% pellets AL Feds |

At ol &3ttt FEANE Aavta2 s AA
% HPLCO FYste] AHFHEAFAT. SA FHEHS standard SAS] WA S o] 83}
FaA y=130367x-93086(R*=0.9711)& #A3 F A@sAdvy. 1 A3 B cinerea$t
AY389] FAl Az FolA SA9l ghaFo] AMA3F] F AlZtatom TdAtol= B

7]
cinereaV| 3l SAstaFo] dAA A F7IsIA S &l 4 A oh

o o

S
]

3 Control

BE= AY-38

[ Botrytis cinerea

[0 AY-38+Botrytis cinerea

%] 2
= =4
1 1

Salicylic Acid (ng/z DW)
s

(=]
|

IR - B -
Q '\Q "I»-Q "‘.lo 4)0 4‘0

[AY38 Al gel] m& ErtEe] SA ghaF W3}

O AY38e &% A& 7Fsd &<l

AY389] 7IUWAY Axg EUE AEddtu FEAPAGHEd ErEES o=
AY38 A&l 93 B cinerea &4 A3t AL wbE =3yt 1 A3 B. cinerea
o AY389] sAl A FelA= B. cinerea®l EAA/Zol AASHA AAES FAdeHA L,
EntEe] Aoy, ¥ 5 N T gAE S s

Water AY-38 + Boirytis cinerea Botrytis cinerea

[AY38 A 2lo] w& Ertizel spdo] W Al g3t
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o #8 MRS 37 8% 484 L 488 A5H B

O FZ AL 7tsAdS AT 2379 9 H 3

184 4 mAEs 9 @AM Al H4E84e =o7] 98l EvtE 5 } ]/‘1 EdN =
E ARk AHS BEF AnE 1g¥ A4 9570.85% NaCl) 9miel]l @ $ 10° ~ 10°
2 3]A3te] 100ul” Luria-Bertani Broth Agar(LBA)o| =#3le] o Eel& &3tk e

T T 9 FEYUE wE Adete] HdAd F3ol(AE5%)¢ Potato  Dextrose
Agar(PDA)o] dixuffstar SEjo] & AAdR-E gQladrt. 1 23, Adaadrt 3 o
T RWL-1& HF Adstaih

E oxysporum f. sp. lycopersici RWL-1 + E wxysporum [ sp. lycupersici

[F. oxysporum £ sp. lycopersici ™ &4 )et RWL-12] th=] vl <]

HE HALs #5F RWL-12 16s rRNAMH Oz d7&dSs ZAASGY. 53 A3
Bacillus amyloliquetaciens®}t 99%°] 3573 7VH oW, Bacillus amyloliquefaciens RWL-19]
2} g skSi T

O A vAES £ &4 ¢ 774 AiE T3 B9 FFolyg AKFAA &2

B. amyloliqueficiens RWL-1¢] AAst= 712 B43517] Y& RWL-1 vl kelS 0.22um
~filterS ©]&3te] AA3 F HPLCZ EA3Act. 43 A3 B amyloliqueficiens
RWL-1¥= 4579 7]4H(succinic acid, citric acid, propionic acid, acetic acid)< A 3]
ot 71 ol AAE F7]AFS acetic acide] ™, citric acidi F 400pg/mlE A= A S
glstdet. ool WA #Folo AHES AAstE S gRlstr] s HAAd #F0lel £
oxysporum f sp. lycopersici== PDA°| 4%2] 7]*H(succinic acid, citric acid, propionic
acid, acetic acid)¥ =] wjFe A3, WA 3ol Aso] A= S gelstA

:
-

=
]qc.
j,
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[B. amyloliqueficiens RWL-10] A 3t= #7714 2
xS ¥ F. oxysporum £ sp. lycopersici®]l 87

[—

O B. amyloliquefaciens RWL-1¢] EnlE <] AEANZ 23 2 ¥ AdA5d) AF
EntEE Ao R & B amyloliqueficiens RWL-19] A &4 =25 H
WA g35 gttt B amyloliqueficiens RWL-1 ¥iS NS 25F7F )8 EnlEd o5

2] 3t HEFsAow, F oxysporum £ sp. lycopersicis Aol £35S 4?%‘31‘1—13 2
T AF2ALE s S A%, RWL-1A4 87 7F FA4 g Ftoll vlal A &5 ZAo], #|a}
ol AT 2 AAFo] Z+Z; 28.23%, 149.14%, 168.68%, 175.47% 27]-3} A, E3]

oxysporum [ sp. lycopersici 2]+ W& F. oxysporum f sp. Ivcopersici + RWL-14 2]+
A Gl AA SIS &2l

[RWL-1A42]e ©& EntE A& A

Treatment S.L.(cm) RL(cm) SFW.(g) sDW.(g) SPAD
Control 17.71+081°  4.07+053>  10.74+0.71>  0.53+0.06"  26.79+2.28"
RWL-1 227141520  10.14+063* 30.79+2.76°  1.46+0.04*  34.19+1.53

F b b b b b
7 Lg)ar ﬁ%p%%gorwn 13.83+0.78 2.21+0.27 7.3120.54 0.38+0.01 13.47+1.98

RWL-1 + Fusarium
OXVSporum 17.57£1.02¢ 4.21£064* 12.78£0.24*  0.73£0.04*  24.76£0.73*
£ sp. Iycopersict

S.L., Shoot length; R.L., Root length; SR.W., Seedhn% fresh weight; S.D.W., Seedling
d%y Welght, Values in columns followed by different letters are significantly different
at p<0

F Ohyspormun RWL-1 + F Oxpsporum

RWL-1 + F fhysporum

Water RWL-1 E Cherspornan
RTT i 3

[RWL-1 A glell w& EviEe] wgoly WAl gt
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O RWL-1 Agd & Z2& AsIy A
A

- JA 42 s2471xd ARE F5F 2 AAsSI GC-MSel Fate] EA83t JAE
B sA g Wo] ¥vES Fdsts dEdE A9 vyt gon s A% 4
3}, F. oxysporum £ sp. Iycopersici &% Aol A F-A g Gtol Ml 56.67% =7l A
stolgr 4= At oldl Mldl, F oxysporum f sp. lycopersici®t RWL-1S SHAl 2 2] 33 &
ol = JAT ] 20.07% HAastE RS F2lsHA
- SA ¥X4& 5Z2AAZxI A5E MeOH= —r§6}°4 12,000g 4CelA 15%3F YAt
5 pellets Ad AsHs BAsI o] &sttt FEANSE darta2E EuiE AAT £
HPLCOl Fste] A7 XAt SAE A S WA F8 x4 s2#0=
del A dom s A A, RWL-1A- g FelA SAgEEo] dukd o g Frtste A
gttt
T O i
""' . . 25 : il
g : 2" 2
ﬂ I i
\0‘; S; : & &é
) ¥4 ) vy
j‘f _q\“f

a,
E)
.

