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1. ARl 2H U BeY

== Y%= (entomopathogenic nematode: EPN)2 Fuo] &= YAAM
(entomopathogenic bacteria)e &8 A1713L, 7 <5 74 (hemocoel) &= ¢ &,
Adgk ™ AFS 2% dAdA AW AT wEsA 9. 2% 9
2 Yy ATe A FAVFEI Aes HEsy] g8 25 WA
(immunodepression) & ©F7]gtt}t, o] % U4 £5& X AL o] 27 star, AALE 2%
Aol A Mte]l ek, Tg o5 Aol FHE T FEALY =FoRE A
F WFo] =rHEY. o

=
AR wE A

2 B3 0B BE 4L ol
Su @ HENA, FAEE U WIAFED 5 Oge PRow $88 + U
¥ A7/ e FHOR EPNe| Jmulgrisel Ausle] fgEaje] shsstel

Xn frel A2e v AEAA ALe 24 3k g geadt. AAw, @
W EPN §2] dd 2EuaAT Suw udzaa ne w9 s 159



E ARV Fekel 7]EQ Steinernema carpocapsae ©129l S, monticolum™}
Heterorhabditis megidis®] <+&=W YA ZFo] A 2o] AFHAJY. IFTA= B dA4E
Fal HulelA HxE RISA HATE o5 FAAMTel EEHAT S
monticilum< X. koreana (31%), H. megidis== Photorhabdus temperata temperata
& 247 28 sASAT. EAE, ols ATEEl widgdoe] zke A% 9w A '
b BAEAY. 2 Ao EEE RE SHYATY mdde Ee A5
(insecticidal activity) % A ¥ (acaricidal activity)S HE 53ttt o] &% Xn9l Hj
Ffo]l 7 =2 EHE Hlon, o wigke] Ay w sk A%
2 o] dFHAY AARE, Xn R omiy W o] &
7F olF . PLA2 AAlE AEA4 FEHo® sto] Xn Wik =4 |
g A3 Y dY =4 BTN = t

benzylideneacetone (BZA), PEAK 2 (A T+x%4%) ¥ PT (proline-tyrosine)2]
A2 WAt BZAS PT+ EF So]3 o= PLA2E dAAFALH, 2 4F
2 AnEs Bl

e Fadel ASHEA AEFSE AT A7 BAHJTG ANU-Xnl019] 74
Ade et A HAs7E olF Y. e dFek a2 72 Al s
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1 & 955 &3 A¥E =W 2FELATH ol25EH EeE UM
T TFESE EY93A H megidis (5359 10-2003-0030070), P. temperata
temperata  (ANU101 ) (539 10-2003-0036133), X. nematophila
(ANU-Xnl0l #5) (53=4%).
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5. BZA¥ PT2 %<& PLA2 oAl 58L& Hg &% 87 olygl 23559 PLA2
AAZE AFHAGY. ole M=z JF 29EHAZRE A3t 7tsAdes B9 F1
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SUMMARY

| . TITLE

Development of Microbial Pesticides Using New Entomopathogenic Bacteria,

Xenorhabdus nematophila

II. SCOPE AND RATIONALE

Entomopathogenic nematodes (EPN) have their symbiotic bacteria in the
intestine.  When the infective juveniles enter a target insect, they release the
bacteria into the insect hemoceol. The released bacteria inhibit insect immune
reaction to protect their host nematodes and themselves, which leads to an
immunodepressive state within the infected insect hemoceol. Then the bacterial
development causes septicemia and kill the insects. They also secrete various
antimicrobial materials and enzymes for development of their host nematodes.
The developed nematodes habor the bacteria in their intestine and escape the
insect cadaver to look for another target insects. This tripartite interactions
among bacteria-nematode-insect can be applied to develop new microbial
pesticides, antibiotics, and immunodepressive agents.

Previous studies strongly suggests the presence of insecticidal and
immunodepressive agents coming from Xenorhabdus nematophila. This study was

aimed to develop new microbial pesticides using X. nematophila.

. RESULTS

Three strategies were devised to develop new microbial pesticides using



entomopathogenic bacteria.  First approach was to broaden our microbila agent
spectrum to collect entomopathogenic bacteria in Korea, where little effort had
been focused on collecting the entomopathogenic bacteria.  We collected and
identified two entomopathogenic nematodes, Steinernema monticolum and
Heterorhabditis megidis. The latter nematode was firstly reported in Korea by
this research. From these EPNs, we isolated and identified their symbiotic
bacteria, Xenorhabdus koreana sp. nov. and Photorhabdus temperata temperata,
respectively. Both bacteria were firstly reported in Korea. Second approach was
to verify the insecticidal and acaricidal activities of the culture media of X.
nematophila and other bacteria. The culture broth of X. nematophila had
significantly potent insecticidal and acaricidal activities. Third approach was to
identify the useful compounds from the culture broth. Using PLAZ inhibition as
an endpoint, three purified fractions were obtained, where two peaks were
identified as benzylideneacetone (BZA) and proline-tyrosine (PT), and the other
peak was under chemical identifiection. Both BZA and PT had potent PLA2
inhibitory, insecticidal, and acaricidal activities.

The promissing effectivenesses of ANU-Xnl0l and byproducts led to proceed
experimental steps for their commercialization. We developed a technique to
optimize economically a large scale production of the bacteria. Formulation
technige was developed and led to introduce two pilot products of 'IMBO01’ and

'IMBO02’ after field assessment in their effectiveness to control insect pests.

IV. REMARKS

1. All the entomopathogenic nematodes and bacteria identified in this study were
under patent process: H. megidis (Patent submission: 10-2003-0030070), P.
temperata temperata (ANU101) (Patent submission: 10-2003-0036133), and X.
nematophila (ANU-Xnl101) (Preparation of patent process).

2. Pilot products of IBMO0Z2 and IBMO8 needs to be registered as commercial



insecticides against lepidopteran pests.

3. The culture broth of X. nematophila can be commercialized by a biochemical
biopesticide because we verified the acaricidal compounds (BZA and PT) in the

extract.

4. Both BZA and PT had potent insecticidal and acaridial activities and can be

commercialized as pesticides.

5. Both BZA and PT inhibited insect PLA2 which would be similar to secetory
PLA2 type of vertebrates. This opens a possibility of new anti-inflamatory drugs.

This approach i1s promissing and should be followed-up.
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H 1 & AFJHEoA e Jie

LSHAAZTAA FAEE 2SHYATE WA (Park and Kim, 2000), AlXEX]
A&7 (Cho and Kim, 2004), =4 &4 52 (Forst et al, 1993; Ji et al.,, 2004)
2 25528 (Akhurst, 1980, 1986) 5ol Ry gtk ol vhddt FHo] 3 A
EFORTEH HAHE AE oldsty] fsidE ol /‘ﬂﬁo] ‘JrE]rIH—E TSN T Al
o] 47} (tripartite) A 28-S olald a7k Aotk (A3 9 1998 %),

ol ETHAATS M (Enterobacteriaceae)oll <3}
(entomopathogenic nematode: EPN)¥ FAIAAE 7IA 2 k. & 9= EPNY
Aol o5 Aol EAEHA Hrh didETe 3w A S

AW E JAdsA L, A7 Al SAATS 25 AR wEsA "k

=
g
ofj
ok
Ho
r)l
ofj

25 dHdd e HFsEe] dd gz dol A A+ EHE = (hemolymph)7F Ak
gsta ok ¥z AN g% (plasma)? @ (hemocyte) 2 T-EH L, HFF
o o] zb= AR 59 olefo] Ao FAME Vs JHA I Utk 53] &
TAEE A E=e Add 22 ol FJdA g MEd A ekE (cellular
immune reactions)S X3t glom, o= thdkd FAEAS A A AA

H 9 uke (humoral immune reactions)<S %3] sla glt}.

olgfgt 2% WS oA 914 (recognition), W F7| (mediation) 123l
W "k (reaction) o2 GAIF o2 oA 9t} (Gillespie et al., 1997). 3¢
HAAZE e A A& ofg A sheAo #stodA = GAeA] Eoh Tyt
qFFEo FZ2AAIGAAESA (major histocompatibility complex: MHC)2] ¢t
WAy So]% FAdTE (epitope)oll Al HEFUE T cellol 7]120& Sol4 oz A=A}
AAEHE2 AAIRE d AE FWHolu A HMAAY 5AA FxE AAT F
Ue G (lectinff, integrin &)o] ©] ¥ HHsL Ak HAA Y 5AA
T2 Aldde 57121 peptidoglycan, IR re]  fute] EA|Eh=

lipopolysaccharide (LPS), X to Eo]4dQl [i-13-glucans ¥ [i-1,3-mannans 522
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olefg F& (pattern)& <At Aol ZFo MR QA ow AAAIL 9

(Janeway, 1994). &4 202 T4 E eicosanoidfFe Al H Yol thshr o
Q3 Wd FAR AR Yrd (Stanley, 2000). AEZT AEQ] AxFARZRH
PLA2 (phospholipase A2)9] &4 &g oz i 20719 EEZ3A A olgty| &
YAF (arachidonic acid: AA)°] A, AAE tHA] COX (cyclooxigenase)t}t LOX
(lipoxygenase)®] E&5 Wol f5 4kslE o], eicosanoidi= HAEETH o] 2o LF
9] cytokined] &@3slE= PSP (plasmatocyte spreading peptide)”’} ZHdE L2 Rg <l
A5 FAFETE WY e, FAIE Y FxRstE 7 oA TS
ZAsE Aow dyAa At (Clark et al, 1997). WIHFSLS o]zt HA=
A 22 FAEH o AAA b whg o] efo AFAMET}F AF Fodtes A

Al (nodulation), 2+ Z+8 (phagocytosis) ¥ ¥ Z&A (encapsulation)e] YEFYA

298 457 o5z 5E wEE FAAF 2t FUF TAL 2F dPx
WE wegels el oo A E Y se Moo

)

A
How dubHom WA
3]y (evasion), 9 A (depression) % WA (tolerance)® 7|Z&

(Dowds and Peters, 2001). 1zu o]59 A3t F&& w5 50|, AAZE o]
sk 71250 s A9 AHAA YElYE W9 YA (immunodepression) @402 Ko
A A Ax=HFAUREZ (Xenorhabdus nematophila: Xn)¢ 7% PLA2E
Ao WdIAE =t (Park and Kim, 2000). Xnoll % PLA29 A= H| =
d7AE7E A8t = AATE A= eicosanoid 7 7F 47 =

= o]oj XA A Hr

O:
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of
O{N'

71 A5 e ZsHdATY v rled AEsbrles T8 dde] s S
A3 Bo] 7heshA AT (4 5, 1998; ok 5, 1999; ©] &, 2000a; ©| 5, 2000b;
o] 5, 2000c). = AMHE Steinernema carpocapsae 1%L ZHE Xno] & TH
S (Park et al, 1999), Xn @E o2 7o Fdd A ¢ AZX HE=FS
fFarela g4 s EFAA 29E Fad S W3t (Park and Kim,
2000). E3 Xne Wy (Spodoptera exigua)®l PLA2E A dtE Ao
eicosanoidi 3| = o] Sol4 AAES ol &sto] W EI Xnd HFeH
< AF olge AR AJAIIA & 5 U= WHE uctshA gom, & dAqE
N = HEFFS o] &t o]t Xnol dis WEH TEHS gAAA
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TUANAMEZ AEFF Ut 5F HAAE HASAA FAREH S 55 2
TEFT FA F7F FUkska vk

oS LA
Pest Control Agent

———e

’ ‘ SEX HSIH

GMO
ELEL Mgisor & 7
Conventional Chemical Biological and Biologically
Pesticide Derived Pest Control Agent
\_____________________4 *
M3issor WYEEEY & =
Biochemical Pest Control Agent Microbial Pest Control Agent All Other Living Pest Control Agent

Ald =l AEsef #d AF

S EAY B AT 10d ANE FE28 Fkskel 199394 200099 A
5E vwste] wu, o 5ulel 3718 marh deu, AEEete] £@ ol ody
AW A ok oF 160WS F7HE ol HENY FAM A3 4G Susbowe

ool

ABEFFe] £ Zop7b Sl & AEAY 87/ EokellA AASHE HIES dolr7
Q& 2001 AR E

Hpo] QoA B A EokE F Al qFRCA 68%F AASHA HAaL, wHH
79719& Btk o] A @A £xE B w FF 10497 0% veFgrHes

ol Aol
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i oF = (9D H S (%)
A= 2 oF 5,679 48.2
Hpo] @ 2 822 7.0
A =3t 1,652 13.2
A= e 646 5.5
Hpoj e ol x| 9 A 797 6.8
AETA 1,882 16.0
A4 3 E4H 337 29
A= 68 0.4

2% % ool

Hol oj=skaiet.

) Ul mpol el gA] 2 AEoF A% R (20014)

43l vlo] oAl @ PR ok A
EAA R FEHAC

= A mpol ey A EofF Al oA oF 14%

oel @ ARopd AR FEZ

AFRAN AR AR/ F
S E N E

ol% °F 30%E

(91 2 )

] 35
% of T8 3 A
A E oA E
A& Fof/m = 7753 33.73 111.26
ko] 2.0 L1 4

m el AL/ E = Al A 554.94 130.75 685.69
2 A 632.47 164.48 796.95

A2 AA BE FoF Al
AFAA A AAY AEEFS BEAL BAE Fo ERS A4 ok o]
of At MABAAI o 30%5 AAFHT ek olUd FBFF AFS IA 34
del AR Ry AT o 48%°] B AL molw Yk 53 BtE A9@ 7]

B M AgEAAL F7 S Bwmow Fbshel gt
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) AA BEEF A

H+ =718 r = antilog[{logX,

oﬁ

o] 0.27%¢ll

90%0°]%& AkAetaL QlaL, o]F 70-80%+= BtAl7} AHA|skaL 9l

A AA AR v R e s of L e B W R

o SstAl

AE BtAl 7] E} w] A& A Al
‘96 97 70 15 - 20 85 - 90
1998 90 30 120
1999 100 30 - 35 130 - 135
2000 110 40 150
Jd (%) 415 70.2 48.0
- logXo}/nl, n = &=

(CPL Sci. Biopesticides)

ZHAAL Q= o] dte] WelS Al AEE oFAl
A o= 3dd

Al el
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A3d =W AEwef vy g =

Ul F O FEe ARAY dASE AW R Bopd 7Y 5Re 243
of ¥k A¥sore] &@ weleduA ¥ A Wl AT A AE g
AASOIA oF 10%% AAs ek o= g AAATTE B BBk A Fol
Hale AAw, B heAe AW W A3 4K ¢ avdm 2 4 A 23
9 % Aol AAEe wels Bobw S x7] @Al o] Fob ¢l =7l 3k
Fa 4 ol

E Q914 BRA olele Wie] AEiore] WFE voledux B xpel Fops

42 = v S, Aede, A2, dedAe] Heds el A s

® oF d A v & (%)

A o] of 149 33.1
Hho] @ 2] & 69 15.3
A= 3}3} 56 125
=87 54 12.0
Hpol @ e x] 9 24l 45 10.0

RETH 37 8.2
Aedd 2 AR 22 49
A A 7} 18 4.0

A4 - e s % ) FE

Fobe ABRES Fuolth oo U sl%e] WHAE Avnw 60dd ode
DAY WA FEe FHORT YN FBRE /$S Btk ofF DDT, $71¢

A, et e W s szolEAe] §7] G4 Sebsokel ARHEA A4BRE)
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A <t 31 171

STy 1 1

et 15 29

A 5= 1 3

Hpol 2] = 6 9
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AEA FEE 18 106

—‘. =3 A A 24 256
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7] 5] A 16 94

71 8F A5l 5ok 23 90
& A

FrAaz AP A 5 8

A2 WY A EA 6 9

Al 182 991

oleld guipore] s Folg HWEs] fla AEW ARBol FU WED
gougkeh. AR sk AAFFAA oF 10%F AAskgont, vk AA o
M Fo] ol oF 20%e) ol2EE FrRTh oldd FAE AREor 5% 44}

et A M B sold Aot

#) Ax=d AA sdF Ae=wt =9¥E (5313, 2003)

T % 93-94 95-96 97-938 99-00 01-02
A=sF=d) 34 40 83 70 106
5 orE () 383 416 625 507 588
A= F41E(%) 8.9 9.6 13.3 13.8 18.0
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7 2% AdAAREH G (PLA2)Y &4 &4

) GC &4 =
50% ol kg =o}9l+ arachidonic acid (AA) 1 pg= Hewlett-Packard SD 6890
gas chromatography (San Fernando, CA, USA)o| Y& 3 T AAQ < m =7}
e 29 retention times AT GC #4445 98] 75% olg&o £
drtd s 59 f5 e 23 (EFAE, AWA, Aol mlolar FER F71H
Aot A" 4 2# 5L homogenizing buffer [50 mM PBS (pH 7.0), 045 M
NaClloll Al Al ¥ A AHT. 283 glass—glass homogenizeroll Al 5% XA 50|
micellec] 2 W7HA] F&3] A HAgvk. 1E]al 4T 1,000 goll A 1023 A4 &=
NS FAS AT FA" A5 A 4T 30,000 goll A 3023 thAl YR
gsto] #FeE JAdEHR FTHE 44 GC #4E& 913 membrane¥t PLA2 rich

embrane® PLA2 rich fraction® %< DBradford
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, Ak ol 2 2]® membrane (500mg)ell tiaiA PLA2
rich fraction®] &% (05, 1, 2, 4 mg)d 2 AYsAS Wl F8=+= AAS $3 ufk
AIZE (5, 15, 30, 60)°ll Wt A& ks W fFelEs AAY ¢ B IAYE
PLA2 rich fractionS A #3t0S v FaHE AAY US XA

© FAATL AA FElol e JA g
A WA o A 2 ¥ membrane (500 mg)¥} PLA2 rich fraction (4 mg)& ©]-83}¢]

TAAT A FrEEE AAS FE ZARESITE FAATES PBSE o834
).

rich fractione] A 2]¥ wmlo]a=® FHo| zZ} A FEe] S 10uH A ste] 30
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kel WhEAIZES AA F FEEHE AAY FS zAlegt. =3 FAATE 10°
cfu/pl)S 90Tl 3083 dA 23] membrane (500mg)¥ PLA2 rich fraction
(4mg)ol A ¥ vlolaz Fro A NS 10 A ste], dolsls A (10°
cfu/pl) 3 EA gl sto] F2 Aol s FE¥= AAS FE& WS I T4
ATE 28Coll A 247 wfoksl vl (tryptic soy broth, Difco, USA)3} ethyl ether
= o] & ujddo| A E 3 organic fractions PLA2 rich fractione] 2% w}o]
A2 FH Z4ZF 10 A efste] 303Ee] whEAS AR ¥ FElEE AAY &
ZAbeR AT

M

o

@ PLA2 A=A AA fglol g A&z

Eo]l2 PLA2 9AE"<Q dexamethasone (DEX) [(11, 16)-9-fluoro-11, 17,
21-trihydroxy-16-methylpregna-1, 4-dionel, cytosolic PLA2 (cPLA2) A& Z<l
methylarachidonyl fluorophosphate (MAFP), secretory PLA2 (sPLA2) A& 2 <]
p-bromophenacyl bromide (BPB)E 50% ol &t =< & membrane (500 mg)3}
PLA2 rich fraction (4 mg)°] g% vlolaz FH 102 Az s 30%7F] HH
SAEE AR 5 FElEE AAY FE XA

ofk

U 2% drAEd de o

() Apoptosis ZAF (GLD A, nucleus <)

Glucose dehydrogenase &4 9] &4 ZAM+= Lovallo (2002)2] W ol o&|A 4-3Y
= Aok bt 58 FEdA FEE 10 we] FEEZE 990 w2,
6-dichloroindophephenol (DCIP) reagent (50 uM Tris-HCl, pH 7.0, 1 M D-glucose,
1 uM DCIP) Al¢k#} 458-%F 28Col A whg-g § E3FEAE o &3t 600 nme] &
T A &Aool SAH AT

