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L1 JBORL. R, RPRLSCE. Kk fk pWEB™
Jt) B Epicentre 24 w]; iR 2 /& pBluescript M13.
70 W 24k pMDI18-T Iy [ Takara A #l; K i
EPI100 Hi pWEB™ cosmid cloning Kit (Epicentre) 42
fits E. coli TGl A ALI HIRAE. X. nematophilus
BP JELAZAURERE S ARSI S A . XnBP83
J2 INAZ SR 7 326t PR — A0 R 2% A i 1 IR R
HEPEI R

1.1.2 BfPiEZE. Taq DNA BAH. BREITEN
DJME. T4 DNA &M, 2 N5 %, W H Takara
ol BEIEREER LRI H Promega A .

1.1.3 R 65 H R R(Helicoverpa armegera)-
FIR A (Spodoptera exigua)~ FHEBK(S. litura)
K SR (Trichoplusia ni) 1554 HUA S5 25 N 1240
FEI g R

1.1.4 HABIR5]. Gel Extraction Kit & itk /> &= 42
HGAFE A Omega Bio-Tek 7 fifs.

1.2 7%

1.2.1  XnBP83 Fi ki DNA W v B 9 kg £ . #

XnBP83 L1 &N T Ampt (19 LB 555 5E, 37°C
IR R Aq=1.5 & 47, W% 42 Bk DNA 2
500 ng, H 10 U ) EcoR T AT HE VI, [A B H
EcoR T % pBluescript M13 # AR EATHED). 1%38 )15
B UK, EIRe B XnBP83 Kiki 2 kb LA F ¥ 1)
BRI Y] B B, pBluescript M13 B F Bt
e S, MW & iahiE, LEEDiiE DNA G
e, FEH CIP LML, XnBP83 Fikiff) EcoR I
BEUI A B R i 2 IR A 11 pBluescript M13 EcoR 1
BEDIR B 1 2984, 45CHA 5min, MG REK
RV GEHEAN T4 EH M, 16C UK, RHE
R W18 TG A g0 v F . BRECBH 1 o o 4 HL
FUREHEAT I %5 5E .

1.2.2  XnBP83 ik DNA [f)7 5 E. #4502 1E
T 190 5 B 3 Invitrogen 23w H primer-walking
TPESHAT I, AR E S 3 k. liE SR
3 3RS TFfEE, A contig PiEE N —ANiE 4L
B R T B OO A KR AR R A
X. nematophila PMFI296 (GenBank accession No.
AJ308438) % B it Sl # (3K 1). L XnBP83 M ki
DNA M BRRIEAT PCR 434, BGAERURR 78 0 5 [
WFF3).

1.2.3 KK XnBP83 JF41 4 #r. N FH TSR HLER AT
DNASIS. DNASTAR. NTI9.0. GenDoc. Clustal X
AT Clustal W 5 JIT Il DNA 3 #1] 1JE 47 52 5 HiE (open
reading frame, ORF)73#7, J a4 DNA g,
A 95 7 41 LL A % . %% ORF #fE AT 2 JE 1% ¢ 471 4 )
NCBI (www.ncbi.nlm.nih.gov/BLAST/) #F 17 4 £k 43
. FHRFEEE .

1.2.4 KR B XnBP83 [ LA A% G E . Bk
XnBP83 LA HAN LB WiAAR: R, 28°C #%
WIEE Ao 20 1.5, B 1 ml BEFRM 0, B35 W
T4 KIRARE] 200 wl J5 AN 1.5 g [ 44 1) N A0
Bheb, 4Bl vE ] PBS WML 2 K, SO Ik
WERE SR 1.5 g ~F[EA I N TR . 355 1
30 B 2 ALH, 3 R AR L HU(H. arme gera)~
RIS (S, exigua)s FHECRMK(S. liura)~ K3 8K
W(Trichoplusia ni)¥N, M, 7£28C M. il
5% 96 h AET- R T N pWEB™ (] E. coli EPI100 1F
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Table 1 PCR primers used for amplification