& %

[RWL-1 A g]o] & EwtES JA(F), SA(Y) & W3t

O RWL-1 A @& FA =3 79 qF Hs

EntES] FAgoln gt A A, FAoln| At 178 0] AW o R RFE FA ol v
RWL-14 8] A] steko] F7tatl o Wb & F oxysporum f. sp. lycopersici 212l A 4 o}
H sk FheFo] oF 50% 7t fHAE RS Ittt e RWL-13% WA #30]E 54
of Aelgt FolA= FA e vls] oF 10720% S7Fe AS gt

aefal, FrlFES P K, Ca, Mg 59 &% A3, RWL-1 A2l Al Fxg 7 Hs] Pet
Mg $t&o] 10720% A = =7kt o, WAl F oxysporum f. sp. lyvcopersici 2] A
TR Aol Er1dek A7t 20030% AR AT, RWL-13 WAA F3o] S
Al Aelgk Fol e o= Ax I &t Ao® YERT
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F. oxysporum f. sp. lycopersici

WA 23 8 283 7he Al

it

)
e
lo
ok

[RWL-1 Ao

O & "AESY &F A& 2 283 7tsA H7t

- AEASEAI H WA &7t e FEVABEC Paenibacillus terrae AY383}

Bacillus amyloliquefaciens RWL-15 59 &<t =& ajFst & 1000 A% s]4ste] 3t g

ot 2Fwieh ok WM ;b wjFo] fHo| A ste] ZHE] AL HULE s 3

< A A= FAYTEG AFo] o %%L‘? Aol g Faf= vERA
o

== T y
okt A gHe] Adolot A== FIFSIAAN, A Apo] 7k WEbuA] ek gkt

(A Aol &3 ddat Aol 53 7T

- B 4RTe AAD F, 2GS AAste] pHI AVNEEE BHG A}, £ 1]
AEEE B33 A7k FAT ve) gastdon, Edel pHE &3 AT
27 Zobeke dhe Aow ehdt
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0.35 - 81
0.30 - T T

0.25 | I

0.20 A

pH of soil
F .

015 A

EC (ds m-1)

0.10 A

0.05 A

No Treatment Bacterial Complex No Treatment Bacterial Complex

[E3 23 Hadolst Ede] A7 Axre} pH ¥3}]

- X8H FFAAZA ] &7}
amyloliquefaciens RWL-15 4|
71 7ol g shrh

sAol  ¥&  Paenibacillus terrae  AY38%  Bacillus
T B9s T AFgstel 1 gHE U AN E
2. HAAE ok §AAY 1 9@ ng =nd s

7h AF71SA, AT, AEAREVTAH T dRHe AT VA B
nAEe] £ 2 FE

Nair o

(R84 7154 Bi nAEe] #d]
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Aibss &2l
- A FgHE vAE FFE FollA, oF 105 9] auxin Aol 3% Aoz FA}
- E3], GS2 "AE 759 A, HHOJHHX]OH auxin® AT-A ¢l L-tryptophan® 7}
2 FH7F 271 BEFolA auxin AAbsol 948k Ao w2 &Rl HESH holbrook WS ©]
43 gibberellin AAbsS A A3 GS2 vAE 571 9F 600 ug/mLe TEE
71 B gibberelling AAtsls Hoz el (1Y 2).
| |||I|III"Z _
[8] vAE T2 auxin ¥ gibberellin A2t A3 (%) % quorum sensing signal
molecules®] AF4F 2+21(3}H)]
AEAGEZNT2E A MAE d79 AEAGEZS A5
- “waito-c” rice FAE o] gste] ALE M AR #FF 10° CFU/MLY] HUxE 7 F3
of Aglstal, dhxdelA 39zt ol ol AmAARS T Y HIAEE F
4.
- A7 auxing @ol Aitsts vAE T A TA9 = g

:l y
7F HAE = Adew &

[ Imglh
1 Rooi length

Host Skt length e b

da

Wanr GSIGWI4 S

Treatments

GF6 SFII SFIT SWd4 SW(0 SWi8 SWiR
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Fol 1) urease AHs

0§

=
=

A7kE )

Aol

el

E!

A el

)

mK

il

Denitrificatin {NO, |

Denfrrification (N, )

Nitrkie oxidatian

chitinase 5<%

= & 29 cellulase, siderophore %

A 3]

(<3}
A

el

ofr

o
)

X0

o
‘mo
A

—

<

o

i
]

1

1=
S

ALE-3}o] cellulase, siderophore

=
=

- AE A A

| Fusarium oxysporum¥t2] T

[e]
hE

iy

XF

o
T

)A
il

~X
B

3t &3 cellulase, siderophore, chitinase 43

[

ERY

A&l s

o
=

A

?l,
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< YEdleE dFE A
of @etelo] EWRAYY

=2 24 H

Aoz 3l (2477t o]y
B 085% el

B cimeseiiiven

- 3 Pase 140 cly)

O £y gxHFE nAgdEd 3k 16S rRNA gene 9714 E9 E4S £33 ngE 5A
- 5y grd MEAF Ve nAEe T4E 98 DNAE FE3% F universal

primer?]l 27F, 1492R primerS A}&3}e] 16S rRNA gene

\=]
RLN
AA] o5 FHE 16S rRNA gene @7] A A9 v 45 HA, VA= 4
- a2 Ay, £y grRdE v A, AsAdEsAoddAder dy &

=
Pseudomonas, Serratia, Burkholderia, Bacillus < 2. %

Characteristics Isolated bacteria Identification Similarity (%)

