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KRR (Photorhabdus luminescens ) g1 |* [## x =] (Enterobacteriaceae ) °
R [ R | AR ERL (bioluminescent ) FUARLTAEITAL > <TG EAT S AR
ﬁ;ﬁrf,\l(” 14, o KARREEEL ST KPP ATV FEASSEAR A (Xenorhabdus spp.) [ﬁJE@
”ﬁrﬁlﬁﬁ'\i&ﬂ/ T+ (symbiotic ) AfITAI o A HH RSB | #7358, ( Heterorhabditis
spp.) HE o Pﬁ?ﬁwﬁﬁlﬁél E[[Ji_f-‘?%’?”z Al (Steinernema spp.) H & %’ﬁ%‘llﬁ?
Pﬁﬁ%ﬁfﬁ‘ﬁslfﬁ? T AR Y RS N 2 féﬁéﬁ} o (haemocoel ) » 7 7K
R 7@@\ L STPAGIE B R 24 % 43 INCRARE[ e 7:{ ST
[N é}ﬁ =) %E;EHW%,‘ » 1993 F A BT N 1 [1@\5&@%@“][7\ 1@,
FYR=1 0 BEE =D 3 W2 E T [ﬂ%%#gﬁéf (ESINPI TS HFE () o /ﬁ HEC R
RIS ELR R AT RS bR = ?‘ﬁﬁrj]l (tri-trophic system ) » AR frI 7 A F =25
/ﬁ J RIAEE (switch ) A8 fifl B FKF]‘ FIobe = Sfag 4 i s A e
IS OB PO AP ST TR R S0 S Y 9
PR PICY AL L 0
ARSI L0 1998 # S Wisconsin N SPRUE[ S ﬁ,’rﬁ el AR R
W3R Eh‘u MR TS 2] lﬁﬁ RN U IJFEF[?J (high-molecular-weight toxin
complexes ) Jrf\_ﬂl A~B-~C-D D“'?E"r’?‘flj}‘{ e AR Hf[‘/[ IE]Fj 5B S F 1H [?J
[ o SR 1 2 F AT It SR ISR T EJIQFJFU%#@?F T i_*
%fﬁg,?fgﬁg( Eivrjl*ﬂ"ﬁa&l PR H g 2 g %[ﬁﬁe%ﬂmf SRS
ISR I OB G K I i A
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ft= Rl PR 2 P - SPGB R AT Jf?“ HEEET (high
—dose “refuge) ﬂﬂklﬁﬁ[%ﬁliﬁiﬂﬂf‘ﬁﬁi ISR EE T IR é&%‘ﬁ”ﬂﬁ”
EL[H“'F” o [ﬂ Mol s ;%Fuﬁu[iﬁﬁ%im FEE }fserH %5 Pl P}{;l
TS R IiE@F{HJ?%lW Al SRR Tl ) ﬁy*;uﬁlﬂ ,
Ty HIRL f-i ?JH[?E%JJ[E?@PJ%EW KR e puPREE T (R~ J[IRLE PR
QU SrpEaliE
SR A TR £ SR B
W) ¥ (chitinases ) ® F[%;J iefd % (lipases) a8, - i 13 (protease )
71D ~ ArF lﬁi?ﬂﬁfﬁ‘ﬂ (protease inhibitor) @V ~ Hi2 $2ET (antibiotics) ¥ ﬁF
f/fﬁ’ﬁg (lipopolysaccharides ) (12)3'?1 k™13 (hemolysins ) Oz, ! ﬂ]ﬁ‘ﬂﬁ [ 3
T FLAE = PSR S ﬁﬁﬁww)ﬁméﬁﬁ$ﬁ@ﬁ%
( entomopathogenic nematode ) fi J’ﬁﬁ' b A £l ?%Hl s HEFPIRAVETE ~ BB
TRV [ B 0 45 BBy 4 S T B % 1) %Tﬁ‘%lﬁw}ﬁ?@%ﬁﬁ’%f*?ﬁﬁ}%w
[0 ST PRSI ST~ Y AT A R SR b 53 24
%ﬁﬁﬁﬂ’%@Tﬂmﬁméiﬁé%W%ﬁmE@?’ﬁﬁﬁﬁﬁﬁéiﬁ
PRI 5 DRt IR - BROTARE R - B9 SR A
E;slpjjr‘ﬂgslﬁul#ﬁ— B > i Jr.]”'igﬂplﬂj’]imdﬂé&ﬁi
* Flﬁﬁﬁ]‘ﬂ b RIAARRITRITE (Photorhabdus luminescens ATCC 29999,
isolation: nematode, Heterorhabditis bacteriophora, Australia ; [ [ 1T Fr) [
ﬁﬁ%%[ﬁ# T ijL' (4 F[F;[ o (U] 25t (Plutella xylostella) ~ ™
éﬂﬁ'\f& ( Galleria mellonella) = 7[»3@75& ( Helicoverpa armigera ) ~ |5k ki