Primers Primer sequences Predicted length/bp ~ Amplified length /bp
MI13-FlxptD1-F 5" CTGCAGCGCCAGGGTTTTCCCAGTCACGAC 3’ 1851 877
FlxptD1-R 5" GGTACCCAGTAACATATTGACGGAGT 3’
F2xptDI1-F 5" GGTACCAGCCCTGATATTCTGCTCG 3’ 2 054 1989
xptD1-R 5" AAGCTTTCAGTTAGAATTGTCTTGTTTT 3’
Chi htr- F 5" GGATCCAACAAGACAATTCTAACTG 3’ 3474 3530
Chi htr- R 5" AAGCTTGAAATTAAAACAAACGG 3’
Ist- F 5" CTGCAGCAGAATTTATTTACTATAT 3’ 3001 1840
Ist-R 5" CTCGAGACAGTTCATTAACTTTTATC 3’
F1 xptAl-F 5" GGTACCATGATAAAAGTTAATGAACTGTTAG 3’ 3573 3651
F1 xptAl-R 5" GAGCTCCAGCTGCCATCATAACGAATAT 3’
F2 xptAl-F 5" CTGATTATATATTAAAACTGTCACAT 3’ 1791 1873
F2a xptAl1-R 5" CCATGGGTTCAGTGTTATTTTTC 3’
F2b xptAl-F 5" TAACACTGAACCCATGGATTTCAAC 3’ 2 441 2 826
F2 xptAIR 5" CTCGAGCGCTAGCCGGGTTACCTG 3’
xptB1-F 5" GGATCCATGAAGAATTTCGTTCACAG 3’ 3045 3051
XptB1-R 5" CTGCAG TTATGCTTCGGATTCATTATGA 3’
P1 C1B1 5" GGATCCAAAGTCATGGCGCGCCTGAAAC 3’ 417 422
P2 CIB1 5" AAGCTTGTCTGACCACGGTTGTCCAGTA 3’
P1 xptCl(ab) 5" GGATCCACACCCTTTATTCCATTATC 3’ 674 674
P2 xptCl(ab) 5" AAGCTTGTTCCCATATTGTTATTGAC 3’
retro-F 5" GAATTCGTAATCGATATTGTGTCAT 3’ 3128 3006
retro-R 5" AAGCTTACGATCCATTTGAAAAAAGT 3’
phage-F 5" AAGCTTCTTTTCGATAACCTGTCCTG 3’ 469 5352
phage-R 5" CTCGAGATTCGCGGCCGCATAATAC 3’

pSub2 k. K IX £ w4 Ok A K AR TG, 7E

2 % R pSub2.7 kb Tk BB AS KNI ek, AR 7
21 45K DNA BOBBYI ST BT se b s LS. WECLT Kb JTEUE Kpn TRGDI, K
XnBPS83 *ﬁ*ﬁ_ DNA £ EcoR I Etﬂ(@ la)}ﬁ, EHZ}'EIEE Eéﬂ}ﬁ*iﬁgﬁtﬂ{ﬁﬂ:ﬁn@ 1b. ZLPE@J%

00 2 Kb LI B, BB pBlucseript MI3 1, e, 4 0 SEHE KA B T 5 UK LG

PR S e AT R U . AW A a4y DNAJTBUREURTBL
pSub17 k. pSub8 k. pSubs k. pSub2.7 k. pSub2.3 k.

(@) (b)
bp M 1
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Fig. 1 Restriction analysis of cosmid DNA and recombinant vector

(a) Restriction analysis of cosmid DNA. M: N-EcoT14 | digest; 7: XnBP83. (b) Restriction analysis of the recombinant vector in subclones.

M: \-Hind 1l digest; 7: pSubl7k; 2: pSub2.7k1; 3: pSub5k; 4: pSub8k; 5: pSub2.3k; 6: pSub2.7k2; 7: pSub2k.
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2.2 HAHI DNA & R EZH PCR #1805 &

2 PCR %3, %% PCR P~ K/ EE W i
JE A B 8 KA — 3. 25 X, nematophilus
PMFI296 #H L, 7E phage T %1t PMF1296 AH
JFHIK 4 kb Ze47, £E htran 5 xpid 1 2 18] 741 He
HNPHI/NZ) 1 kb, HR BN Z AL ¥
PCR =) 50 % ) pMDI8-T, 15 5] [ 8 20 kL 4 44
T4 pTN, N b B fR, B4R 1) g 1) 45
€, T BLS TN
2.3 XnBP83 ##i DNA F5IE K& 54

28 ) %558 IR M 5 % PCR v B o [
1% [ Invitrogen A RWF, WE g REPHE, K
ki DNA #fi A i B4 K 38 939 bp(FR 25 kL 44 7
B, AT xptAl~ xptBl~ xptCl~ xptA2 5¢ 34t
FEBVRT xpeD1 (R385 gmhd J %1 XnBP83 4l A v Bk
Y5 X. nematophilus PMFI296 3 [X] ¥ 4] Eb % B ¥ I
BLAST i R B 7x, WHE AWK ZE 7 (K 2):
a. XnBP83 "' xptDI A 5E4E, {°h 2731 bp, L
XnPMF1296 AHN 741 3 840 bp /> T 1 109 bp; b.

