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Abstract

Xenorhabdus nematophila var. pekingensis is a bacterium symbiotically associated with Steinernema

carpocapose, an insect pathogenic nematodes which was firstly collected from soil in suburb of Beijing,

China. Previous reports in our experiment have revealed that high insecticidal, antimicrobial, and

anti-tumour activities are conferred by the metabolites of this strain, among which a variety of

antibiotics-active substances show attractive prospect for development and application. So it is important to

do some researches concerning its antibiotics through approaches of biology, genetics and molecular

biology. This paper was mainly focused on the effects of different plasmid transformation techniques on

the physiological and biochemistry properties of this bacterium, and cloning, functional identification and

localization of its antibiotics- related gene fragment. The major results were as follows:

1

The antibiotics resistance of X. nematophila var. pekingensis was analyzed. The results indicated that
the strain was sensitive to chloramphenicol, neomycin and kanamycin, while possessed various degrees
of resistance against streptomycin, penicillin, and ampicillin. The result was laid the foundation for the
plasmid selection in following transformation techniques and the basis of molecular biological research
on antibiotics- related gene from this strain.

With several transformation approaches to prepare competent cells of Form I of X. nematophila var.
pekingensis, the effects of these gene manipulation methods on physiological and biochemistry
properties of the strain were investigated systematically. It was proved that various methods caused
different effects on bacterial metabolism, and conjugation was the most appropriate approach for
genetic manipulation. Contrarily, after electroporation, the strain became resistant to kanamycin, the
color of colony on NBTA dark red, the V-P, SAC, GLU, and SOR metabolism on API strip were
changed, the pattern of growth curve was influenced, and inhibitory activity against Bacillus subtilis
was decreased. And the influence of CaClo-mediated chemical transformation was similar to
electroporation, especially for some properties such as kanamycin resistance, dye absorption, inhibitory
activity. Besides, the catalase activity was altered from negative to positive reaction. Comparatively,
there is no observable change between the metabolism pathways of cell undergoing conjugation
procedure and those of wild type strain.

Through three-parent-mating of conjugation procedure, plasmids pSZ21 and pLA2917 were transferred
into Form I cell of X. nematophila var. pekingensis, respectively. However, the introduction of
exogenous plasmid affected some metabolism pathways and straits greatly. Compared with wild type
strain, both pSZ21 and pLA2917 transconjugatants were altered in some aspects: the color of colonies
was dark red on NBTA medium, the growth rate promoted rapidly, some physiological and
biochemistry properties affected accordingly, and the antibiotics- producing ability decreased sharply.
An antibiotics-related gene Xbl fragment was firstly cloned from X. nematophila var. pekingensis with
the accession number of DQ631811. It was showed that 15~731 base of xbl gene fragment is highly
homologous to the counterpart sequence of X. nematophila ATCC19061 (99% identity). Also the
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alignment of amino acids sequence that xbl encoded implied homology to an unnamed protein product
(85% identity) from Photorhabdus luminescens TTOl, whose function is involved in antibiotics
biosynthesis.

5 The expression and functional analysis of ampicillin-hydrolyzing active peptide encoded by xbl-ah
gene fragment, a part of xhl gene, was conducted. Gene xbl-ah fragment was amplified from strain X.
nematophila var. pekingensis. Then it was ligated into plasmid pET28a(+) to construct a recombined
vector pET28AH, which was subsequently transformed into E. coli BL21 (DE3) competent cells.
Incusion body of XBL-AH, an approximately 20 kDa peptide, was expressed by IPTG induction. After
dissolved, denaturalized, and refolded, XBL-AH peptide was identified to exhibit activity of
hydrolyzing ampicillin. XBL-AH was purified with AKTA system and further confirmed with ELISA
assay.

6 It was revealed that xbl-ah gene fragment was not in plasmid, but in genomic DNA. And xbl-ah
fragment and ampicllin-resistant gene of plasmid pBJ-1, which was firstly isolated and named in this
experiment, were proved to be separate genetic elements to exert their functions independently in the

bacterium.

These results above will provide some fundamental information for the subsequent research on genetic

manipulation and molecular biology of antibiotics of strain X. nematophila var. pekingensis.

Key words: X. nematophila var. pekingensis; plasmid transformation technique; antibiotics related gene;

inclusion body; ampicillin-hydrolyzing activity.
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(Enterobacteriaceae) (Thomas & Poinar, 1979) —_—
(Xenorhabdus) (Photorhabdus), (Steinernema)
(Heterorhabditis) Ehlers 1988 Poinar 1990  Fischer 1999

Bowen et al, 1998; ffrench-Constant & Bowen,
1999; ffrench-Constant et al, 2000; Ehlers, 2001; Waterfield, 2001; Khandelwal et al, 2004

1.1
1.1.1
Salmonella spp. Neisseria spp.
Xenorhabdus Photorhabdus
Boemare 2002; Owuama, 2003 X.

nematophilus

Boemare Alkurst 1998; Meslet-Cladiere et al, 2004; Sicard

et al, 2005
P.
luminescens) Ehler 1990
1.1.2
Salmonella typhimurium
(Bruist & Simon 1984; Lino & Kutsukake,
1983) Streptomyces spp. DNA

Rhizobium spp.
DNA DNA



A+T

DNA
DNA
1.1.2.1
lux mRNA
Leclerc Boemare 1991
(A24, F1,NC116) X.bovienii Dan
A24  Fl
1
1.1.2.2 DNA
DNA Akhurst
RFLP
Wang & Dowds 1993 X.luminescens
169bp  Northern

Givaudan 1996 E.coli

nematophilus ORFs
Xenorhabdus Flic N C
ORF FliD
E.coli 628
Northern
Xenorhabdus

P. lumicescens

X. nematophilus

NCl116
Dan
1992
DNA
(lip-1)
X.
ORF fliC

Xenorhabdus fliCD
fliC
fliC  fliD
fliCD

P. luminescens



1.1.2.3

Volgyi
X. nematophilus 121
varl
Pinyon 2000 RecA
recA recA
recA uv
recA

ompR Khandelwal
pixA Goetsch 2006

etal, 2003 rpoS Vivasetal 2001

1.1.2.4

Gerritsen 1995

Krasomil-Osterfeld (1995)

Givaudan et al 1995  Keith 2002

[growth-advantage-in-stationary-phase (GASP) mutant],

2000 GASP
X. nematophilus GASP RpoS
Zinser & Kolter (2000)
DNA
1.1.3
Forst

(2000)

varl

X. bovienii  T228
recA RecA

Nirupama 2003; Kim

Akhurst (1982)

(phase variant)

Volgyi et al
Vivas  (2001)

GASP Irp



Forst & Nealson 1996
Smiglielski 1994

2~4 h
14 h II

—P

asymbiotica

lux Xuetal 1991
Volgyi 1998  Dabornetal 2001 Marokhazi 2003
1.2
DNA

1.2.1
Xu &

Hurlbert, 1990 Linda Mansel 2003

X. nematophilus
5 10
20
(Forst & Nealson, 1996)
1.2.2
X. nematophilus
DNA Xu (1989) X.
nematophilus ATCC19061 10°-10° /ug pHK17
pHK17 250



ATCC 19061
IM/1

1.2.3

Xu 1991
X. nematophilus ATCC 19061
19061  Tn5

3 G. mellonella
32.5kDa
Francis 1993
A LamB A
LamB

bovienii/pTROY9

Pinyon 1996

LDs

Eric  (2003) E. coli S17-1 Apir

CaClz-RbCIQ

1.3

Xenorhabdus spp.
RNA

X. nematophilus

Tn5 E.coli
pGS9 X. nematophilus  ATCC
250
X. nematophilus envZ

X. bovienii A
lamB X. bovienii T228
Tnl10 A X.
Dnase
0.05-0.9
Tn5 X. bovienii  T228/1

X. nematophilus

Photorhabdus spp.
10* /ug pBR322

Photorhabdus spp. 16S



1.3.1
EnvZ OmpR
OmpR ompF  ompC EnvZ  OmpR
EnvZ Tabatabai  Forst (1995
EnvZ X. nematophila ompR  envZ
EnvX.n 342 EnvZ 108
EnvZ 57 EnvZE.c
EnvZX.n envZX.n
denvZ OmpF  OmpC
EnvZXn  OmpRE.c d envZ
OmpR 78
EnvZ
OmpR
Forst (1995 / OpnP OpnP
porin OmpF
OpnP 348 OmpF 55 ompF opnP asnS
aspC 16 § 3
opnP opnP 670 20bp OmpR
micF RNA Forst, 1997
1.3.2
Givaudan (1996) X. nematophilus F1
ORFs ORF fliC
FliD Xenorhabdus fliCD fliC
Northern fliC fliD I
I fliCD II II
transcriptional hierarchy II
X. nematophilus F1 flhD flhDC
flhDC flhD



