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TT01 vs ATCC43949

• Phage/Mobile elements
• NRPS/PKS secondary metabolism
• Enzymes
• Pumps
• CPS/LPS synthesis
• Toxins (lower diversity)
• Secretion
• PVC



Toxins Toxins -- toxin complex genestoxin complex genes

tcdA1 tcdB1 tccC2

tca
tcd

tcaC1tcaA1 tcaB1



Phylogeny Genomics Micro-arrays

Evolution of oral 
toxicity?



P. asymbiotica ATCC43949
tcdB2

tccC-like���������	

Phf operon

Photobactin
operon

tcdA3tcdA2
Hpa

tccC5 tccC3 tccC4tcdA3tcdB2tccC2 tcdA1tcdB1 tcdA4 tcdA2Asp tRNA

Phf operon

10 kb

P. luminescens W14

P. temperata K122
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5kb

tcaC1
tcaB’

tcaA’
P. luminescens TT01

tcaB’
tcaC1 tccC3tcaA’P. asymbiotica ATCC43949
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tca / tcd

YERSINIA



P. luminescensW14 or TT01
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Secretion - Type III

P. asymbiotica ATCC43949
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Trends in Microbiology. 2002 Dec; 10(12), 541-545. 
Intracellular invasion?



Vibrio parahemolyticus spa/esc like operon

vpa1343

espD (popB)

vpa1361 vpa1350

toxR

plu3895

pYC
Orf1
rep

plu3887

vpa1345

plu3886

10 kb

P. luminescens TT01

P. asymbiotica ATCC43949

Intracellular invasion?



Manduca GV1 cellsP. asymbiotica

Intracellular invasion
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P. asymbiotica supernatant proteins

30°C 37°C

?



YPMT1.31
repA
pMT1 YPMT1.86c

Intergrase
pMT Y1101

pMT1 Y1049

pMT Y1048 

pMT1 Y1047

pMT1 Y1046

pMT1 Y1045

pMT1 Y1044

pMT1 Y1043

pMT1 Y1042

pMT1 YP1041

YPMT1.14c

Query: 2   SSKVENIKLGACAVGFDSVDMGYTKGGVEVEIATETLKVTVDQFGQTTLSELIQGRNIKV 61
++ V+NIKLGAC V F  VD+GYTKGGV+VE+ATETLKVTVDQ GQTT+SEL+QGRNI +

Sbjct: 3   NTHVKNIKLGACKVSFGGVDLGYTKGGVQVEVATETLKVTVDQLGQTTISELVQGRNITI 62

Query: 62  TVPLAESELNRLVKLMPGSTLSSDGNTLSISTGMGVNLVDVAKELVLTPQDGTDFVLTLP 121
T PLAES L  +V LMPGSTLS + N+++I++  GVNL+DVAKELVLTPQD TD+VLT+P

Sbjct: 63  TAPLAESVLQNMVDLMPGSTLSEEENSVTITSAQGVNLIDVAKELVLTPQDTTDYVLTIP 122

Query: 122 KAATAGNFTMAYKFDDVRVYNVEFTVYPDSVGVLGKLS--KQVKS 164
KAATAGNFTM Y+ DDVRV++V+FT YPD  GVLGK+S  K VK+

Sbjct: 123 KAATAGNFTMTYQSDDVRVFSVQFTAYPDDDGVLGKMSGPKPVKT 167

30°C specific spot S1:

P. asymbioticaATCC43949 pPAU1 (29.732 Kb) 

Colicin1b-like

pPAU1 Belongs to a family of Gram-negative plasmids found in pathogenic 
species including the Yersinia pestisvirulence plasmid pMT1
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P. asymbiotica are the only Photorhabdus to contain plasmids

NepUSA Australian USAAustralian



P. asymbiotica supernatant proteins

30°C 37°C

Yersinia
Attachment 
Invasion
Locus

Plasmid
specific
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Expect the unexpected….?