Nucleus &5l #gk A= Al (0, 4, 8, 12 AIZHEE PBSol d g% A

(10" cfw/md) 2 ptE P 58 fFFo] HTE F AFNEE Restaon,
TEM (EM 109, Zeiss, Germany)< ©]-83sto] By o] wAFxE #AZ3S T
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8 G A EA AL A

SAA T g AR FAdES FAsH] fE AlIzE 8 12 AZH¥E =
ghe FAMAT 10" cfu/m) 2 wWE T 538 5o 4EF F 10 /1/@94

23t 0.04% trpypan blue £ 43} 111 (viv) 2 &3 & 25Tl A b&

HAaoh a2y ¥gE Yz AN A AP R 0.04% methylen
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() BEreS o] &3 FAAT vjFdolA e PLA2 24 oA B2 FF

FAA TS 28Tl Al 24417F E<F TSBel A #fekgt £ 10,000 goll Al 307 ¥4
welstel Ja e olgstqirh. WA WFAe] g Av Peee ge Foz ¥
Zoj7el A& d
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FZ7]E o]&3 organic fractione AZFHJTY. FEre FTEHEEAEL silica gel
chromatographyoll A 22X E/Me&S Fxd [99:1 (viv) — 0:1

ate] 2070 AlEste =d=2 Eesidn. o FeolA PLA2 &4 oA a3 =
A5 hydrophobicityel] w2t d& MEI}HAT (Fig. 1). A&E3td

BF 50% olgkgol 993 A 10,000 ppme] FEZ FH| H AT
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t} ®kS 3 POsF wHS-E 4 9l 7]1E L-DOPA (Sigma, USA) 1 sug
pH 7.0) 982 woll WEEES Hste] PO &4 495 nm
o2 39 =439 (Kim et al, 2001). PLA2 ¢jA&<& OO
[((A-B)/Alx100009] F21& o] &3t AstAtt. Ax FA 224 50% ol &&o] A

0 op
oo o
% %
oo dn
2L

lo,
k=)
o
=2
> 2
(@) >0
2
R
o o)
N @
N

_24_



28 ol B T4

© GCE o] 43 PLA2 &4
OkA] 7]43 GC o] &1
ptE Akl el Hs AA

[e=]
%)

€3] 10,000 ppm? =
o

Z A} T Tﬂa?

v/] ,L/‘g }\‘“ —E_
50% ol &t
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XNCB

Butanol (equal volume, 3 times)

v A 4

Organic Aqueous

Silica gel (70-230 mesh, Merck, Germany) chromatography
(CHCls/methanol from 99:1 to 0:100, v/v)

v

Twenty hydrophobic gradients

Fraction # 11

Three fractions

v

Silica gel (70-230 mesh, Merck, Germany)

chromatography (Hexane/ethyl acetate from 3:1 to 1:3, v/v)

Fraction # 15, 17

p| Three fractions

Silica gel (70-230 mesh, Merck, Germany)

Chromatography (CHCl;/methanol from 20:1 to 1:20, v/v)

Fraction # 18

Two fractions

v

Octadecyl silane chromatography

(Methaol/H,O from 10:90 to 0:100, v/v)

Fig. 1. A purification procedure of phospholipase A2 inhibitor synthesized by
Xenorhabdus nematophila
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2}. Apoptosis 5 =2 &4

A

) FE&E o] & T WFAelA e apoptosis F &

fuEde F2e 94 71EW PLA2 9ARd FEUEI Fdsq

Apoptosis &
o},

ruLJ

W) In vitro apoptosis ¥%

TZETAELE ol & AEAAHEL vt o gl 58 {34 4 4
Zoll EAst=s EFAREE ol &l AEAARGS TASIAT. WA 2Fo
S 15 me mpe]laE FHo| FAZ & 6500 rpmellAl 3E3F AR G
AAstL FAEL FASS FAE dFAEEL 500 ple] Insect Grace's
medium (Sigma, USA)& o834 4= F ¥ A Aojlial wixotel= &4
X E9] 500102 Insect grace’s medium ol A ATt o] W EFHE F== 20
W oF 100702l A¥7F A3 E Insect Grace's mediume oA HAXE FE=
ZAsAde.  agln &gfol= FEkA ol 20 we EFAEYE A8 ¥ Grace's
insect medium®¥@ 10,000 ppme FE== FHH FAAAT FEEZ 10 s A5t
3BT HEe Ao mEr oA 3ATE St vhEE Al & AR A EX| ALY
B} (apoptotic body)S E=H3A w7 (Olympus Japan)/dol A &SIt M EXAE
B Alxgdo] S d RYos vt A (blebbing)# &X FEj7F Yehe A
(vesicles) o2 A&} t}.

X. nematophilust Steinernema carpocapsae PochonolA 23} (Park et al.,
1999) ehswistu A=Y AL LdILY FHAUE JHE BRaFd A AHE
stttk X nematophilus= TSA (bacto tryptone, 17g; bacto soytone, 3g; bacto
dextrose, 2.5g; sodium chloride, bg; dipotassium phosphate, 2.5g; deionized H:0, 1L)
aj#fe] 30TA 250rpm o2 2%k wigeinh AR st e Mok e
M A AN BEF2d FES NA (beef extract, 3g; peptone, Sg; agar 15g;
deionized H20, 1L) v x|l 28°Coll A 2¥ 3t 8] U3}
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O FgHl EF (CLSM, SEM)
A ALgHE 7ZdE §F7 $£AHL SeinhorstH ol 9ste] HAES g5A7)a

23l & confocal laser scanning microscope (CLSM)el
A FAol o]Fo A ATl ofF dHE &A<Qs] $18ke] scanning electron
microscope (SEM)7} AF&ERom 4% ZFE dHstol= ¢ 2% x=22ddo=z A
A T 2% QAH S HESAO|= fofo] 5 uA vk 22l o ehsol A ¢k
3] geAAS AR T AA ojikst wad dx A7), E I®YE

15kVel A 47 3ttt

=

/\1}\]‘

<
= - T,

@ EABEAQ] BF (B1HF DNAS ITS 99 £4)

05g¢ AF& SRAYIAR 43 F HE/F22d F3 Wid 71dste] A
<9 A DNAE F=3ch. 5% DNAv= T =Zgholmel 500
“TTGATTACGTCCCTG CCCTTT-3003% 500-TTTCACTCGCCGTTACTAAGG-3
002 AF&3to] PCR7IZIE AFE&to] ITSY S SZ8tth (PCR 271 94TolA 1
i, 6TolA 17, z22jar 72TCelA 2% #48& 353 ¥HE). PCR 4= pGEM
cloningg AAHA £43 DNAE Adstdtt. 283 DNA AlAY AEGA 0 2 =

st Al AA ZAS S o DNA star T2l 439
© AZFo ¥UA

EEE A5 ¥HAAe F2sy] fske, HE=Z g4 (%] 3cm, 7% 9cm)ol
ZE #HolHE 7+ F Imictel 0-800vte]e] #dE] F5o ¥x3e AF FHES B
gl A, 3etEle] i sleS A stk WbE2 5 gk o2 At on A%
He AR &l &, Wb AT = (LCs: 48h)E probit 4] T2 13 AL
2319
@ AZFe AyelHel EA

=

FA WolX Az BEALE FQlsty] 9k, & AeA M A F

Qf‘ﬂ% sk (Spodoptera exigua)59 %S A8t H megidis Andong©ll
H gys solE ES AXS & 25T 7] Aol Bt el 2

{}QEE 3utg] o] 7|FAE s Fate], 71FA] b 2o AFHE S

kit

i u}i



AL, 2B QAT (Photorhabdus temperata temperata)®] 8 A3 84 A

AFFAl FHE Uit B4 BT o] EdS At #ERAEG
A% (Heterorhabditis megidis
KCTC10453BP)<S #=d &ttt o A A e(400vte])E 250ppm ~E | Erto] sl o]
3 0.06% NaOCl & A 3087 BHASS & #2472 A% AAE vhd 8
otk o] F& ¥

b B2 gaAe] M-S Bt ol AlEs % 29 NBTA HHXloﬂ %e:]
S F FEUE EYAE AAME A 54 F2YE g st EE

FAG 2 PPoE HFA ggE BERAYLYS byl FeoryEs

off mEi

o}l7} wiA](MacConkey agar BlA|)o|A Hi dFo] v FTEYES Aws
o TSB(Tryptic soy broth) HiX|AelAl 12A17F (30C) ®l¥3F 3 HAA =9
(genomic) DNAE FZ33t} (33: Sambrook et al, 1989). PCR X &o|H = o]
W I (Weisburg, 1991) So] 19st A& AHE31o], 16S rDNA I 95 FZ31%)

x9=  Zgolw(Forward primer) ¢F #WHZ2~ Zgko]w(Reverse primer)v Z+7t
5'-GAA GAG TTT GAT CAT GGC TC-3" ¢ 5'-AAG GAG GTG ATC CAG
CCG CA-3 & Ak&3tdtt. PCR +3%5 918 A& 10 xPCR €% H(buffer) 5
wh, 25 mM dNTP 4 g, 25 pmol TYE= Z&o|m 2 ul, 25 pmol 2Bl Zglo]w 2
wh, 5U/ul & E2 ¥ A (Taqg polymerase) 1uf, =3 DNA(template DNA) 2 ul, <
T o34 opl, 28 ™ e 20 w0 E A TR skt PCR (PTC-100
M]J Research, Minnesota, USA) Z71& 94TolA 1 &, 68CAA 1 &, 28|31 72T
oA 1 B4 353 HkE3IY. A 7] PCR BAEES TA HEH (pGEMTM, Promega,
Madison, USA)ol AL Al7]aL, Top 10, E. coli o] AAAE AFH}. X-Gal + IPTG
/ LB + Amp ®jAo] =% 3 Z FEA Z2UYES miniprepS 2AASET o] A

w2 E rDNAC] i3l A 44 (Sequencing) S A A 3HA

U Pteoll gk shikbe] Nodulation 34
Aolgli AT 95CA 527 AR AT sy 536 A

ol
&
-
>
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ZH(Oh, 4h, 8h, 12h)¥ 2 & H S ©]&39] noduled &5 #EsIF o PT.TY A
F FEA0' 10° 10° 1010702 34 HAHS o] g3dte] =4 3 T duhih 5o

3 8A17F A3 H o nodules #E5FAT

ofN

o) Ptte] W oA Zat 24

O PO &7 st &

Aopolis AT AAHHE AT cfu/p)S b 53 HE 3 F 8zt
Fo] whubupube] ol 10 ulE vlo]aR FHo| He F 8% Bok Ao Ay F
PO$} WHS- & 4= gl 71" L-DOPA(Sigma, USA) 1 ugol &3] o] 3= PBS(PH
7.0) 988 ulE Hzlste] POZA S 495 nme] oA 58 Ao 3 FH5

@ g9 A9 Binding assay
Aolgl= A dxzl® AT0° cfu/w)E PBSAX)E AlH 3% Safranin 0 =
ATs A3 5 PBSUX)E 39 AlHee] FEweta syt 53¢ RS
o= A4l XA €8s AAstL dFAET FASAY. FA" EFA
X EL 500 ul?] insect Grace's medium (Sigma, USA)S o] &34 3 A 500 ul
9] insect Grace's mediume] Y& Hol FH|HIAT Edtol= =ekx 9o 10 uld

AL AGH T GAE ATL 22 10 wdE Aol 370 FEA UE )
P71ol A AT Bok wg AATh 723 AP0 binding B MRS £E #2)
%t

@ Ptt7} eicosanoid pathwayS A AlZ 7} oig AA

Eo]% PLA2 dAEZ 50% oErEo] =0}l dexamethasone (DEX) lug}
PLA2 A E=22l 50% ot =o} 9+ arachidonic acid(AA) lugE o] &3Fo] 4t
obl= At dAeld Aits shuel HJFskAW el A Elske] nodulation
I POEA, 28] Ao Binding®d Ao =& A2

o}, XM Xenorhabdus nematophilus®] }ribibo] thal cecropin® A

() o] cecropin A A S 24
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dxele A (4TAA Smin)s s3rke])el] HFste] fatbodyE 71334
t}. fatbodyoll 4] TRI ReagentZ ©]&3lo] RNAES ¥& % oligo dT primers ©]-&3}
o] cDNAE 3438t} degenerate primer(Secec-A: 5~ ATHYTDWBCTTCGTSTT
CGC-3" Secec-B: 5'-ARRTGGAARNTMTTCAAGAA-3")9} oligo dT primerE ©]
&3to] PCRe 95Tl Al 23 94Tl A 13 48T oAl 13 72TCelA 1t 72Tl A 104
o7 ATt sttt RT-PCRAAES pGEM-T easy vector (Promega)ol| =
2 Edn. Jholdl AHE o]§ste] 73 F sequencing | Atell st @7 A
A& gtk @71 g Mg el DNA stars ol§3ke] 7Ee dHA dd

cecropin®} 9] 54 -S v L3S T}

© FFEA ) AT A 24

- h =
gphuey 53 Aolols M dAEldE Mlvs FE:S F AIZHHQ, 2, 4, 8 Al
HE dAas FASYEY. AbE wiS® Al (Escherichia coli®t  Enterococcus

e o] Al @ e LBH

faecalis)oll At 5F 10mlE 71ste] At dAE A S N
% F H F AddEdo] ¢hdd] mpE

NN e i |
A 05 mlE B3 A4xAaS o83ty =3

-
=4

ZAFsE7] 913Fe] Glucose-lactate ananlyzer (YSI, USA)E A-&3Fo] #4350t wa
Z2RE dAHS dAAT HFoz AHSIY AR T wjEgFTAS

Glucose-lactate analyzer (YSI, USA)Z =43}o] glucose AR FAS FALaod o

TATEE =437 $995F9 spectrophotometer (UVICON 430, Kontron Instruments,
Italy) & AFE3ITE =5, WYAS A SHFTE 84389 600nmolA FHEE A

Aok 28 1Az FAFADry cell weight, DCW)+= 2 & x4 10mlE # 3t
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1) 5L jar fermentorol 4] #H &3} A
Z A¥S 71222 39 5L jar fermentor (= a 7], 3)S o] &35
A3l AFE At BE W24 S Batch, Intermitant fed batch, fed batch%s 9]

Pilot plant scalecll A 2] Hj%fage] A5t floto] Ayt A3t AL
300L (KFC300; Korea Fermentor Co., Korea)S AF&3}1t}. SLoll A & & 313k vl =] ¢
Wdz1s 7HAn afgsd. Al AR (%) glucose 2, yeast extract 4,
(NH4)2SO4 0.4, KoHPO4 0.1, MgSQO4 0.1, MnSO4 0.007, NaCl 0.25, trace sol. 0.1ml-s
S AFE3 o feedingS 93] Glucoset yeast extractE A&t Wiz ALS
pHE 75, 5= 30CZ FA3M 2™ aeration 0.2~1vvm 18] 31 agitaiton= 50~
350rpm7HA] AbEete] Ml T A W &EAFA(DO)E 10% ol d o2 FAstES 8t
At ¥E 3P A WX pH= NH4 OH(Industrial grade; Duck san chemical)E A}
S35t Ao Bagr] YR 4dHE 02bars FA 3T Feeding medium
feedingS $38}o] feeding pump (MasterFlex 7550-10, Cole-Parmer Instrument Co.)
¢} silicon tubing (MasterFlex precision tube size # 96400-16, Cole-Parmer

Instrument Co.)E A}83}4] feeding 3}

(©) 2500L Pilot plant scale oA o] &g - AikEgo] A3t A+

5Lk 300Lell A o] Folxl AxE 2500Ll A Ad stz thga 2ol B35 353l
o} 1x Fujge E 2wy o] 5L flaske] 2L vol. 22 Tryptic Soy Broth® 4|3}
A 255 30T, 140rpmoll Al 12412 vl Fste] E=hl etk 2xFE vl o2 300L A HY
F&Es 30C=2 =4ska pHe NHOHSE 9 752 =4 fA ik 22 S
S wjok 12417 A #sle] working vol. 100019 wi A7} &=n8]€ 2500L LHEXE dif
& skl HFskAoh A A AE (%) ZIEF m ¥z 300LeF 2ol 3§
th 2500L ExolAe] widege] HAsE flste] ABTTdATd Adst AdA
2500L (KFC2500; Korea Fermentor Co., Korea)E AF&3Ft). o] AdS 98] Al&
3 wavlE 22 FujYE 93 pilot plant scale®rE& F<Ql 300LeF E owj%ES 93k
2500LEH & % 9] geometric T-FE Fig. 2 o AAs YeElWSdch wa o impeller
typee Fed-batch*] ¥& % oA mixingel] 7} &34 Ad 15 19 impeller

olr
2

olr
!

1

ki
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= six-blade type(43%) 1¥]a F7HHEe AF impeller:s= six-blade pitched

type(43%)E Al-&3it}. Six-blade pitched type(43%)¢] pitched angles 30°%= ¥

impeller2 A}-&3F3 ot

DTS

Fig. 2. Geometirc structure of 300L and 2500L fermentor for the Xenorhabdus

nematophilus culture (the numbers indicate the scale in millimeter).
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(D Encapsulation and spray drying
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sodium-alginate, PVP, arabic gum, glucan, trehalose, curdlan, sorbitol, sucrose,
pectin, 71 B4 5& AFg3te] o] EZA5 0] hot spray dry I T2 &4 <orHA |
alyt 7)o stE=Ex o thEk AdS =359t Flask culture®= TSB(tryptic soy broth)
A2 ALg3sle] 30T, 140rpmell Al 12417F vlkA 7l & A Ra|ste] ZERG2 29
washingdt cellS Aol A&ttt Aldse 34 F3 =4y 3 Fridoew
hemo cytometer'¥HE AL&3Att. ZF A8+ 10% 89 100mlS WHEo] ol 7|9
cell 10ml& &£3%3}le] 10min homogenizing § spray dry 33ttt B=7F =}
10% T84S 5 F Sl gumTF9 A$ 5% v wto 2 A x3ste] A8k T} spray

KN
=1
dry 7t 928 F £5%¢ 2493 clu/gs 2499

@ Freeze drying
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R Ayl oM s AU AR skl M A AT hz oA
Fattta $E A e (Aol d ) fddFskAlE 20008 5] 4] 8t

o
o
o] Abgstdom AlAlE IMBO1Y IMBO02E 10008) s]48te] AR&stsith A9 7]3F

2004 3€HE w4 897HA Fa S

2) Ak 2 7171 - 'H- (400 MHz) 2 "C-NMR(100 MHz) 2= E#-2 Varian <]
Unity Inova®, IR 2HEHE Perkin-Elmer Model 599B%, EI/MS+ JEOLS]
JMSAX 505-WA=Z =7A3Act. &3S Fisher Melting Point Apparatus® =73}
1 "B AFAT. HPLC+= Waters A Prep.-HPLCE A3t columns Prep
Nova-Pak C18(19x300mm)E A}&3F%th. Column chromatography(c.c.)& silica
gel(70-230 or 230-400 mesh, Merck), ODS gel(70-230 mesh, YMC)Z A}-&-3}53t}.