spodoptera littoralis flhDC
Givaudan & Lanois 2000)
Xenorhabdus He 2004 mrx
Mrx 5 mrxACDGH ,
fimbrial Proteus mirabilis mrp mrx
mrxA mrxC
mrpB mrxA 940
nt  mrxA mRNA mrx mRNA mrxA sigma 70
Irp Lrp mrx
mrx
Khandelwal 2004
17 kDa PCR
N- N
Helicoverpa armigera
1.3.3
5 S
Vivas  Goodrich-Blair 2001 X. nematophila
5 S - o S rpoS
rpoS
signature-tagged mutagenesis STM 15
9 3 OPFs rpoS,
poE, Irp ORFs aroA, serC ORFs
nilB nematode intestine localization ORF Neisseria
OmpU 3 nilAnilC  nilB nilA,nilC
nilB 4kb nilB  nilC 104
NilD ORFs (Heungens et al, 2002)
isc-hsc-fdx
iscRSUA-hscBA -fdx iscA  hscB S.
carpocapsae iscA  hscB hscBA Martens
etal 2003
Orchard  Goodrich-Blair 2004 -



oligopeptide permease OppA
oppB  oppC, oppD  oppF opp
oppA(1), oppA(2)  oppB
opp
opp
(Martens & Goodrich-Blair, 2005)
1.3.4
Brillard 2003 DNA
5.7kb sheA
A holin
ASam7
Cowles  Goodrich-Blair 2005 XhlA (Manduca
sexta) Lrp leucine-responsive regulatory protein
FIhDC(regulator of flagella synthesis,) xhlA XhlA
XhlA
XhlA ,
plasmatocytes xhlA hcp haemolysin
co-recgulated protein xhlA hcp
Lrp
1.3.5
Morgan  (2001) cHRIM1 X. nematophilus PMFI296
5 xptAl,-A2,-B1,-C1,-D1 P. luminescens
49% chi 38%
xptA2,xptD1,chi (Pieris brassicae) xptAl
xptB1 xptCl
APL XptAl
E.coli P. luminescens E.coli
cHRIMI
tRNA DNA X. nematophilus PMFI296 X.
nematophilus P. luminescens



2003

E.coli xpt
xptAl(tcdA/sepA-like;7841bp; 287kDa) xptA2(tcdA /sepA-like; 7647bp;
285kDa) xptB1(tccC/sepC-like;3047bp; 111 k Da) xptC1 (tcdB/sepA-like; 4256bp;
160kDa)
xptB1 xptCl ,
xptAl  xptA2 , xptBl  xptCl
xptA2, xptCl, xptBl X. nematophilus  PMFI296
xptA2  xptCl xptAl
Sergeant et al, 2003)
X. nematophila BP 500
5 XnBP76 , XnBP83 , XnBP203 , XnBP378 , XnBP414
PCR XnBP83 X. nematophila PMFI296
93 X. nematophila BP ORF
xptCl XptA2
xptDl  xptAl XptA2
2003a 2003b
4 CB6 CB33 CB43 CB54
cb6Al cb33A1 cb43A1  cb54Al
cb6Al pBV221-cb6Al-1
pGEX-KG-CB6A1-2 20u g
/g 3 91.67% cbAl
2003
X. nematophila 42 kDa Galleria mellenella
H. armigera 30 40 ng/g
Brown et al 2004;
Brown etal 2006
1.3.6
Smigielski 1999 6 Morgan 4
1 (Morgan et al, 2000a, 2000b) East 2003
20 Hey 2004 13
Bintrim 2004 9



1.3.7

Goetsch 2006 PixA 185
RpoS pixA Pix
pixA X.
bovienii PixA X. nematophila
1.4
1.4.1
1959 (Dutky, 1959)

Akhurst, 1982 Paul et al, 1981 Akhurst & Boemare 1988 Mclnerney et al 1991a; Isaacson & Webster,

2002 Mclnerney et al, 1991b Webster & John, 1999
Thaler, 2002 Poinar & Thomas, 1966 Dunphy, 1994  Akhurst Xenorhabdus spp.
Micrococcus lutens Staphulococcus aureus
Bacillus thuringiensi s Escherichia coli 1-1
1-1

Tablel-1 The inhibitory activities of Xenorhabdus spp. against bacterium

A24 T319 Q58 Gl

=

+

Micrococcus luteus
Staphylococcus aureus
Bacillus cereus
B. Polymyxa
B. Subtilis

B. thuringiensis

+ o+ o+ o+ o+ o+

Escherichia coli

+ o+ + + o+ o+ o+ o+
1

+ o+ + o+ o+ + o+

+ o+ + + o+ o+ + o+ R

Serratia sp.

+ o+ + o+ o+ o+ o+ o+

Proteus rulgaris

Pseudomonas fluorescens -

+
+
_l’_
+

Erwinia carotovora +

+
1
1
_l’_
+

Shigella sonnei +

() ()
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Chen 1994

2 32 7
Li 1995 X. bovienii
50-100ug/ml Phytophthora infestans

Ng  Webster (1997)

5.0 mg/ml 24 10 mg/ml 7
Lopez 1997
X. nematophilus 9
1-2 6-50 ml/L
90-100 100ml/L
7 93.08 100 50 ml/L
7 75.9 20 ml/L 25
1998a 1998b 2000 2002
1-2 Xenorhabdus spp.
Tablel-2 The effects of Xenorhabdus spp. inhibition against plant pathogenic epiphyte
A24 BJ CB-19 NC116 NC32
Alternaria solani ++ 4+ + + ++
Physalospora piricola 1t i, Tt ; ;
Vaisa mali + - - + -
Botryosphaeria ribis ++ ++ + ++ +
Fusarium graminearum + - - - -
Helminthosporium sativum ++ +++ - +++ ++
Alternaria citri + - + + -
Phytophthora melonis -+ -+ ++ b
P. beohmeriae ++++ ++++ ++ +++
() () ) 1/2
( ) 173, ( ) /4  (N)
1.4.2
80

11
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Fig 1-1 The chemical structure of antibiotic metabolites from Xenorhabdus spp
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1-3

Table1-3 The antibiotic metabolites from genus Xenorhabdus

X. nematophilus

X. bovienii

X. beddingii

Xenorhabdus sp.

ALL
A24
Fl1
ATC
D1 BCl1
Fl1
T319
Umea

Dan

A21
Q58

Ql

1)

luteus BTA 433
IMR-RNSh

G

(Staphylococcus aureus ATCC 6538P )
Bacillus cereus BTA 432

Rhodes et al, 1987 Lietal, 1997

2)

Staphylococcus aureus CN10

BRL 2400

NCTC 9755

EC5p=0.125 pg/ml
EC50=2~8 pg/ml

3) 1,2-
1988
4)
Valerie  (1981)
ppGpp

Aspergillus niger

10 mg/ml

G G

Valerie et al, 1981 Lietal

Escherichia coli ESS
Bacillus megaterium NCIB 9376
Sarcina lutea ATCC 8740
ECs5o=10pg/ml
Mclnerney et al, 1991; Ji et al, 2004

ppGpp

RNA

1995 Lietal

13

Streptococcus pyogenes

Heliotbis punctigera

Staphylococcus aureus V573
Acinetobacter lwoffii
Corynebacterium xerosis

Cryptococcus neoformans

Trichophyton mentagrophytes

RNA Richardson et al,

(Phytophthora infestans)

1997 Panetal 2002

Micrococcus



5)

(Sundar & Chang, 1993; Webster et al, 1996)

6) Pseudopeptides
Xenorhabdus nematophila
10 pg/ml -40 pg/ml Thaler et al, 2002
7) Xenorhabdicins
I 11 Mitomycin C
45

Boemare etal 1994 Thaler 1997 Thaleretal 1995

8)
Webster 1998 Chen
etal 1996
1.5
1.5.1
(X.
nematophila var. pekingensis (Pan et al, 2002;
2003 2001 2002) 2002
1.5.2

14
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1, 2-

2.1
(Davies, 1994)
I
2.1.1
21.1.1
(X. nematophila var. pekingensis I
2.1.1.2

16



NBTA

45¢
0.025¢g
0.040 g
1000 ml
LB
10g
5¢
NaCl 10g
H,0 1000ml
pH 7.5
2.1.1.3
Sigma Gibco
NEB Merck
2.1.2
2.1.2.1
LB
4 1 2 3 4
40 20 10  Spg/ml 30 15 7.5 3.75pg/ml 50 10 5 1lpg/ml
100 10 5 1lpg/ml 1000 500 100  50pg/ml
2.1.2.2
1 I 50ml LB 250ml 28
36h
2 6000 rpm 10min
3
4 6000 rpm 10min
5 3 4
6 10’ cfu/ml
7 50ul Sml 2.2.1 LB
8 28 180rpm 36 48h
3

17



2.1.3
2.1.3.1
508
20 pg/ml 2-1 I
Spug/ml
2-1
Table 2-1 Analysis of chloramphenicol resistance of X. nematophila var. pekingensis
Concentration Strain growth status
40 pg/ml -
20 pg/ml -
10 pg/ml -
5 pg/ml -
+ -
2.1.3.2
25 pg/ml
2-2 |
2-2
Table 2-2 Analysis of kanamycin resistance of X. nematophila var. pekingensis
Concentration Strain growth status
50 pg/ml -
10 pg/ml -
5 pg/ml -
1 pg/ml -
+ -
2.1.3.3
2-3
I 1 pg/ml