( Spodoptera litura ) ~ FEHUE ( Trichoplusia ni) T—‘?fji kit (Spodoptera exigua )
P EY (lepidoptera) [~ 4 fgxz%% RE o [E&‘/]]"J‘I’é‘tiéﬁl”,?ﬁm%)rﬁﬁ%lﬁ
=TRITNET 100 KDa fiU ST L PR PO PUEPRO 9 AT D) FLAAE ARSI > [
PP |77L7f$plr§si|*‘2§f§?ﬁkii" 100 kDa Sf VRV « BRI © 5
KRR RARY T = frif& B 100 ml v PP3T #‘Fﬁ%f& [2% (w/v) proteose peptone
No.3% 0.5% (w/v) Tween 60])- I') 30°C » 250 rpm > i‘fﬁ,‘ 48 /| ]EHJ‘? » A F‘
IR o Eﬂ&cl%{ﬁ 250 mL FIJ[EHFWEJ??{&E“% » 4°C » 10,000 x g » BES 20 7;
G IV IR AT 045 pom PURFTREIRCFUEIE > FIT) 100 kDa U5 A
i’?al%f&ﬂ (centriplus YM — 100 ultrafiltration device ) 7+ 4C » 3,000 x g » B= 4 /]
Eﬁ }lfj’ HIEHEAIR N HT-20°C o B P R 100 kDa S 1 PTG
Eéé‘@laﬁ“&fl’lip[i ﬁ WY AP R A S R E S [ Vg E 1% (oral
tox101ty) HIER o E R 2 Rl s ~ T ﬁ;{v[i‘f%ﬁl }{—j 800 ppm (p g/ml) Srf I'EV
VARl e S ﬁ*lfﬂl& 7 30 SAHFlEIVIED bk, o AL 48 ([ i
PURFEES MDY} B - W T2 T - 2 A
A E R I Pl ot i [ig‘fﬁLI R R @_Eﬁ]"{'# SRR (Rl
Lﬁéﬁai ?Ji =i E‘H“ﬁ“:rf » Sul S 72 7] Eﬂjiﬁglff *% Abbott Formula %
=% o [H;%i”*' Sfr— 3=t = > [= Probit analysis 7) 7F’?JE[ 4R (50% lethal
concentrations ° LC50) PR Hh%w*& 5096 FLA RS Uﬁfﬁ#[iaﬁf' -
TS v L) RIS 45 BB - 2R L ]
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ARSI
i’ﬁmélt%”/f %[JE'Jﬁ‘Q?UﬂﬁJ?L%ﬁéI ) ﬁf]ﬂ[l??%*f@ifﬁﬁél (Botrytis cinerea » 1174
Ak Pag s LA ) ~ B H’N'Vﬁ%l ( Glomerella cingulata > |13, Al SRR |72
L ) ~ B ,i_ﬂ’—)ﬁ [* (Alternaria mali » 1133 Frd PogERRE R ) - ﬁ“?ﬁ?@’ﬁ
( Phytophthora capsici » & F1 #r 7 £ 7 Hr BCRC 32226 ) - F'( B Jff s
( Colletotrichum musae > P& F 1T~ F"T BCRC 38047 )~ F 1 & *;«rﬁ@ﬁ [* (Botrytis
elliptica » [N13EH) A PrBmRE L1 ) ~ Bl ST (Fusarlum oxysporum f. sp.
pisi > fEF1¥ErT 47 B BCRC 35290) » ﬁ’lp%ﬁwﬁs[ ( Fusarium oxysporum f. sp.
lycopersici> fE 1T &4~ Hr BCRC 32107 )~ “<* TF"[w Vi A1 ( Rhizoctonia solani »
B F 1T AT B BCRC 35687) =Fi F‘, F hﬂ’f‘f A (Sclerotium rolfsii » [& [ 1 ¥
7 FrBCRC 35714) S3E 54 fﬂﬁﬂ*’ﬁsl%%ﬁ% HRRYI™ @ P AR Y
Eﬁ'— T 100 ml fiv PP3T i?ﬁ?iirﬁ o I }]3OC 250 rpm > i?ﬁ?: 48 | E?ji » gy
”T{ﬂ”tc [ﬁalfﬁ JTF R ﬁswlijsif gﬁlﬁ”ﬁ%@%pﬂ%%ﬁ“ﬂﬁ (potato dextrose
agar » PDA) 25 Ci?ﬁ?i 3% 9= (I*T [ﬂlﬁ U ED) [Elﬂw??ﬂ] ) ]’;‘"[EIH
fi o PIE 9 mm 7SR AV A i*‘uiFaL » 05 PDA S |EJF'VFFF|'°'?"&%I
N ﬁl 9 mm Vi %[E'r'ﬂ%ﬂlﬁl 9 mm Jf? FLEEI PR Sk 2V 30wl SR PR RO VR
AEBMR E o 25TH R (I p%ﬁsrtﬂ [ﬂw‘ 5~7 =) EEHI = A E R
AR ﬁ]ﬁ > R RIS (- D -