GR2 Serratia glossinae Q908

GW2-4 Pseudomonas jessenii Q9.9

SF5 Serratia proteameaculans Q8.2

Plant growth SF6 e i 99:6

prcmmr..mg_ 5F11 Psendomonas arsenicoxydars 9.9
bacteria

SF12 Psewdomaoncs simiae o8.3

SWI10 Pietidoimanas rhodesioe 99.3

W14 FPreudomanas riodesioe Q9.3

SW18 Pseudomonay rhodesiae 993

5F1 Becillus arvabhattai 997

Antifungal SF2 Bacillus aerophilus 09 7

bacteria SF3 Burkholderia stabilis 99.6

- N ) SF7 Bacillus anthracis 299

tospclicital C2-3 Xenorhabdus nemarophila L

bacteria

i

[16S rRNA gene 9714 E #41& &3t

il

o AR e 4]
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O gxny A 7| vAZd digk A A7IAE FAH 7Rk vAE 2 A%
FAA et G7] A€ #4A (whole genome sequencing) A4 2 oS T3 J3H

- By mAE 45 GS2E A S E whole genome sequencingS 3 (1H 6).
- FAA EAA3 auxin A, phosphatase, 5% WA So® = 1874 7]
T 8 FAATE &9

MR DNAHind W] maskeer
1: G2 (200 ng/il)

(M AL 75 GS22 % chromosomal DNA® F&(z) 2 A4 4
4] (whole genome sequencing) 2AIE F3 Add vAE T GS2 44 A =($)]

&7 59 WAEY 29, FE 78E2H U 2 IAH iF =2 FH

e
P

@
@b

i 55 AFA 2A Az
© = } AT A EE2XE 9A A =S nutrient
golForn BEgE T 16S rRNA gene sequencing % BLAST
= FASIY. 1 A3} Bacillus megaterium™ 99%
stolx o] B, megaterium KNU-012} ™3ttt 19
A HAeA RAEZS e

Bacillus megaterium NBRC 15308(T)
—[F—' Bacillus gingshengii G1NT)
Baciffus megaterinm KNU-01
Bacillus asahii MAOD(T)
_; Bacillus buianolivorans K9(T)
Bacillus endophyticus 2DT(T)

Anaxybacilins calidus Cl61ab(T)
Bacillus enclensis SGD-1123(T)

searchE ©]

/\15/\4__ 7]-;<]L 7}i

12 KNU-01

-lN

T —
0.005
a9 1. B. megaterium KNU-01 #5F9] AS@Aysts A e
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e

—_ Olr O:|>£ Oﬁ
oo S I )
Mo oX 2

ol

e

IAA cone, (pgiml)

VA RS R e AR
o~

L3
Tsolates

O3 2. KNU-01 @39 IAA Mt ghy a2l 3. KNU-01 #Z9| QlAtes) ad

12 4 KNU-01 230 247183} 24 a2 5 KNU-01 @Fo| A 1% 24

a S
- A A= w8240l 3

w7 7hA AL Qe AERddd wE AR
S KNU-01 w59 #&f844d #d 45 &

el A7l #F9 genomic DNAE 3338911 Ion torrent PGM

sequencing machines ©]&3ste] E43t}t. Sequencing data™ assemble
program % 3Ft}el MIRA 4 genome assemblerE o]-&3to] dxpd o7 g 3
% RAST serverZ o]&3dto] #& F824 ¥4 4442 4891 7 17

i
2ol A4E 8 B4 ¥ A4 2L 1 AL FAT & A
2y 32 98 ¥ BE SHA

Tryptophan synthase alpha chain (EC 4.2.1.20)
A AL Anthranilate phosphoribosyltransferase (EC 2.4.2.18)
Tryptophan synthase beta chain (EC 4.2.1.20)
Phosphoribosylanthranilate isomerase (EC 5.3.1.24)

o Alkaline phosphatase (EC 3.1.3.1)

Urease alpha subunit (EC 3.5.1.5)
o Urease beta subunit (EC 3.5.1.5)
Urease gamma subunit (EC 3.5.1.5)

Nitrate/nitrite sensor protein (EC 2.7.3.-)

Assimilatory nitrate reductase large subunit (EC 1.7.99.4)
Nitrite reductase large subunit (EC 1.7.1.4)

Nitrite reductase small subunit (EC 1.7.1.4)

. B. megaterium KNU-01 59| & #8& &

o

A

B
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- 1384 F SrAES A o FHE s AdER AFAd 94
Fdol 2 Aom 4 A wHe ZAESS AEE AFASAT Al
BE @AEA WS Lactobacili MRS agarol A & stg o Halw
& 16S rRNA gene sequencing % BLAST searchE o] 83to] Ee i<
stA Tt L A3 Lactobacillus plantarum™ 99% 548 7HA= Aoz 3
o L. plantarum KNU-032} Hw3tdth 1% 62 KNU-03 #59 AT %
A BRAEE Ve

Lactobacillus plantarm KNL-03
_L Lactobacillus platarum subsp. argentoratensis T AT
Laciobacillus fabifermentans DSM2LI1S(T)
Lactobaeillus modestisalitolerans NBAGH(T)
|_f,m'.lm‘7m'rmt.': Eoveensis DOCY ST
e Jaciobacilius parabrevis | MG1I984(T)
Lacrobacillus orvzae SG293T)

Lactobacillus odoraeitofid Y TT11304(T)

—: Lactobacills kimchicus DCY 31T
Lactobacillus vivemposus M 136(T)
Pediococens siamensis MCH3-2(T)

001

=]
N
At 12714 2HE 884 5 KNU-03 o5 A4 s=2E9
A on B&A JAESE BT ¢ e A 7HEE sEHE A
= AoE FQl HJUT T At 2 AE p
dextrose nutrient agarolAl A& Phyt.
ultimum3} o] WA FE S8 T & F ok KNU-03
F7F 7HA AL o= TAA AL Q1A 7t 7oA 99 2ot
E;
I
_\31
2 7. KNU-03 #ZF9| IAA MAF =t M 2 8. KNU-03 #F9| QA7 2hd
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g 9. Al "HAY R Phvtium ultimumOl| C{ot KNU-03 #F9| atxla 2