aptD1 chi hiran xptA 1

xptB1 xptCl xptA2

{E XnBP83 htran & [A (putative transposase) F ¥ »
xptAl LU B84 1 043 bp (1 ist 3 A (insertion
sequence transposae); c¢. {E X. nematophilus BP f]
aptA2 FEI N AFAE A AR S X dk s d. AE
XnBP83 [1*) 362 bp 1 retro LK (putative retransposase)
FWEA 126 bp )7 515 P luminescens TTOL [f]
plu0404 FEPH (480 bp, ThHEA ) H K 126 bp J741
5 81%HLUE, ¥ i%BE DNA JifE ORF(1 216 bp)fir
%M splu (similarity to plu0404); e. X. nematophilus
PMFI296 [f] phage JE X n] e A 564, 1k 471 bp,
Ifi BP [FIAH N1 5 19 500 bp (PMF % 1% )7 1))
5 phage putative primase 3EFRAAT 81% LA L IAHALL
PE: . 7E XnBP83 phage K& ) N7 —4> ORF
AT AN 43 50k 35 bp I 22 bp (194 B R
(mouse) 55 8 M 4 Gt ik b (1M 7 4 91% A
100%RIAHLLE, (HIJREAREN. fEJTf7 ORF 1, 5
A W PR DA ¢ 0 5 LA apeDI s aptA 1
aptBI~ xptCl~ xpiA2, X 5 DR X, nematophilus
PMF1296 A3k A L LA 2.

retro splu phage mou

@ D —<n e <

xptD1  chi hiran ist aptA 1

xptBl1  xptCl xptA2

reiro  phage

® D> —-( G G

Fig. 2 Genomic organization of the XnBP83 loci compared to XnPMF1296 loci
(a) XnBP83; (b) XnPMF1296 (GenBank accession No. AJ308438).

Table 2 Insecticidal genes from XnBP83 compared to insecticidal genes from XnPMFI296

Insecticidal Length of Length of amino Amino acid dentity to Different amino acid sites to
gene of BP nucleotides/bp acids PMF1296/% PMF1296
aptD1 2731 892 99 Incomplete
xptA 1 7 569 2520 98 2200~2223
xptBI 3051 1016 98 620~ 650
aptCl 4225 1408 96 8 amino acids downstream to 232nd; 627~ 646
xptA2 7574 2524 90 788~855;1 630~ 1784

XnBP83 Kikirf (1) xptD1 A5E4E; BP XptAl 1
552200~ 2 223 S FEMR X WOk 4L 23 MR S
PMF 1296 [#] XptAl A[]; BP XptBl % 620~ 650
SR 2 A1 28 Ma LR 5 /r BP XptCl )
55 232 WHR G4 T —4 TAQRYLAK 2 EIR
JPH, RS 627~ 646 SR X 1N 55 PMFI296 [f]
XptCl 7 18 ML 7 7. 7L BP i & XptA2 1)
%5 788~ 855 IR MIZE 1 630~ 1 784 WIEMR W
AN AR X . KPR XnBP83 HiX 5 AN A% duim vk
FHRAIFERIE) S P, luminescens 32 Te 7 2L

1 40%LL EARLYE. H5 Yersinia, Pseudomonas,
Burkholderia %5 41 T 1) 7% B 75 3 A7 A [A) 142 52 1) AH
LI,
2.4 HERISEPE XnBP83 B O AR HIF S

K B w0 BE XnBPS3 XI i @ H M 4 B
(H. armegera)~ Tl & WK (S. exigua)~ #8011
(S. litura) FUORB SCRE(T. nd) B9 17 HLUIRT 140 1 2 400 0
SE LR R (36 3), XnBP83 S ) B il % # H EL
AT RS R
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Table 3 Oral toxicity of XnBP83 or EPI100 (pWEB™) supernatant and sediment against Lepidopteran insect neonate

Average mortality of supernatant /%

Average mortality of cell sediment /%

T. ni H. armegera . litura S. exigua T. ni H. amegera 8. litura S. exigua

XnBPS3  17.50:0.79"  48.33:1.54  20.03:1.85  42.50+2.04  30.00:1.07  35.83:136  34.67+129  42.50+2.04

EPI100 857:042)  250:0.11  7.502025  5.01:026  0.04:0.01  2.50£0.07  2.14:0.02  9.160+0.54
P <0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

DStandard error of the mean. Values are an average from three independent experiments; each experiment was performed on 30 larvae.