FEE %ﬁ’%ltﬁ”"ﬁ LAY EHE'E?E_*“J EIEIPRFSN » Fefpn = o
AR R EH?‘_‘% I (Baczllus thuringiensis A6-06X > E U4 B2k Pogi RS FELA )
ﬁf‘ IR (Baczllus subtilis » [i& | 1T 7 Fr BCRC 16048)~ (|| * H4F i ( Bacillus
cereus JSRO1 » {117 Ak o3 $R 3 )~ VLA X &1 ( Salmonella typhimurium TA 98
= TA 100 fli4 Bfis =) 2RI A )~ B T‘*/ﬁ 'FGEITRN ( Xanthomonas campestris 17 »
EIHI"‘,%W f”ﬁl%glhg;‘ﬁﬁrlf&‘,\_ I )~ MBAHTA (Escherichia coli > [l14 Frk 1
Bt ”ﬁ! ) T!‘[F FUG [( (I ( Erwinia carotovora subsp. carotovora > P& [ 1T
A7 Fr BCRC 12613) JTLW\ r WA (Erwinia chrysanthemi » [ [ 1#rT Fr
BCRC 13149) 3 % 4 [ s E'ﬁal R - R LR 2 LB
( Luria-Bertani broth ) ~ NB ( Nutrient broth) TSB ( Tryptic soy broth )~ PSB ( Potato
sucrose broth ) = PP3T (2% PP3 % 0.5% Tween 60 ) %5 78 | [ iﬁ%q’rfz = 30
C > 150 rpm > B F% 2 NEE 6 N o BAIkE | IR 0.45 pm EJ{EIEEIIH?E,@E&IH?EL » S|t
T”T\ p [E; ?E'FIJ[ %‘]“@fﬁjiﬁi Sk }H 50 ml ?"&E&lig\[ "1 NA *“‘Fﬁ%]ﬁh fll= 45C~50
cﬁﬂj S 0.75 ml {3 E'Es[ (15% viv) > BRI 15 ml 6 23 > EEl i v 8
e pl HJ"VFFFIL (ot =PGRS (S 9 mm) £ {ERGEE B S0ul [ FREsf
P F e SRS PSRRI - 513 24 B W 2 -