3) B71 #F7F P
- 27HA AE e A KNU-03 59 #=#844 ¥
d FHaAE "M 9 9] genomic DNAE FE3IAth FE3
genomic DNA+Y Ion torrent PGM sequencing machine< ©|£3}¢] genomic
DNA AAZS EA39tt. Sequencing data™ assemble program % &fi}el
MIRA 4 genome assemblerg ©]&3slo] x40 =2 g s & RAST servers
o]-g&ate] TAA A H AL A 7HEst &4 #E FHAAE st &)

T AFE 8 24 B FdAE F 29 2ok

o

¥ 2. L. plantarum KNU-03 52 & F& &4 F4x

2 kM 3}E
o —

=g 2 R

4o
0

2 St Xt
o =

Tryptophan synthase alpha chain (EC 4.2.1.20)
Anthranilate phosphoribosyltransferase (EC 2.4.2.18)
Tryptophan synthase beta chain (EC 4.2.1.20)
Phosphoribosylanthranilate isomerase (EC 5.3.1.24)

It 7t 235} =y Alkaline phosphatase (EC 3.1.3.1)
@ & 59 FE&HA=E &8 7V5d Rhodobacter sphaeroides KNU-04
1) 471 w79 +E
- 1384 FY FEUAES fg o 2EE Y AAEE AFAC A5
o L& oz 4 EntERre A EY ARE AU AlE
25E @AY =EHE LB agardld ddgeion EElE ¥ 16S rRNA

gene sequencing % BLAST search& ©]&3lo] S eA3AG. 1 A3}
J S

dEdE = A

Rhodobacter sphaeroides®t 99%
sphaeroides KNU-042} w3ttt 298 102 KNU-04 o529 7AlE A4

EAEE YERITL
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r Rhodobacter sphaeroides KNU-04
L Rhodobacrer sphaeroides ATH 2.4.1(T)

Rhadobacter onars JA234(T)

Rhodobacier \iridis JATATT
L Rhedobacter capsulatus ATCC 11166(T)

Rhodobacter vinavkimearii JA123(T)
Rhodewilum kholense JAZ97(T)

Rhodovilimn enrvhaliman DSM 4868(T)
— Rhodobaca bargizinensis VKM B-2406(T)

L— Rhodobaca bogoriensis LBB1(T)

Liroreibacter meonggei MA1-1(T)

Ketogulonicigenium robus tum X6L(T)

I Thalassobius aquaeponti GISW-22(T)
0.01
1% 10. R. sphaeroides KNU-04 w52 AlZuAysts w2n
2) &7 dFY AFERee
- ®28 R. sphaeroides KNU-04 9] & #F8& A4S &A317] fa Lol
A AFE st Bl A9 Adsga 12704 4B 54 2 F AR
PHzEe IAAS AR T F Jon 24 #8 24 F 24 u4 B0
9 AL FAskgith KNU-04 #57F 7b4 3 gl 1AA A4, D4 14 24
2> a3y 11 9 129
_:5:15
?10
S s
I\-'Iirmbn
12 11. KNU-04 2Z=9| IAA MAH EHA O 12. KNU-04 2390 A 1 &4
3) A7 dF7F 7HA L Qe FAEFEEA dE FHA
- 27HA AE fF88A4do de KNU-04 #59 AEFE&SY o#d fads &
AsE7] 98 7] 52 genomic DNAE F&3F . F=3F genomic DNA+

Ion torrent PGM sequencing machineg ©]

AT,

assemblerE ©]-&3le] AxH o2 A

S} /\é

H
aas|

g

Sequencing datatv

2o As

FARAE 39 2

= B
’a“fr:}‘\—-!

genomic DNA 71 A 3}
skl MIRA 4 genome

3k & RAST serverZ o] &3l TAA A

assemble program %

04 4 wE A4 FASAn Y AE f8 B4
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¥ 3. R. sphaeroides KNU-04 759 Z&E & &4 42
x

3

2 3zt
— S

utot
0z
bal

=) IS o8 atA 1tel SFAf

Mo

1= TTo = L TT

Tryptophan synthase alpha chain (EC 4.2.1.20)
Anthranilate phosphoribosyltransferase (EC 2.4.2.18)

AMSHA] Ol AHA}
M Seie % ed Tryptophan synthase beta chain (EC 4.2.1.20)
Phosphoribosylanthranilate isomerase (EC 5.3.1.24)
Nitrogenase (molybdenum-iron) alpha chain (EC 1.18.6.1)
Nitrogenase (molybdenum-iron) beta chain (EC 1.18.6.1)
Nitrogenase (molybdenum-iron)—specific transcriptional regulator
NifA
Nitrogenase FeMo-cofactor synthesis FeS core scaffold and
assembly protein NifB
A 1] A Nitrogenase FeMo-cofactor scaffold and assembly protein NifE
== Fo =° Nitrogenase (molybdenum-iron) reductase and maturation protein
NifH
Nitrogenase FeMo-cofactor scaffold and assembly protein NifN
Nitrogenase FeMo-cofactor synthesis molybdenum delivery protein
NifQ
Nitrogenase stabilizing/protective protein NifW
Nitrogenase FeMo-cofactor carrier protein NifX
@ X874 s FEVAA=] HRE AT HA A =3 A Bl database 3}
e A A 24 BAL 9% T wA Fu D Au] TF

1) Placket and Burman design

- SrolA HE {8 FAdo] FE NI FAWAEY] HaE A& HA wix =3
gl placket and burman designe A& 3T B4 AAYE WAHSIY o
o 2o WAS Sy 98 E 40 UdE va9ds 2492 o 3sich

E4 AR WA 2 G AEE Bad 2L A4
et~ ¢l (Carbon source) A 2-¢ (Nitrogen source)
Glucose Peptone
Sucrose Tryptone
Xylose Amino acid

Fructose Potassium nitrate
Lactose Ammonium citrate

- X 4ol A AdFE B9y dAr9E o) &dte] gad WAool | wiA, dad WA
o] ¥ wjAE AxsFH i wjA| Az ARE-F placket and burman designs 1

133 o,
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Placket and Burman design — Carbon source () Placket and Burman design — Nitrogen source %)

Glucose Sucrose Xylose Fructose Lactose Potassium Ammonium

Peptone Tryptone - o Amino acid

a1 0 1 0s 1 05
a1 0 1 05 | 0s

Az 0.015 1 05 1 [
A2 0015 1 05 1 0s
a3 003 1 05 1 05 . .
A3 003 1 05 i 05
B1 002 0 05 1 05 .
B1 0m 0 05 I 05

