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Abstract: Photorhabdus luminescens is a nematode-symbiotic, gram negative, 

bioluminescent bacterium, belonging to the family of Enterobacteriaceae. Recent studies 

show the importance of this bacterium as an alternative source of insecticides, as well as an 

emerging human pathogen. Various toxins have been identified and characterized in this 

bacterium. These toxins are classified into four major groups: the toxin complexes (Tcs), 

the Photorhabdus insect related (Pir) proteins, the “makes caterpillars floppy” (Mcf) toxins 

and the Photorhabdus virulence cassettes (PVC); the mechanisms however of toxin 

secretion are not fully elucidated. Using bioinformatics analysis and comparison against 

the components of known secretion systems, multiple copies of components of all known 

secretion systems, except the ones composing a type IV secretion system, were identified 

throughout the entire genome of the bacterium. This indicates that Photorhabdus 

luminescens has all the necessary means for the secretion of virulence factors, thus it is 

capable of establishing a microbial infection. 

Keywords: Photorhabdus luminescens; bacterial protein toxins; secretion systems;  

gram-negative bacteria 

 

1. Introduction  

Photorhabdus luminescens is a nematode-symbiotic, gram negative, bioluminescent bacterium, 

belonging to the family of Enterobacteriaceae. It is part of the Photorhadbus genus, known to have 

three bacterial species: Photorhabdus luminescens, Photorhabdus temperata and Photorhabdus 
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asymbiotica [1]. The first two species are nematode-symbiotic, while the third one has been isolated 

from human wounds, suggesting a role of this bacterium as an emerging human pathogen. 

P. luminescens has a complex life cycle. It is symbiotic to entomopathogenic nematodes of the 

family Heterorhabditidiae [1,2], colonizing in the intestine. Heterorhabditis attacks insects at the stage 

of larvae. Once the nematode, in its infective juvenile stage, enters the bloodstream of the target insect, 

the bacteria are released and secrete toxins that rapidly kill the insect. Enzymes are also produced from 

the bacteria that lead to the decomposition of the carcass, providing both the bacteria and the 

nematodes with enough food for survival and reproduction. Then, new infective juveniles colonized 

with the bacterium grow, before emerging from the carcass into the soil. Bactericidal products of  

P. luminescens prevent infections of the carcass by other bacteria.  

In order to combine symbiosis with the nematode and pathogenicity with the larva of the insect,  

P. luminescens must produce factors that can do both. The pathogenicity of the bacterium is the result 

of the presence of pathogenicity islands on its chromosome. In these islands there is a large number of 

genes that encode for toxins, enzymes, bacteriocins and antibiotics. Secretion of these proteins may 

happen with the use of different secretion systems, such as the type III secretion system. Genomic 

islands also encode for genes that are responsible for symbiosis and nematode growth.  

Another characteristic of P. luminescens is that it undergoes phase variation [1,3]. There are two 

phenotypic variants of the bacterium. Phase I or primary variant is found at the infective juvenile stage 

of the nematode life cycle. At this point, the bacterium produces dyes, antibiotics, lipases, proteases 

and bioluminescence (due to the lux operon). Phase II or secondary variants are the result of in vitro 

cultures, after extended incubation, probably as a response to environmental stress. These variants lack 

or have reduced levels of the properties of the phase I variants. However, both of the variants show 

similarities to their pathogenicity. 

P. luminescens produces a number of toxins. Tc toxins [4] are a new class of insecticidal toxins that 

have been shown to demonstrate both oral and injectable activity with results against the Colorado 

potato beetle, Leptinotarsa decemlineata and Bemisia tabaci [5], while other toxins like Mcf promote 

apoptosis in a variety of cells including mammalian ones. This states the potential use of the  

P. luminescens toxins as a replacement of the Bt toxins (Bacillus thuringiensis toxins) in the 

agriculture of transgenic crops infected by insects resistant to Bt toxins [6]. On the other hand, the fact 

that human infections with Photorhabdus species have been stated before in the USA and Australia 

[7,8], and the similarity of the tc genes of P. luminescens with its corresponding genes from Yersinia 

pestis [9], the causative agent of plague, can raise some serious questions on the possibility of a new 

human pathogen emerging. 

2. Toxins of Photorhabdus luminescens 

In order to be able to infect its host and survive, P. luminescens must be capable of producing a 

wide range of proteins, including toxins. The complete genomic analysis of this organism has revealed 

that it indeed possesses a lot of genes encoding for toxins, proteases and lipases [10]. Four 

pathogenicity islands were also identified in the P. luminescens genome [11,12]; three of them contain 

genes that encode for toxins, while the last one encodes for a type III secretion system. 
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In P. luminescens, toxins are classified into four major groups: the toxin complexes (Tcs) with a 

high similarity to the ones found in Y. pestis genome [9], the Photorhabdus insect related (Pir) 

proteins, the “makes caterpillars floppy” (Mcf) toxins and the Photorhabdus virulence cassettes  

(PVC) [6,13]. 