FAAAFY] Ao F2 n-butanolS 7}l 4847+

4) &2 B A

n-Butanol F&%(32.7 g) A %S silica gel column chromatography (230-400 mesh,
Merck, Germany)ol &2 A7l % Chloroform (CHCl3)/methanol (MeOH)2] &wjiA=
methanol®] B]-&S& =7l £ 02 &Z(step-wise) A A 20709 fractions LA
th Z}7be] fractions o w AE AWl o8] &4 fractions B7bete] &4

UEI & fractions AEARFS AFER sto] EHEAS 747 B, AA AT
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A1 =W EPN Fdl 258947 A8 2 573

1. ANU-Xnl101¢] #4347 Eo|A

T AFE FFHYAHNZF Steinernema carpocapsaeZH-E T Eo] FAHH
ANU-Xnl01 (Xenorhabdus nematophila)°] & A5 &3 WAt 53] 7|e &

Ag FEel vaA A% sEolu AF sl gdate] T #rel Solgo] A
Sal ok AL e gk £ d3E o #F SAL 9% #FEw v
sol f14 Solde wd wfk FFY 448E Bk W AL T

Table. 1. Entomopathogenic bacteria analyzed for comparison with a Korean isolate

Bacteria Host nematode Geographical origin
Xenorhabdus nematophilus K1 S. carpocapsae Korea
Xenorhabdus nematophilus F1 S. carpocapsae France
Xenorhabdus poinarii G6 S. glaseri USA
Xenorhabdus beddingii Q58 Steinernema sp. Australia
Photorhabdus luminescens C1 Heterorhabditis bacteriophora ~ USA

o 714 Xenorhabdus nematophila K12 ¥ oA £245t= ANU-Xnl01¥ <3k

oty o] #FEE E ATE SIAA AT

B fFAF el BlsiA A SolAds THAAL S
etz & o] #F9] 16S rDNA % 7]E} A3}

e dFe vugs 8 o] #Fo Solds dsetd itk 16S

ﬂ
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t}, Forward primer (5'-GAAGAGTTAGATCTTGGCTC-3)¢ reverse primer
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5-AAGGAGGTGATCCAGCCGCA-3)7t 7t2t PCR ®kg-ol o] & ¥ At

A)

GGAGA GITAG ATCTT GECTC AGATT GAACGCTGGEC GGCAG GCCTA ACACA 50
TGCAA GICGG ACGGT AACAG AGGGG AGCTT GCTCT CTTGC TGACG AGIGG 100
CGGAC GGGIG AGTAA TGICT GGGAA ACTGC CTGATGGAGG GGGAT AACTA 150
CTGGA AACGG TAGCT AATAC CGCAT AACGT CGCAAGACCA AAGAG GGGGA 200
CCTTC GGECC TCTTG CCATC AGATG TGCCC AGATGGGATT AGCTA GTAGG 250
TGGEG TAATG GCTCA CCTAG GCGAC GATCC CTAGCTGGIC TGAGA GGATG 300
ACCAG CCACA CTGEA ACTGA GACAC GGICC AGACTCCTAC GGGAG GCAGC 350
AGITGG GGAAT ATTGC ACAAT GGGECG CAAGC CTGAT GCAGC CATGC CGCGT 400
GIGIG AAGAA GGCCT TCGGG TTGTA AAGCA CTTTC AGCGA GGAGG AAGGT 450
GGIGA ACCTT AATAC GITCA TCAAT TGACG TTACT CGCAG AAGAA GCACC 500
GGCTA ACTCC GIGCC AGCAG CCGCG GTAAT ACGGAGGGTG CAAGC GITAA 550
TCGGA ATTAC TGGGEC GTAAA GCGCA CGCAG GCGGT TTGIT AAGIC AGATG 600
TGAAA TCCCC GGGCT CAACC TGGGA ACTGC ATTTG AAACT GGCAA GCTAG 650
AGICT CGTAG AGGGG GGTAG AATTC CAGGT GTAGCGGTGA AATGC GTAGA 700
GATCT GGAGG AATAC CGGTG GCGAA GGCGG CCCCCTGGAC GAAGA CTGAC 750
GCTCA GGTGC GAAAG CGTGG GGAGC AAACA GGATTAGATA CCCTG GTAGT 800
CCACG CTGTA AACGA TGICG ATTTG GAGGT TGCGCCCTTG AGGECG TGGCT 850
TCCGG AGCTA ACGCG TTAAA TCGAC CCCCT GGGGAGTACG GCCGC AAGGT 900
TAAAA CTCAA ATGAA TTGAC GGEGGG CCCGC ACAAGCGGTG GAGCA TGIGG 950
TTTAA TTCGA TGCAA CGCGA AGAAC CTTAC CTACGCTTGA CATCC AGAGA 1000
ATTTC CAGAG ATGGA TTGGT GCCTT CGGGA ACTCTGAGAC AGGTG CTGCA 1050
TGGCT GICGT CAGCT CGIGT TGIGA AATGI TGGGITAAGT CCCGC AACGA 1100
GCGCA ACCCT TATCC TTTGI TGCCA GCGGA TCGGGCGGEA ACTCG AGGGA 1150
GACTG CCGGI GATAA ACCCG AGGAA GGTGG GGATG ACGTC AAGIC ATCAT 1200
GGECCC TTACG AGTAG GGCTA CACAC GIGCT ACAATGGCAG ATACA AAGAG 1250
AAGCG ACCTC GCGAG AGCAA GCGGA ACTCA TAAAGICTGI CGTAG TCCGG 1300
ATTGG AGICT GCAAC TCGAC TCCAT GAAGT CGGAATCGCT AGTAA TCGTA 1350
GATCA GAATG CTACG GIGAA TACGI TCCCG GGCCTTGTAC ACACC GCCCG 1400
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TCACA CCATG GGAGI GGGIT GCAAA AGAAG TAGGTAGCTT AACCT TCGGG 1450
AGGEC GCTTA CCACT TTGIG ATTCA TGACT GGGGTGAAGT CGTAA CAAGG 1500
TAACC GTAGG GGAAC CTGCG GCTGG ATCAC CTCCT T 1536

(B)

Fig. 3. (A) A full sequence of 16S ribosomal DNA (NCBI access no. AY286473) of
Xenorhabdus nematophilus K1 isolated from the infective juveniles of Steinernema
carpocapsae. The sequence in the box indicates the typical sequence found in 16S
rDNA of Xenorhabdus. The underlined sequences indicate the primers used for
amplification of 16S rDNA of the bacteria. (B) Phylogenetic tree of the selected
Xenorhabdus and Photorhabdus. Numbers on the phylogenetic tree indicate the
percentage of similarity index on each branch analyzed by a CLUSTAL W
program;, Xn Kl (X. nematophilus K1): Xn (X. nematophilus, NCBI access no.
776738): Xp (X. poinarii, NCBI access no. X82253): Xb (X. beddingii, NCBI access
no. AY278675), and Pl (Photorhabdus luminescens, NCBI access no. AY278652).

ANU-Xnl01 X. nematophila =%z~ 59 97% 54L& miow, 7]|g
Xenorhabdus TE¥+= ¢ & Aold& Rt 5L Fo]HA] 16S rDNACA &
I 97%8] e HlaA A Zpolzt Avkar B o vk oY dk Aol HF
o Bael ey AEE AL AR YEutth Zbzhe] Asietd 54
Midi 3]A}e] Biolog (Biolog, USA)®}t Sherlock (HP 6890, Sherlock, USA) WA &5

4 AAE T8 S A

o
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Table. 2. Characters of carbon source utility of the tested entomopathogenic

1
bacteria

Reaction
Group Carbon sources XnK1/XnF1| Xp | Xb | PI

bromo succinic acid, a-keto butyric acid,
tween 40, D,L-lactic acid, L-alanine,
tween80, n-D-glucose, L-proline,
L-asparagine, D-mannose,
hydroxy-L-proline, glucuron amide,
ID-galactose, L—-aspartic acid,
[L-arabinose, quinic acid, a—amino butyric
acid, L-glutamic acid, succinic acid

I ID-alanine + + + - -

IL-pyroglutamic acid, [-hydroxy butyric
acid,sebacic acid

ID-fructose, inosine, dextrin, citric acid,
uridine, gentiobiose,sucrose,
IL-alanyl-glycine, D-trehalose, maltose,
methyl pyruvate, glucose-6-phosphate
IL-histidine, cis—aconitic acid, formic acid,
putrescine

IAlaninamide - + + _ _

[-erythritol, D-melibiose, p—hydroxy
phenylacetic acid, [i—-methyl D-glucoside,
thymidine, N-acetyl-D-galactosamine,
phenyl ethylamine, D-galacturonic acid,
m-inositol, D-glyconic acid,
IN-acetyl-D-glucosamine,
ID-serine,adonitol, D-glucuronic acid,
urocanic acid, L-serine, glycerol, xylitol,
ID,L-a-glycerol phosphate, D-mannitol,
glycyl-L-aspartic acid, L—fucose,
ID-psicose, mono-methyl succinate,
glycose—1-phosphate

VI n-keto butyric acid, L-threonine - - + - -

X Cellobiose - i _ _ _

' XnK1 (Xenorhabdus nematophila K1), XnF1 (X. nematophila F1), Xp (X. poinarii G6), Xb (X.
beddingii Q58), and Pl (Photorhabdus luminescens C1)
2> 30% , - < 30%
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Table. 3. Characters of fatty

acid composition of the tested entomopathogenic

bacteria’
Composition (%)
Fatty acid

XnK1 XnF1 Xp Xb P1
10:0 0.70 - - - -
12:0 3.96 2.56 5.92 474 2.94
12:0 20H 0.23 - 2.23 2.09 -
12:0 30H - - 2.93 3.18 -
13:0 - - 0.56 - -
13:0 20H 0.52 - - - -
13:1 AT 12-13 - - - 0.44 -
14:0 3.68 7.05 0.80 0.61 5.49
14:0 20H 4.32 - - - -
15:0 0.42 - 1.71 0.89 -
15:0 ISO - - - - 2.26
15:1 W8C - - 0.44 - -
16:0 30.61 33.88 12.93 13.02 28.99
16:0 30H - - - 1.36 -
17:0 0.28 - 2.55 1.89 -
17:0 CYCLO 11.88 - - - -
17:0 1SO - - - - 1.45
ISO 17:1 W9C - - - - 2.26
ANTEISO 17:1 - 3 3 - L9
WIC )
17:1 W8C - - 14.65 6.39 -
18:0 1.67 - 1.02 1.82 458
18:0 30H - - - 0.82 -
18:1 WIC 2.64 4.00 35.47 40.15 10.84
18:1 W7C 12.65 20.74 2.24 0.91 12.06
19:0 ISO 0.55 - - - -
19:0 CYCLO
W8C 2.71 - - - -

' XnK 1 (Xenorhabdus nematophila K1), XnF1 (X. nematophila F1), Xp (X. poinarii G6), Xb (X.
beddingii Q58), and Pl (Photorhabdus luminescens C1)

el % S B4 A
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S4A Aot e vElm duh Be £84 A4S A 2FYL v
grh. 4% AEe Sy 59ES ddon PUE FUsae W, et
WA A SRR skt

Table. 4. Pathogenicities of the test entomopathogenic bacterial against the fifth

instar larvae of Spodoptera exigua when they were injected into the hemocoel

Bacteria N LDs® (95% C.L) Slope + SD
XnK1 30 75.36 (27.50-202.49) 169 + 0.49
XnF1 30 1408.32 (524.71-3948.11) 164 + 0.46

Xp 30 3990.16 (1577.37-9782.88) 2.15 + 0.66
Xb 30 >10° -
Pl 30 >10° -

' XnK1 (Xenorhabdus nematophila K1), XnF1 (X. nematophila F1), Xp (X.
poinarii G6), Xb (X. beddingii Q58), and Pl (Photorhabdus luminescens C1)

2 Median lethal concentration of the bacteria in colony—forming unit (cfu)

Hl gk FFHAA T F AN Xenorhabdus & w771 vl sk dEo] =3k
om, ANU-Xnl0l #F= 52 £ o= w5l v o 20 =& 45H& Ad
Aoz #AYHAh ol wul ANU-Xnl01¢] 2% 8229 MG 2 FHdd A
oA B wtFol Hlel zol7h s oskH, ol Wi AJATHEH S MEE F8E
AE& TS st olE A B ATelA ANU-XnlOlZHE A3, A, G4
=4 9 WA 549 o] Fwsith T3 Sl ZFHANFOERE A
2 ZHAATS sAHS e ARR of&Y] M
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2. AlxgFAazag ot} (Xenorhabdus koreana) 5 573

W =38ddsE F714e2 AHsdn. 72 s sHeR EF AFHE Al

=
Fs AdFe 2deda, 24

3t 2™, Baermann ZW 7|9 (o] &, 2000c)22 E
Ao AR AP U (Galleria mellonella)©l Yt 33 (Spodoptera exigua)S

= O

A 71FR (3 5, 1999) 258 AdFS At

WA FY et =3t B ¥ Steinernema monticolum©] THA] E A F-E o] o] 3

A
sl AFEAT. w52 o] Ao 2 neY FxE Kol Fa gt

A. Tail of Infective juvenile: arrow indicate anus
B. Tail of adult male (first generation): arrow indicate spicule and mucron

e AN BRAE 9% T2 Re W 2T 24349

&L o] AF F T R T S
ITS 97

ow rDNA9 ITS (internal transcribed spacer) @71A<E& A3t}
Aqd B universal primers (Vrain et al, 1992)¢1 forward primer (5'-TTG
ATTACGTCCCTGCCCTTT-3")% reverse primer (5-TTTCACTCGCCGTTACTA

AGG-3)E ©]&3te] PCRE S35 300
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Table. 5. Pathogenic symptoms of Steinernema

monticolum that was collected in

Andong
Symptoms
Characters
Isolate Steinernema spp.
Insecticidal activity Positive Positive
Cadaver color Brown Brown
Bioluminescence Negative Negative

Table. 6. Taxonomic morphological characters

was collected in Andong

of Steinernema monticolum that

Infective juveniles
Characters (ym)

Male adults (one generation)

Isolate (n=20)

S. monticolum

Isolate (n=5) S. monticolum

Body length 827.4(753-877)

706 (612-821) 1246.1(1136-1341)

1600
(1360-1840)

Body width 52.4(42-62) 37 (32-46)  121.4(110-128) 160 (117-206)
DISta“Ct‘z fg;,m head 54 (58 59 58 (54-62) 78.1(68-82) 94 (75-115)
Esophagus length 1364 + 8.2 B B B

ES) 15145 124 (120-131)  165.9(160-172) 166 (152-184)
Tail length 924 + 7.3 77 (71-95)
Spicule length 64.6(56-68) 70 (61-80)
Gubernaculum 345(31-41) 45 (35-54)
length
Anal body width 51.0(49-57)
D % 47 4(42-54) 55 (49-61)
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TTGATTACGTCCCTGCCCTTTGTACACACCGCCCGT CGCTGCCCEEGACTGAGI TGITTC 60
GAGAAAAGCGGAGACTGT TGCTTAGAGCGT TTTCGCGACGACCT TAGCGGCGAGAACCECG 120
TTAATCGAAACGECT TGAACCGGGECAAAAGT CGTAACAAGGT TTCCGTAGGTGAACCTGC 180
GGAAGGATCATTATTGAGCTAATACTTTGATCTTTAGAGT TGGAATCTCGCTGGT TGEGT 240
TTCTAAGCGTGITTTTTCACTCACTGAACGGECTTTGATCGGT TTCTATAGATGT TTGGAG 300
CAGTTGTATGAGCGTGACTGTGGTGATGAACATTTGAGTCAATTTTAATTGACTAGAATT 360
AAAGAAATATGCAAGACT CGCCGATCTAAACAAAACTTTCAATAACATTTGTAAAATATT 420
TGACTGCACCAGCCGTAGGTGTAATTAAAAGATTTATCAAGTCTTATCGGTGGATCACTC 480
GGTTCGTAGT TCGATGAAAAACGGEGECAAAAACCGT TATTTGGECGTGAATTGCAGACATA 540
TTGAACGCTAAAATTTTGAACGCAAATGGECACTATCAGGT TTATATCTGTI TAGTATGITT 600
GGTTGAGGGTCGATTAATTCGTAACTTGCAGTCGECTTTGACTGITTTTTCGATTAGI TA 660
CTTTTTTGCCGAAAGAGAGTACCTTTTCGECATGCAATAATTGTAGTI TTAATTTTCGAGCA 720
GTGCGTACTGT TCGAGAACTATCGCTAAAATTCTGCAGTI TGGTTGTTGACGCGITTCTTG 780
TCGACTGACGTGTACGGATTCGTACGTGTGT TTCTACAAAAGT CAGTGCAACTAGTGGGA 840
TTTGAAAATTTTTCGATTTACGACCT CAACTCAAGCAAGATTACCCGCTGAACTTAAGCA 900
TATCAGTAAGCGCGAGGAAAAGAAACTAACTAGGATTTCCTTAGTAACGECGAGT GAAA 958

Putative rDNA region Location

18S rDNA < 193

ITS - 1 194 - 457

5.8S5 rDNA 458 - 614

ITS - 2 615 - 859

265 rDNA > 860
—— S.feltiae (AF121050)
[ L s oregonense (AF 122019 )
[ | S. monticolum(AF122017)
Present isolate
T S. carpocapsae (AF121049)
171 . . . . . . . . . S. glaseri (AF122015)
16 14 12 10 8 6 4 2 0

Nucleotide Substitutions (x100)

Percent identity (%)
S. monticolum|S. oregonense| S. feltiae |S. carpocapsael S. glaseri
(AF 122017) | (AF 122019) | (AF 121050) | (AF 121049) | (AF 122015)
Present 100 81.3 81.2 75.8 74.9
isolate

Fig. 4. ITS sequence of Steinernema monticolum collected in Andong
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oAl Hejx Aot ITS ZAFpE oFoAM AFPE ZEHAXZFo] Steinernema
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Fig. 5. Toxicity of Steinernema monticolum against 5th instar larvae of

Spodoptera exigua

bl 53 Foll tisiA S, monticolum A ES] WESEXALFIE 546 (31.1-92.7) vt

g2 Uelwttl.  ol= Steinernema carpocapsae®t -AF3E HESE2]A

FAEE 58 AYAe F4S vy ol d 2Fol gk X AH2 o] Aito] 7}
A

A sz w ARl o]Esky] wiel ol Wik Ze] B FAo]l AAE A

Al el A #A9" 239 FAoA TSB AHujAE Fa &2 =3t
FEE Al & 54 Ades vhe 2ol catalased lElA S0, FES B
A e Aog HFo FAStE M T Xenorhabdus %ol &3t oZ 4
ATt
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Table. 7. Genus identification characters of the bacterial isolate from the infective

juveniles of Steinernema monticolum Andong strain

Characters Xenorhabdus Photorhabdus Present isolate
Catalase - + _
Bioluminescence - + -

B2l AT AS 43S 32T dAXEE 7153199, o= X. bovienni®t

ARG 2 S dge Bt

Table. 8. Physiological and morphological characteristics used to identify the

species of the symbiotic bacterium isolated from Steinernema monticolum

Characters X. nematophila X. bovienii X. poinarii X. beddingii P;;gf;; t
S. carpocapsae S. feltiae S. glaseri  Unidentified S. monticolum
S. intermedium S. cubanum Steinernema
Host .
S. affine Spp.
S. kraussei
Gram strain - - - - -
Upper
threshold 35T 32 T 40 C 39 C 32 C
(growth)
Oxidase B B 3 3 B
production
O);ygen facultative facultative facultative facultative  facultative
requirement

4 T A4S skl At T4 dwbHqo® o] g 5= 16S rDNAS d7|ME S

J
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oI3h)

Xenorhabdus sp. 7} 7]

GGAGAGITAG

ATCTTGECTC

TGCAAGTCGA
CGGACGGEGTG
CTGGAAACGG
CCTTCGGEGECC
TGAGGTAACG
ACCAGCCACA
AGTGGGGAAT
GTATGAAGAA
GIGAAGITTA
GCTAACTCCG
CGGAATTACT
GAAATCCCCG
GICTCGTAGA
ATGTGGAGGA
CTCAGGTGCG
CACGCTGTAA
CCGGAGCTAA
AAAACTCAAA
TTAATTCGAT
TCCTTTAGAG
TGGCTGTCGT
GCGCAACCCT
AGACTGCCGG
TGGCCCTTAC
GAAGCGACCT
GATTGGAGTC
AGATCAGAAT
GICACACCAT
GAGGGCCGCTT
GTAACCGTAG

Fig. 6. A full

GCGGCAACGG
AGTAATGICT
TGGCTAATAC
TCACGCCATC
GCTCACCTAG
CTGGGACTGA
ATTGCACAAT
GGCCTTCGEEG
ACAGACTTTA
TGCCAGCAGC
GGGCGTAAAG
GGCTTAACCT
GGGGGGTAGA
ATACCGGTGG
AAAGCGT GGG
ACGATGTCGA
CGCGTTAAAT
TGAATTGACG
GCAACGCGAA
ATAGAGGAGT
CAGCTCGTGT
TTTCCTTTGT
TGATAAACCG
GAGTAGGGECT
CGCGAGAGCA
TGCAACTCGA
GCTACGGTGA
GGGAGTGGGT
ACCACTTTGT
GGGAACCTCGC

[e]
A5 E

ol & AA

AGATTGAACG
CAGGAACGCTT
GGGGATCTGC
CGCATGACCT
GGATGAACCC
GCGACGATCC
GACACGGECCC
GGGCGCAAGC
TTGTAAAGTA
CGATTGACGT
CGCGGTAATA
CGCACGCAGG
GGGAACTGCA
ATTCCACGTIG
CGAAGGECGEC
GAGCAAACAG
TTTGGAGGIT
CGACCGCCTG
GGGGCCCGCA
GAACCTTACC
GCCTTCGGEGA
TGTGAAATGT
TGCCAGCACG
GAGGAAGGTG
ACACACGTGC
AGCGGAACTC
CTCCATGAAG
ATACGTCCCC
TGCAAAAGAA
GATTCATGAC
GGCTGGATCA

L

o]l:

.