3 it it

AR MR AR AT ) FH ORI A S D i
EY), SCHAE T iZAE R MR =) e & A 1 e
. Waterfield 5650 K B, P. luminescens W14
ZAEENA tcad s tedB M teeC BRG R IEX) M. sexta
A REErE. Morgan S5 R I, X. nematophilus
PMFI296 [¥] aptA 1, wptBI Fl xptC1 X TRk H AT
CUREEE R U R R AT, BAR aprA 1 )R
MR = BAT— @ g, (HEEEECh
Ff%. XnBP83 /& M X. nematophilus BP [¥)3& K 41
KT S Hp i 328 21 ) — S0 R A% HRUA 50 5 11 RS
fRve . ASCADINE S5 R o, XnBP83 X il
fif 9 H OB A AT ) nE R HONE L R R SR AR
X. nematophila PMFI296 1] xpiA 1, xptB1~ xptCl-
xptD1 F xptA 2 FERBETE T 5 X514, 40 5l Hx
S AN 237~450 bp I BE. g 3810 B B oy
7, WP IAA XnBP83 HAT 3 MNKIA HUIREFIEPT L
T 3L B apid 1, aptB1 R xpiA2. XnBP76 Gk /b
xptA2 S IEI B, HEW aped 2 (96 2 5GHE 7
BURATRES XnBP76 [ IS HEFARAT OC.  BARY)
A XnBP83 B 3 A3k LI IR Bt i 0 75 1) 2
apiA 1, xpitBI FlxptA2, {H PCR 341 /=4 H &
FHEBI A E] 500 bp (197 BL, & HE AR
Ay G, B AR S, R 20 R R T B
XnBP83 [¥] DNA 45741, 1y H 2 — B0 5% 7
FHEED A AH BOC R K% B IR 22 DhRg,
Z00 5E KR DNA 42 P41, B 3RATTHEAT T KR
XnBP83 4741l 52 .

Kk e % XnBP83 [k di i 52 A, 4R
HE— A KJE N 38 939 bp T FIH, & aptd 1
aptBI~ xptCl~ xptA2 W53 9 6 5 5 A xpeD1 1)
53 G B P A1) 3K S8 DR HE AT I 2 R R P 4 S

X. nematophila PMF1296 AH 3 3 IR 7= 45 (1) AR ALL 14 3%
15 90% LA b AHFRATT A IR [A] — i A2 TR AN 7]
RIA—EER ), BEARH BRI, XA
DI AE 7 AT RE s T ECEATTN B H ) o HOE A
(7 ft) — A 2 g A

Sergeant SFfF 5T K, X. nematophila PMFI296
MIZEI AL Be aptA 1 xpiBI~ xptA2 F xpeC1 Y
AN BE DAL S =M R R KOS R (Pieris
brassicae), /I 3% Ky W (P rapae)s W H O ik
(H. virescens) A RIEME R LT, ASFZER R4
B 5 R HOSE B RM RANE. apeA ],
aptB1 A1 xptC1 LIS K ERE(P. brassicae) T
NKRNIR(P. rapae) KIFA BRIEVE. 10 aptBI, xptA2
Ml aptCl = A e PR IBE A5 3% 2k 2 o0f 00 0 4 ik
(H. virescens) BA R HIGPEIT L TF 1. £ FEA 5
Mk, W BERIN R EAR AT R B, ks
xptB1 M xptC1 1L E. coli " IEA 5 1K 41 B 22 1@ )
5 xptA 1 WIS WA, WAL T R RS R ik
(P. brassicae) /N RGP, rapae) ) 5% RIEPE. (7]
FE aptBI M xptC1 HRE 2R IE 141 M M) 5 apeA 2
FIEF=WIRA WP T 5 MR (H. virescens)IT]
AHGEPE. 1E X, nematophilus PMF1296 [ PUN 3 A
e, B R B2 BEOR o AR TS R R A
aptB1~ xptCl F xptA2 ZAE K — -4 1 (operon)
KIS, wptCl 8 xptA 2 [ R3E, 4 FBCRWEHEK
FITCER. T apeA 1 24— A FREE RN Rk ).
A IR S, AEAE AR T BRI o B
TR