, . )
B2 w LY U ! 03 B2 0.02 05 05 1 05
B3 002 2 0s 1 05 . .
B3 00 2 05 i 05
e, u 1 v : o c1 002 1 0 1 0s
c2 002 1 025 1 05 . = . o . 0

% 2 5
€3 00 . 1 £ o c3 002 1 1 1 05
B on ! b u g5 1 0 1 05 [} 05
D2 002 1 0s 05 0s b2 - s 0s oo o
D3 002 1 05 2 05 D3 0.02 1 05 2 05
E1 0.02 1 0s 1 o 1 o0 1 o5 1 0
E2 0.02 1 05 L 1 E2 002 1 05 1 1
E3 002 1 os 1 2 B3 0.02 1 03 t 2
Control 0:02 1 05 L 05 Control 0:02 1 05 1 03
*Commercial s s *Commercial 2 x
po 0.0 1 05 1 05 o 00 1 05 1 0s

* Bacillus: Nutrient broth, Lactobacillus. - MRS broth, Rhodobacter. Van Niel's Yeast broth * Bacillus: Nusient broth, Lactobacillus. - MRS broth, Rhodobacter- Van Niel's Yeast broth

a9 13 s gAY 2 AA4AYES o]8-8 placket and burman design

2) Bench-top fermenterE ©]-83F small scale fermentation
- Placket and Burman designs ©]&3to] thFst 2719 ujx]& o] &3slo] wAE )
kS 2 A8t tl. Small scale fermentationo] AFgE WEr|s= AAEE L9 A
A AEAEn JSFFAdATAEA d= 25 L, 5 L, 30 L 752 fermenters Al
ot (L9 14).

19 14. 5 L scale fermenter(#) ¢} 30 L scale fermenter(%-)

B = WS A% 184 s nAES HA wiA 23 database
1) Bacillus megaterium KNU-01
- okt 249 mixE o] &St I FH vAE=R QE'SJ B. megaterium
KNU-01 w55 #j %3l o wigel HA 2= ANA Bacilusel MY
520 304 vl S 7333'3 A 29 ok AN G 2 samplingS A A sFe]
T AS gt dxwoegs dukHRl Bacilluse] W %ol A& = nutrient
broths AH&stvt. L A3} Bacillus®l #7&o] MEd wiAldlA o & Agt= As
UNL

slg o den (29 15) MFe wixe =42 & 59 2
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Tt
1

L]
L

—
n

-~ Nutrient media
-+ Modified media

Absorbance (O.D.g5p nm)

=

0 4 8 1216 20 24 28 32 36 40 44 48
Time (Hrs)

a9 15. ¥R o] WE B, megaterium KNU-019] 5 A% =4

¥ 5. B. megaterium KNU-01¢] & 235 93 & wx] =4

Baciflus %= H{X| (pH 6.05)

N ‘d=H|(%, per 11L)
Glucose(Dextrose) 0.8
Yeast extract 0.6
Magnesium sulfate 7H,0 0.1
Dipotassium phosphate 0.1
Ammonium citrate (dibasic) 0.2
-2REIMLIES 02

2) Lactobacillus plantarum KNU-03

thoksl xA ol HjAE olgdle] HEAH Y wAER ZWI [ plantarum

= AWrAQl Lactobacillus®)
R 29 FF AAF F 2 samplings A Al S}
X025 Lactobacillus®]l A ¥]# Q1 MRS broth&
Fold= dubd o2 MRS broth®th 7l wl=] o]
A (19 16) A wA o] =442 F 63 2

2.5

2.0

-4 MRS media
-+~ Modified media

Absorbance (O.D.g550 nm)

0 4 8 1216 20 24 28 32 36 40 44 48
Time (Hrs)

19 16, siA] ol W& L. plantarum KNU-039] 5 A% =14
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X% 6. L. plantarum KNU-03¢] H#ZA g & 9t HA ajx] =4

Lactobacillus %|™ H{X| (pH 6.18)

W= AE2H|(%, per 1 L)
Glucose(Dextrose) 0.8
Yeast extract 0.6
Dipotassium phosphate 0.1
Sodium acetate 0.06
Magnesium sulfate 7H20 0.04
Ammonium citrate (dibasic) 0.2
L-2REBIMLIES 02

3) Rhodobacter sphaeroides KNU-04

- Tt 2Ao] A E ol gsle] HEA T WAER FHI R sphaeroides
KNU-04 #FZ wjkstgnt. 59 wjde] HZA 2= AWbAe Rhodobacters)
Hl &F QE‘ﬂ 30=AA wle st o] F d o 5 UEHA samplingS A A

=

stol @3 A4S FAsdrh fETo

011

bl

Y Rhodobacter®) HZAwA =2 d# AL

%3+ Van Niel's Yeast brothS AFgstich 2 23 g viAoA ¢ = ==

As FAT = Ao (27 17) N iAo =42 & 73 2k

E 2.04

3

Q: 1.5

<)

@ 1.0

[*]

=

[+

2 05 & Van Niel's Yeast media
> -+ Modified media
=

< 0.0

0 4 8 12 16 20 24 28 32 36 40 44 48
Time (Hrs)

a9 17. vf Aol WE R, sphaeroides KNU-042] 5 A% =4

¥ 7. R sphaeroides KNU-042] 2 &g & 93t & wjA] =4

Rhodobacter == H{X| (pH 6.63)

=3 A2H[(%, per 1 L)
Sodium acetate 04
Yeast extract 0.2
Sodium chloride 0.1
Magnesium Sulfate 7H20 0.1
Ammonium sulfate 0.2
-2REIUIMLIES 04
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o 84 PAEY AL A FAYH JFE F8& 24 SAYY A 2 Y E
el e A&