O [e)
X2 A2

CTGGECGGECAG
GCTTCCTGEC
CCGATGGAGG
CTGAGGAGCA
AGATGGGATT
CTAGCTGGTC
AGACTCCTAC
CTGATGCAGC
CTTTCAGCGG
TACCCGCAGA
CGGAGGGTGC
CGGTCAATTA
TCTAAAACTG
TAGCGGTGAA
CCCCTGGACG
GATTAGATAC
GIGCCCTTGA
GGGAGTACGG
CAAGCGGTGG
TACTCTTGAC
ACGCTGAGAC
TGGGTTAAGT
TAATGGTGGG
GGGATGACGT
TACAATGGCA
ATAAAGTCTG
TCGGAATCGC
GGGCCTTGTA
GIAGGTAGCT
TGGGGTGAAG
CCTCCTT

A7N1X D3 71E9 Xenorhabdus 4] 16S rDNA®} vagh A3}
(97% S.  monticolum®l ~]

F9¢ e glrk

o

GCCTAACACA
CGGCGAGCGG
GGGATAACCA
AAGT GGGGGA
AGCTAGTAGG
TGAGAGGATG
GGGAGGCAGC
CATGCCGCGT
GGAGGATGEC
AGAAGCACCG
AAGCGTTAAT
AGITAGATGT
ATTGGCTAGA
ATGCGTAGAG
AAGACTGACG
CCTGGTAGTC
GGCGTGECTT
CCGCAAGGTT
AGCATGTGGT
ATCCAGCGAA
AGGTGCTGCA
CCCGCAACGA
AACTCAAGEG
CAAGTCATCA
GATACAAAGA
TCGTAGTCCG
TAGTAATCGT
CACACCGCCC
TAACCTTCGG
TCGTAACAAG

ox

1=}
AL

50
100
150
200
250
300
350
400
450
500
550
600
650
700
750
800
850
900
950
1000
1050
1100
1150
1200
1250
1300
1350
1400
1450
1500
1537

sequence of 16S ribosomal DNA of a novel Xenorhabdus sp.

insolated from the infective juveniles of Steinernema moticolum Andong strain
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[ X.beddingi
X.nematophilus

X.poinarii
i a presentisolate
X.bovienii
35 X. japonica | |
2 0
Nucleotide Substitutions (x100)
Percent identity (%)
X. nematophila X. beddingii X. bovienii X. poinarii X. japonica

Present

. 96.4 95.7 96.8 96.6 96.4

isolate

Fig. 7. The phylogenetic tree with selected Xenorhabdus spp. on NCBI

ofef ™2 o] Alxte] HAAAM G Al ew AP A Xenorhabdus7b 7FA AL SQl=

ZE Hola Qth
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Fig. 8. Universally Mi Xbe Xbo Xn Xp New Non M2

primed-PCR (UP PCR)
pattern of Xenorhabdus sp.

('New") isolated from
. . |
Steinernema monticolum.
m— L —
'Xbe’, 'Xbo', 'Xn’, and 'Xp’ — e G G— —
represent X. bedingii, X S - = ﬁ —_ = =t
bovienii, X. nematophila, and e —

X. poinarii, respectively.
'M1" and 'M2’' represent 1
kb and 100 kb molecular

53°C

weight markers, respectively.
'Non’ sample did not have
any DNA template. PCR
products  were  visualized
with ethidium bromide

staining.




AU

o] #F7F AZE FTolgte AE ¥397] ¥8 random primergE ©]| &3 WHIH

RAPD Wy o= (Nielsen and Liibeck, 2002) +#73 A&5AS ¥dc. UP-PCR

(universally primed-PCR) ®WH& o]&3 Ao dsAdsS Hlustsich o] uj
UP-primer L45 (5'-GTAAAA CGACGG CCAGT-3")7F o] &=tk PCR 27&
374 2 annealing %55 o] &3lo] & ZZEA3S W WY, Hu Al o
F2Al Xenorhabdusel <3t 47]1 59 W]k o] A3} Steinernema
monticolumol| A Bl %8 FAMTE G2 Xenorhabdus FE3+ “3oldt PCR T3
FJHE RAY. olgst AFE F3 o] ¥FE Xenorhabdus koreana sp. n. & A3

3
Al H ATk o] = el Fsksls W 20417kl A 100%9] A S

= B3

100 —@— Xenorhabdus koreana
(- Sterile saline
80
)
o~
N d
> 60
=
©
t
O 40
=
20
0+ (ID O Q
0 6

Hours after bacterial injection

Fig. 9. Insecticidal activity of Xenrhabdus koreana on the fifth instar larvae of
Spodoptera exigua when 10° colony-forming units of the bacteria were injected

into the hemocoel.
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3. TEH T~y getel d 2tel (Photorhabdus temperata temperata) 5 A

7V, 25H A E (Heterorhabditis megidis)® 3 543 84

2= 1 94 % (Entomopathogenic nematode: Steinernematidae and Heterorhabditidae)
of A AAAoR BAAYOM, ABA PA AREA B2 AgHe] A T

AP g Ao ZFTHAAT Rt &8 Wk RS EXoR g}

AE otsd AUE 4 AFoA Ty AAFTo 2EHAY. T AYeA AR
A Zzol| o3te] =& 7|F A= Heterorhabditis spp.olA YEUYE= AT AR HAS

Table. 9. Pathogenic characteristics of Galleria mellonella larvae infected with the

nematode isolate

Symptoms
Characters
Isolate Heterorhabditis spp.
Insecticidal’ Positive Positive
Cadaver color Red-brick Red-brick
Bioluminescence Positive Positive

lagainst Galleria mellonella 5th instar larvae

T 545 foty, ExZ dujFdorw ZAHHE gy EAE] 1987 Poinar et al
o] Hi1%t H. megidis 9 Y1l A=A
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Table. 10. Species identification of Heterorhabditis sp. isolate (unit: m)
g f3 FA AE

E x = =

e %(T;%};j)? H. megidis’ = (?5%};1)? H. megidis®
A 7 768 768 1110 1000
A| 38 29 50 47
FH-aAF7A] A 127 131 151 156
HEd e A 2ol - - 162 138
aZ =z Aol - - 55 49
B2} o) - - 20 21
el 4ol 130 119 36 39
a' 20 26 22 19
¢’ 6 6 31 26
GS %’ - - 37 43
E %" 94 110 - -

Yae A/ AE, % A/ me) Aol ’GS %: A Aol / wAA Aol x100,

=
TR A vl T A / meE Aol x100. > ° Poinar et al., 1987

olelgt A=

o

A"F o7 HF= 2P orFoA AFE
°] EAES SEM, CLSM, LME& %3to] ddt}.
L= A M=o Heterorhabditisol <

Atk A& AAEL At
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Fig. 10. Heterorhabditis megidis Andong® HE|ALR: FALAA &An 4 (A-H), Z3F
Z Avd D, 23 dvd (J, K), A A5 A 75 (x3,000), B: oA
- (x4,000), C: FH ] FH (x5000), D: ZFAEH F3F F5 (x5000), E: 2+-& & A
el mEl (x2,000), Fr A9l me] (x1,000), G A g (x2,000), H: 7H e

H3 &4 (x5,000), I A 59 T4 9 stdie A48, ok A
EE AT (x600), 0 AEH F5o me: sAREE T (x400), Ko A ae):

spge wds AAE7] (x400).

LL
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adx ZEge AF F FAS 95, AF @l1FE DNAY ITSY9S 43 43,
A, A A zhzb 104770, 1051709 €717 ERdEHAT. o] g9 <

o
o 1
o= Caenorhabditis elegans®}t ¥]ilsto] F-&4 18S, ITS-1, 58S, ITS-2, 18l F
4 265 rDNA <ol 3ol AAt

Putative rDNA region Location
18S rDNA < 191
ITS - 1 192 - 575
5.8S rDNA 576 - 727
ITS - 2 728 - 947
26S rDNA > 948

TTGATTACGT CCCTGCCCTT TGTACACACC GCCCGTCGCT GTCGGGGACT 50
GAGCTGTTTC GAGAAGAGTG GAGACTGCTG TATCGGGGCT TTCGGGCTCT 100
GGTATGATGG AAACCATTTT AATCGCAATG GCTTGAACCG GGCAAAAGTC 150
GTAACAAGGT ATCTGTAGGT GAACCTGCAG ATGGATCATC GCTGAAAACC 200
TTATGGTTAT GCTTTGGTCA CGAGAGATCG GTGCTACCGG AATCAGGCTT 250
GCTCCTGATT TCGATCGGTG TCTCACCCCC ATCTAAGCTC TCGGAGAGGG 300
TGTCTAATCC CAATCGGGAG TCGCTTTGAG TGACGGCAAT GAGGATTGGG 350
TGTGCCATAC CCCATACGTG GGGTAGAGCA TAGACGTTAA GAACAGTGCT 400
CGGACTGTCG CCTCACCAAC CGTCGATTAC TGGTGGCTAT GAGTGACTTC 450
GGTCACTCGA GATCTGCTAT GCAGAGAGTC TCAATGAGTT GTTCGTCCAA 500
CCGCCGGTGT CGATAGAAAT TTTTTCCTAT TAACTTGTTT CCTGATTCGT 550
GTTAATACAT TTTGGCACAA TGTATTAGCT TCAGCGATGG ATCGGTAGAT 600
TCGCGTATCG ATGAAAAACG CAGCAAGCTG CGTTATTTAC CACGAATTGC 650
AGACGCTTAG AGTGGTGAAG TTTTGAACGC ACAGCGCCGT CGGGTTTTCC 700
CTTCGGCACG TCTGGCTCAG GGTTGTTTAG AGTACTGCGG TGTTGCTGCG 750
AAAGTAGCAA TGTCGAGTGT CGAACGGCGT TAGTGTTTGC TACTGGCCCC 800
GTTCTAGTTC CGAATATTGG CAACATGTCG TCACGTCTTC GTGACGACGC 850
CGTAGAGAGT ATAAGTCTGT ACCTGTGGAT GTGTAGCGTA TGAAATATGA 900
TGCTTCCCAT ACATAGCGAG GAGGTGCTTC TTATACTATC TTGCTTATGC 950
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AACCTGAGCT CAGTCGTGAT TACCCGCCGA ACTTAAGCAT ATCATTCAGC 1000
GGAGGAAAAG AAACTAACTA GGATTCCCTT AGTAACGGCG AGTGAAA 1047

H.megidis Andong
4|-E H.megidis Hwasung

H. megidis

[ H. hepialus

H. marelatus
H.zealandica
[ H.argentinensis
7] L H.bacteriophora
[~ H.hawaiiensis
L H.indicus
Ll Ll Ll Ll Ll 1

10 8 6 4 2 0
Nucleotide Substitutions (x100)

10.9

Fig. 11. DNA sequence of rDNA internal transcribed spacer (ITS) of

Heterorhabditis megidis Andong and its phylogenetic analysis

stol A EEld H megidis 2712 Aol 79l 9717F Zolr7F uwhrh: 18S
DNAG oA 1709 A71d3F (transversion), ITS-1 Gl 2719 G714
(transition), 370¢] 97| A2, 2811 58S rDNAG oA 1719 A7 dsto] dojwts
o salslgd. aga T AEgkls TS 19 ITS-2 Feolq 717F 47) a1 2
Ne] suto] vrEpyk
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Table. 11. Ribosomal DNA (DNA) sequence analysis of Heterrhabditis megidis

Andong and H. megidis Hwasung: point and deletion mutations

Putative rDNA region
Mutation & Gap 18S rDNA ITS-1 5.8S rDNA ITS-2 26S rDNA

Transition - 2 - - -

Transversion 1 3 1 - -
Gap - 4 - 2 -

ol AFE wig o R Shaolx EElH
number: AF029711)¢} 714 =& FAIE

gt o= I o] AFFe Hx 7

. megidis (NCBI access
egidis (AY293284)2 &

g
ol
o,
rjg
-
ol
rlo
I

Table. 12. Species identification of Heterorhabditis megidis Andong (NCBI access
number: AY293284) by comparing DNA sequence of rDNA internal transcribed
spacer-1 (ITS-1)

H. megidis Andong

Heterorhabdidis spp.1

Nuceotides Homology Gaps Identity i

value
(bp) (%) (%) (bits)

H. megidis 566 98 0 1013 0.0

H. hepialus 570 91 3 670 0.0

H. marelatus ** 570 91 3 662 0.0
H. bacteriophora ¢ 331 92 1 418 e-114
H. argentinensis le 331 92 1 418 e-114
H. zealandica 333 91 0 414 e-112
H. indicus '* 170 98 0 313 3e-82
H. hawaiiensis " 170 98 0 313 3e-82

'NCBI ID number: *AF029711, "AF029709.1, AF029713, ‘AF029708, “AF029706.1,
'AF029705.1, *AF029710, "AF029707.1.
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U FF R Sl diskel MRS FAT A, Y (S exigua)® B,
HEe WEAEE} derhelRA b 2 dErge selshea, rols
2ol AFA el 2 Aol @R nnd Be o AFo] Aol

P

Table. 13. Pathogenicity of Heterorhabditis megidis Andong against lepidopteran

species

Species (fifth instar) LCso, IJs 95% CI Slope
Spodoptera exigua 46 c 1.0 - 82 1.7 £ 06
Galleria mellonella 204 b 145 - 290 23+ 04
Plodia interpunctella 59.1 a 304 - 81.7 42 £ 15
Bombyx mori 93.8 a 53.2 - 1504 14 + 0.3

H. megidis Andong®] &% 548 xAsh7] 98k, v e d o=

o
A9
o
ot

U 59 UgoR Ae As A 69 Fol AgEA $Ael FESAL 1
2HE o 25 ol AolAl g, S FAFES HA sgow, oEe wnE @
F, 4R B En A BGH FFol 2ARUL olsk WA AFA JU4
o] mzre] owA, 189 olFoli HEe Fdel FRHULh ook mmste] %
W, Fig. 2504 % 5 Q%el, 71FA9 Bhol F5% ggd f59 @ 2717}
23 2FoAE 2%e FAT £ A3, ol grHow gdy F3o @57
43 F7hEe st
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600

500 — —o— J1
400 —

300 —
200 —
100 —

200 —e—J2
150 —

100 —

50 —

0—0—0—0 — r r r r r : - —e
30000 —
25000 |- —o— J3/J
20000
15000
10000
5000

Number of nematode

300
250
200
150
100

50

—&— Male
O+ Female

400 — 6%* Hermaphroditic female

600 —

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Days after nematode inoculation

Fig. 12. Life cycle of Heterorhabditis megidis Andong in the fifth instar larvae of
Spodoptera exigua
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—-@— G.m
15X10* - —O— S.e

(2]
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'c al
S 12X10
>
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e
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0 2 4 6 8 10 12 14 16 18 20 22 24 26

Days after nematode treatment

Fig. 13. Production of infective juveniles of Heterorhabditis megidis in Galleria

mellonella (Gm), Spodoptera exigua (Se), and Bombyx mori (Bm)

o] 4] A3 E Lokl 2EHAdAE (Entomopathogenic nematode:

Steinernematidae and Heterorhabditidae)> 2+2}F, o Xenorhabdus, Photorhabdus

2 5, @ =Adte] FAAMTES BEHgn. 282 ko], Alte] 7]FA
o Wel 75e vhulA)a HAFE Fustel AN o5 e AL Ea

= A ARARA dRE dFolth. A Fmel APE 2T
=9] %, Steinernematidae: Steinernema carpocapsae, S. glaseri, S. monticolum,
d Heterorhabditidae: Heterorhabditis bacteriophora ©]74¢] 47) Zo] W 11¥ Hjo]
o 2 ATE Bebel H megidis7h F7hE Sl A4EOR wuna 4EA A

A=A 2 FEAAS TEsATh
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v, 2= A AT (Photorhabdus temperata temperata) ¢ 543 84

U AR E 2 5SAHE Heterorhabditis megidisoll A & A ito] ool A 7143 Wy
(Xenorhabdus koreana® 734-%-)°l we} 2=t E2ld Ade g RS 1

oln] WS Atk

Fig. 14. TEM photo of the bacterial isolate from the symbiotic nematode,
Heterorhabditis megidis

weln wrel gud 540 RRed 542 FHom 24T odwd 54E
oM 538 PP} 1% B4 o] @77} Photorhabdus S S@THE AS e
g gl
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Table. 14. Physiological and morphological characteristics used to identify the

symbiotic bacterium isolated from infective juvenile of Heterorhabditis megidis

Characters

Photorhabdus’

Present isolate

Host

.2
Gram strain

Oxidase production3

Oxygen

. 4
requirements

Methyl red test
Indole production
Shape

Cell length (m)
Cell width (gm)
Flagella type

Mortility

Heterorhabditis spp.

5

Facultatively anaerobic

Rod

4.0-10.0

0.8-2.0

Peritrichous

Sinusoidal motility

Heterorhabditis megidis

Facultatively anaerobic

Rod

4.6-9.6

0.95-1.22

Peritrichous

Sinusoidal motility

' Detail of Photorhabdus were described in Bergey’s manual (Krieg and Hort,

1984).

? Gram strain test used with 3% KOH after 24hours incubation on TSA.

¥ Oxidase test used with 1% Dimethyl-p—-phenylendiamine hydrochloride after

48h incubation on TSA. 4Oxygen requirements test used after 48h incubation

on TSA.

° +! positive reaction, —: negative reaction, d: weak reaction
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Table. 15. Dichotomous identification characters of the bacterial isolate from

Heterorhabditis megidis with closely related bacterial species.

Characters Photorhabdus1 Xenorhabdus Present isolate
Catalase” +4 - 4
1?>ioluminescence3 + - +

' Detail of Photorhabdus and Xenorhabdus were described in Bergey's manual
(Krieg and Hort, 1984).

® Catalase production test used 3% H.O, after 48hours incubation on TSA.

® Bioluminescence checked in dark condition on TSA.

+! positive reaction, —: negative reaction.