BERSERY T apiCl RIS Hi Ak pQE-C1,
TERIGAT B M15 F5A Y 150 ku IREA S . K
75 3 3RIE I AN ML TIE 2 6 P B AR i VRN N L e
T AR B HRA) G ) He, 25 AR W] R A% UG I e
#ES7. X X. nematophilus FIERIFIE =PI 5% B
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WPERAE A MIRE. Lee I MWH T xptBI 3
LA, AEE. coli "I R IE R R M AT B oik
4 By, A BSES M X, nematophilus BP #4 4
(RPRERL S TR E 21 R R pe B BR T XnBP83 X Hi#%
HAT IR ik DUIRGEPESL, 38 A AN A RO
XnBP76. XnBP203. XnBP378. XnBP414 %544~
o % . MR W X.nematophilus PMFI296 xpiDI-
xptA 1~ xptBI~ xptCl~ xptA2 JFH0 55 mlBevt 51 ik
17 PCR 473, XnBP76 H A % apid 2 LA,
WP IAA, XnBP76 HI T8k aptd 2 BEDE], A
B IR R R KR N B, AE iR RE PR A0 A7 AE
N ACHEFIEIHE e U AR K, XnBP203 R 1Y
B aptC1 A aptA2, WIS HUWE ) 58 2 2k, T
XnBP378 Fll XnBP414 Ht’k T xptDI Al xptA 1 B A
BEIR R 1 AN ERA G R, 0 R HUE ) 2 AR
N IREEERAR T AN A T BT DR 5 A o HLA
B AR UBOR MANE 2, BN R 2 TR A B G
FRAFEBA BT

Waterfield S50 50K I, P. luminescens W14
4 Fh B & 5 A L B (toxin-complex loci), B!
tca~ teh~ tec M oted. tea [P 7E WK DR K
(Manduca sexta)f3 558 1) & £, Duchaud 25
WE T P luminescens TTO1 LR A FH, &H
tee~ ted FEPE, LARANTEHEN 1ca BEPRAN 5 A HoAh
(¥ tc JEDR. A BLAST 4538 7R, Kiki XnBP83
)5 NEZERR BRI P luminescens ) Te 5
AT 40% UL AR, BEHEAE 3K Te-like
B & . H 1 Serratia entomo phila~
Jrederiksenii~  Pseudomonas syringae~ Burkholderia
pseudomallei %55 B A LM Eh, HWHY
X. nematophilus BP #F 2 — i AHIPER R ILEE R,
XATRESE T35 WAL AR [ N ER —— B N I
Y 2 TR AR
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Sequence Analysis of Insecticidal Genes From
Xenorhabdus nematophila BP and Insecticidal Activity”

LI Mei'?”, QIU Li-Hong "™, WU Guo-Feng?, LIU Chang-Kun?, SHEN Zhi-Hua?, PANG Yi"
("State Key Laboratory of Biocontrol, School of Life Sciences, Sun Yat-sen University, Guangzhou 510275, China;
2 University of Electronic Science and Technology of China Zhongshan Institute, Zhongshan 528402, China)

Abstract XnBP83 is a clone which had oral toxicity to Helicoverpa. armegera screened from the cosmid library
of Xenorhabdus. nematophilus BP. Comsmid XnBP83 was sequenced using a strategy of subcloning and
primer-walking DNA sequencing. The inserted sequences of XnBP83 have 38 939 bp including 5 ORFs that are
associated to the insecticidal activity: xpiA 1, xptBI, xpiC1, xptA2 and xpiDI. The results of sequence analysis
showed that: 1) The xptDI of XnBP83 is incomplete, and shares 99% predicted amino acid sequence identity to
that of X. nematophilus PMFI296. 2) The xptA I of XnBP83 has 7 569 bp nucleotides, encoding 2 520 amino acids
which shares 98% identical amino acid residues with that of PMFI296. 3) The xptBI has 3 051 bp nucleotides,
encoding 1 016 amino acids. The XptB1 sequence shares 98% identical amino acid residues with XptB1 of
PMFI296. There are 28 different amino acids from 620 to 650 amino acids. 4) The xptCI of X. nematophilus BP
has 4 225 bp, encoding 1 408 amino acids. The XptC1 sequence shares 96% identical amino acid residues with
that of X. nematophilus PMFI296. There are 18 different amino acids from 627 to 646 amino acids. The amino acid
sequence with TAQRYLAK was inserted to downstream to 232nd amino acid. And 5) The xptA 2 has a length of
7 574 bp, encoding 2 524 amino acids. The XptA2 sequence shares 90% identical amino acid residues with that of
PMFI296. Two distinctly divergence amino acid regions present from 788 to 855 and from 1 630 to 1 784 amino
acids. Oral bioassay of the supernatant and cell sediment of XnBP83 against H. armegera, S. exigua, S. litura, and
T. ni showed that XnBP83 had broad-spectrum insecticidal activity.
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