O 234 mB=9 4 % A=E 8 24 SHHY A

¢ % DNA polymerase 741

1) DNA polymerase®] recombination

- HAE FAS HES TAAAES AP A AFEHE DNA polymerase=+ KOD

polymerase, Taq polymerase, PFU polymerase’} 1= Ao 2 &9l ¥, o] & Taq
polymerase®] 7§~ proof reading 7]5°] §l& o= <2l =™ PFU polymerase
o A% +F S=7F e F polymerased] W& =¥ Z& 2l ®H. KOD
polymerase+= processivity7} TFE polymerase®] H]3] %™ proof reading 7|
7EA AL o] Al A ggk A AgE Aom AP Ho| E AFtelA AT

polymerase® A4 &t

- WA KOD polymerase C-terminal®] %2 3+ TAAe°l Sso7d F+3AE PCRS &
3 AYS AAl i o]E sKOD polymerasezt W™ 3 Constructions gateway
systemoll /] Al€3+= pDONR201 vectorES A}Fg3te] PCR productE 4F<ishe]
sequencingS A A] & Sequencing A3 FAIE O Ssovd FHAIE GAAH L

2= Aol g AL ol 3 (1Y ).

sKOD DNA polymerase sequence

3 - ATGATCCTCGACACTGACTACATAACCGAGGATGGAAAGCCTGTCATAAGAATTTT
«+ GCTGAAGCCGAAGGGAACTGGTACCGGCGGTGGCGGTGCAACCGTAAAGTICAAGTA
KOD DNA polymerase sequence ———2» Overlapping region —> Sso7d protein sequence

CAAAGGCGAAGAAAAAGAGGTAGACATCTCCAAGATCAAGAAAGTATGGCGTGTGGGC

AAGATGATCTCCTTICACCTACGACGAGGGCGGTGGCAAGACCGGCCGCGGTGCGGTAAG

CGAAAAGGACGCGCCGAAGGAGCTGCTGCAGATGCTGGAGAAGCAGAAAAAGTAA - &

19 1. KOD polymerase coding sequence W Sso7d -+ #e] fusion

- pDONR201 vectorel] A3 HFHAE 2dsty] Y38 LR reactiono =
pDEST-HisMBP expresison vectordl A% &. FHF constructe E.  coli
BLR(DE3)pLysSe®ll transformation 3% % pET system= 7|W¥tez 2&sta
Ni-NTA affinity chromatography S &3l A#| ¥. SDS-PAGEE &-&3lo] g
gz o]l 37|15 &9l 3 Ay wdE sKOD polymerase: ¢F 140 kDa9l A
ZAF Her 02 M 2 03 M imidazole FX=olA ®o] elution & o=
g (29 2).

il

& o

S s}
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& o"bz & -‘s\?’\%’*°$01n4 o:hftltsic:\:osmm M
lSDk_Da’ — .
e
2t 140 KDa
70 kDa ——
—

o o v
a9 2. 28 E sKOD polymerase?] SDS-PAGE

2) Al3E = DNA polymerase$}e] H] il

- AA"Y sKOD polymerase?t Al#E 1 = KOD polymerase? <orAHA H
annealing temperature W3}l A 2] PCR patterne &213}7] ¢3te] PCRS AA| &
PCROI A= processivity 2 ¢FgA 813} A4 DNA FE°] FEvE A=
etste] 71E wAE FAl AMEEE 16S rRNA geneX TH= 7 kb DNA7ZF 4]
H vector’t ¥&E colonyE ©]&3%] colony PCRE Al & PCR Z¥ F
polymerase %5 T}3l annealing temperatureol] /] PCRo| & AL 9l 3o
t} Al# KOD polymerase® 7% Y2 annealing temperature®]”] non specific
bandE Qlste] kAol Wolx= Ao iy, w3k nAE 4o AldH=
PCR9] annealing temperature 7t A= 2 Ao AAE sKOD polymerased]
PCR band®l non specific band7} §l= Ao =Z 1Fo] ] kA AL &<l g
(L% 3).

38.040.8 44.1 476 51.2 54.8 58.3 61.9 65.2 68.0 ("C)
KOD polymerase

24—  — -3 J
94— = |
e,s——g-,-;J_Julﬂ_d--‘
! 1 &
3 3

4.3

- T -_——

20—

sKOD polymefése

9.4 24— ‘i

5,5_.1...-4“,-."'--_‘-‘!;--9—3--

4.3

20 2.3 —

a3 3. Al¥ KOD polymerase9t & <15-2] sKOD polymerase?] PCR 23}
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- MEFE FAE 8 A SAHo| UA B AgdoA HFsl JE I nAE
G o mAE W AlE HAE 53 AAe nAE dxE g9l g v
2 Urs= gy 2l AAl 3 colony countings Ea 4. A Al nAAE A

37 vAAE G 5] nAE Do HF| AA3] e A

1 A8F vAE A s AAS] rAdE 2 ¥
Microbes cfu/mL
B. megaterium KNU-01 1.87 x 10°
ey L. plantarum KNU-03 118 x 10°
R. sphaeroides KNU-04 1.1 x 10°
S. cerevisiae KNU-06 2.5 x 107
Lactobacillus 248 x 10°
. 3
o Bacillus 1.99 x 10
Saccharomyces 1.50 x 10*
Rhodopseudomonas 2.18 x 10°

g B 24 J1ES wer @ 48 #8 B4 W
58 B4 24 142 NOE Fol B ATANA Bisn g
L

. plantarum KNU-03, S. cerevisiae

KNU-06, 3 Al#Ha = A= HFAA 2= +8& &4 45 A4 ¢ 4
A e A% FQ 522 auxin® 4% WAE BFAAY auxin FEE OE 9
A o) H]& auxin FXEO W& W Aoz FAF EH (1™ 6).
1501
-
=
Be 1004
=
]
g
= 50
=
od
_\9\ _\9" I_\.:Q?' _;\':Qb %&%
ha s 4 -
& & F S
@ \+°\ & '15‘i S
\b“& W F e
Microbes

O¥ 6.9 8 9 nAE FFe 59 AlAlY] auxin 5=

- g4 FAo A dd nAEE Bacillus sp. LB2 779 HAE B3 A4S F8
3Fo] denitrification &3S 54 A3 vAE 53 Al A oA &= denitrification 4
S g 4+ gl (2" ).
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1 : Denitrification sol.
+ S.D.W (Blank)

2 : Denitrification sol.
+ o)A

3 : Denitrification sol.
R EE

4 : Denitrification sol.
+ Bacillus sp. LB2

AE 2= B megaterium KNU-01 5

d& SAT 23 vAdE 5 AANAM=

1: urease A
2: v A A3t AA
3: v A el o
(B. megaterium KNU-01)