=
iin
&

=

olAe] st EAES EUE  16S rDNAY d7|AEES 24

Photorhabdus temperata temperata = 39 % 21T},
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GAAGAGTTTG ATCATGGCTC AGATTGAACG CTGGCGGCAG GCCTAACACA 50

TGCAAGTCGA GCGGTAACAG GAAAGTGCTT GCACTTTTGC TGACGAGCGG 100
CGGACGGGTG AGTAATGTCT GGGGATCTGC CCGAGGGCGG AGGATAACCA 150
CTGGAAACGG TGGCTAATAC CGCATAATGT CGCAAGACCA AAGTGGGGGA 200
CC[TGAAAG|GG CCTCACGCCC GCGGATGAAC CCAGGTGGGA TTAGCTAGTC 250
GGTAGGGTAA TGGCCTACCG AGGCGACGAT CCCTAGCTGG TCTGAGAGGA 300
TGACCAGCCA CACTGGGACT GAGACACGGC CCAGACTCCT ACGGGAGGCA 350
GCAGTGGGGA ATATTGCACA ATGAGCGCAA GCCTGATGCA GCCATGCCGC 400
GTGTATGAAG AAGGCCTTCG GGTTGTAAAG TACTTTCAGC GGGGAGGAAG 450
GGTTTAGCCT GAACAGGGTT GAATTTTGAC GTTACCCGCA GAAGAAGCAC 500
CGGCTAACTC CGTGCCAGCA GCCGCGGTAA TACGGAGGGT GCAAGCGTTA 550
ATCGGAATGA CTGGGCGTAA AGCGCACGCA GGCGGTCAAT TAAGTTAGAT 600
GTGAAATCCC CGGGCTTAAC CTGGGAACGG CATCTAAGAC TGGTTGGCTA 650
GAGTCTCGTA GAGGGGGGTA GAATTCCATG TGTAGCGGTG AAATGCGTAG 700
AGATGTGGAG GAATACCGGT GGCGAAGGCG GCCCCCTGGA CGAAGACTGA 750
CGCTCAGGTG CGAAAGCGTG GGGAGCAACC AGGATTAGAT ACCCTAGTAG 800
TCCACGCGGT AAACGATGTC GATTTGGAGG TTGTTCCCTA GAGGAGTGGC 850
TTCCGGAGCT AACGCGTTAA ATCGACCGCC TGGGGAGTAC GGCCGCAAGG 900
TTAAAACTCA AATGAATTGA CGGGGGCCCG CACAAGCGGT GGAGCATGTG 950
GTTTAATTCG ATGCAACGCG AAGAACCTTA CCTACTCTTG ACATCCAGAG 1000
AAGACCACAG AGATGTGGTT GTGCCTTCGG GAGCTCTGAG ACAGGTGCTG 1050
CATGGCTGTC GTCAGCTCGT GTTGTGAAAT GTTGGGTTAA GTCCCGCAAC 1100
GAGCGCAACC CTTATCCTTT GTTGCCAGCG CGTGATGGCG GGAACTCAAA 1150
GGAGACTGCC GGTGATAAAC CGGAGGAAGG TGGGGATGAC GTCAAGTCAT 1200
CATGGCCCTT ACGAGTAGGG CTACACACGT GCTACAATGG CGGATACAAA 1250
GTGAAGCGAC CTCGCGAGAG CAAGCGGAAC ACATAAAGTC TGTCGTAGTC 1300
CGGATTGGAG TCTGCAACTC GACTCCATGA AGTCGGAATC GCTAGTAATC 1350
GTAGATCAGA ATGCTACGGT GAATACGTTC CCGGGCCTTG TACACACCGC 1400
CCGTCACACC ATGGGAGTGG GTTGCAAAAG AAGTCGGTAG CTTAACCTGT 1450
AGGAGGGCGC TGACCACTTT GTGATTCATG ACTGGGGTGA AGTCGTAACA 1500
AGGTAACCGT AGGGGAACCT GCGGCTGGAT CACCTCCTT 1539

P.temperata temperata Korea strain
|—| P.temperata temperata Russia strain

Photorhabdus temperata
Photorhabdus asymbiotica
Photorhabdus luminescens luminescens
Photorhabdus luminescens ak hursti
Photorhabdus luminescens laumondii

2
Nucleotide Subs titutions (x 100)

Fig. 15. 16S rDNA nucleotide sequence of the isolate from the symbiotic nematode,

Heterorhabditis megidis
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Photorhabdus temperata subsp. temperata®l W3t 7|F ZF9] AE7)FE QA H
3] #4420 phospholipase A2 (PLA2)9] &AJo] & @Y. PLA2E &
Aol HYES e I|FEFTAA AxAd WYRNeS FAdTE wWYgeAEd
(eicosanoid)= A&Fdste= 3 WA GAlolth. o] TA AA| whEo] FFAHOE A
¥4 WY whES AgAA 7IFE AAMAE F e HE S BEdE APl

dobsl= Al 95TolA 5 EAeE Avs sl 53 HF F F AR
(Oh, 4h, 8h, 12n¥E= 2o 5 FHeAS o, 423 o] FolA FH 4

F7h @A Rt e AL B+ Ak

10
—A— heat-killed
— live
8 -
o ef
=
O
o
[
#* 4T
2 -
0
0 4 8 12

Time(h) after PTT injection

Fig. 16. Immunodepressive effect of Photorhabdus temperata temperata

(nodulation: time course)
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Fig. 17. Immunodepressive effect of Photorhabdus temperata temperata

(nodulation: dose-response)
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0.00

Live Heat-killed

PO activity (absorbance / 5 min)

Fig. 18. Immunodepression effect of Photorhabdus temperata temperata (activation

of phenoloxidase)

(2) A9 At A4 ¥Hg ¥4 (Binding assay)
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Fig. 19. Immunodepressive effect of Photorhabdus temperata temperata (binding

assay)

(3) Ptt7} eicosanoid pathwayS A 7ol g #AA

{02

Foldl= Alvt ) dAeld Mds HEF3AS Wl nodulation? PO &4, 123
At e binding®] #Fol7b YEES oA & 4 AT PLA2S] 5ol oAzt

o
dexamethasone (DEX)& dAgd A2 HF 3 o A2 IS ], noduled <

ol

A

7F sk AS B o A, Aeoldls Al A= nodule®] 7F A A= 5ol
A &A=l arachidonic acid(AA)S A stAE "W+ nodulee] F7lete= Aa =&
T AAT
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Fig. 20. PLAZ2 inhibitory

ol2]3k PLA2 94 &3 7y

LHERA AT

Fig. 21.

activation)
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_71_

i)
il

(PO



g AT bindingo]| = 29 nodulation® PO &4 3 & ZA3E eIt
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Fig. 22. PLA2 inhibitory effect of Photorhabdus temperata temperata (binding

assay)

55 Fgstd, Aol A LW AXNZE Heterorhabditis megidis

o g2 XE Be3t Photorhabdus temperata temperata® S+ZHWAATFE TZo 3l
a

[€)
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Fig. 23. Synergistic effect of Xenorhabdus nematophila (Xn) on the insecticidal

activity of Bacillus thuringiensis aizawai (Bt) at LCy concentration against 2nd
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instar larvae of Spodoptera exigua. After 48h culture of Xn, the cells and the
supernatant culture media were separated and freeze—dried.

Xn Frell Altolut wigke] mF= HlE] Feofe] dFHo] dsid =2 A &
gahaTh. o AHE Xnol WEAAF (LCx) B HFAAAL (LT)o% Lheh

3 BT}

Table. 16. Toxicity of Xenorhabdus nematophila (Xn) on the insecticidal activity of
Bacillus thuringiensis aizawai (Bt) at LCy concentration against 2nd instar larvae
of Spodoptera exigua. After 48h culture of Xn, the cells and the supernatant

culture media were separated and freeze—dried.

.. 1
Xn treatment Toxicity parameter

with Bt Median (95% range) Slope X?
LCs, ppm  103.3 (79.1 - 136.2) 1883 £ 0.24 97.61
Cell
LTso, days 0.7 (05 - 0.9) 560 + 1.23 86.49
LCso, ppm 37.2 (16,5 - 784) 1.66 £ 0.39 88.36
Culture
media
LTso, days 09 (0.7 - 1.1) 6.35 + 1.16 0.85

"' LC50 and LT50 represent a median lethal concentration and time, respectively.

TS i x4 A{A A kA ZEAJA Ag ofF #A4S AAstAth

g 2} Zh LEO| Ao sy 28 F S 200k, 585

2 10 #EjH 3nkRow HJFa Aok olF XEW Bt + Xn (LCyp + LCw) Y L=
0 <

ANA AEA AESAL,
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Table 17. Pot assay of a mixture of Bacillus thuringiensis aizawai (Bt) at LCy
concentration and Xenorhabdus nematophila (Xn) at LCes concentrationon on the

insecticidal activity against Spodoptera exigua

Lo o
Spray amount (m) Mean mortality + SD (%) after treatment

of Bt + Xn mixture 1 day 2 days 3 days

2nd instar (n = 60)

0 0.0 £ 0.0 167 £ 6.7 -
10 91.7 £ 29 100.0 = 0.0 -
20 96.7 + 2.9 100.0 + 0.0 -
30 100.0 + 0.0 100.0 £ 0.0 -

5th instar (n = 30)

0 3.3 £ 58 6.7 + 58 6.7 £ 5.8
10 63.3 £ 5.7 90.0 = 10.0 100.0 £ 0.0
20 90.0 = 10.0 96.7 £ 5.8 100.0 + 0.0
30 100.0 £ 0.0 100.0 £ 0.0 100.0 £ 0.0

ol’del F AW Ad A3 Bt+Xn SqA L] ma7E dFHJAY. olE vt LR k9]

EGA G SRS gidoz HEedn XFAFELS JdHy 3R R AP
ARtk ZF FF (o] °F 10 em, & 15 em)S wHE o7 sl 28 %S 20ulg
A58 E 10 vk JEFsAn. ol 24 9F 9 Bt + Xn (LCyx + LCy)9] &

T2 ZAE A4S 10 ml, 20 ml, 30 mb=E AEZ NS FIHAIA ThHA AEES]
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HEle} Xnel £ Al Az Axmojare] wAgle] Xn Wikl syhiue] 2w
B 5950 dalA we ¥A AFLS wHadY. XeAdN fAaA 28 F
A% Az 290l 100%] WAl ETHE wel W, 58%e 39 AIE 100% A
EEENTEES

Table 18. Field assay of a mixture of Bacillus thuringiensis aizawai (Bt) at LCy
concentration and Xenorhabdus nematophila (Xn) at LCes concentrationon on the

insecticidal activity against Spodoptera exigua

Lo o
Spray amount (m) Mean mortality + SD (%) after treatment

of Bt + Xn mixture 1 day 2 days 3 days
2nd instar (n = 60)
0 200 £ 50 333 £ 5.8 -
10 917 + 29 100.0 = 0.0 -
20 95.0 = 0.0 100.0 £ 0.0 -
30 95.0 = 0.0 100.0 £ 0.0 -
5th instar (n = 30)
0 6.7 £ 58 13.3 £ 58 133 £ 58
10 80.0 + 10.0 933 + 5.8 933 + 5.8
20 86.7 + 5.8 933 + 5.8 93.3 + 5.8
30 90.0 + 0.0 100.0 =+ 0.0 100.0 + 0.0
ol el Adl B TH Ad= Xn MG FAAZEEC] HE dFHS FlEHA A
A7lE Aow A H At
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Table 19. Toxic effect of Xenorhabdus nematophila (Xn) on 2nd instar larvae of
Spodoptera exigua. After 48h fermentation of Xn, the cells and the supernatant

culture media were separated and freeze—dried.

Cell dose Number of Mortality (%) after treatment
(ppm) larvae 24h 48h 72h 96h
Cell
0 30 0.00=x0.00 0.00%0.00 0.00+0.00 0.00%+0.00
15.625 30 16.67+£3.33 56.67£3.33 83.33+3.33 100.0£0.00
31.25 30 26.67£3.33 66.67%£3.33 86.67x£8.82 100.0x£0.00
62.5 30 33.33%£3.33 76.67£3.33 93.33%£3.33 100.0£0.00
125 30 43.33£3.33 100.0+£0.00 100.0£0.00 100.0%£0.00
250 30 46.67x£3.33 100.0+£0.00 100.0£0.00 100.0%£0.00
500 30 46.67x£3.33 100.0+£0.00 100.0£0.00 100.0%£0.00
1000 30 63.33£3.33 100.0£0.00 100.0£0.00 100.0%0.00
Culture media
0 30 0.00=x0.00 0.00£0.00 0.00+0.00 0.00%0.00
15.625 30 13.33+3.33 73.33%£3.33 83.33+£3.33 100.0£0.00
31.25 30 26.67£3.33 76.67%£3.33 93.33£3.33 100.0x£0.00
62.5 30 36.67£3.33 93.33£3.33 100.0£0.00 100.0%0.00
125 30 46.67%x3.33 100.0£0.00 100.0£0.00 100.0£0.00
250 30 56.67£3.33 100.0£0.00 100.0£0.00 100.0%£0.00
500 30 60.00£0.00 100.0£0.00 100.0£0.00 100.0%£0.00
1000 30 70.00£0.00 100.0£0.00 100.0x0.00 100.0x0.00

_77_



Table 20. Median lethal dose (I.Csy) of Xenorhabdus nematophila (Xn) against 2nd
instar larvae of Spodoptera exigua. After 48h fermentation of Xn, the cells and

the supernatant culture media were separated and freeze—dried.

Time after 2
LCs0, ppm Slope X~
treatment
Cell
24h 357.9 (184.03—1227.19) 0.62 £ 0.15 37.33
48h 15.2 (5.96—22.85) 1.71 £ 0.43 78.15
72h 3.7 (0.00—10.39) 1.35 = 0.56 57.61
Culture media
24h 196.9 (119.97-363.78) 0.83 + 0.16 55.95
48h 8.6 (1.31—15.03) 1.76 £ 0.53 75.34
72h 6.7 (0.00—12.34) 250 £ 1.11 85.19
ool Ay ANU-Xnl0l w5 o2 spyhpel] i) 45a3s Hola vk
AL Yepdth ady F R AlRolAl wjgde] M AA R AFEo] &
vttt ole AFEAC] AFo2RE fAEo wjYgAor FHlETE AMES A
At glek oleld Aatwikel wEel AFEvhe dolA Hed wE 45 n
g =4tHor dystel & W ol 4WH YEEF AL $4o7 AFW
& o
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Fig. 24. Acute toxicity of culture medium of Xenorhabdus nematophila

ANU-Xnl01 against adults of Tetranychus urticae.
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Table 21. Median lethal dose of culture medium of Xenorhabdus nematophila
ANU-Xnl01 against adults of Tetranychus urticae

Time after 2
LCs0, ppm Slope X~
treatment
1 day > 2,000 - -
3 days 32.9 (3.9-74.4) 1.11 + 0.27 62.88
5 days < 32.9 - -

Mo
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Table 22. Control effect of Xenorhabdus nematophila culture media on adults of
Tetranychus urticae (3 days after treatment) in apple orchard. The control effects

of two commercial acaricides were compared.

Mite population Survival (%) o Control
. Significance .
Test chemicals before spray efficacy
I II 111 Mean (DMRT)
per apple tree (%)
Xn culture media
498.3 48 14 0.8 2.3 a 97.7
(500 ppm)
Spirodiclofen 36 WP
606.3 181 152 99 14.4 a 85.4
(500 ppm)
Fluacrypyrim +
Tetradifon WP 405.3 20 62 74 52 a 94.7
(500 ppm)
Control 473.7 98.0 106.0 91.2 984 b -

_80_



Table 23. Control effect of Xenorhabdus nematophila culture media on adults of
Tetranychus urticae (7 days after treatment) in apple orchard. The control effects

of two commercial acaricides were compared.

Mite population Survival (%) o Control
. Significance
Test chemicals before spray efficacy
I II 111 Mean (DMRT)
per apple tree (%)
Xn culture media
498.3 00 0.2 0.2 0.1 a 99.9
(500 ppm)
Spirodiclofen 36 WP
606.3 122 59 3.3 7.1 a 91.5
(500 ppm)
Fluacrypyrim +
Tetradifon WP 405.3 47 47 6.9 54 a 935
(500 ppm)
Control 473.7 90.8 794 581 83.1 b -

l

ANU-Xnl1019] #]¢F &Ho] Az} Hubo]gofjol]l djsllA > 7oA 500 ppmo =

O

B A dFY AAF 999%°] A 285 75T olge WAl ade &
A Seferor Adsta QE F gl kA WAl &l HlH 53 Aoz I
R RTYe=

ANU-Xnl101 ®j%fefo] ofGA Fofel Hu] &35 B F = Aol tiafjx= dA
24 4 gl 7hee PEEA Xnol ZE w2 A Zh Sole el A
e MAEEdA AdAERE Fo| YA oR ugH oo MHAAH THEA

A7E B 4 A
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of benzylideneacetone (BZA) and proline-tyrosine (PT)

derived from the culture media of Xenorhabdus nematophila (Xn) on 2nd instar

larvae of Spodoptera exigua.

Dose Number of Mortality (%) after treatment
(ppm) larvae 24h 48h 72h 96h
BZA
0 30 0.00=x0.00 0.00%0.00 0.00+0.00 0.00%+0.00
15.625 30 16.67+£3.33 63.33%£3.33 86.67+3.33 100.0£0.00
31.25 30 16.67+3.33 66.67£3.33 93.33+3.33 100.0x0.00
62.5 30 23.33%£3.33 73.33%£3.33 96.67£3.33 100.0£0.00
125 30 26.67£3.33 73.33£6.67 100.0£0.00 100.0%£0.00
250 30 33.33+£6.67 76.67x3.33 100.0x£0.00 100.0x0.00
500 30 36.67+6.67 83.33x6.67 100.0x£0.00 100.0x0.00
1000 30 40.00x£5.77 90.00x5.77 100.0£0.00 100.0%£0.00
0 30 0.00=x0.00 0.00£0.00 0.00+0.00 0.00%0.00
15.625 30 13.33+£3.33 43.33£3.33 76.67+3.33 100.0£0.00
31.25 30 33.33£3.33 53.33%£3.33 86.67x£3.33 100.0%£0.00
62.5 30 33.33£6.67 60.00£0.00 93.33£3.33 100.0%£0.00
125 30 43.33+£3.33 63.33%£3.33 96.67%£3.33 100.0£0.00
250 30 40.00£5.77 63.33+£3.33 100.0£0.00 100.0%£0.00
500 30 43.33£6.67 66.67£3.33 100.0x£0.00 100.0x0.00
1000 30 46.67x£3.33 76.67x£3.33 100.0£0.00 100.0%£0.00
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Table 25. Toxicities of benzylideneacetone (BZA) and proline-tyrosine (PT) derived
from the culture media of Xenorhabdus nematophila (Xn) on 2nd instar larvae of

Spodoptera exigua.

Time after 2
LCs0, ppm Slope X~
treatment
BZA
24h 3196.05 (722.72—7052496.0) 0.44 £ 0.16 19.27
48h 3.47 (0.00—16.85) 0.45 £ 0.16 7.95
72h 3.09 (0.00-9.50) 1.53 £ 0.71 62.09
PT
24h 954.44 (306.79—164299.20) 0.41 £ 0.15 10.50
48h 24.97 (0.37—70.76) 0.41 £ 0.15 2.76
72h 4.96 (0.20—11.50) 1.41 £ 0.44 61.94

Fowde syl gald BE e 439 Adch A 1959 Fas
7 uehgon 2ddolF RHE dAE 4FEAE BT, olF JFom F BAL
Maste] W BASHOR (95% AT FE o) Folsh A grrie A
2 o 4 gtk oE B9 4% TIt BY B wok B3| AssAw, w
Fo) HFaIbel UABAL Hyste] Fi Adeld WFAL S8 Ashetsore)

s AWE vgom T BA ¥Y YALL FAsALt =
o] WS WFEAFA 500 ppme] Al viFd BZA, PTE 49H Xt xA

A7 AW Aol M B A VIR s AT

N
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Table 26. Control effect of Xenorhabdus nematophila culture media and identified
compounds on larvae of Spodoptera exigua (3 days after treatment) in soybean

field. The control effect of one commercial biopesticide was compared.

Survival (%) N Control
) Mean larvae/ Significance
Test chemicals o efficacy
replication I 1I I  Mean (DMRT)
(%)
Xn culture media
10.0 00 0.0 0.0 0.0 a 100.0
(500 ppm)
BZA (500 ppm) 10.0 00 0.0 0.0 0.0 a 100.0
PT (500 ppm) 10.0 00 0.0 0.0 0.0 a 100.0
Bt (500 ppm) 10.0 00 0.0 0.0 0.0 a 100.0
Control 10.0 6 5 7 6.0 b

HlElF ko] A5EHE HYY ANU-Xnl0l wigde] avs Ed2A 397 9
a7+ Bde 24z vEek EdFsto] shihibdel Aelsklth. BZAS PTw X5 H]
Elol teir =& A9 &S e 2oz yeuth ofdd E3dade 7 7t

o
AUN
)
V)

_84_



120

71 Only BT (400X)
—@- BZA
100  ~O-PT
é 80 -
> T
% 60
=
(@)
= 40|
20
0 ‘ O

BT (o} 15.625 31‘.25 6é.5 1é5 250 5;00 1600
PLA, Inhibitor (ppm) with BT (400X)

Fig. 24. Synergisitic effect of bezylideneacetone (BZA) and proline-tyrosine (PT)
on insecticidal activity of Bacillus thuringiensis against 2nd instar larvae of

Spodoptera exigua
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Table 27. Toxic effects of benzylideneacetone (BZA) and proline-tyrosine (PT)

derived from the culture media of Xenorhabdus nematophila (Xn) on adults of

Tetranychus urticae.