18



2.1.3.4

2.1.3.5

2-3

Table 2-3 Analysis of streptomycin resistance of X. nematophila var. pekingensis

Concentration Strain growth status
100 pg/ml -
10 pug/ml -
5 pg/ml -
1 pg/ml +
+ -
2-4 I
2-4
Table 2-4 Analysis of neomycin resistance of X. nematophila var. pekingensis
Concentration Strain growth status
30 pg/ml -
15 pg/ml -
7.5 ug/ml -
3.75 pg/ml -
+ -
2-5
1,000 pg/ ml
2-5

Table 2-5 Analysis of penicillin resistance of X. nematophila var. pekingensis

Concentration Strain growth status
1,000 pg/ml +
500 pg/ml +
100 pg/ml +
50 pg/ml +
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2.1.3.6
B- 2-6
1 100 pg/ml
6d 1,000 pg/ ml
I ( )
2-6
Table 2-6 Analysis of ampicillin resistance of X. nematophila var. pekingensis
Concentration Strain growth status

1,000 pg/ml _

500 pg/ml -

100 pg/ml +

50 pg/ml +

+
2.1.4
1)
DNA
2)
DNA 3)
4
5 1998
Moeen 1998 32
luminescens 11 X. poinarii
B-

20



2.2 I

2
DNA
Weaver 1993  CaCl,
0 CaCl, DNA

DNase - 42

F' F F

DNA

F tra DNA

DNA oriT DNA DNA

DNA DNA F

tra F F*
CaClz
I
DNA
|
2.2.1
2.2.1.1
(X. nematophila var. pekingensis 1
Bacillus subtilis

2.2.1.2

PDA

21



200 g

20g
H,0 1000ml
2.2.1.3
Sigma AP1 20E BioMerieux
2.2.2
2.2.2.1
1 I NBTA
150 ml LB 500 ml 28 180 rpm ODgoo
04 0.6
2 0
3 6,000 rpm 4 10 min
4 0.1mol/L CaCl,
5 4
6 2-3 ml 0.1mol/L CaCl, 100ul/1.5ml
7 70
2.2.2.2
1) 100 pl 2221 30
2) Eppendorf 42
3) 90 Eppendorf
4) 2
5) 900ul LB 28 180 rpm lh
6) 100l 50 pg/ml 25
pg/ml LB 28 2~3
2.2.2.3
1 NBTA I 150ml LB
28  180rpm ODg00 0.5-0.6 0
2 4  6,000g
3 10
4 4 6,000g
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5 12 10
6 4
7 10ml 10
8 4
9 2ml 10 40ul/1.5ml
10 70
2.2.2.4
1 50 ul 2223 10
2 pre-set protocol-E.coli
3 0.2cm
4 Pulse
5 Iml LB
6 1.5ml 180rpm, 28 lh
7 5 milliseconds
8 100pul 50 pg/ml
25 pg/ml LB 28 2~3
2.2.2.5
1) NBTA I 100ml LB
28  180rpm ODgoo 0.4-0.6
2) 1500r/min 15min
3) LB 1500r/min 15min
4) 1/10 LB 100ul/1.5ml
5) 70
2.2.2.6
1 100 pl 2225
2 0.45um LB
3 0.45um
4 28 8 hr
5 LB
6 100pl (50pg/ml) (25pg/ml) LB 28
2~3 100pl (50png/ml)
LB
2.2.2.7

NBTA 28 2-3d

23



2.2.2.8 API

1) S5ml

2)

3)

4)

5)

6) ADH
H,S

7) 28

8)

9) VP 1 VPI

10) TDA 1 TDA

11) IND 1 James

12) NO; 1 Nitl

2.2.2.9

50u1 3

2.2.2.10

24
50ml LB

2.2.2.11

B. subtilis
OD¢200m 0.33
150ml 1%
ml 4

2.2.3

2.2.3.1

CaClz

CIT VP GEL
LDH URE
18-24
VP2 10
Nit2 2~3
H,0,
20ml LB 100ml
OD 1
250ml 28 180rpm
4
PDA 3 0.85%
28 16h
2-7

24

ODE
28 180rpm
48 24
ODs0o

(29x21x2.5cm)
0.28



2-7

Table 2-7  Effects of Transformation on kanamycin resistance of X. nematophila var. pekingensis

Transformation methods Growth on kanamycin-contained plate
+
+
+ -
2.2.3.2
I NBTA
36-48
CaC12
2-1
wild Wild wild
A: Electroporation treatment B: Chemical transformation treatment C: Conjugation treatment
2-1
Fig 2-1 Effects of Transformation on dye absorption activity of X. nematophila var. pekingensis
2.2.3.3
2-2
20
2 VP (SAC) ( GLU )
(SOR)
B- (ONPG) (IND) (GEL)
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I

9 (INO) (RHA ) (AMY) 6

e e g e L U e 0 -
. .

e

Fig 2-2 Effects of Transformation on metabolism activities of X. nematophila var. pekingensis

2-8

Table 2-8 Effects of Transformation methods on metabolism of X. nematophila var. pekingensis

Electroporation Chemical Conjugation Wild Control

B ( ONPG) : _ ]
(ADH) - - - .
(LDC) - ; ] .
(ODC) - - - -
(CIT) - - . ;
(H:S) - - - -
(URE) - - - ,
(TDA) . - . .
(IND) - - .

vV P -

(GEL) - - ;
(GLU) /- - -
(MAN) ; ; .

(INO) - - - -
(SOR) /- - .
(RHA) - - - -

(SAC) ) )
(MEL) - ] .

(AMY) - - ] .
(ARA) - ) .
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2.2.3.4
| CaCl,
2-9
2-9
Table 2-9 Effects of Transformation methods on Catalase activity of X. nematophila var. pekingensis
Transformation methods Catalase activity
J’_
+
2.2.3.4
- 3
1 |
= = = =Electropolation
— — Chenmical transformation
Conjugation
Wild
0_ K. T T T Ty |
0 8 16 24 32 40 48 56 64 72 80 88 96 104 112 120
Time (h)
2-3
Fig 2-3 Effects of Transformation on growth curve of X. nematophila var. pekingensis
2-3
24 h 12 h
24 ODg00 2.509
ODgop 1.928 30.1
84 h
S 12h
ODgpp  0.3-0.45 48 60h
84
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2.2.3.6

2740 mm  27.86 mm
18.91 mm 16.95 mm 2-4

Diameter of inhibitory zone(mm)

Electroporation Chemical Conjugation Wild

2-4
Fig 2-4 Effects of Transformation on inhibitory activity of X. nematophila var. pekingensis

2.2.4

2.2.4.1

(Hopwood, 1980) )
(Horininchi, 1983; Jones, 1984a; Jones, 1984b; Yamashita, 1985; Hutchinson, 1989)
1996

>

DNA
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2.2.4.2

(Xu & Hurlbert, 1990 Dunphy 1998
I

NBTA
API V-P (SAC) (GLU) (SOR)
S
I
CaCl, Xu
(1989) X. nematophila ATCC 19061 10°~10° Jug
pHK 17 pHK17 250
ATCC 19061 X.
nematophila IM/1
CaCly I
API
Eric  (2003)
E. coli S17-1 A pir X. nematophila
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2.3

DNA self-transmissible plasmid
conjugative plasmid
mobilizable plasmid
tra oriT
tra tra
oriT DNA tra
oriT DNA
oriT
oriT
oriT
oriT mob tra
pLA2917  pSZ21
pRK2013
I pLA2917 pRK2013
pLA2917 tra oriT
pLA2917  pRK2013 pLA2917 pRK2013
pRK2013 pLA2917
pLA2917  pRK2013
I
2.3.1
2.3.1.1
(X. nematophila var. pekingensis I
Escherichia coli DHS5a[supE55AlacU169(y80lacZAM15)hsdR 17 recA endA
Nx'] pSZ21 pLA2917 pRK2013
Bacillus subtilis
2.3.1.2
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2.3.2

2.3.

2.3.

2.3.

2.1
1) LB E.coli DH5a 20ml LB
37  200rpm ODgo0 0.5-0.6 0

2) 4 2700g

3) 20ml 10

4) 4 2700g

5) 10ml 10

6) 4

7 10ml 10

8) 4

9) 200ul 10 50ul/1.5ml

10) 70

2.2

1) 3.2.1 40ul 1.5ml Ependorf

2) 1-2ul Imin

3) pre-set protocol-E.coli 2 mm 2500V

4) 0.2cm

5) Pulse

6) Iml LB

7 1.5ml 200rpm, 37 45min

8) 5 milliseconds

9) pSZ21 pRK2013 (25pg/ml), pLA2917
(10pg/ml) (25pg/ml) 37

10) LB

2.3

1) I 325

2) 2322

100ml LB 37  200rpm ODyg0o 0.4-0.6
325
3) 2 1.5ml
Eppendorf 100 pl 1
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4)
5)
6)
7)
8)

9)

2.3.2.4

PCR

PCR

0.45um LB
0.45um
28 8 hr

LB

100 150ul pSZ21

(25pg/ml) pLA2917
(50png/ml) (25pg/ml) 28 2-3
PCR
PCR
PCR
GenBank AY317152

Upper primer 5’ TAT GTATTC TAC CGG ACG GG 3’
Lower primer 5’ TAT CACAACCTACCCGTTCC ¥

(2003a) ,

Upper primer: 5> GGT GCC CTG AAT GAACTG 3
Lower primer: 5’TAG CCAACG CTATGT CCT 3’