- &3 YR ¥ FA T phosphatase A HAA] B AFolA sfdE s &

o7 = Qow L. plantarum KNU-03 ==, S cerevisiae KNU-06
T AAE didoz e 4 A9 nAdE = AAeA
/\é P

ol Rl= Ao=m A H (1€ 9).
3

fr M oox

B

: Molybdate reagent
+ S.D.W (Blank)
: Molybdate reagent
+ v A SekAl A
: Molybdate reagent
+ S. cerevisiae KNU-06
4 : Molybdate reagent
+ L. plantarum KNU-03

L]

w

St A A ¢] phosphatase &4

7 Aol Ha
37
1) A g 218 283 2187 7|54 nAE] wjok

- Ad % AT A Plackett-Burman designeS 4 &3to] H® & v wix A
S F83o] A 7|sAH vAEQ B metagerium KNU-01, L. plantarum
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KNU-03, R. sphaeroides KNU-042] wjoke A sla F74 oz HsA 7154 v
BE S griseus KNU-05 759 S cerevisiae KNU-06 75 371405 w3t
A8 7154 MAE s A HA uid A Y =242 F 29 25
I 2. %A 71548 vAE KNU Algl= ajekel A& HA vk wi#] =4
Bacillus XX HiX| (pH 6.05)
M= HEH|(%, per 1 1)
Glucose(Dextrose) 0.8
Yeast extract 0.6
Magnesium sulfate 7H,0 0.1
Dipotassium phosphate 0.1
Ammonium citrate (dibasic) 0.2
L22EIDIMLIES 02
Lactobacillus %|™ HX| (pH 6.18)
M= MEH|(%, per 1 1)
Glucose(Dextrose) 0.8
Yeast extract 0.6
Dipotassium phosphate 01
Sodium acetate 0.06
Magnesium sulfate 7H,0 0.04
Ammonium citrate (dibasic) 0.2
L-2ZEIQIMUER 0.2
Rhodobacter | H|X| (pH 6.63)
=2 MEH|(%, per 1 1)
Sodium acetate 04
Yeast extract 0.2
Sodium chloride 0.1
Magnesium Sulfate 7H,0 01
Ammonium sulfate 0.2
L22EDIMLES 04
E. (A%)
Streptomyces XX H{X| (pH 6.47)
Mz ‘g&H|(%, per 1 1)
Glucose(Dextrose) 0.6
Yeast extract 0.6
Dipotassium phosphate 0.2
Sodium acetate 0.1
Magnesium sulfate 7H,0 0.1
Ammonium citrate (dibasic) 0.2
L22ERNLES 02
Saccharomyces %™ H{X| (pH 6.00)
W= d=2H[(%, per 1 L)
Glucose(Dextrose) 0.5
Yeast extract 0.6
Dipotassium phosphate 0.2
Magnesium sulfate 7H,0 0.1
Ammonium citrate (dibasic) 04
L22ERNLES 0.2
- BRE NS vAES ZF 1 LY wdS AAsg e v A9 BRE A8 A=




skt (L€ 10).

°] 1.0 x 10 cfu/mL ¥ °]4<]

@ #2 W A
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- 1E S FUld 74 AT 1FE g ow Wl dolg

KNU Algl=& AHgst F1telA o & 4548 TFSs IR
. megaterum KNU-013} S, cerevisiae KNU-06< &3t 115

J}ﬂiﬂ‘o;:
b gy

Chlorophyll contents (SPAD unift) U°‘

< uEkd (29 14).
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e
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A&7 mAdE KNU /\]E]ZE A gk F7ke] 15wy A
2 gaoHlon E3] S cerevisiae KNU-062 *]g]3 1139 ¥g Zolr7} 7}
| (19 15).
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Rhodobactor capsulata
Bacillus amyloliquetaciens (BA)
Bacillus vallismortis (BV)




EY &o] B84 vk HEAZES 7HESAIA, Tt
Bacillus megaterium (BM) =5 AiEs T84 Ate=

- Z47Fe] A1 m A E(1x10° CFU/mDe] thekst xgtow 2u] 343k gx Exoe] 1/5m),

1/1080, 1/2000, 1/2080 (A& 05%)°l el == mAE wjdas HEe 3 33To|A 59 7+ 2

E (YD HE B7kE 898 A9E 2), 3% =7 AR s @

Aule] A WAl AP @t Mg £ Aoz ey 3 3
=] ke

casal, Saccharomyces cerevisiae, Rhodobactor capsulata)

o

i3

ol

e o
N
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i

o

[33ColA 543t v A= HEA oFH %= F7H

UBE bz ew |seew | Bwezm | BM | BA | BV

3] A ujj=e - - -
5 2 1 3 2 1 2
10v) 3 1 2 1 3 1
200 3 1 1 2 1 4
2004 05% | 3 3 5 3 1 4

olg} gl W WAIZE S8 muE £ES 1ole skl WA
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WA EE A3 o
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ol
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N

N

il
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me, ¥

T8 w5 s A% HA Ex TE udd]

- AdE 715 WABE 3F(Lactobacillus casai, Saccharomyces cerevisiae, Rhodobactor
capsulata)®] TLvjFe] WE ASFEAY S 9ol ¥ 20 YeERd ZAH MRS (37T,
180rpm), GPY (25C, 200 rpm) % VNY (35T, 100 rpm) HZAHIAE AFE3F ASZAS &9l
SHd 2).