Mortality (%) after treatment

Dose
(ppm) 1 day 2 days 3 days 4 days 5 days 6 days
BZA
0 30 0.0 x0.0 0.0 £ 00 00*x00 0000 0000 00=x0.0
125 30 1.1 +£19 21.1 £7.0 322 £ 51 733 £ 26.7 93.3 £ 11.5 98.7 = 2.3
250 30 7.8 19 322 &+ 12.6 33.3 £ 6.7 755 * 16.8 100.0 £ 0.0 100.0 £ 0.0
500 30 155 £ 6.9 34.4 £ 5.1 689 £ 30.1 956 £ 7.7 100.0 0.0 100.0 = 0.0
1000 30 55.6 £ 2.0 97.8 £ 3.9 100.0 £ 0.0 100.0 £ 0.0 100.0 = 0.0 100.0 = 0.0
2000 30 100.0 £ 0.0 100.0 £ 0.0 100.0 £ 0.0 100.0 = 0.0 100.0 0.0 100.0 = 0.0
PT
0 30 0.0 £0.0 0.0 £ 00 0.0 %00 00=*0.0 0.00£0.00 0.0 x 0.0
125 30 6.7 £ 76 20.0 x50 21.7 £29 31.7 £ 7.6 43.3 14.4 45,0 £ 13.2
250 30 83 29 167 £ 76 183 £ 5.8 26.7 £ 7.6 35.0 10.0 43.3 £ 20.2
500 30 11.7 £ 2.9 16.7 £ 2.9 183 £ 2.9 33.3 £ 12.6 45.0 18.0 60.0 £ 27.8
1000 30 10.0 £ 5.0 23.3 £ 2.9 25.0 £ 87 41.7 £ 2.9 53.3 10.4 68.3 £ 16.1
2000 30 20.0 £ 5.0 23.3 £2.9 30.0 % 50 483 = 2.9 58.3 12.6 73.3 £ 22.5
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Table 28. Toxicities of benzylideneacetone (BZA) and proline-tyrosine (PT) derived

from the culture media of Xenorhabdus nematophila (Xn) on adults of Tetranychus

urticae.
Time after 2
LCs0, ppm Slope X~
treatment
BZA
3 days 244.09 (91.86—645.04) 2.76 £ 0.89 22.37
6 days < 125 - -
PT
3 days > 2000 - -
6 days 252.34 (105.49—-406.59) 0.71 £ 0.18 1.52

olde]l Aue= F E4o] Hutolgofo] A =2 AHEE A 3
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Fig. 25. Synergistic effects of Xenorhabdus koreana (Xk) and Photorhabdus
temperata temperata (Ptt) on the insecticidal activity of Bacillus thuringiensis

aizawai (Bt) at LCg concentration against 2nd instar larvae of Spodoptera exigua.

oA BF AESI gl Bl spghupdel gk vlE AFES Al
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Fig. 25. Acaricidal effect of two entomopathogenic bacteria (Xenorhabdus koreana

and Photorhabdus temperata temperata) on adults of Tetranychus urticae

_89_



T+ ZE5HAAT (Xenorhabdus koreana and Photorhabdus temperata temperata))

Hj kol Hubol Gofjoll diafA =S w4 5445 Btk ol#g wjgde] gt

olEo] ®HlsteE Ed 7IdE F due Aol elA AYE  Xenorhabdus
ES

nematophila®l 23} 7=z At

_90_



Xne Al W vk ofyel Ay Wgx AAstAnt. 2F 9] cecropinit A
diAe agSAdde] Al el digk Add wWowe] R dE A o
Cecropine HW}=Z antimicrobial peptides®] dF o2 FoloA HSow LAHOH
transgenic plant® ©o]&% o7} v} o] w@whE L 35-377] AHEQ] olu|xito g I
oL, A, B, DO A7HAl FEi7F RaEA AT 5 JFsAs W ol
cecropinfroll 9& A ¢ w=3 FHI AF g5 el o] dAdA &

A ATt e] cecroping JAA L Aol 7S EQEZ A3

1A B, .= CC G..G crrnealiy e e, .., 3 Ge0BOTOD| A=A
1 A .G. : eolde s s eea= oo s B sl o s DlOBOTOD | N=A

o, LA, o B e AL AL L L SB0acT oD n=A
B0 : A A, T e e e M A Sloscrooin=m

Seoacrop i n=h

i Sloearopin=A

A, Stcecropin-8
....... Sececropin-8

Slcecropin-B
Sececropin—B8

Fig. 27. Nucleotide sequences of cecropin genes from Spodoptera exigua
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Fig. 28. Inhibition effect of the hemolymph infected with heat-killed Xenorhabdus
nematophila on the growth of Escherichia coli. The hemolymph infected with live

X. nematophila showed significantly decreased antibacterial activity.
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Fig. 29. Two compounds, benzylideneacetone (BZA, fraction #11-1) and
proline-tyrosine (PT, fraction #17-3/#18-1).
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Fig. 30. Inhibitory effects of benzylideneacetone (BZA) and proline-tyrosine (PT)

on hemocyte nodulation in Spodoptera exigua
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Fig. 31. Inhibitory effects of benzylideneacetone (BZA) and proline-tyrosine (PT)

on phenoloxidase (PO) activation in Spodoptera exigua
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= o]&3dto] s WA 2T AWA Axv FE=3 PLA2 28 EF
o 7 EHS 77 H7HA7l & AAS] WEoFE gas chromatography = 43}
ot
Table 29. Inhibition of arachidonic acid release from fat body membrane
preparation by PLAZ inhibitors purified from culture broth for Xenorhabdus
nematophilus.
Hydrolyzed FLAZ extract containing (peak area, x100)
faty acide " SECH | 111 15-1 173 18-1
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Fig. 32. Inhibitory effects of benzylideneacetone (BZA) and proline-tyrosine (PT)
on PLAZ2 activity which were indirectly measured by linked enzyme activity of

phenoloxidase in Spodoptera exigua
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Fig. 33. Any synergistic effect of two PLAZ2 inhibitors, benzylideneacetone (BZA)
and proline-tyrosine (PT) on PLA2 activity which were indirectly measured by

linked enzyme activity of phenoloxidase in Spodoptera exigua
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Fig. 34. Temporal activity changes of glucose dehydrogenase after the injection of

Xenorhabdus nematophila into the fifth instar larvae of Spodoptera exigua.
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Fig. 35. Photographs of hemocytes of the fifth instar larvae of Spodoptera exigua

infected with Xenorhabdus nematophila by transmittion electron microscope
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Table 30. Effect of Xenorhabdus nematophila on the hemocytes of the fifth instar

larvae of Spodoptera exigua

Remaining live hemocytes

Time (h) at N! Total live hemocyte®

o GR PL Others®
post-injection count (104/m{ o o o

0 3 98.0£3.2 a 100.0+2.5 100.0+£0.6 100.0+3.3

4 3 85.3t7.2 b 84.2+3.6 91.4+1.2 89.4+1.2

8 3 47036 ¢ 47.0£5.8 70.2+£0.6 59.0£4.7

12 3 29.316.1 d 15.8+2.1 489+0.6 46.0£2.0

' Number of measurements.

? Live hemocyte was determined by dye-exclusion method

% Others represent the hemocytes other than granulocytes (GR) and plasmatocyte
(PL).

! Percent (%) is calculated by the relative proportion of the remaining hemocyte
count at a specific post-injection time divided by the hemocyte count at O h.

Means followed by different letters were significantly different at 0=0.05.

o83t 2= A ¥ it AEXAL B3 += Foll (Bombyx mori)ol el = &<l
=t} (Cho and Kim, 2004). oI7]elM = X. nematophila ¥ olUel X. koreana

o} P. temperata temperata’t BT ‘Folle G A EXALEHE s Aol ¥
R

< ANU-XnlO1=25FH Fdg AxAAL 58 =48 45t Ao Zs)
it} 2A0o BRI = mrydl 3 AE gpoptosis FF A (membrane
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blebbing) & THA oz FAs. Al MFdS ¢4 FEbsdd o8 /78S
W} EFOo® Utk Apoptosist 71§l ST YEEY tgoR AZuE
a8}y (silica gel, 70-230 mesh, Merck, Germany)E ©]&3se] o]FA Fuj
(CHCI3/methanol, 99:1 — 0:100, v/v) A &2 1470 +8F2 stk o]

o "= B T #2)9 54 BET #12, 1A 2 FAE Bt 9
sdhehwhrjsoll A & o] =4 Yeov H=4 &85 #2)E thAl vl=A4 o5 4l
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Fig. 36. Apoptosis-inducing factor from Xenorhabdus nematophila (ANU-Xnl01).

The assay used membrane blebbings on the hemocytes of Spodoptera exigua.
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A7E AxgFadntEdet (ANU-Xn101)7F BAksh=
2z

dd=d SYA 2 T2

1. 2% AL EZNEA(PLA2) S 24 JAEH 2+

=
aqueous fractiong A A% & 7t - FFs. 559 butanol FEE(32.7 g) A F
S silica gel column chromatography (230-400 mesh, Merck, Germany)el| ZZ1A]71
Chloroform (CHCls)/methanol (MeOH)2] &viAlZ methanol®] H] &S ¥7tH
A o7 4 Z(step-wise) A ZA t}. =¥ L= TLC(Thin layer
chromatography)’ol A CHCls/MeOH 10:1¢] &wj&2 H7/HAIZ1 & UV(254 nm, 365
nm)¢ ST 20% Grtow WA Ueus A4 Rk wel Kol Hl=4d
AR SAEI7HA F 2079 FdE8 YA o] £ &5 thd PLA2
dAA &S AT 2 F 11, 15, 17 2 18°] £2 Al&S YeERHoRA o
z

e s AAs Uzt A4zhe] AAag S ofel 2

A

2 2
of TLC ZelAe AAe] Rkl wef 3710 Ligow AAsAT. sty F4
A& gt 11-1% akda ymA= Aol FelshA= &koy Ry ghol whet =2
A TR £8o2 Uk o5 &AFFe PLA2 &4 AAEHE F4sA=,
AR 3709 BEFE F 11-1(68 mg)e]l 7F4 FE3 &3= Yvetydn. AF A
5 gds7] f1sked TLC9F HPLC +4(fig. 38)S AAlstdom Ry ko] 0.55%
A dddHgog yerytth e HPLC #4194 one pick® YENES ™, masse}
NMR 7% #4& F3 7x& 43 HPLC B4 =12 53 2t column,
Nova—-Pak Cis (3.9x300 mm); solvent, 45% acetonitrile (0.05% acetic acid in H0);

55 A =S Silica gel c.c.ol =FAIZl % hexane/ethyl acetate 3:12] w2 &%
ha

detection, 282 nm.
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XNCB (5L)
extracted with n—butanol

BuOH ext. (32.7 g)

Silica gel c. c.
ieluted CHCIy/MeOH 99:1

Fr. 11

l

Silica gel c. c.
eluted Hx/EtOAc 3:1

11-10 11-2 11-3
(5.8 mg)

Fig. 37. Schematic procedure for isolation and purification of phospholipase A2

inhibitor Fr.11-1 from Xenorhabdus nematophilus

Fig. 38. HPLC chromatogram of fraction 11-1 isolated from Xenorhabdus

nematophilus
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}) Fraction 15 (fig.39)
159 #38e w27t b S5 JH3onR Prep-HPLCE o] §3dto] Halsaint.
45um membrane filter (German S., Michgan, USA)= o33k & 3
THIZE BVAA ARGl *LEL—E el FAAA T2 Sep—pak Cis cartridge
of FHAIZ B ASHTE AHT F 50% MeOHS. 2 §EAA 553 5
9t HPLC #d8E zAASE Prep Nova-Pak Cig (19x300 mm) columne ©] &3}
A3 40% MeOH (0.05% acetic acid in Hx0)& ol & o2 sttt o w
ml/min o] e™, UV AEL 282 nmolA Al33At. F /e L2EFoz HEIH
omn Z}7ke] TLC Ry & 15-1¢] 0.17, 15-2% 019 224 & o @d HHoz
Ehutth o] & PLA2 &4 Alass yed 32 15-1(7.9 mg)ollen AAEES
AetQlstr] f1ste] HPLC 24 (fig. 4002 AAeAth £=7F 99.6%= Qo] 7 <]
one compoundS &4kt Mass¢t NMRE 53 +25 54 Folty. HPLC &4
2712 v 2t column, Nova-Pak Cig (3.9x300 mm); solvent, 45% acetonitrile

Al

(0.05% acetic acid in H»0); detection, 282 nm.

=
-
@
ofo
=
rIr
(=
I~

XNCB (5L)
extracted with n—butanol

BuOH ext. (32.7 g)

Silica gel c. c.
ieluted CHCIy/MeOH 99:1

Fr. 15

Prep—-HPLC
eluted Hx/EtOAc 3:1

15-10 15-2
(7.9 mg)

Fig. 39. Schematic procedure for isolation and purification of phospholipase A2 inhibitor

Fr.15-1 from Xenorhabdus nematophilus
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Fig. 40. HPLC chromatogram of fraction 15-1 isolated from Xenorhabdus

nematophilus

t}) Fraction 17 (fig. 41)

&S Silica gel c.c.ol 4471 & CHCly/MeOH 20:1¢] &2 83A|7 A
Mol 2 oz FEletdon, o] F PLA2 @494 a3E ved 17-39 AA=
£ 0L Eo7] $15}9 Prep-HPLCE A Attt HPLC #8l+ 1244 °S 2 Prep
Nova-Pak Ciz (19x300 mm) columns °©]-&3F% 2™ 40% MeOH (0.05% acetic acid
in HO)& olsdoz st o w {42 10 ml/min ©]¢lom, UV A& 282
nmol A A&stAT HEE T HET FEAE Z0d 17-3-2(18 mg)e] AAEE &
¢1&}7] ¢t TLCeF HPLC X (fig. 42)& A A3} one compoundd S <kth.
HPLC #4x7AL& t<3 2t} column, Nova-Pak Cig (3.9x300 mm); solvent, 40%
MeOH (0.05% acetic acid in H»0); detection, 282 nm.
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XNCB (5L)
extracted with n-butanol

BuOH ext. (32.7 g)

Silica gel c. c.
leluted CHClg/MeOH 99:1

Fr. 17

Silica gel c.c.
eluted CHCI3/ 20:1

17-1 17-2 17-3
Prep-HPLC
17-3-1 17-3-28
(18 mg)

Fig. 41. Schematic procedure for isolation and purification of phospholipase A2

inhibitor Fr.17-3-2 from Xenorhabdus nematophilus

Fig. 42. HPLC chromatogram of fraction 17-3-2 isolated from Xenorhabdus

nematophilus
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2}) Fraction 18 (fig. 43)
18L& A4 chromatography¢! ODS c.c.& °]&3te] 833 columno] 18WH A
S F3 10% MeOH(in H-0)oll A 100% MeOHCo 2 <=3} &=A|A T Al 7H

5
5
o 2¥HEE U ¥ PLA2 BHAAE 2Aee 1810 &3} B8 FAY

i=] 1l AN
ok 18-19] AA=E &<kl $ste] TLCSF HPLC #+4& A&tz 1 A3
18-1& 17-3-29 R; value$t retention time® dAto =z E uw] ZJEdolg}l o A5

[e]
th Mass¢t NMR<= &3 725 4% 23 22 =d= d9HAh

XNCB (5L)
extracted with n—butanol

BuOH ext. (32.7 @)

Silica gel c. c.
leluted CHCl3/MeOH 99:1

Fr. 18
ODS c. c.
‘eluted from 10%MeOH to
‘ 100% MeOH
18-10 18-2 18-3

(=17-3-2)

Fig. 43. Schematic procedure for isolation and purification of phospholipase A2

inhibitor Fr.18-1 from Xenorhabdus nematophilus
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Table 31. Ry values of three compounds isolated from Xenorhabdus nematophila

1Developed in silica gel by descending method at 25C using following solvent
system; CHCls/MeOH (10:1, lower layer)

compounds R values'
11-1 0.95
15-1 0.17
17-3-2 0.23

2. T 54 23

7}. BZA(benzylideneacetone) ; fraction #11-1

ol sgtE 142TC9 &S 7HAL Jew(CHCL-EtOH) FAelth.  1¥]a
[R-spectrum 2. 2 fi-unsaturated ketone(1675 c¢cm ¥} phenyl(1615 cm )] &4 Wl
== g9lstl. Monosubstituted-benzene {(d 7.58, 1H x 2, dd, J=7.2, 2.0 Hz), (d
7.39, 1H x 3, m)} ¥} trans—olefine methines{(d 7.63, 1H, d, /=16.0 Hz), (d 6.48 (1H,
d, J=16.0 Hz))} ¥} allyl methyl (d 2.10, 3H, s) ¥ =5 'H-NMR spectrumel] 4 107}
ol &42%5 "C-NMR spectrum@H 218} t}. phenyl {fc 135.84 (s), fic 13113 (d),
fic 129.86 (x2, d), fic 128.99 (x2, d)}, ketone (fic 209.86, s), 271 9] olefine methines(f
¢ 145.62, fic 119.98, both d)¥ methyl(dc30.71, q)carbonE <13}t

Phenyl”]°l side chaino.2 A%¥ F+x&= 1H-1H COSYS gHSQC® gHMBCE %
S}5k+= 2-D NMR ~#HE g 9] 143 %3 3-butenyl-2-one (Fig. 5B)® &4 % At}
T FAA 2 AR A T g ER EI/MSE ARS8 A 722 1463 C10H100
2 AAHJYG. ApH oz g3t 313HE-2 BenzenoidAl € 9] trans—4-phenyl-3-

buten-2-oneZ HA ¥ Ao o] AL henzylideneacetone ©]e}il% &7t}

(
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Fig. 44. Chemical structure of the purified antibacterial compound,
trans—-4-phenyl-3-buten-2-one or benzylideneacetone, synthesized and secreted by
Xenorhabdus nematophila K1. The chemical identification was performed by gas

chromatography—-mass spectrometry and confirmed by NMR study.