DNA 2 u
2.5u 1l
2.5u 1l
dNTPs 10u 04 ul
10xBuffer 2 ol
Taq DNA 2U0/ul 0.5 ul
ddH,O 13.1ul
20 wl
14-2
94 DNA 5 min
94 1 min
55 1 min
72 1 min
34
72 10 min
nptll
94 DNA 5 min
94 Is
50 Is

32

(50pg/ml)

(10pg/ml)

nptll

14-2



72 60 s
35
72 5 min

2.3.2.5

UltraPureTM DNA
1) 3-5ml 13,000 rpm 30
2) 100 ul I
3) 150ul I 10
4) 150ul I 10
5) 13,000rpm 8-10 1.5ml 0.4ml

6) 13,000rpm 30

7) 600ul 80 13,000rpm 1

8) 7 1-2

9) 1.5ml 50ul TE
5 13,000rpm 1

10) DNA 1

2.3.2.6

22.2.7

2.3.2.7

2229

2.3.2.8 API

2228

2.3.2.9

2.2.2.10

2.3.2.10

22.2.11

2.3.2.11
1995 2121 2222
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2.3.3

2.3.3.1
pSZ21  pLA2917 pRK2013
DH5a 2-5,
1932
(ALY
415
2580
1282
M: Marker; 1: pSZ21 2: pRK2013; 3: pLA2917
2-5
Fig 2-5 Donor and helper plasmids transformed into E. coli reespectively
2.3.3.2
pSZ21
pSZ21 pLA2917
pLA2917
1.0x10° /

LeoR |

Hindlll

Bylll
pLA2917

21000bp Pstl

Sul 1

Sall

BstEIl

34



2.3.3.3 PCR

DNA 14-2 PCR
200bp 2-6,
2-7

200

M: Marker;  1-10: pSZ21 transconjugants; 11: Wild type strain; 12: pSZ21- contained E.coli

2-6 14-2 pSZ21 PCR
Fig 2-6 PCR amplification of pSZ21 transconjugants with primer 14-2

I 1 2 3 4 i & 7 g =] 10 11 12

200

M: Marker;  1-10: pLA2917 transconjugants; 11: pLA2917- contained E.coli  12: Wild type strain

2-7 14-2 pLA2917 PCR
Fig 2-7 PCR amplification of pLA2917 transconjugants with primer 14-2

, PCR 500bp
2-8, 29 100%

I 1 2 1 4+ & & T 8 8 0 11 12 18 I 15 1& IT 1B

M: Marker;  1-18: pSZ21 transconjugants

2-8 nptll pSZ21 PCR
Fig 2-8 PCR amplification of pSZ21 transconjugants with primer nptII
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M: Marker;  1-10: pLA2917 transconjugants; 11: pLA2917- contained E.coli 12: Wild type strain

2-9 nptll pLA2917 PCR
Fig 2-9 PCR amplification of pLA2917 transconjugants with primer nptIl

2.3.3.4
10 pSZ21
pLA2917 2-10, 2-11
193209 23130
143 0416 —
4254 6557
1ag2
M: Marker; 1: pSZ21 M: Marker; 1: pLA2917
2: 10 2: 10
2-10 pSZ21 2-11 pLA2917
Fig 2-10 Plasmid stability of pSZ21 Transconjugant of Fig 2-11 Plasmid stability of pLA2917 Transconjugant of X.
X. nematophila var. Pekingensis nematophila var. Pekingensis
2.3.3.5
pSZ21  pLA2917 NBTA I

pSZ21  pLA2917
NBTA
I
pSZ21  pLA2917
2-12
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A,B: Control C,D: pSZ21 transconjugants E,F: pLA2917 transconjugants
2-12

Fig 2-12 Dye absorption of transconjugants of X. nematophila var. pekingensis

2.3.3.6
pSZ21 pLA2917 2-13
(GLU) (MAN) (SOR) (RHA)
(MEL) (ARA)

B- ( ONPG) (LDC) (IND) pLA2917
(SAC) pSZ21
VP

2-10

pEZT1
d Confomater
e . - A’ ’
: aa.-ulﬂ. . ﬂu—#ﬁhd&_‘:w'
n.'.ﬂl . P
pLAZFIT
Conjumater
Comityral

2-13

Fig 2-13 Metabolism activities of transconjugants from X. nematophila var. pekingensis
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2-10

Table 2-10 Metabolism and biochemical activity of transconjugants of X. nematophila var. pekingensis

pSZ21 pLA2917
pSZ21 transconjugant. pLA2917 transconjugant. Blank
B (ONPG) + +
(ADH) - -
(LDC) + +
(ODC) - -
(CIT) - -
(H2S) - -
(URE) - -
(TDA) + +
(IND) + +
vV P +/- +/-
(GEL) - -
(GLU) + +
(MAN) + +
(INO) - -
(SOR) + +
(RHA) + +
(SAC) - +/-
(MEL) + +
(AMY) - .
(ARA) + +
Catalase - -
+ /-
2.3.3.7
pSZ21 pLA2917
2-14 12 h
12 pSZ21
pLA2917 24 ODgoo
13.9 13.7
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3 2.5
=
© 2 ....ll-.—llllll
- . ‘
1.5 [~~~ ""f.* *********************************
| ]
.
(O ey /i T T T T T
[ ]
—&—plLA2917 Conjugator
0.5 ',- ——pSZz21 Conjugator
.o ---®--- Blank Treatment
0 | | | | | | | | | |
0 4 8 12 16 20 24 28 32 36 40 44 48
Time (h)
2-14
Fig 2-14 Growth curve of transconjugants of X. nematophila var. pekingensis
2.3.3.8
pLA2917 pSZ21
I pSZ21 123 LB 28
180rpm pSZ21
21.80 mm 9.75 mm 14.36 mm 2-15
13.00~13.99 mm 25.3
14.00~14.99 mm 12.00~12.99 mm 19.1 16.0
12.00~15.99 mm pSZ21 73.0 16.00 mm
8.9 pSZ21 |
’E 21.00-21.99
Y
§ 19.00-19.99
g
5 17.00-17.99
€
% 15.00-15.99
g [ ]
E 13.00-13.99
[a] ]
11.00-11.99 ————————
9.00-9.99 E
(0] 5 10 15 20 25 30
Frequency (%)

2-15

pSZ21

Fig 2-15 Frequency distribution of pSZ21 transconjugants of X. nematophila var. pekingensis
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I pLA2917 pSZ21
13.98 mm 2-16

35
wild

25

20 1

15 [~ - o e -

10 -

Diameter of inhibitory zone (mm)

pLA2917 Conjugators

2-16 pLA2917

Fig 2-16 Diameter of inhibitory zone of pLA2917 transconjugants of X. nematophila var. pekingensis

2.3.3.9 pSz21
pSZ21 Tn5
Tn5 DNA
pSZ21
Tn5 2334 pSZ21
2-11 pSZ21 25
pg/ml 170 pg/ml pSZ21
2334
2-11 pSZ21

Table 2-11  Chloramphenicol resistance of pSZ21 transconjugant of X. nematophila var. pekingensis

Concentration Growth status of pSZ21 transconjugant
170 pg/ml +
25 pg/ml +
10 pg/ml +
5 pg/ml +
n B,
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2.3.4

2.3.4.1

2.3.4.2

I
pLA2917

1993

12

CaCb

NBTA

API 20E

X. nematophila ATCC 19061

Tnl0
DNase

Pinyon

1996

Tn5

Xu 1991
250
Galleria mellonella
X. bovienii

X. nematophila

41

pSZ21

12h

Tn5

Matthew

X. bovienii T228/1

Eric 2003



2.3.4.3 pSz21 Tn5

Bao 1991 pSZz21

mob Tn5 ( Klebsiella
pneumoniae) (Pseudomonas stutzeri)
1995 2003b pSZ21  Tn5
TnS
I
TnS
PCR Tn5
pSZ21
Tn5 pSZ21
I pSZ21 pSZ21
Tn5 DNA
pLA2917
I
pLA2917
Allen, 1985
I pLA2917
pSZ21
I pSZ21
Tn5 TnS
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1997a b

3.1 xbl

Kanehisa 1998 Minoru & Peer, 2003

(polymerase chain reaction PCR)

National Center of Bioinformatics, NCBI

I PCR PCR
3.1.1
3.1.1.1
(X. nematophila var. pekingensis I
Escherichia coli DHS5a[supE55AlacU169(y80lacZAM15)hsdR17 recA endA Nxr ]
pMD-18-T TAKARA
3.1.1.2
Omega Pfu DNA IPTG X-Gal
5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside dNTP  TaKara T4 DNA

NEB

43



3.1.2

3.1.2.1
GenBank B-
ampC  f- Accession No. AF124205 PCR
P1 5" GCG ATG CAC GAT CTG AAA 3’
P2 5’ ACC GAT ACT GGA GTT GGC AT 3°
3.1.2.2 | PCR
PCR (X. nematophila var. pekingensis 1
424
xbl PCR
1 94 DNA 5 min
2 94 1 min
3 52 1 min
-1 per cycle
4 72 1.5 min
5 Goto2 8cycles
6 94 1 min
7 45 1 min
8 72 1.5 min
9 Goto6 32 cycles
10 72 10 min
3.1.2.3 PCR
A) PCR
Omega E.Z.N.A Gel Extraction Kit
1
2 Binding Buffer 1ml
3 55-65 7 min 2 -3min
4 HiBind DNA 2ml
8,000-10,000xg 1 min
6 300ul Binding Buffer 10,000xg
7 700ul SPW Buffer 2-3min  10,000xg 1 min