(ool
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Abs(B60_)
B b
Abs(B00_)
Eﬁ

Abs(B60_)

5 10 @™ 2 4 = 6 1 20 30 4 % & 0 5 0 15 20 2 20
: Cuitivation Time (h) Cuitivation Time (1) Cultivation fime (h)
Ty 2 RE dFEEe AGNAE ST ddud A% I

N

B AHsE 913 Ve vAE Sl A A st
- AR TENH] T (FHAARAA B HES RS AT Soaa FEAA VA
nAEE Wi 2 BEELS RASH] ko] S]Ag HAE R 15 miE 50 ml tube] ¥
% At (Lactobacillus  casei, 1x10° CFU/ml), & X.(Saccharomyces cerevisiae, 1x10°
CFU/ml), 3343 (Rhodobacter capsulatus, 1x10° CFU/mD¢ wE=wjek 2 E3bujk
(Lactobacillus casei + Saccharomyces cerevisiae, Lactobacillus casei + Rhodobacter
capsulatus, Saccharomyces cerevisiae + Rhodobacter capsulatus, Lactobacillus casei +
Saccharomyces cerevisiae + Rhodobacter capsulatus)S 53§ 3.
- Z+ZFe] wF AMEZS 30T, 33T, 37ColA v sl #AExe] FHAA dAS f3 7]
HsH7HAHAA == AT oS 5 WAZE 58] mngk s 002 AAste] AR
B7be AADE A F 1 A34E 19 3o yERL

MV
o!r

e Lrrmin R ¢ amidabn 1 eprpvviioe
i o
|
& )
L W o L]
B’ B 4 5’
X, X | oy
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[ '] "B ] ] . "B TR
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1 & g ! i
X, X, i 3,

b 4 ) ] | 3 O IO ¢ a 1 F " 4 1
Thmwe [Thay| T (Thayl Tierw (Diay) Tiimee (Diay

[F& MAEs 283 2k e dAEx 2a =21 HA 3} ]
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FH] (HPLC, GC-MS)

]
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-4 1A% AAZZrE I HPLO)EA S ¢
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[A 2} €l (native feather) &3+ Fervidobacterium islandicum AW-12] A 7HH
deel we HEE Reis g9 A
¥ 1. Agrg B3 vAE 8A] (modified TF medium) =4 %
Component Conc. (g/D Component Conc. (g/D)
K>HPO, 1.6
NaH,PO, - H,O 1
MgSQO, - 7TH,O 0.16
chicken feather 8
yeast extract 1
NH,Cl 0.1
. . Trace element
Vitamin solution 10 ml ) 10 ml
solution
biotin 0.002 nitrilotriacetic acid 2
folic acid 0.002 MgSO, - 7TH,O 3
pyridoxine - HCI 0.01 MnSOy - 2H,0 0.5
thiamine - HCI 0.005 NacCl 1
riboflavine 0.005 FeSO4 - 7TH,O 0.1
nicotinic acid 0.005 CoSOy * 7TH.0O 0.18
calcium panthothenate 0.005 CaCl, - 2H,0O 0.1
p-aminobenzoic acid 0.005 CuSO4 - 5H,O 0.01
thioctic acid 0.001 KAI(SOy, + 12H,0O 0.1
H;BOs 0.01
Na,MoO, + 2H,O 0.01
# adjusted to pH 7.0 with KOH NiCl, - 6H,O 0.025
resazurin 1 mg/l Nay,SeOs + 5H,0 0.0003
AW-1#59] Bals(RBaaaT 4ol A Jepye Mdza@es, 44
pH)S &elat Ay 70CoANA HAHuwdFewe=S pH 7.0014 HHujek pHE 213t
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p— 4 1 — 154
< | <
g 3] gu-
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9-
c
S 2 S
Q
g 11 cC 3
8 3 .
0 T T T 0 T L} T T T
60 70 80 5 6 7 8 9
Temperature (°C) pH

[AW-1 o5 wj<F 4 2=(=) % pH(5)]

o

AU g/liter glucose), HA(8 g/liter native feather, 5 g/liter tryptone, 5
g/liter peptone, 5 g/liter casein)ol] W& F7jwjF 23t 2 Age Eils HAHIJE
ek w7 gYS st mgAS o] 83t live cell counting ¥ =
Foled ASFAE A A glucoseE H7FgE wixolA 7+ w2 A A,
feathers H7Fsk wixlol A 74 =¥ BH5S Hl.

B\

o
A&

500

4m 1 +

200 -

- ’—x—‘ |_x_‘
0 Tryp Cas

Glc Fea Pep

Cell Number (109)

Relative doubling time (%)

4 (#) 2 doubling time($)]

T AW-17F9 Edle(Ealaaa Aol HUAE vepdz] $13k Al skl
AAB A HE b s EE el H ok =Ak(free amino acids) AAMEFE

A3 08% (w/v)e] HES HIA AW-17F9 Zals 2 ofn sl AikEo]
S BYow, 16% e H7A &= ]

A= Aow ey,

m

_98_




207

25 -02%Fea
s = 30 -0k [ ]

g __f__ — I\:J E 20- % -1 6%Fea £

= - Z = /,/.o*l |

5; S5 3 204 e

g s 5 2

£ 10 T = e

2 .| 3" WSO o

T WA PR E & A

8 mIF+02%Feather © | & = S

mIF+04 % Feather O | el & :
mIF+ 0.8 % Feather O ol 2 04
mTF+ 1.6 % Feather ( : : ; : 3 .
a 10 20 ) 40 0 1 22 3 4 50 6 0 10 2 30 4 50
Time (h) Time (h) Time (h)
[Fe W7o W& AW-1 o5 BS54 (F), free amino acids A2HHF) 2 sulthydryl group
H 3} (9-)]

. mE AW FFRRE AeE BaEsse] SuAse BE Soq wHe] §uA
ne zASTA, BEe Arbrmol me WY 9 e JeARs, d29)
Hj kel gk A 9] protease &4 WIS &1 Zh7be] vz dA A dAE
AR E T3l g5 & AxgfE F3te] g 53 whole cell extractsE a4
oo g ALE3}o] caseing 7| A= AFE-3F protease activity ¥ HEHES 7@ =2 AFE-SH

keratinolytic activity assay(SE 3|2 3)S 33},

e 1 A¥ FEHVtEE 9 7]E LUl wE protease activityel zolE A ¢l
= Ao® yelykoy 16% e H7FA o= A8 34 2 free amino acid AAFEo]

=
A& S W= A A9 protease activity T3 A S W= Ao Foly,

80_
I T - = I = !
g 60 € 604
~
=) =)
< .l 2 451
g% S
g 8 3]
< 20 :
ol &
A 154
Crl Gc 0% 02% 04% 08% 1.6% 0l : : : : :
Fem Ctrl Glc Fea Pep  Tryp Gas

(T8 7133 2 AdFdd(9)od & AW-1 59 protease activity ¥ 3}]

4. 1873 7l nABE SHAEHS AT 717175

7h HAE A4 #34E AY =Y D
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