G/C content

TT01 genome Nat Biotechnol. 2003 Oct 5.



sepC

phxA’

hvnA
hvnA

harpin
phxA

clost tcd-like
mcf-like

mukB
o69o13o13 o69 o69o13 o69o13

unit4unit2unit1 unit3

10 kb

P. luminescensTT01

P. asymbiotica ATCC43949
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phxA

Unit pil

type 4 pil operon

plu1730
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o69 o13

Unit-pnf

o13o69

toxAlopT

sepC

dnt
unit-lopT

o13o69

ciftccC3
unit-cif

o13o69lumt

unit-lumt

lopT
toxA

o69 o13

dnt

unit-lopT

o13cif

unit-cif

plu2385 plu2531

plu1652
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orf orf phxA

Phage tailFlagella
M-ring

vgrG

Baseplate

Transcript
regulation

Fimbrial usher

Adenovirus fibre
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The Photorhabdus V irulence C assettes

enp1

hol1
mur1

afp1-16

The Serratia anti-feeding prophage
Hurst MR, Glare TR, Jackson TA. J Bacteriol. 2004 Aug;186(15):5116-28 

afp17-18



+15 minutes post 10 microL injection

PaPVCpnf supernatant Heated PaPVCpnf supernatant 

PVC cosmids make E. coli toxic



Normal
supernatant 

Heated
supernatant 

PaPVCpnf supernatant 



pRK5myc

PaPVCpnf: sepC

Pl PVCmcf: plu1690A B

C DPaPVCpnf: pnf



Pa PVCpnf EC100
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Flagella
M-ring

Phage tail
VgrG

Baseplate
Transcript
regulation

Fimbrial
usher

Adenovirus
fibre AAA-ATPase PnfSepC

SepharoseSepharose purified particulate supernatant proteinpurified particulate supernatant protein



The PVC complex resembles an R-type pyocin

Adaptation of an R-type pyocin-like mechanism for eukaryotic effector delivery?



Vector?

Symbiont Prey



A nematode symbiont for Photorhabdus asymbiotica
John Gerrard, Susan Joyce, David Clarke,  Richard ffrench-Constant, Ed Feil and Nick Waterfield
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A nematode symbiont for Photorhabdus asymbiotica

Susan Joyce

Kingscliff: Human 
isolate:

Recovery +++

P. asymbiotica
ATCC43949 USA

No recovery (only IJs) 

Kingscliff: Insect 
isolate:

Recovery +++



A nematode symbiont for Photorhabdus asymbiotica
John Gerrard, Susan Joyce, David Clarke, Richard ffrench-Constant, Ed Feil and Nick Waterfield



P. asymbiotica

• specific nematode symbiont
• reduced genome
• different toxins and effectors
• unique plasmids
• MLST - unique species
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adk, ghd, mdk, ndh, pgm, recA pgi

A recent ‘Nepalese’isolate

 W x1 3
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Lonne Gerritsen & Gerrie Wiegers: Oral toxicity against thrips
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Npun5276o21 Npun5279 Npun5277Npun5278

Npun5275
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PVCs in other species ?
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With thanks to Judit Marokhazi

LT50 of Photorhabdus in Manduca sexta



Payload proteins have a putative N-terminal signal sequence

lopT toxA o6:9 o4+5 o3 o23 o22 o21 o20 o19 o18 o17 o15 o14 o13

Comparison of type III and PVC-type secreted lopT ho mologues



pPAA1 (estimated at >40 Kb). 
Common to all Australian isolates. Limited sequence available suggests that it is not 
closely related to pPA1.

pPAA2 (estimated at approximately 10kb). Beudesert isolate only.
Appears to be the replicative form of a filamentous phage similar to the Cholera 
toxin phage CTX.

rstR CTX YPO2280

YPO2279
ZOT  V. cholerae
CTX

YPO2278 YPO2277 YPO2276a

YPO2276

Similar to various filamentous phage proteins

1

2

The Australian-type plasmids