44

E. coli

1 min

E102



B)

©

D)

45

37

12h

9 10,000xg 1 min
10 1.5ml 30-50ul Elution Buffer
10,000xg 1
11 DNA 1
PCR “ A
1) 72 15min
PCR “A”
PCR 10 ul
10xPCR buffer 2 ul
dNTP 10uM 04 pul
Taq DNA  2U/ul 0.5 wnul
7.2 ul
20 ul
2) 2 -20 20
3)  13,000rpm 10
4) 80
5) 10ul TE
PCR
200ul 16 4-5h.
PCR
pMD 18-T Vector 1 pl
PCR 1 ul
H,O 7 ul
T4 DNA 3UMl 1 ul
10 pl
DH5a
1) Sul Al0pl 50ul
2) 50ul DNA 30min
3) 10min
4) 500ul LB 37 150rpm 10~40min
5) 100~500ul X-gal IPTG Amp LB
6) Amp LB 37 200rpm



7)
3.1.2.4

A

PCR

PCR T

2324

B)
2325
3.1.2.5

3.1.3

3.1.3.1 xvl

GenBank

ampC  f-

1 cgtatgcacc

61 tacggtctgg
121 atcgccaatg
181 tgttcaaaac
241 ctcaacaaat
301 tccccggtat
361 atgcggacat
421 tcagcaaaac
481 taagcgatcc
541 cactattaca
601 tgaaatcctc
661 gaacacaacg
721 cgtctggttt
781 accatacgtg
841 aaggtaaggc
901 cgaccattga
961 acaaaacact
1021 tgtatcaggg
1081 acggcaatgg
1141 ctcctgcagt
1201 atgtcgcgtt
1261 ccaatccagc

PCR

B_

Accession No. AF124205

acgcgatgca
ctgctatctt
taaatccgge
gacgctctgc
caacgatatt
ggcggtggcg
cgccaaaaag
atttacgggc
cgcaacaaaa
tcttgcgacc
aagcgacttg
tctgtatgcee
gagttttgag
gattaatgta
agtgcatgtt
agatatggcc
tcagcaaggg
cctgggetgg
caataaaatt
acgcgcatca
tattccagaa
gagagtcgcc

3-1

cgatctgaaa
gacagttgtc
ccgectatgg
gccttattaa
gtgcatcgca
gtaatttatc
cagcccgtca
gtgcttggty
tactggcctg
tacaccgctg
ctgcgettct
aactccagta
caggcgatgc
cctecccccag
tcgecagggg
cgctgggtac
atacaactgg
gaaatgctgg
gcactggcag
tgggtacata
aaagagctgg
gcegectgge

E102

attcacgtgc
acgctgattg
cgggecgttt
ttaccgcctc
caattacccc
agggtaaacc
cacagcaaac
gcgacgctat
aacttaccgc
gcggectgee
atcaaaactg
tcggtttgtt
aaactcgtgt
aagaaaagaa
cgttagatgc
gaagcaatat
cacaatctcg
actggccggt
cacaccctgt
aaacaggggc
gtatagtgat
agattctcaa

ampC  B-

E. coli

3-1

ctgcgggcaa
gtatcgttac
tgtatggaaa
ttgctccaca
gcttatagag
ttattacttt
gttgtttgag
tgctcgaggg
taaacagtgg
attgcaggtg
gcagcctgca
cggcgeactg
cttccagcca
ttacgectgg
tgaagcttat
gaatccccgt
ctactggcaa
aaatcctgac
aaaagcgatt
aaccggcgga
gctggctaac
cgctctacag

atgggttttc
aatctaacgt
ccagacctta
tttgctgece
caacaaaaga
acctggggct
ttaggttcgg
gaaatcaagt
aatgggatca
ccggatgaag
tgggctecag
gctgtgaage
ctcaaactca
ggatatcgcg
ggtgtgaagt
gatatcaacg
accggcgata
agcatcatta
acgcccccaa
tttggtagct
aaaaactatc
taa

Fig 3-1 Nucleotide sequence of beta-lactamase ampC gene of Escherichia coli E102
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DNAMAN Pl 13-30
P2 676-695 I PCR
Pl P2 3-2 xbl

a0
500

M: Marker 1: PCR product of xbl gene fragment
3-2 1 xbl PCR

Fig 3-2 PCR amplification of xbl fragment from Form I of X. nematophila var. pekingensis

3.1.3.2 xbl

PCR T -vector PCR
xbl
3-3 xbl 745bp 204 A 195
C 164G 182 T G+C 48.2
1 ACCGATACTG GAGTTGGCAT CGATCACTGA CTCTGTTTGT CCATAGATAT TGAAACAACG

61 GGCATCAGTA TGAATCCGCT TTTGCAAACG GCTCAGATCA CGCCCGTACC AGGCTTCGGA
121 ACCCACTAAT ATGGTGCGCA GTGAATTCAA CTGAACCTTA TTTTGTTCAG CATAATCGAG
181 TAAATTTCTC AGAATGACCG GCACAAAATC ACCAAATGTC ACGTGTTGTT GTTCAATCAG
241 CTGATACAAC ACATCTGTGG TGATCAGATC TGATTTGCGA CAAATGACCA GGCGTCCCCC
301 CGTGGTCAGG CTCTTAACGA TATCGCCCAG AAAGATATCC ACAGCCAGAC CCGCCATCTG
361 CAAGATAGTT GGCGGCTTCT GGAATAAGCC AAATACCGCA TCCCAACCAT ATAAACGGCC
421 GATCATTGCC GTGTGTTCAA CCATGACGCC TTTAGGATGG CCCGTTGTGC CTGAGGTGTA
481 AGTCATGTAA GCCAGATGGG TCGCGGTTGA ATGGTTTTGT GTCACCGCAA TATTGGTATC
541 AATTTGCGAC TGACTTAATA TTTCATCCAA TCGCCAAACT TCGTACTCCG GATCCACCGC
601 AGCAGGCAAA CGCTGAATAT CATCAACCAC AATCAGGGGA GTGCCGCTAT CTTGCAGCAG
661 ATATTCAATC CGCGGCGCTG GCAGATCAGT ATCAAACGGC ACATAGGCTA AACCCGCCTT

721 CAAGATGCCA ACTCCAGTAT CGGTA
3-3 1 xbl

Fig 3-3 Sequence of xbl fragment from Form I of X. nematophila var. pekingensis

3.1.3.3 xvf
NCBI xbl blastn 3-4 GenBank
xbl Photorhabdus luminescens TTO1
Blastn xbl 17-731 316961-317675
85 xbl blastp xbl
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3-4 xbl
Fig 3-4 Alignment of xbl fragment sequence
85
Pseudomonas entomophila 37
Pseudomonas syringae 36

Brevibacillus brevis S I 32 3-5

xbl

-2 Bacillus lichenifarmis

"
-
-
-
-
."-‘-
e @ Photorhabdus luminescens ...
- "
. -
- =
= = e
— :
- - o unknown 4
o -
- .
_— -
-~ -
- -
T et & Bacillus licheniformis
- o -
= ul [%wf;
T - - e i ) i i
- T T @ Bacilluz licheniformis
- - .
T - -
= . :
o o =
" o - e
" A e - A Bacillus licheniformis ATCC .
" . - . e - -
T -~ - T - R
— S - o . .
L e . o . ..
" - ey . - iy T - . " . R
———————a e el . gy “@ Bacillus licheniformis ATCC .
- - . -, -, .
- - - - -
- - -. - - -
- -— .. - - "~
- - - - - R .
e e, e, e - Erwinia carotouors subsp. at.
- - ~., -, .
- . - - -
. - . .. -
e, e ey T @ Bifidobacterium longum M.
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- =y - .
. - -~ —
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= -
= -
- -
e T
e “@ Bacillus subdilis
e
.
-
-
-

e
“@ Bacillus licheniformis

3-5 xbl
Fig. 3-5 Neighbor joining phylogeny of putative peptide encoded by xbl fragment

48



www.xenorhabdus.org

ATCC19061
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Shjct:
Query:
Sbjct:
Query:
Shjct:
Query:
Sbjct:
Query:
Sbjct:
Query:
Shjct:
Query:

Sbjct:

15

2354968

75

2355028

135

2355088 tial

195

2355148

255

2355208

315

2355268

375

2355328

435

2355388

495

2355448

555

2355508

615

2355568

675

blastn 3-6

tggcatcgatcactgactctgtttgtccatagatattgaaacaacgggcatcagtatgaa

TEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
tggcatcgatcactgactctgtttgtecatagatattgaaacaacgggcatcagtatgaa

tccgettttgcaaacggetcagatcacgeccgtaccaggetteggaacccactaatatyg
THEEEEEEE e r e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

tccgettttgcaaacggctcagatcacgeccgtaccaggetteggaacccactaatatgg

ﬂ@cgcagtgaattcaactgaaccttattttgttcagcataatcgagtaaatttctcagaa

RN RN RN RN RN RRnmgn
cgcagtgaattcaactgaaccttattttgttcagcataatcgagtaaatttctcagaa

tgaccggcacaaaatcaccaaatgtcacgtgttgttgttcaatcagctgatacaacacat

tgaccggcacaaaatcaccaaatgtcacgtgttgttgttcaatcagctgatacaacacat

ctgtggtgatcagatctgatttgcgacaaatgaccaggcgtcccececgtggtcaggetct

THEEEEEEE e r e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
ctgtggtgatcagatctgatttgcgacaaatgaccaggecgtecceceegtggtcaggetct

taacgatatcgcccagaaagatatccacagccag@cccgccatctgcaagatagttggcg

taacgatatcgcccagaaagatatccacagccag@cccgccatctgcaagatagttggcg

gcttctggaataagccaaataccgcatcccaaccatataaacggecgatcattgecgtgt

gcttctggaataagccaaataccgcatcccaaccatataaacggecgatcattgecgtgt

gttcaaccatgacgcctttaggatggecegttgtgectgaggtgtaagtcatgtaageca

THEEEEEEE e r e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
gttcaaccatgacgcctttaggatggcccgttgtycctgaggtgtaagtcatgtaageca

gatgggtcgeggttgaatggttttgtgtcaccgcaatattggtatcaatttgcgactgac

TEEEEEEE R e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
gatgggtcgcggttgaatggttttgtgtcaccgcaatattggtatcaatttgcgactgac

ttaatatttcatccaatcgccaaacttcgtacﬂccggatccaccgcagcaggcaaacgct

ttaatatttcatccaatcgccaaacttcgtac@ccggatccaccgcagcaggcaaacgct

gaatatcatcaaccacaatcaggggagtgccgctatcttgcagcagatattcaatccgeg

gaatatcatcaaccacaatcaggggagtgccgctatcttgcagcagatattcaatccgeg

gcgctggcagatcagtatcaaacggcacataggctaaaccecgecttcaagatgecaa 731

xbl

xbl

74
2355027
134
2355087
194
2355147
254
2355207
314
2355267
374
2355327
434
2355387
494
2355447
554
2355507
614
2355567
674

2355627

2355628 gcgctggcagatcagtatcaaacggcacataggctaaacccgecttcaagatgccaa 2355684

3-6 xol ATCC19061 blastn
Fig 3-6 Blastn alignment of xbl fragment to ATCC19061 strain
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xbl 15~731 ATCC19061 99

3 Gizs Az ATCC19061
Ansssoso  Gasssan Tss7 ATCC19061
Gassssao blastp
xbl Gizss  Asgo ATCC19061
xbl Tsg7 GAG
Glu,E ATCC19061 GCG Ala A 3-7

Query: 5 VGILKAGLAYVPFDTDLPAPRIEYLLQDSGTPLIVVDDIQRLPAAVDPEYEVWRLDEILS 64
+GILKAGLAYVPFDTDLPAPRIEYLLQDSGTPLIVVDDIQRLPAAVDP YEVWRLDEILS
Sbjct: 1662 LGILKAGLAYVPFDTDLPAPRIEYLLQDSGTPLIVVDDIQRLPAAVDPAYEVWRLDEILS 1721

Query: 65  QSQIDTNIAVTQNHSTATHLAYMTYTSGT TGHPKGVMVEHTAMIGRLYGWDAVFGLFQKP 124
QSQIDTNIAVTQNHSTATHLAYMTYTSGTTGHPKGVMVEHTAM I GRLYGWDAVFGLFQKP
Sbjct: 1722 QSQIDTNIAVTQNHSTATHLAYMTYTSGTTGHPKGVMVEHTAMIGRLYGWDAVFGLFQKP 1781

Query: 125 PTILQMAGLAVDIFLGDIVKSLTTGGRLVICRKSDLITTDVLYQLIEQQHVTFGDFVPVI 184
PTILQMAGLAVDIFLGDIVKSLTTGGRLVICRKSDLITTDVLYQLIEQQHVTFGDFVPVI
Sbjct: 1782 PTILQMAGLAVDIFLGDIVKSLTTGGRLVICRKSDLITTDVLYQLIEQQHVTFGDFVPVI 1841

Query: 185 LRNLLDYAEQNKVQLNSLRTILVGSEAWYGRDLSRLQKRIHTDARCFNIYGQTESVIDAN 244
LRNLLDYAEQNKVQLNSLRT ILVGSEAWYGRDLSRLQKR IHTDARCFNITYGQTESV IDA+
Sbjct: 1842 LRNLLDYAEQNKVQLNSLRTILVGSEAWYGRDLSRLQKRIHTDARCFNIYGQTESVIDAS 1901
3-7 xbl ATCC19061 blastp

Fig 3-7 Blastp alignment of xbl fragment to ATCC19061 strain
3.1.3.4 xvl Genbank

xbl “ CB6 ” GenBank
(Accession Number DQ631811

3.1.4
Xenorhabdus spp. Photorhabdus spp. 16S
rRNA
X. bovienii X. nematophila  ATCC19061
NCBI
GenBank xbl Photorhabdus
luminescens TTO1 xbl 17~731 316961~
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317675 85
312841~322656
3-8
322653~326054
326057~335869 335869~345726 310967~312805
292259~293620

xbl

657261
029E6T
L9601
PREIE
9c97ZE
15097¢
6985EE A
9TLSHE

A:  Complement (312841...322656) “unnaraed protein product; Sirailar to proteins irrobved in antibiotics biosythesis
(MosC, tyrocidine syrthetase [I1, sraricidin 3 synthetase IL .77

B: Complement (322653...326054) “urmarmed protein product; Sirilar to proteins iwoked in antibiotics biosythesis
(MosC, graricidin 5 synthetase IT, tyrocidine symthetase II1. .37

C: Complement (326057...335869) “urmared protein product; Sirilar to proteins frvobved in antibiotics biosythesis
(syringoryrine, tyrocidine. ...)”

D: Complement (335869...345726) “unnaraed protein product; Sirailar to proteins ieobved in antibiotics biosythesis
(tyrociding, gramicidin. .7

E: Complement (310967...312805) “unnarned protein product; Some similarities with proteins imobeed i anthiotics
hiogythesis (Bacitracin symthetase 3. and in fatty amid syrthase™

F: Complement (292259...293620) “unraraed protein product, Sirailar to raultidmg resistance protein”™

3-8

Fig 3-8 Loci of antibiotics — related genes in Photorhabdus luminescens TTO1

xbl B-
PCR B-
xbl
xbl-ah
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3.2 XBL-AH

Mazel and Davies 1999

I xbl
Blast Photorhabdus luminescens
85 B-
xbl
I xbl xbl-ah
pET28a(+)
3.2.1
3.2.1.1
(X. nematophila var. pekingensis I
E.coli BL21 DE3 pET28a(+)
3.2.1.2
TE pH8.0 : 10 mmol/L Tris-HCI pH8.0 ,
1 mmol/L EDTA pHB8.0
1xTAE: 40 mmol/L Tris-CH3COOH,
1 mmol/L EDTA
3.2.1.3

4x 100 ml pH8.8

Tris-HCI 18.17¢g
SDS 0.4g
1 N HCI1 48 ml
100 ml
4x 100 ml pH6.8
Tris-HCI 6.06g
SDS 0.4g
1 N HCI1 48 ml
100 ml
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100 ml

29.2¢g
0.8¢
100 ml
10%APS S5ml
0.5¢
S5ml
-20
100 ml pH8.3
Tris-HCI 3.03g
14.41¢g
SDS g
-20
100ml pHS8.0
Tris-HCI 1.21g
10 ml
SDS 2g
0.16g
0.1g
100 ml
1000 ml
R-250 0.5¢g
500 ml
100 ml
400 ml
1000 ml
100 ml
750 ml
4ml12 % 1 mm
1.33 ml
20 ml
1.6 ml
10%APS 50 wl
10%SDS 50 wl
TEMED 2 ul

2ml 5%
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0.25 ml

0.33 ml
1.4 ml
10%APS 20 wl
10%SDS 20
TEMED 2 ul
3.2.1.4
Omega Pfu DNA IPTG dNTP
Promega NEB  TaKaRa T4 DNA NEB
3.2.2
3.2.2.1
A) PpET-28a +
Ndel  Xhol pET-28a +
pET28a(+) Sul
Ndel 1l
Xhol 1l
Buffer H 1w
10 pl
5231
B) PCR xbl-ah
P3 P4 5 NdeI ~ Xhol
5 AGCT
P3: AGCTCATATGGATGAAATATTAAGTCAGTCGC
(NdeT)
P4:  AGCTCTCGAG ATGAATCCGCTTTTGCAAACGGC
(Xhol)
424
xbl-ah PCR
94 DNA 5 min
94 1 min
53 1 min

54
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72 1.5 min

35
72 10 min
PCR Ndel  Xhol
xbl-ah PCR Sul
Ndel 1 ul
Xhol 1 ul
Buffer H 1w
H,O 2ul
10 pl
52.3.1
C) pET-28a + xbl-ah
pET-28a + 2ul (200 ng DNA)
xbl-ah lul (100 ng DNA)
Buffer 1wl
T, DNA ligase 3u/ul 1wl
H,O Sul
10ul
16 Sh
D)
E.coli BL21 150pl
LB pET28AH
E) XBL-AH SDS-PAGE
pET28AH, 3 mL 25 pg/ml LB
, 37 , 100 50 mL 25 pg/ml LB
, ODs0o 0.6-0.7, IPTG ,
, IPTG pET28a +
3.2.2.2 SDS
1 SDS 2000 10%
5%
30 min 30 min
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10min