2.1. Toxin Complexes (Tcs) 

The toxin complexes (Tcs) are encoded by the PAI I (pathogenicity island I) [11,12] and have been 

identified as high molecular weight insecticidal toxins comprised of multiple subunits [4,6,14]. There 

are four such complexes, namely Tca, Tcb, Tcc and Tcd, found in different loci. However, tca and  

tcc loci encode for several open reading frames (ORFs) [14–16], thus producing multiple components 

per locus; tcb and tcd are comprised of a single long ORF. Tca, Tcb and Tcc show no overall 

similarities with other sequences in GenBank; however TccA (one of the three different ORFs of the 

tcc locus) shows similarity to a Salmonella protein (SpvA), while TcaC shows similarity to  

SpvB [16,17].  

The three complexes show significant similarity to one another; therefore three basic types of 

genetic elements have been identified: the tcdA-like element, equivalent to the combination of tcaA 

and tcaB, the tcdB-like element, equivalent to the tcaC and the tccC-like element. tcdA-like elements 

are responsible for establishing primary toxicity, while the tcdB/tccC-like elements are potentially  

toxic [18]. Genomic analysis of P. luminescens W14 has also revealed the presence of cytolytic  

RTX-like toxins, similar to those secreted by the two-partner system of Vibrio cholerae (RtxA-RtxB), 

Serratia marcescens (ShA-ShB), Erwinia tarda (EthA-EthB) and Erwinia chrysanthemi  

(HecA-HecB), as well as the presence of novel tc loci, based on homology and BLAST search [19]. 

tcb and tcd loci encode for proteins of similar sizes as the A and B toxins of Clostridium difficile, 

suggesting similar modes of action between the proteins of the two loci and the ones of the 

Clostridium [17]. tca and tcd encode for orally active toxins, responsible for the majority of the 

insecticidal activity in Manduca secta [20].  

The tc genes are encoded alongside other genes with putative virulence functions [13,21]. Tc-like 

genes have been identified in both other insect-associated bacteria such as Serratia entomophila and 

non-insect-associated bacteria like some Pseudomonas species [4,6]. The insecticidal activity of these 

complexes is of proteinaceous nature and toxicity is achieved through oral administration [15,17]. 

2.2. Photorhabdus Insect Related (Pir) Toxins 

The Photorhabdus insect related (Pir) toxins act as binary proteins. They are encoded by the PirAB 

genes, located at plu4093-4092 (pirA) and plu4437-4436 (pirB) loci of P. luminescens TT01 genome; 

both proteins are necessary for injectable but not oral activity [6,13]. These proteins show similarities 

to the δ-endotoxins of Bacillus thuringiensis, thus making them a putative substitute for Bt (Bacillus 

thuringiensis toxin) recombinant crops [6]. PirA shows little similarity to known proteins, but its 

partner PirB shows high homology with the N-terminal region of the pore-forming domain of the 

Cry2A insecticidal toxin, suggestive of the existence of a similar motif in these binary proteins. PirB 

also has similarities with a developmentally regulated protein from the beetle Leptinotarsa 

decemlineata; this beetle protein is presumed to have a juvenile hormone esterase (JHE) activity due to 
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the relation of its expression profile during insect development and the levels of juvenile hormone (JH) 

produced, thus leading to the assumption that PirB may display the same kind of activity. However, 

such activity is not demonstrated by PirB [22,23].  

Within the DNA sequences of the encoding genes, enterobacterial repetitive intergenic consensus 

(ERIC) sequences have been identified [11,24], suggested to be important for mRNA stability. 

2.3. “Makes Caterpillars Floppy” Toxins 

The “makes caterpillars floppy” toxins 1 (Mcf1) and 2 (Mcf2) act upon injection [6,13,25] and they 

are encoded by PAI II [11,12], along with other hemagglutinin-like proteins. Mcf1 has been shown to 

promote apoptosis in the midgut, producing a characteristic “floppy” phenotype in the infected insect, 

as well as in mammalian cells [26]; it mimics BH3 domain proteins that are found in mitochondria and 

have proapototic actions [13] as in its N-terminal domain, this protein has a Bcl2-homology 3-like 

domain (BH3 domain). Its central domain is of hydrophobic character with high similarity of the 

translocation domain of the Clostridium difficile toxin B, while the C-terminal domain of Mcf1 resembles 

the repeats-in toxin (RTX) like toxins of another bacterium (Actinobacillus pleuropneumoniae)  

(Figure 1) [26].  

Figure 1. The domain structures of the Mcf proteins. Mcf1 is longer than Mcf2 and in its 

N-terminus it carries a BH3-like motif, suggestive of its proapoptotic function. In the 

middle, it has a Cytotoxin B-like motif, highly similar to Clostridium cytotoxin B, while in 

its C-tereminus there is a RTX-like domain. In Mcf2, that RTX-like motif is not found in 

the C-terminus of the protein. Mcf2 also has a region similar to Clostridium cytotoxin 

B,but it also possesses another domain, similar to HrmA protein (a protein secreted by a 

type III secretion system) in its N-terminus. Adapted from Dowling et al. [26] and 

Waterfield et al. [27]. 

 

Mcf2 N-terminus shows similarity to a type III secreted protein of a plant pathogen (Pseudomonas 

syringae) but it lacks the BH3-like domain (Figure 1) [27]. mcf2 locus is located next to a type I 

secretion system operon.  