R A P % 5157 7 B 100 kDa 03 3 WA

£ I DU A 0 A el
ﬁi@ﬁ [,EéﬁﬁleI*é‘rf I ﬁg‘l L Lo E[l R (- ) {2157 =7 BN 100 kDa
EJ%‘ SF IR .?E'rﬁ” | B iR A MR AY 5 R 5T (5 56 ppm = 200 ppm
2R H ST 73? B L= T ) [ R PR i - BEETREUE £ 800 ppm
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e~ AR TAAT 100 kDa = if“r{ b FLE P B il
Table 1. Insects killed by Photorhabdus luminescens w1th toxins whose molecular weights
were larger than 100 kDa.

Common name Species Oral toxicity
Diamondback moth Plutella xylostella LCs50=56+3.2 ppm"
Wax moth larva Galleria mellonella LC50=200+11.0 ppm"
Corn earworm Helicoverpa armigera +?)

Tobacco cutworm Spodoptera litura —3

Cabbage looper Trichoplusia ni —

Beet armyworm Spodoptera exigua —

Y Thirty larvae/replicate, 3 replicates/concentration, and 5 concentrations/trial. Mean+S.D.
derived from 3 trials.

% No mortality but with feeding inhibition.

) No mortality or feeding inhibition.

i~ S A SR U G ETBTR (1S o s 1) -
Fig. 1. In vitro antagonistic plate trial by the dual culture method. Growth inhibition by
Photorhabdus luminescens on agar plates (exemplified by “Botrytis cinerea™).
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[t ([f;ﬂ'# )~ AN RO B~ N R J‘W@/ﬁﬁel *E FMF'JTF%I
;«rﬁéifvf? AL TR T Fﬁﬁpﬁiﬁwﬁsl Ff’é‘ﬂ"ﬁm fr‘ﬂ}Eﬂ ESN F‘Ehﬂ)ﬁ EIEILJ%T@%@
B e BRERREI () B IR ST A IR P e WTWﬂﬁ%ﬁ’t#ﬂﬁ
9%‘5@%? ﬁrf%,?[; 23] @fﬂﬁrﬂﬁrﬁ' ,jh S rﬁs@f&gﬂ [ﬁl— )~ R R
T A TN R E?I?JJW@/? 15E ﬁ'ﬁ' %I?T’U%lﬁ%\‘ EE FS M PGER
%LH\"H'J# RE SN #’J’fﬁi(bloassay)%‘éh‘u AP PAITICE | U OB el (B
BA AL ) -

pyo s ¢@%~~ﬁﬁ%”3?bﬂﬁ%@%w e SR IRER
A SELSEB B0~ R ] - B AR PR FURR FRE
A RN T A BTG 2 g R - (015
B i B P AR (O SBI P ORAEEEOLIBR 4 W
H]LB -~ NB - TSB -+ PSB == PP3T &5 ﬁz‘T [ﬁiﬁ?iﬁz » 3% 30°C » 150 rpm > i?ﬁ?
KRR 2 5 6 Eﬂf&f ST RIAE 0.45 pm FURETERERRVFOHE R - A1 TUT =
Eﬂ?ﬂﬂj[*‘%ﬁj}?ﬁﬁi Stk o FREEAH VS H LB~ NB ~ TSB ~ PSB &7 4 it ,?»pjgs[ffzv
%%%fﬁ@ﬂ%ﬁ%ﬁ@%ﬁ%ﬁ% PR R PP3T S22 (WPAYIGE 0.45
pm (RS RTRSIIGC 20 S R 1< PRI 51 SPIC L 1 8 AT
O BRI TG R CUF ORISR (A2 )« I EE R ﬁl’fﬁ%
«vﬁ#ﬁw&”ﬁ%@%”w@%’ﬁ$PmT§im6«wm@W% Filo
TEHHT PP3T iﬁ%%‘jz «guﬂ]&uﬁ%\l(—i ) ISRl a2 BEA W%l%{»iﬁil@ﬁﬁ’
3 PRSI (OB Popv s (i [ [9F Epy d ] -

ﬁ%ﬁl&l&l&tﬁ”iﬁ Bl R Jﬂjf-;sl@
Table 2. Spectrum of antimycotic activity OE Photorhabdus luminescens as measured by the level of
growth inhibition of a range of fungal species on agar plates by the dual culture method

Fungal species Antimycotic activity' ?
Botrytis cinerea ++ +
Glomerella cingulata ++ +
Alternaria mali +++
Phytophthora capsici ++ +
Colletotrichum musae + +

Botrytis elliptica + +
Fusarium oxysporum f. sp. pisi + +
Fusarium oxysporum f. sp. lycopersici +
Rhizoctonia solani +

Sclerotium rolfsii —

Y Four levels of antimycotic activity as measured by inhibition of fungal growth are defined as:
—, inhibition zone = 1 mm; -+, | < inhibition zone = 5 mm; + +, 5 < inhibition zone
= 9mm; + + +, inhibition zone > 9 mm.

? Data were derived from 3 trials with 3 replicates/trial.
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Table 3. Spectrum of antibacterial activity of Photorhabdus luminescens PP3T cultures as
measured by the level of growth inhibition of a range of bacterial species on agar plates
by the concomitant culture method

Antibacterial activity"

Bacterial species PP3T>? PP3T*”
2 days post-treatment 6 days post-treatment

Bacillus thuringiensis A6-06X + + ++ +
Bacillus subtilis ++ + ++ +
Bacillus cereus JSRO1 + + +++
Salmonella typhimurium TA 98 + + + +
Salmonella typhimurium TA 100 + + + +
Xanthomonas campestris 17 + + + +
Escherichia coli + + +
Erwinia carotovora subsp. carotovora +++ +++

Erwinia chrysanthemi — —

Y Four levels of antibacterial activity as measured by inhibition of bacterial growth defined as:
—, inhibition radius = 1 mm; 4+, 1 < inhibition radius = 2 mm; + +, 2 < inhibition
radius = 3.5 mm; + + +, inhibition radius > 3.5 mm.