3.2.2.3 Western blotting
A

Towbin (1979)

1) 3222
2)  ddH,0

3) 2

4)
5)
6)
7)
8)
9)
10)

PVDF

PVDF
PVDF
20V 1h
PVDF

B) Western Blotting

PVDF
1~2h 4
TBS-T

)

2)
3) TMV
3h 4
4) 2
5)
37 3h 4
6) 2
7) AP-IgG 1
8)

3.2.2.4
A)

Sheng Yuan  (2001)

1 ml

13,000 rpm

3h

CAPS

20s

5 min

56

80V

80ul
10min,

15min 180V

0.5h
1-2

15s

CAPS
CAPS

PVDF

0.1

0.05 TBS-T

20l

50min

15

37

N

37



1) 100ml , 8,000 rpm 10min
2) 20 mmol/L Tris-HCLpH7.5 , 8,000 rpm 10 min
3) 2
4) 10 ml 20 mmol/L Tris-HCl,pH7.5
5) 40% 9 sec 9 sec 15 min
6) 12,000 rpm 10 min 20 mmol/L Tris-HCL,pH7.5
B)
1) 20 mmol/L Tris-HCL,pH7.5 12,000 rpm 10
min
2) 3 mol/L 12,000 rpm 10 min
3) 20 mmol/L Tris-HCLpH7.5, 1 % Triton X-100 12,000 rpm
10 min
4) 20 mmol/L Tris-HCL,pH7.5 12,000 rpm 10 min
5) 3ml 8 mol/ L 20 min
0
SDS-PAGE , R-250 , , XBL-AH
D)
, 20 mmol/L Tris-HCl,pH7.5 , 150 ,
4 2.5-3h 1 4
3.2.2.5
Bradford (1976)
1 0.2 ml
2 Iml 100 10min
3 Sml
4 5 min 595nm
5
6 G-2500.1g 95 50ml 85
100ml 1000ml
3.2.2.6
Samuni (1975) XBL-AH
20 mmol/L Tris-HCl pH7.5 1 mg/ml, 32.2.4
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25 2h OD235 10min

1pumol U
3.2.2.7 XBL-AH
AKTA Amersham 3224
0.5M NaCl 20mM pH7.5 HiTrap Chelating
(Amersham) Iml Ni** His ¢ XBL-AH Sml 0.5ml 0.1M
NiSO, Sml 0.5M NaCl 20mM pH7.5
Iml 0.5 M NaCl 0.5M 20mM pH7.5

20 40 100 Iml/min
3.2.2.8 ELISA

1) 3227 XBL-AH (50 mM Na,CO5-NaHCOs, pH9.6) 1

1 250ul/ 4

2) PBS-T 10 mM -NaCl 0.05% Tween-20 3 1.5min/ 250ul/

3)  2%BSA PBS-T 250pl/ 37 1h

4) PBS-T 3 1.5min/ 250ul/

5) 1500x His 5% PBS-T 100pl/ 37 2h

6) PBS-T4 Smin/ 250ul/

7) 1500x% 10% PBS-T 100ul/ 37 1h

8) PBS-T4 Smin/ 250ul/

9) 150l (10 mM 0.5 mM MgCl,, 1 mg/ml P-NPP, pH 9.5) 37

30min
10) 100ul 0.1M NaOH

3.2.3

3.2.3.1 xbl-ah

3.1 xbl 498bp xbl-ah DNAMAN
XBL-AH 3-9
1 DEILSQSQIDTNIAVTQNHSTATHLAYMTYTSGTTGHPKGVMVEHTAMIGRLYGWDAVFG
----------- EEEEEE-----HHHEEEEE - - - - - - -~ - —~EEEHHHHHEEE - - - —-HH-
60 LFQKPPT ILQMAGLAVDIFLGDIVKSLTTGGRLVICRKSDLITTDVLYQLIEQQHVTFGD
------- HHHHHHHHEEEH - - -HEEH-H- - - ~EEEE -~ - - -~ EH-HHHHHHHHHH- - -
120 FVPVILRNLLDYAEQNKVQLNSLRT ILVGSEAWYGRDLSRLQKRIH

-~HHHHHHHHHHHHH-HHHH--HEEEEE - - - ~HH-~HHHHHHH---
H =helix, E=strand, -=no prediction

3-9 XBL-AH
Fig 3-9 Sequence of putative peptide XBL-AH and secondary structure prediction
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Protparam

18545.3 pl 6.64 15 14
10 h TMHMM Server v. 2.0  ISREC-Server TMpred - Prediction of Transmembrane
Regions and Orientation XBL-AH
XBL-AH 3-10 3-11

TWMHMM posterior prabakilibes for Sequence

F

1
a8
oy
=
o (1]
a
Fal
04
a2
l;.l B N EEEEITITET TR T TN T Fey i ers— i i b
21 41 & ail g lili] 120 144 &0
IFRNESMET D ane inEee pulgide
3-10 | XBL-AH TMHMM

Fig 3-10 TMHMM transmembrane prediction of XBL-AH peptide of Form I of X. nematophila var. pekingensis

THp=rdl swipudt Far unkieees

M
I WL
...... i '\fﬂ 1 “l'r‘}ﬂ'f \

f
3-11 | XBL-AH TMpred

Fig 3-11 TMpred transmembrane prediction of XBL-AH peptide of Form I of X. nematophila var. pekingensis
expasy ScanProsite results viewer , XBL-AH

28-39 AMP Putative AMP-binding domain signature =~ AMP

ATP AMP
Bacillus
brevis S I S
ATP S II
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B. subtilis

(surfactin) 1 2 3 XBL-AH 137-152
Phosphopantetheine attachment site
ACP
6- S
I I ACV
(surfactin) 1 2 3
XBL-AH
3.2.3.2 xbl-ah PCR
PCR xbl-ah 55 498bp ( 3-12)
500

M: Marker 1: PCR product of xbl-ah gene
3-12 | xbl-ah

Fig 3-12 PCR amplification of xbl-ah gene from Form I of X. nematophila var. pekingensis

3.2.3.3 xbl-ah PET28AH
pET28a(+) I xbl-ah
pET28AH E. coli BL21(DE3)
I XBL-AH 3-13
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- Ao 10150

o
e e Hde [ (239

T T7 st (389

Hoam (SRR 5E0T KX mermaiopdils var. pekiagens

Lacl (F3-1320

“—— EcaR V(1573

Hode AR S
— 5o
o [Z2EE
bltfa |+ T Faa [ 4 Jho]
T T8 & Ligsss
EeoR W flt'l!-{:l.':] P Hds1
Mol -
FET2RAR Lacl
Kan A Thp
EcaR ¥
3-13 pET28AH
Fig 3-13 Construction of pPET28AH
PCR xbl-ah Ndel Xhol pET28a(+)
E. coli LB
pET28AH
pET18a(+) 1537 xbl-ah 345 EcoRV
EcoRV xbl-ah
3-14 pET28AH EcoRV 4107bp
1680bp
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4500

2000
1200

M: Marker 1: pET28AH 2: pET28AH/EcoRV

3-14 PET28AH
Fig 3-14 Restriction digestion of recombined vector pET28AH

3.2.3.4 PET28AH
pET28AH E. coli BL21 DE3 37 1.0 mM IPTG
SDS-PAGE 3-15 0.5 mM IPTG
1h xbl-ah 20 kDa,
His-Tag

kDa

7.4
a6 .2

43.0

310

201

14.4

M: Marker 1:1h 2:2h 3:3h 4:4h 5:5h 6:6h 7:8h

8:10h 9:12h 10: 24h 11: 24h induction for empty vector

3-15 PET28AH
Fig 3-15 Inducible expression of pET28AH in E.coli
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Western His 3-16

M: Marker 1: Empty vector with IPTG  2: pET28AH without IPTG  3: pET28AH with IPTG
3-16 XBL-AH Western

Fig 3-16 Western blotting of expressed XBL-AH product

IPTG 0.lmM 05mM 08mM 1.0mM 1h
2h 3h 4h 5h 6h XBL-AH 3-17
2h IPTG

o MU 2FA56TRIWULOEN M 15 168017 13 B B 3 23 M 3 H D ¥ D E P A

¥4
[
410

Al
144

1: 0.lmM IPTG, 1h 2:0.5mMIPTG 1h 3:0.8 mMIPTG 1h 4: 1.0 mM IPTG, 1h
5:0.ImMIPTG, 2h 6:0.5mMIPTG 2h 7:0.8 mMIPTG 2h 8:1.0 mM IPTG, 2h
9:0.ImM IPTG, 3h 10:0.5mM IPTG 3h 11:0.8 mM IPTG, 3h 12: 1.0 mM IPTG, 3h
14: 0.1mM IPTG, 4h 15:0.5 mM IPTG,4h 16: 0.8 mM IPTG, 4h 17: 1.0 mM IPTG, 4h
18: 0.ImM IPTG, 5h 19: 0.5 mM IPTG, 5Sh 20: 0.8 mM IPTG, 5h  21: 1.0 mM IPTG, 5h
23: 0.I1mM IPTG, 6h 24:0.5 mMIPTG, 6h 25:0.8 mM IPTG, 6h 26: 1.0 mM IPTG, 6h