L}, PT(proline—tyrosine) ; fraction #17-3, fraction #18-1

proline o2t obm|:=AbF} tyrosine ©]2h= ofv]iilo] &4 e SFE FR=E

S A

HO (0
O
H\
)
H
OH

Fig. 45. Chemical structure of the purified antibacterial compound. The chemical
identification was performed by gas chromatography-mass spectrometry and

confirmed by NMR study.
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A8A AxFFAadvtEZel (ANU-Xnl101) o Fufek

1. Zg23 9 5L jar fermentoro Al AlxE A A3

o
BN
Y
il
1=

A gadded i dFS K] flste] vy dads dder O g39E
ZASERE A A0 2= glucose, fractose, galctose, maltose, sucrose, lactose,
cellobiose, xylose, glycerol, arabinose, potato starch, manitol, dextrose< A}-£3%
I A3 v Fig. 469 9] glactose, mannose, FractoseS < ©4YUS& HAashe
Ao el 22y oleh e g@AdES AYEon offatrlde AA
Srh wepa oleh - whAagol] wlel el A wlaA vbAwk ThAo A A A
Ho] A+ glucoses At AbEst7I= stttk APEoR 2=

g AN MAE e Bafow g Bol AgHw Yt

o,
°

2= glucosew 600

3.000 mE12hr
2.500 O 24hr

Cell growth (OD600NN

Fig. 46. Effect of various carbon sources on cell mass

in the cultivation of Xenorhabdus nematophilus
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Ahel g3E5 ZAME7I 939 soybean meal, proteous peptone, bacto- peptone,
peptone G, soytone, tryptone, yeast extract, hydrolyzed casein, (NH)2SO,,
(NH4)-PO4, NH4Cl, NHUNO3%5 & AF&3tgdch. 2 A3 1S9 Fig. ¢ #o] yeast
extract®} soybean meals 2 ©o|g&Ao] w2 Aow yelyt. uelA AAPoE=

yeast extract® A A 3slo] Al-&315

7.000

W 12hr
0O 24nhr

Cell growth (OD600NN

Fig. 47. Effect of various nitrogen sources on cell mass

in the cultivation of Xenorhabdus nematophila

o,

g g 9 pilot plantellAl WAE wlSAl HAY P OHEN JIFFELdoe=R
peptone+2] wWiAE Hol AR&3ta vk wElAl  pacreatic digest of gelatin,
pancreatic digest of pork heart, pancreatic digest of casein, peptone Q24, fish
peptone, broad bean peptone, papaic soy peptone, weat peptone, M9 minimal
mediumE  control2 Al&8tAt. I A v Fig. 483 #o] broad bean
peptone°] 7} &3 o2 et Xenorhabdus nematophilus7t 3-8 8 Al o]
AA ZFAWANAN FAstER FE4 peptones AT Aow Vet ot A=

21529 peptones H A5k ZAo® UERRTH
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P2: pancreatic digest of pork heart
P3: pancreatic digest of casein

P4: peptone O-24

P5: Fish peptone

P6: Broad bean peptone

P7: papaic soy peptone

P8: wheat peptone

P9: control

Fig. 48. Effect of various peptone on cell mass in the

cultivation of Xenorhabdus nematophila

th v FpHO 4 &
FAM TS 5L jar fermentor(St=rd g 7], st=1)E o]&3te pHE ZH7t 6.0, 6.5, 7.0,
752 NH,OH®} A Z4dstHA] wjts 3 Adyolry, 1 4

S HAth
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Fig. 49. Grow th of Xn at different pH in enrichment in medium.

cultuer condition : temp. 30C, aeration 0.25vvm, agitation 100 - 500rpm, culture

vol. 2L.
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Hl -
AN HA G 2EE AFe7] 98kl TSAmAl FAATS HFshaL
25, 30, 35°Cell Z+2t wiks & A vhgo i vk AT 30TCAAA 7 &
Aebe Ao ® vetuth (Table 32). webA w1z 2 i HAstE 913 42
0C= xdato] Agstr]= sk

Table 32. Growth of Xenorhabdus nematophilus at different temperatures in
TSA(Trytic soy agar)

Growth

Strain 20T 25T 30T 35T

Xenorhabdus nematophilus + ++ +++ ++

+; slightly growth, ++; good growth, +++, very good growth

o oW ER 24

# Ao ol 88 FATAANL Table 33.9 2ol BEHH @S Agalel, BA 39
Aol ABzANAL Zzkel A el W AoE Table 34. o el A
Eo A4 ARE FAARAL Fool WSEARRY AF % FRAFE 23
shgoml, AZANA ] FRAFE 0.78~0.880] 2T,

Table 33. Standardization in three levels of each factor in various -culture

conditions.

Factor Symbols Culture Condition Standardized levels
Time(hr) X1 10 12 14 -1 0 1
Glucose X2 1 1.54 2.31 -1 -0.18 1
Yeast Extract X3 3 4 5 -1 0 1
(NH4)2504 X4 0.2 0.4 0.8 -1 0 1
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Table 34. Bacterial production over standardized factors in various culture

condition
Dependent Parmeter Independent
Run No. Time(hr) | Glucose(g/L) | Yeast(g/L) | (NHy)2SO4(g/L) Parameter
1 -1 -1 -1 -1 5.160
2 -1 -1 -1 1 6.435
3 -1 -1 0 0 6.075
4 -1 -1 1 -1 6.480
5 -1 -1 1 1 6.300
6 -1 -0.18 -1 0 5.370
7 -1 -0.18 0 -1 5.595
8 -1 -0.18 0 1 5.565
9 -1 -0.18 1 0 5.865
10 -1 1 -1 -1 5.835
11 -1 1 -1 1 5.970
12 -1 1 0 0 7.065
13 -1 1 1 -1 7.560
14 0 -1 -1 -1 6.030
15 0 -1 -1 1 6.030
16 0 -1 0 0 6.480
17 0 -1 1 -1 6.225
18 0 -1 1 1 5.625
19 0 -0.18 -1 0 5.655
20 0 -0.18 0 -1 5.880
21 0 -0.18 0 1 5.925
22 0 -0.18 1 0 6.135
23 0 1 -1 -1 6.525
24 0 1 -1 1 6.570
25 0 1 0 0 7.020
26 0 1 1 -1 7.125
27 1 -1 -1 -1 5.910
28 1 -1 -1 1 5.790
29 1 -1 0 0 6.480
30 1 -1 1 -1 5.175
31 1 -1 1 1 5.130
32 1 -0.18 -1 0 5.310
33 1 -0.18 0 -1 5.745
34 1 -0.18 0 1 5.370
35 1 -0.18 1 0 5.955
36 1 1 -1 -1 5.940
37 1 1 -1 1 5.940
33 1 1 0 0 6.870
39 1 1 1 -1 5.595
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o:

Cell Growth (ODB0ON™)
Cell Growth (ODE00NM)

(E) (F)
Fig. 50. 3-D response surface in second scanning to the production of cell
according to the variation of carbon source concentration and time(A) and
(NH)2S04 and time(B), yeast extract concentration and time(C), yeast & glucose

concentration(D), glucose & (NH4)2SO4(E), (NH4):SOs & Yeast concentration(F).

ok Az AL A HE

APEEAJA G, Ao B Aade] & (NHY).S0s55 %= Wt ok Al 244t
el mERdS #4448 ¥ 23 HYAE F= stationary point7h EA8HAL, o A
oA Ade HHe x=71& Table 35.0 WeER AT

w2 3E A7) Astel HAAxd dAgke] Ao wdete] AEAYNTE
wAske], 1 2432 Table 35.° YEtUAT ZE AIZA G ddd 2Ag2 o
SEET ofF A wkou Ao dAdhE Aow yERH. 71E9] TSBOlA
o wjgzAe AEe] Aol 30102 veEEd, AHxdoR i Ay 6915
2 71E9] v A 27 MWk ofF 435% FES He Fi gl

Table 35. Predicted optimum condition by analysis of response surface.

X1 X2 X3 X4 )
Factor ) Predicted values
Time Glucose Y.E (NH4)2SOq4
SAS analysis 11.73 2.29 4.18 0.4 6.940
Expeirmental results 11.73 2.29 4.18 0.4 6.915

Y .E: Yeast Extract
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v}, 5L jar fermentor oA ¢ HZA 3 FH

1) Intermittant fed-batch fermentation

SAAT wx] HAZ AP vad B o dad AR AYds Este] gAY
glucose, ZA¥YE yeast extract® dAATE 7IEF W HFYAE trace elemsent
Iml/LE H7Is9 2 22 ¢ pH, =%, agitation aerations 9 <& 71A #&
parameterE #H A3t A3 HF W A3 59 Fig. 503 2o ey Zax
1S 2%+ 25T, pHe NHOHE o] &3to] 752 FA38t3th. DO agitation= 10
0~900°.2 FA3t 2%0]3S FA st Aeration 05vvme = FA sttt &
S intermittent fed-batch®¥21 & AUl glucose’} n4EH e@4ady A4
7Zkzt 20g, 10gE #H7bsto] Ao AAS s wFHA stadth o] Ao st
AEe] gL 76 OD (600nm)= Webdth Aas mig oF 100 "4 =] cfu
LER AT

A]

ol
3R

=

100 25

7

=

[ )

[} r—

& e

=] L.
k-]

L a1

'g =
=

] o

k=1

] [ ]

0

Coulbure Terak (hr)

Fig. 51. cell growth pattern and glucose utilization of xenorhabdus nematophilus at

enrichment medium. fermentation mode is intermittent fed batch culture.
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2) Fed-batch fermentation

o wjx] % Lg ZAFA feeding mediume 80% Glucose, 10% Yeast extract

S ¥ wiAE wEo] @il nad A (aHE FH)AAMTE FHE] AlE

39t Feeding rate™ 10~12g/L/hro] £%=2 F 533U Fig. 529 SIF &9 1

2= D-mate(R27}2, )T R 1WE o] &5to] wjUdE pH, &%, rpm, &4 (DO)
14 p

52 on-line® & monitering 3t S ARWE YeEldor e A

ZIAz 2 Rlo} E‘r*] T 15}5}%Eﬂ*ﬂ L= L 2

zo] 20%e At ES agitationE TAHH SR Folw HiYgstATh &kE HA 2

30T A 2 A3 e agfzser o] vk 1247 A4

ol ¢ 110 ODoll ol=2xvh. AEXZAX=FT 7S oF 19g/Lell ol=5 ). vl s &2 vl
=2

Alzbel Z1dhshs & WideAdE SHE & AT
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Fig. 52. Fed-batch cultivation by glucose&yeast extract addition.

opened circle;cell OD, opened diamond;dry cell weight, closed square;glucose
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2. Pilot plant scale(300L)oll A1 2] ®j<k - AALF-A o] H 2 3}
A A 2] pilot plant scaleol 41 2] sj 3
9lale] w9 ZQ 3t} HjAE= A
E

o]
0,
ok
o
Lo,
ﬂ"
X
rlo
>
r?
oty
s
do
ol
>,
)
O
By
-0,

I

&
<
A oA HEdte FTEEIEYS

agal 2% T8 AFS AREste] dFol gk AFdAE HFS skt MgSO;s -
TH:0, KoHPOu, (NH4)2SOs, MnSOs5S tdsts 18 =

%t} 300L Pilot plant scalel X< @& FHAst AFE= &3 Zo] o]Fo M 13
e TGS 30T 140rpmoll Al 11.54]
¢F 80O E A TFE 2LE AESIHY. o] MigH TFE working vol. 150LE =
Hl# 300L pilot plant ¥ ¥7]ol HFste] thE3 o] wigS Al=stATh 1A} v
feedingS 3FA &1 pilot plant T7FENA 5L v X ¢ vk ZHo] o= HAE AX 3}
cAE APk 5L wi g =3 o] aeratione 0

agitation< 5004 300rpm7}=] ¥ Zsto] Bgx o] &FAALE 20%0]%
gkl wiFatach. 1elal HEx o ¥ 02bar®2 FASHA
xo} o] 1A% 5L Ayl U o wF 9Azh 2
38 OD(L 400D)7HA] 4 st Aoz yetyth il ODAl Axdzx T3S LY
°F 10.12g > = YEFSTH(Fig. 53).
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Fig. 53. Cell growth pattern and glucose utilization of Xenorhabdus nematophilus

at pilot plant scale fermentor.

opened circle;cell OD, opened diamond;cry cell weight, closed square;glucose

27k wj k2 1A} vl wiA e} w230l FAT FEjolA Feeding®i A&

=
=
ug s s, Y Tryptic

7b aEE e %g 8AIRE A ol & a)
soy broth 2L HZE3slo] 30T, 140rpmol A 12417 ot viksle] Fn)slgdct. Zu)
F HT AE 4P 77 ODZAA A BTl Feeding medium A 80%
Glucose$} 10%9] vyeast extract® sl ‘ﬂ%‘}iﬁ}. stAIRE 12k W= 2 lag
phase”} 93] Aoy Ao Axe] o] s wstHo] stk AlxEe] w g%
Ew7F A93 =gl glucose’t nZH ‘3H°<>k 8A1ZF 73} o] %o fed-batch

2

fermentation®. 2 10 L= glucose 10g/L/hre] £ % & feeding dFHA wj S 314 % vk
A Ee] e vl 13 Al A 3ske] 53 ODell g ol S A &t

ol =
(Fig. 53). o] A& wlUA] FQE yeast extracte] dgFo] Y& Aoz eyt
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Fig. 54. Cell growth pattern and glucose utilization of Xenorhabdus nematophilus
at pilot plant scale fermentor.

opened circle;cell OD, opened diamond;cry cell weight, closed square;glucose

3 %2 feeding mediums 80% Glucose® FH| MG T Ful%L Tryptic soy
broth(Acumedia) 2L°l| bmlgE3te] 30T, 140 rpme] Z=A S & 12A17F over night Hi
&S o] F=H STk T HE MEAGFS 371 OD vk 300L HEE ol
Hste] 8] % working vol. 140L complex media®l 73t Fermentaion 2
2 fed-batch Walo =z ©Aihdo] nadd oE (A AI}ste] 80% glucoseE 10~
12g/L/hre] feeding rate® & w3tWA wiF stk 1 A3} Axze] o] g 14
AlZE 743 ste] 1350Del ol 2R THA T wAIA]). o)wf MEAZZFFS 35g/L=E 5L
Fos d3ste dew Uy

o] A& feeding mediume glucose 80% & yeast extract 10%< AF-&3F 517479}
o] 2xF wj gl A vl A3 By £ AFE HEbllth SLel A A8 yeastE
A3} pilot plant 300L A= &

Az Zol7t des YERHTHA S vz
300L E&zo|A 5L jarF9 A A4t

o)
& yeast extractE AFE3gF A2 oH] A
JAD. ©59] Ao A pilot plant scale ¢l
Tl gkx HATh
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3. Pilot plant scale(2500L)ol A o] uf e - AT A o Z & 3}

2500L scaledl A working volume 1000L2] wl%FAS HZ3tsl7] Y3te] 300L pilot
plant scale®] AL H sl was AE3ITt WSz AL 12 Fv%E 5L flask
of 2L9] Wi & FHlske] 30T, 150rpmol Al 12417F wikate] Az Aol OD 83
AL AF #F=2 273 g FHoz AgEAt. 23 T Y-S 300L(Korea
Fermentor Co., KFC300)°l working vol. 100L® <4H|3}3 aeratione 05~1vvm,
agitation2 50~300rpm ZA3}o] v U && A4S 20%°1d 4 s Th =
e 1A Fed el 30C, pHE NHOHE A A 752 zdaolct da
W > 02bar® RISk 124]3F wj gk A3 23 FulE F AlEe A
OD 4027+ Z7gstltt. oleh o] HHOk-fﬂ 22 Fwlge TFE 300L HE Il A
2500L wEx= Witepdls St HETS shivh 2500LE 5% vl & 5Lk 300Lel
Aol e wjx] 27 o2 fed-batch fermentations Al E=3stth 1 A3 Alxe] A%
< 300L pilot plant scaledll A wjst A3 w38k A4S YeElY #3 OD 13071A
A7 st cHFig. 55)..
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Fig. 55. Cell growth pattern and glucose utilization of Xenorhabdus nematophilus
at pilot plant scale fermentor.

opened circle;cell OD, opened diamond;cry cell weight, closed square;glucose
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oj’del Axte THeH ol et By wiFI2A FIAI A Blals}ean

yvielde A& 712 HAA thsle] AArHE dry cell weightE 7FA 1 A4kste] vl

Table. 36. Summary of productivity & yield on culture scale

Culture time | Cell growth DCW Productivity| Yield

Culture scale
(hr) (A600) (g/L) (g/h) (Yp/s)
Flask 12hr 411 1.068 0.089 0.18%
5L 12hr 105.6 27.456 2.280 40.0%
300L 12hr 1285 33.410 2.784 48.7%
2500L 12hr 121.8 31.668 2.639 45.4%

oft
0%
™

A G =oly] 98l 2500L WEZE working vol. 1000Lel A]
1500L = wigR-9E 58 dEE FdstAth 1000L wh7hA 2 Aoz wgrt
o] ZFojHt} whebA, 2500Lo A fed-batch culture & =3+ Hjo AL AFE F =
Foolgen oW AE 4= 32x10° cfu/ml oS AT £ UAT FE S} A
Y
%

A aEa Aedd dde Hdste] 3 Ay dFEAde] Ax Wt o}
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A9H AwFFavvtEZE (ANU-Xnl01) #52] AA 3}
AT = lﬂl% A=

2R
A

1. &5 ¢tAs =7

Rl

7} M&3t 2 spray dry S 23 A E kA I

spray dry ¥4 Fo| WAs= ndel AY & e d AL S HAs= 2

S 4 ¢ldt) spray dry Aol AMg®E w39 WxiE 34x10" cfu/ml ollth ZF A
=

27} HolglE 100mlel cell 10ml

(B8) Alsvte Zbol7 @ob vehlA ke, & At A

o

&
Abe Zp7be] &AE Azl Eolt AlE7F 100% spray dry 8-S AXWAEA 3|4
H Aoz JHASYET o E 59, sun-cap 10% FE N9 A9 spray dry $ 10go]

Table 37. Effect of various polymer and sugar during hot spray dry process.

Concentration fu/ No. of total viable
C.I.u
(%) & cells
Sun-cap 10 4.64x107 4.64x10°
Arabic gum 10 1.48x10" 1.48x10°
Skim-milk 10 6.00x10" 6.00x10°
Trehalose 10 1.17x10° 1.17x10°
Sucrose 10 6.40%10" 6.40x10°
Levan 5 1.80x10° 9.00x10°
Pectin 5 1.26x10° 6.30x10"
PVP 5 3.40x10° 1.70x107
Table 37. A%E By H7E celldy) A9 o] spray dry #$8S AXHAA AbEH

ot AL 4 = g oS 59, sun—capd A ¢ spray dry FARES AX 7] HY =
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A 34x10° cfu/ml o)l spray dry 7F Bdk F cell i 4.64x10°
cfu/g & ZAs9t. 2 FdA 7ME £& E St S YElA A trehalose U
webA, trehaloseZt sEel wel A MBAES FoAstEAY AFE AP

(Table 38). & X9 7% heat shocks W& 7-9- trehaloses A|3E&]Fo] @ol =7
stobE Bavh doh mh St AEstE AEA L trehalose?] FA2 Ry wl

lom, wuld AEe] A AAAZ 4EF] AhFel AgH L 9

Table 38. Effect of sugar concentration during hot spray dry process

Treatment Concentration(%) cfu/g No. of total viable cells
Sun-cap 10 5.60x10° 5.60x107
Trehalose 10 2.30%10" 2.30x10°
Trehalose 20 1.60x10" 3.20x10°
Trehalose 30 1.70x10" 5.10x10°

o} 2
52 cello] ¥ 1 AEHAE ARAIIA = B3G5, spray dry HHS 9]

[elan]
cell Ax & A& H@ste W2 ALY Av7F 44 28

3o s SHAAME
83 B A& AMRE 7 F Xenorhabdus nematophilas 7} E38F7) o= A G 3
o2 AaEde

1}, Freeze dry w9
Hot spray dry = Z} 9} cell& 83 F -70ColA 24hr =< o
H 543 U freeze drygE T3t 40C 2% 3o oA AY IAA

screening S 43 3} 53t}
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Table 39. Effect of various polymer and sugar on viability of X. nematophila

formulated by the stabilize process and stored at 40C from 0 to 32 days

Viability (logl0 c.f.u/g) according to length of storage (days)

Treatment

0 2 4 8 16 32
Control 10.89 8.67 8.21 7.64 7.38 6.72
PVP 9.34 7.80 7.32 6.98 6.54 591
Trehalose 11.33 10.80 10.67 10.35 9.92 9.51
Na-alginate 10.74 10.14 9.91 9.72 9.55 8.15
Millet jelly 11.21 10.55 10.49 10.39 9.97 8.83
12

~ —A— control

0 —e— pvp
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Fig. 56. Change in number of viable cell during storage under 40C
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PVP (polyvinylpyrrolidone) & A1 €& yw A 3FolA 5 control(F+-#] ])ell H] &l Al

A M2 2o AF AL Ve, 1229 Na-alginate R ths 29 o]}

trehaloseol Al o F2 A% HAAES yebillth o’ A= Na-alginateo] 5 =0l

Hl 8l A&7 v ol A2 Fks Eol 5d 5 o] cell RS g3 2w HolA
I

=
0 timedl A & AAF A HAZE HY

AeE & F 9, ymR 3FL2 H =gk A3E YEPWATE millet jelly 2
=

Na-alginate X tt= 52 B3 A 2A ¢

Table 40. Effect of various polymer and sugar on viability of X. nematophila

formulated by the stabilize process and stored at 40C from 0 to 32 days

Viability (logl0  c.f.u/g) according to length of storge(days)

Treatment

0 2 4 3 16 32
Control 10.59 9.00 8.37 8.00 6.97 6.63
PVP 9.01 8.56 8.21 7.79 7.04 6.46
Trehalose 11.27 11.03 10.79 10.51 9.87 9.35
Na-alginate 9.98 8.95 8.65 8.32 8.27 6.93
Millet jelly 11.30 11.04 10.69 10.49 10.25 9.64
Skim-milk 10.79 9.78 9.55 9.00 3891 3.05
Starch 11.53 10.28 9.88 9.61 9.47 8.90
Guar-gum 9.42 9.10 9.01 8.73 6.73 6.23
Hi-absorbent 10.37 9.60 9.09 8.13 6.47 5.30
Polyacrylamide 10.45 10.26 9.61 7.74 7.21 6.18
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Fig. 57. Change in number of viable cell during storage under 40C.