% The PP3T medium was composed of 2% (w/v) proteose peptone no. 3 and 0.5% (w/v) Tween 60.

% Data were derived from 3 trials with 3 replicates/trial.

Ensign 57 1998 & 2 - IR A BEA B AR R d (100 6
¥k P. luminescens W-14 [[1f53) 57 1Hd F’ﬁ FLP AR TELPH B (genetic knock-out)
s FIH RS FA[ pH l[ﬁ'T’FlﬁE' (encode) ) [ 1#6 F’ﬁ’ﬁ%} (toxin complex, tc) fIELHGRE

( genomic islands ) 55 [||%% tca (13 kb)~tcb (7.5kb)~tcc (11.5kb) Flted (12
kb) > ETH 1 tea A1 tod ARV 7T BLSrf B S PR a A TR R A EPRIET I

(Manduca sexta) ST BAE IEIPY | VIR 1% » ARG e 1R 5 BRIEE 91 03042
53" BEAHT 100 kDa > H AV T ELE ?ﬁ’l‘% [EH[EIRE o Ragni &7 1998 F TV
Ph= JFARIFF 8L P luminescens XPO1 E%ITSFEIU?Q%JF(,’IE&’?‘%} FLZEI TR E P
En ’ﬂﬁ'f‘ﬂ%ﬁ&ﬁ?f‘ﬁl PRIgE s AR TR E'J?ﬁ?%ﬁﬁtl&%fﬁd/ EOETEE
[V SR AL FER IR (combination ) LN ZENI- KL - i S
RUASHE 19 RS 5 i g VYT 5 V43R5 XA A R B
O LT S (S ) BERE 1 B AR P % Rl 510
M A FL ] > (RIS FE ) S VYRR~ [SETH 0 ST IR R T
Eﬁ?%’ﬁ%i”?‘f%‘“ﬂjfl [ ?ﬁi%— HT’EIZ‘E’(“) o AL N[l A S L L A
pud; 2 > (90 Mef = ,—,i“o) (' makes caterpillars floppy toxin ) ° %Eﬁ‘ﬁﬂﬁ%lﬁ:‘liﬂj [
M PR B R GE R AT R S E | ’?I%ﬁ#ﬁi‘? > T USSP U A E | R
PRI - GEE AR R A l'"JFr\'?J?%J ’P@?@Wﬁﬁ‘?’ﬁi?i“s) o 7 WS AR
SRl AR RIANRFNPVE I PR — o 287 W55 BRI R 5T e %ﬁl‘#ﬂﬁ?@i N4
A VI RE S ST ST AR SR AV P S A pRS ] gy El PR P AL
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ABSTRACT

Hsieh, F. C., Lin, T. C., Tseng, J. T., and Kao, S. S.* 2004. An entomopathogenic-
nematophilic bacterium, Photorhabdus Iuminescens, with insecticidal and
antimicrobial activities. Plant Prot. Bull. 46: 163-172. (Biopesticides Division,
Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Council of
Agriculture, Taichung, Taiwan 413, ROC)

Photorhabdus luminescens, a gram-negative bioluminescent insect-pathogenic
bacterium, belonging to the family Enterobacteriaceae, lives in a symbiotic
relationship with Heterorhabditid nematodes. Recently, it was reported that
antibiotics from P. /luminescens exhibited a wide spectrum of growth inhibition with
several fungi of medicinal and agricultural importance. However, there has been no
report of this kind on indigenous pest and plant pathogen. In this study, supernatant
fluid of bacterial culture was centrifuged, filtered, and bioassayed against 6 species of
insect larvae. The LCs, values of protein preparations against the 3rd instar larvae of
the lepidopteran Plutella xylostella and Galleria mellonella were 56 and 200 ppm,
respectively. Antagonistic effects of bacterial culture and protein preparations on 10
species of fungi and 9 species of bacteria were screened by means of dual or
concomitant culture methods. High antimicrobial activities were observed against
Botrytis cinerea, Glomerella cingulata, Alternaria mali, Phytophthora capsici,
Bacillus thuringiensis, B. subtilis, B. cereus, and FErwinia carotovora subsp.
carotovora. In conclusion, P. luminescens ATCC 29999 has high insecticidal and
antimicrobial activities against local pests and pathogens.

(Key words: Photorhabdus luminescens, symbionts, insecticidal and antimicrobial
activities, entomopathogenic nematode)
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