27:0.1mM IPTG, 6h 28:0.5 mMIPTG, 6h 29: 0.8 mM IPTG, 6h 30: 1.0 mM IPTG, 6h

M: Marker 13, 22, 31: 6h induction for empty vector at IPTG concentration of 0.1 mM, 0.5 mM, and 0.8 mM
3-17 IPTG XBL-AH

Fig 3-17 Inducible expression of XBL-AH product with different concentration of IPTG



3.2.3.5 XBL-AH

B

IPTG
IPTG 0.lmM 0.5mM
0.8mM 1.0mM 25 28 30
37
3-18 20 XBL-AH

3-19

1: Empty vetor, supernatant 2:25 , supernatant 3:28 ,supernatant 4:30 , supernatant
5:37 ,supernatant 6: Empty vetor, sedimentation 7:25 ,sedimentation 8:28 , sedimentation

9:30 ,sedimentation 10:37 , sedimentation

3-18 XBL-AH
Fig 3-18 Inducible expression of XBL-AH inclusion body with different temperatures
8 o § 1 = = =l = = 7 =

M: Marker 1: 2h, supernatant  2: 4h, supernatant  3: 6h, supernatant 4: 8h, supernatant

5: 2h, sedimentation  6: 4h, sedimentation 7: 6h, sedimentation 8: 8h, sedimentation
3-19 20 XBL-AH

Fig 3-19 Inducible expression of XBL-AH inclusion body at temperature 20
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3.2.3.6 XBL-AH

XBL-AH 20 mmol/L Tris-HC1
pH7.5
Triton X-100 6M
20 mmol/L Tris-HCl pH7.5 3-20
9.0 54.1

kDa

7.4
a6 .2

43.0

31.0

20.1

M: Marker 1: Empty vector, raw proteins 2: pET28AH, raw proteins

3: pET28AH, denaturized and refolded proteins
3-20 XBL-AH

Fig 3-20 Denaturization and refold of XBL-AH inclusion body

3.2.3.7 XBL-AH

2.5
Lo
Q 5 | y = 5.8305x - 0.0286
S R? = 0.9954
1.5
1
0.5
0
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
Concentration (mg/ml)
3-21 OD2ss
Fig 3-21 Standard curve of ODzs;s absorption of ampicillin
3-21 OD:ss
XBL-AH XBL-AH
3-22 XBL-AH 25.3
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10.8 7.5
xbl-ah

w
o

N
o

[any
o

o

Relative percent of ampicillin hydrolyzation
(O]

Blank control Empty vector XBL-AH

3-22  XBL-AH
Fig 3-22  Ampicillin-hydrolyzing activity of expressed XBL-AH product
3.2.3.8 XBL-AH

XBL-AH AKTA His
Ni** 500 mM 1 ml/min

20 40 100 20

3-23 ELISA 100mM
HiTrap His ¢ XBL-AH

. ki

e
|
]
8
L
L
g
L
¥
|
E
|
|
|
H

3-23 XBL-AH HiTrap
Fig 3-23  Purification of XBL-AH induced product with AKTA system
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3.2.4

3.2.4.1 XBL-AH

PCR I xbl-ah
pET28AH BL21 DE3
SDS-PAGE
3.2.4.2 XBL-AH
XBL-AH
20 mmol/L Tris-HCI pH7.5
3iM Triton X-100
6-8M 6M
pET 28a(+) pET28a(+) T7
6 (His)s
Western (His)s
AKTA
XBL-AH ELISA
3.2.4.3 xbl-ah
XBL-AH
XBL-AH
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IPTG

IPTG

100mM

xbl-ah



XBL-AH

XBL-AH

B_

(B- ) p-

(Joumana & George, 2003; Schito, 2006)

B_
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3.3 xbl-ah

(Benveniste & Davies, 1973)

DNA
xbl-ah

3.3.1

3.3.1.1

(X. nematophila var. pekingensis I
E. coli DHS5a[supE55AlacU169(y80lacZAM15)hsdR 17 recA endA Nxr ]

3.3.1.2

EDTA pHS8.0
Tris-HCI  pHS8.0

SDS
NaOH
2%SDS 0.4 mol/L NaOH

50 mol/L
10 mol/L
25 mol/L

1% w/v
0.2 mol/L

69

XBL-AH
xbl-ah
xbl-ah
DNA DNA

PCR



KAc 5 mol/L
11.5 ml
100 ml
CTAB/NaCl
NaCl 41¢g
SDS 10g
100 ml
3.3.1.3
Taq DNA dNTP  TaKaRa
3.3.2
3.3.2.1 | DNA
1) NBTA
28 180 rpm ODg0o 0.6
2) 100 ml 12,000 rpm 5 min
3) 9.5ml TE , 0.5ml 10% SDS, 50ul 20mg/ml( 1mg
, 37 1
4) 1.5ml Smol/L NacCl,
5) 1.5ml CTAB/NaCl , , 65 20
6) : : (25:24:1) , 12,000 rpm 10 ,
7) : (24:1) , 12,000 rpm 10 ,
8) 0.6-1 -20 30 min
9) 12,000 rpm 10 min
10) 10 ml
11) RNase 37 30 min
12) / / 25:24:1
13) 12,000 rpm 10min
14) / 24:1
15) 12,000 rpm 10min
16) 1/10 3 M NaAc 2 -20
17) 12,000 rpm 15min 70%
18) 1-2ml TE DNA
19) ODy35 ODygp  ODgg DNA

70

150ml LB

30min



3.3.2.2 | DNA
(2002)
1 NBTA 150ml LB
28 180 rpm ODyg0o 04 0.6
2 12,000 rpm 5 min
3 5 ml I 5 min
4 10 ml I 5 min
5 7.5 ml 11 5 min
6 12,000 rpm 10 min
7 0.6-1 -20 30 min
8 12,000 rpm 10 min
9 10 ml
10 RNase 37 30 min
11 / / 25:24:1
12 12,000 rpm 10min
13 / 24:1
14 12,000 rpm 10min
15 1/10 3 M NaAc 2 -20
16 12,000 rpm 15min 70%
17 1-2ml TE DNA
3.3.2.3 |
3.1.2.3
3.3.2.4
2.1.2.1 2.1.2.2
3.3.2.5 | xbl-ah PCR
3221
DNA DNA 1w 100 200 ng
2.5u | T
2.5u | T
dNTPs 10u 04 ul
10xBuffer 2
Taq DNA 20/ul 0.5 ul
ddH,O 141
20 ul
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3-24 DNA PCR
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23,1300

0416
6,557
4361 —
2342
2027

MI1: Marker M2 Marker 40kb  1: Genome from Form I of X. nematophila var. pekingensis
3-24 DNA

Fig 3-24 Tsolation of genome from Form I of X. nematophila var. pekingensis

3.3.3.2 1 DNA
I 3-25

23 kb

25130—
9416 —

4361 —
1333 —
anyy —

M: Marker 1 Plasmid pBJ-1from Form I of X. nematophila var. pekingensis
3-25

Fig 3-25 TIsolation of plasmids from Form I of X. nematophila var. pekingensis
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3.3.3.3 pBJ-1

DH5a pBJ-1

A3 130.—
0416 —
4361 —

2333 —
2027 —

M: Marker 1: Control of pBJ-1 2: Transformed pBJ-1 into E. coli
3-26 pBJ-1

Fig 3-26 Transformation of plasmid pBJ-1 into E. coli

3.3.3.4 pBJ-1
pBJ-1
50pg/ml 10pg/ml
pBJ-1 3-1
3-1 pBJ-1
Table 3-1 Antibiotics resistance of pBJ-1- transformed E. coli
Antibiotics Strain growth status
ampicillin 50 pg/ml +
streptomycin 10 pg/ml +
kanamycin 25 pg/ml -
chloramphenicol 50 pg/ml -
+ -
3.3.3.5 1 xbl-ah
xbl-ah pBJ-1
I xbl-ah PCR
3-27
xbl-ah xbl-ah
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4500
3000
2000

1200
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a00
200

M: Marker 1: PCR product from plasmid 2: PCR product from genome
3-27 xbl-ah DNA PCR

Fig 3-27 PCR amplification of xbl-ah gene from genome and plasmid DNA of X. nematophila var. pekingensis

3.3.4
3.3.4.1 | pBJ-1
DNA 15 kb
Couche et al, 1987
40 kb Kado and Liu 1981
150 kb Plazinski etal 1985
Smigielski and Akhurst 1994
A24 I II 35 65 125 17kb
71.8kb  118.5kb
I 23 kb pBJ-1
S. carpocapsae pBJ-1
pBJ-1
3.3.4.2
p- 1940
B- Abraham & Chain
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1940
Jaurin et al, 1982 Ehrhardt & Sanders, 1993 Bush
etal 1995 Huowinen etal 1995; Paterson, 2005
(Mazodier & Davies, 1991; Davies,
1995  Gootz, 2004)

Barlow & Hall, 2002
xbl-ah
xbl-ah
DNA DNA pBJ-1
xbl-ah xbl-ah
xbl-ah

1993; Poole, 2004
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