Fig. 57. oA 33 A5 AASTH sAd & As5E ez 5713 o 2
ol = Fig. 57. oA & vz 7FA 2 thZF(control) Bt} J (trehalose, Millet jelly)
ol F& A4 tFgAdES yERATE 2 WFe] polyacrylamidett hi-asorbent &< pvp
o v 7EAI = B 2= (controD) Bt T "WolA= AdE YElth wekA, 2 23
E Ul Gl el S5 2=AR B e do] AT (Table 41)
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Table 41. Effect of various sugar on viability of X.nematophila formulated by the

stabilize process and stored at 40C from O to 32 days

Viability (logl0 c.f.u/g) according to length of storge(days)

Treatment

0 4 8 16 32
Control 11.48 8.27 7.70 7.35 6.74
Maltose 11.24 10.68 10.26 9.58 9.00
Sucrose 10.21 5.90 0.00 0.00 0.00
Lactose 9.99 7.28 6.26 5.77 5.14
Xylose 10.12 0 0 0 0
Mannitol 10.49 0 0 0 0
14
—{— control
—@— maltose

—~ 12 A —¥— sucrose

QO —O— lactose

:3 —— xylose

s 10 A —— mannitol
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Fig. 58. Change in number of viable cell during storage under 40C.
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0 timedlA HEW freeze dry IAH2 54 HIAZA o
U 40T A et = Zo] "Hojx= ZYE Yetyt Xole EAISHE A
glucose, fructose 5 dry7} 2 =Hd ¢kon sorbito

J =
A G A ) sucrosedt xylose= A ol ZW dgo] YElYth SHARIAZ A

rlo
2
N

Aol At} Maltose7l 7Hg £ A AAS YelWon oRAE golA &
TS AY dAALES B A AAVE Aok ERALE 50%0]73e] maltose}t 71EF Fo

2 FAE 3

Table 42. Effect of various polymer on viability of X. nematophilus formulated by
the stabilize process and stored at 40C from 0 to 64 days.

Viability(logl0 c.f.u/g) according to length of storge(days)

Treatment 0 2 1 8 16 32 64
Curdlan 990 858 812 720 650 601 5%
Glucan 1200 979 88 827 778 718 521
Suncap 1229 1058 992 909 879 780 556
Levan 1265 1187 1078 810 773 730 717
Skim-milk 1186 1181 1045 966 916 880 769
Control 1223 1073 1019 931 834 69  A74
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Fig.

No. of total viable cells (loglO c.f.u/g)
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. Change in number of viable cell during storage under 40C.
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Table 43. repeated test of table 42.

Viability (logl0 c.f.u/g) according to length of storage(days)

0 2 4 8 16 32 64
Curdlan 10.03 9.80 9.75 9.32 9.19 8.14 5.34
Glucan 10.60 8.63 8.25 7.95 7.65 6.66 5.34
Suncap 10.59 9.87 951 8.77 8.45 7.47 5.61
Levan 11.43 10.94 10.52 10.39 9.75 8.66 7.45
Skim-milk 11.07 10.01 9.51 9.22 8.97 8.30 6.65
Control 11.95 10.33 9.52 9.47 8.32 6.98 4.21

No. of total viable cells (logl0 c.f.u/g)

14
—A— curdlan
—— glucan

12 A —A— suncap
—O— levan
—&— skim—milk
+

10 4 control

8 .

6 -

4 .

10

T

30

40

Time (days)

50

60

Fig. 60. Change in number of viable cell during storage under 40C.
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91°] Table 42%} 4394 ®W levan solution ¥} skim-milkoll A 7 £& A% A
A& YEFHTE levan solution(levan©o] 10%°]7 Solla el o
el levan o] efell o2 FF7F X3 o] Ut webA, A A= 54 2
TAe) Gt 7ot Ao R Hubdth skim-milks RO 2 cell AFAl Bl

AgE A Fo skl

Table 44. Change of viable X. nematophilus according to culture length during

freeze dry process.

Length of cfu/g
culture(days) Before dry After dry
1 3.7x10" 1.40x10"
2 1.4x10" 4.10x10"
3 1.8x10" 1.02x10°

=A3 ol cellS ZF culture flaskol]l FE8tx g A4S dglste] wjdst e
harvestsle] freeze dryE 3 Afolth wjd A7t o5 35 w4 A= 4
7F AL Ae® yetylth freeze dry Hele Hl=E cell 75 &

dyE AARA AT WEE BE Aol

Table 45. Viability according to culture length of X. nematophila stored at 40C
from 0 to 32 days

Length of Viability (logl0 c.f.u/g) according to length of storge(days)
culture(days) 0 2 4 8 16 32
1 11.08 9.49 3.85 8.49 745 7.11
2 10.59 8.86 8.08 7.45 6.41 5.98
3 8.94 7.59 5.93 5.81 5.37 454
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Fig .61. Change in number of viable cell during storage under 40C.
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TARZ ZIHE UERHT 40TolA AR Aafe]l wmE AFA APl = PVP,

polyacrylamide, Hi-absorbent, mannitol, xylose 5= g Hl& ©f £X] & A
o+ dAdS YElW o™, skim-milk, levan solution, & %, maltose, trehalose 52 %
2 AF AAFAAE YWY o] AXE FFE R AAdY 58S nysud

e ARGste] b sk A7l Aol 7H A stel A E b AAd Alw

"

t}. & (adsorption) S o] &3 AE <A 3}
WE technical powder?] 34 @ Fate] Al&HE B2dax Fz 2D =7}
ol g¥m, FZ WEUE JFXE Clay, tale, CaCO; w4 o] F=2 AgHT} o]
e BBEE Aztel AR B4 wEe FFAR Bol ARgE wE gole) A7
A T YL WA A8 U flvh ¢#d powder Tl 7MY L FFES
21 “white carbon”& Abg3te]l wE YA 1
ZAato] AAZ AN TE BHES AFLEAT. A @ 40T % S Ao A
IR cfu/gEs BES ZaiTJr cell #7F 233 wma 22 7Hrsts Aow FAL

Ho] Agelx g Wyow Addrt (MHuAR).

(Plutella xylostella L.) W3t 23X S
z 2ol vebstth. Zb7he] BritF & 107 10°, 10° 107
o A= 2483t 389 w55 (Plutella xylostella L.)o A2 3k & 484]
5 AFAAS A A 7 AT 2 AolE HolA ¥E ZoR
Uebytth 2 7ol A =Btk Korea)wd 57} 7Hd @A o] ¢35 Aoz e

[e)
o
Wt} webd o] #FE M At Xenorhabdus nematophila®t E8A1HE st A
o=

v
(7
e
o0
4
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il
1o,
>
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:oé
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N Bl
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Fig. 62. Mortality of 3rd Plutella xylostella on treatment various Btk strain.

Aury BtkitrE S 10° 10°, 10° 107 o] AXEF2 A 3¥Z9 H|FEFu

O+

(Plutella xylostella L)l A& g & 48A17F o] AF S A Ao AlEx57)
1070] 2ol A 100% 2+ @AS Jetdlon 4x10" cfu/mlol A LC307ES vrebWch w)
2@+ Xenorhabdus nematophila® E&A8-< 4x10" cfu/mls =2 248 Th
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Fig. 63. Insecticidal activity of Bt k korea about Plutella xylostella.

Xenorhabdus nematophila®t Btke]l &8243% A= v %9 Z2u. Btkel Xn9
84 AEAEaNE A7) U814 Btk o AE3A o] LCOHS UEHE B5
ANA Xn BN cell 75 3t HTZHS AP A ol Table 46.7 %2
ok Xn W FA] cell =7} 10" o] &3 Aol FFFSEIN} A Ao
et o Xn v cell 71 107014 ¥ AEEA4E dehde 2o

ATt wEkA, Ao AFAIAE VxR AAADY] s AU Fig 64.= 2

WMol A HFHAE A7) A8 AW welth
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Table 46. Synergistic effect of mortality on 3rd Plutella xylostella L. treated with
Xenorhabdus nematophila + Btk.

Treatment No of treated After 2dhr Ater 48hr
(c.f,u/ml) insect mean/+SD ?ontrol mean/+SD C'OI’ltTOI
efficacy (%) efficacy (%)

Btk+Xn(10°) 50 5.80 £1.48 58.0 8.80 +0.84 83.0
Btk+Xn(10°) 50 540 +1.14 54.0 8.60 +1.52 86.0
Btk+Xn(10") 50 3.20 £1.79 32.0 4.80+1.30 48.0
Btk+Xn(10”) 50 2.00 £0.71 20.0 3.20 £0.45 32.0

Btk only 50 1.80 £0.84 18.0 3.40 +0.89 34.0
No treatmeant 50 0.0+0.00 - 0.0+0.00 -

Fig. 64. Effect of a mixture of BtktANU-Xnl01 on controling diamondback moth,
Plutella xylostella
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3. AASE 5 A A E A=}

7h Bt @59 <bA st

Bt ¥ 2500L wjkZz Aol A working vol. 1500LE Ho] AFS FEsts= ¥y
712 Wl Z=AQd wix] A E(%) glucose 2, yeast extract 3, (NH4)2S0; 0.4,
KoHPO, 0.1, MgSO4 0.1, MnSO4 0.007, CaClz 0.01, trace sol. 0.1m¢ &7 o2 &4
o] 4T = A A glucoseE 20g/L 2 33| feeding 3t vFA % 33] feeding Al
yeast extract = 10g/L. & %o] feeding 3t WHS AF&3lo] OD 1207FA] A A4 #

[t

om 80%old EA FAS RSk oo MEFE 4.0x10° cfu/ml o2 ow
vibration membrane filter(VMF)®2] ¢l poll sep. 4002 ©]&3}o] X9} toxing 1/10
vol. &2 FF3th o7]d XH Adsol st AF AR “suncap’S 10% H7F
3le] el ¥ spray dryE 9] #HF technical powderE At} ojufe] E g

34x10" cfu/g & UEHATH o] RS AAES wE7] 913 Bt dA = ALgs st

O
oo
o
(o]
=K
<
8
D
=
1=}
N
olr
o,
i
ot

H
o}, wlebA], AlAEo| H7VEE Xenorhabdus nematophila = 107 c.fu/g

ot AA S LA A E A ZF

Bt ¥ Xenorhabdus nematophila A2} o7]e G384, A5, H2A, AL A
2, a9 A 58 1Yy oy A RUHAE HUbeke] v w9t ol E 7HA
712 AAE HEJL ke A%E F3t9 Xn cell ¥ supernatant & FE35F
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A=z AAst sta AFadEs Hla St tEde AFdAIE cell By
supernatantll A ¥ gk A% g3E YEFUAT AAIES 2 AFEZA] 10008 F]
Aste] dxsts s VEom HE AIA AE FEE Bto 4%

Xenorhabdus nematophilus ©] 7% AAse] A 7F o] 10° cfu/ml o]} oz A
zotdeth g A el dolut Z]EF oA FEE s A =S FEE

2489

Table 47. Formulation recipes of Btk + Xenorhabdus nematophila using various

carrier and additives

T = FO1 | FO2 | FO3 | FO4 | FO5 | FO6 | FO7 | FO8
@ Btk ¥A] 10 10 10 10 10 10 10 10
® Xenorhabdus nematophilus
. 20 20 20 20 20 20
A 3 (cell) 9A
(© Xenorhabdus nematophilus 10 -
vl &k o (supernatant) A
(@ white carbonel 1:12 &%
10 10 10 10 10 10
tween 20
(& NK-SLS 5 5 5 5 5 5 5
(® NK-DA203W 10
® sodium tripolyphosphate 5 5 5 5 5 5 5
® kaolin 50
(O Ammonium sulfate 70 50 50 45 45
(D xanthan gum 5
& NK-SDS 5
3t Al 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

% (b) Xenorhabdus nematophilus cell 271 %
* (©) Xenorhabdus nematophilus supernatant &2 712
=

* NK-SLS, NK-DA203W, NK-SDS ; ()24

Al
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e AAEE B4 v
A R oY A FAANE Arkskel AASE AR H4 HEA BAHE =
Abal7] slstel S84, A4, BREE Adshar.

Table 48. physical properties of formulations tested.

Formulation code wettability suspensibility particle size
FO1 ++++ ++++ passed
FO2 o+t +t+ passed
FO3 +H+t +++ passed
Fo4 +++ +++ passed
FO5 o+t +t+ passed
FO6 +H+t ++ passed
FO7 ++++ ++++ passed
FO8 ++++ +4++ passed

++++ ; excellent +++ ; moderate ++ ; acepptable + ; unacepptable

particle size was determined by sieve test(325mesh).

AAstE Az e A 719 e AAA B 283
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P AAE FEd v 29

AR e glskel sy 39 el U 4EBHS AWT AnE W, Xn cel
AAE AHgste] AAE F Ao e Aom
ARG oL AR 2 Aot gl Ao vEut Xn W AAE A
FO7, FOSZ Xn cell 9418 A8 AAnT 45840l & Aoz 2AEYT X
=
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Table 49. Insecticidal activity of several formulations against 3rd instar larvae of

Spodoptera exigua in a laboratory condition

Treatment No of treated After 24hr Ater 48hr
(Dilution) insect mean/+SD (?ontrol mean/+SD ?ontrol
efficacy (%) efficacy (%)

FO1 50 4.8+1.92 48.0 6.2%1.10 62.0
FO02 50 5.4+2.19 54.0 7.8 £1.10 78.0
FO03 50 5.2%1.79 52.0 7.0 £1.58 70.0
F04 50 5.8+£1.64 58.0 7.4 +0.89 74.0
FO05 50 54+1.52 54.0 7.8 +1.30 78.0
F06 50 5.0+2.70 56.0 7.0 £1.58 70.0
FO7 50 7.0+£1.00 70.0 8.8 +1.10 88.0
FO8 50 7.2+2.05 72.0 94 +0.55 94.0
UTC 50 0.0£0.00 - 0.0 +0.00 -

AAE AW AF A3 AAstE BE A DAl wlel A Zde] FA UE
wow, Al (cel)ol A B} widd(supernatant)ol Al o] F2 A5ES YERWLh o]
AL Shsfel A o] Folxl Ay e Adg MEVF AAstHA dEAd EEE Al
Z oRro® FHsteE Ao ® ddEth webA, formulation no. 25 AlAIF

formulation no. 8& AlAFH IMB022 WHetil AlAEFS AlZste] ofe] XFAHS

e

LkwﬂmﬂMMﬂ—aﬂ7VMMM% M55 A&

Aurgl AA F02¢k Fogoll thal e 40T =N 45, 8F, 125 § WA
b & wahgl 38 G20 xqa]o}oq kg A& FIE AT 40,0000 = 34
ale] Helslgom, sutE o w2 ZAMSATH RARE oFA] X BT 48A17F Fof] ZAMSHY
o
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Table 50. Change of insecticidal activity during storage under room temp. & 40T

After 4 week Ater 8 week Ater 12 week
No of

Treatment

treated Control Control Control
(Dilution)

insect | mean/£SD | efficacy | mean/+SD| efficacy |mean/+SD | efficacy
(%) (%) (%)

F02A(40,000) 50 7.0+£1.00 70.0 7.2+2.17 72.0 7.0+0.71 70.0

F02B(40,000) 50 7.2%1.79 72.0 7.0£1.73 70.0 6.8+0.45 68.0

FO8A (40,000) 50 9.6+£0.55 96.0 9.4+0.89 94.0 9.0+1.00 90.0

FOSB (40,000) 50 9.0+1.41 90.0 9.2+1.79 92.0 9.2+0.84 92.0

UTC 50 0.0+0.00 - 0.0+0.00 - 0.0+0.00 -
* A ; room temperature B ; 40TC.
100.0% oy 90.0% 04 week |
B8 week

90.0% 012 week -
80.0% 70.0% 72.0%

70.0%

60.0% /

50.0% /

40.0% /

30.0% /

20.0% ?

10.0%
0.0% ‘ ‘ ‘ e =

FO2A F02B FO8A FO8B UTC

Fig. 65. Change of insecticidal activity during storage under room temp. & 40T

ol Az Bel A% 77kel @A glo] Aol 2 Waglo]l dAsA FAIEH =
o

Ao Z Kol o]of 2 AAE A
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104 ofe] EAoNAM AlAlE e ofm T

Zhzkel dF= AAEE T HAst HAda <bediel Molol A Xenorhabdus
nematophilus®t Btke] AW = 24 A9 £&4F AAE mgom Axd 2 7
AAE W] A% FAHS Ay, £2 235 e AlAl Formulatin No. 2
¢} Formulation No. 8 ol tha] A1A41% IMB01¥} IMB022 %™ sl sy 2 g}
5ol e HAERE HFstr] e AGH A= 10709 245 AAste] AAFE
o] 43t 7be S A E g

Fig. 66. Test product
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Table 51. Insecticidal activity of formulation against various insect pest in a field

condition.
Adgdz | AgEE | AugE | 293 wAs | 794 Azt | wa
IMBO1 64.3 743
sy
ANE o F . .
471 % A5 (7 4) IMBO02 774 915
AL 399 91.9
IMBO1 56.2 69.5
shahg
A= gl ] IMBO02 704 85.5
(=)
A e}el 32.4 86.3
IMBO1 61.0 777
sy
AUE 9% ) IMBO02 73.4 90.4
T
Aere] 36.7 92.4
IMBO1 487 66.2
=5y
AR HF ] IMBO02 645 81.0
(&
Aele] 276 85.0
. IMBO1 69.1 855
g 24 ;H;) TMBO02 84.6 9.5
N et 40.1 95.0
IMBO1 407 51.7
A A% A A R IMBO02 469 62.9
(32 7}) Aelz 22.9 534
. IMBO1 71.1 86.6
RS AR
A8 o4k IMBO02 80.2 95.2
N (B=7e)
A e}el 629 98.6
_ .. IMBO1 50.7 65.7
Z5 A7 (b 2 IMBO02 69.9 88.0
cT A e 31.0 90.2
IMBO1 63.7 80.9
a5
A g (jo]") © IMB02 76.0 90.2
- A e 2] 45.7 90.4
. IMBO1 60.3 83.1
A A4 ) IMBO02 70.6 916
T Ael ] 35.4 92.8
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9] Table 51914 ¢} 3Fo]l M= 107] 27, 70 2AE, 670 yUu] & sjFo] tiste] 2%

e NPT A A A5 2HANA A AANYRFE A9t BEe £
oA AZE 80%0] el =2 WAIZFE Blen IMB02: thxEokAl AEke] o vzt
WAESE Bl =13 vl 2 oE o] uhlE OHT°1W+ B e 0
A7vE et 53S9 wab 2] wjFdunle] A IMB029] A &=

s
£y
CIgNE

90%0°] o2 AErE] 2000¥
o Fig 67. B¥ A2 A5 79 dof 3
o IMB02¢] 74-¢-= &7t 4

oh el AlAE IMB02%E th2oFA] AlE
Hg4e] $rgor AYgErt ted Aoew

2. IMB02 (kA2 743)

3. Aeke] 20000 (FAIA 2 79 5) 4. FA 9 (FAAE 74 F)

Fig. 67. Control efficacy of IMBO02 on lepidopteran pests infesting field cabbage
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A3 AdEd = 1 2 Ad=Ee A Vles EUE vAde AA ATAE 9 ook
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