Both Mcf1 and Mcf2 have C-terminal domains that support their export via a type I secretion 

system [23]. These toxins, when expressed recombinantly in Escherichia coli, allow the bacterium to 

survive inside the insect and promote its death and they have been possibly evolved to provide the 
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bacterium with toxicity against different kinds of insects. A different site of action within the insect is 

also possible for the existence of two different proteins with the same properties [27]. 

2.4. Photorhabdus Virulence Cassettes (PVC) 

Given the fact that plenty other toxins should be encoded by the P. luminescens genome, in order to 

make it more efficient in its survival, another group of putative toxins has been identified through 

homology to antifeeding genes in Serratia entomophila [6,13]. These genes in Serratia are encoded in 

a plasmid carrying tc homologues and are located in a locus encoding proteins of high similarity to 

phage proteins [28,29].  

In P. luminescens, multiple copies of those genes have been recognized and are known as 

“Photorhabdus virulence cassettes” (PVCs). These genes show sequence similarities to known toxins 

such as the Mcf of P. luminescens or the toxin A of C. difficile [6]. Each of these cassettes encodes for 

15-20 proteins, about 30nm wide, that resemble R-type pyocins, a type of bacteriocin. The protein 

products of the PVCs have no direct antibacterial activity, but do destruct insect hemocytes.. These 

proteins also show similarities to phage tail and base plate assembly proteins, fimbrial usher and 

proteins from other pathogenic bacteria [13]. Their loci can be found clustered between a type IV 

conjugation pilus and the mukB locus, a locus involved in plasmid stability. Furthermore, their effector 

proteins are located always downstream of the PVCs and are flanked by transposon sequences, 

indicative of a possible mechanism of insertion in the PVC or even their movement among different 

PVCs [13]. 

3. Secretion Systems and Photorhabdus luminescens 

Bacteria depend upon their communication with the extracellular environment for survival and 

interaction with other cells. As such, proteins that are synthesized in the cytoplasm must be transferred 

to the extracellular space (protein secretion). However, bacterial cells are surrounded by a cell 

envelope that includes the cell (cytoplasmic) membrane and a cell wall, surrounding it. In Gram 

negative bacteria, protein secretion involves the crossing of the newly-synthesized protein through two 

sets of membrane, the inner membrane (IM) and the outer membrane (OM), as well as the space 

spanning between them, namely the periplasmic space, leading to the development of elaborate 

secretion mechanisms [30,31]. 

Secretion can be performed in one or two steps, dividing the secretion pathways in two categories:  

(i) one-step or Sec-independent pathways, where the protein is secreted through a channel spanning 

both membranes and the periplasm and (ii) two-step or Sec-dependent pathways, where the protein is 

initially transferred into the periplasm across the IM with the help of a protein complex embedded in it 

(Sec translocase), then crosses the periplasm and subsequently is transferred through the OM into the 

extracellular environment. Up to date, at least seven types of protein secretion pathways have been 

recognized in Gram-negative bacteria. 
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3.1. One Step Secretion Systems 

3.1.1. Type I Secretion System 

The type I system is a Sec-independent secretion pathway comprised of three membrane proteins: 

an ABC (ATP-binding cassette) protein located in the IM that provides the necessary energy amount 

for secretion and is characterized by conserved regions called Walker A and Walker B motifs, a  

TolC-like OM channel protein used for the protein export and a membrane fusion protein (MFP) that 

connects the IM and OM components of the secretion apparatus [32,33]. 

The genes encoding type I substrates and its components are typically found in the same operon, 

although there are cases where the components can be found in distant positions on the chromosome. 

The type I secretion system has been studied extensively in E. coli [33,34]. In this case, TolC is 

recruited by the binding of the substrate (HlyA) to the IM complex. The MFP component (HlyD) joins 

the cytoplasmic and the periplasmic tunnel that causes an allosteric change. This allows the channel of 

the TolC to open and release the substrate. Once the transfer is completed, the complex disengages and 

TolC returns to its closed state. 

Bioinformatics analysis in the P. luminescens laumondii TT01 genome has revealed that this 

bacterium possesses multiple copies of this system. More specifically, six putative type I systems  

(Table 1) were identified. The ABC and MFP proteins are present in all six systems, with three TolC 

homologues. All ABC and MFP genes are located adjacent to one another and have the nucleotide-

binding Walker A and Walker B motifs [35], proving the ATP used by these systems. 

3.1.2. Type III Secretion System 

Type III secretion system has the unique ability of transporting its effectors directly into the host 

cell cytosol, by forming a needle-like structure. The apparatus itself is composed of 20–25 [36,37] 

proteins that are highly conserved. Most of the type III secretion system components are homologous 

to the ones implicated in the flagellar biosynthesis [37]. 

The apparatus is comprised of structures on the bacterial surface, an inner membrane ring and an 

OM ring [36]. Needle-like structures have been identified in Yersinia species, which type III secretion 

system is used as a prototype of that kind of secretion mechanism (ysc gene cluster), Salmonella, 

Shigella and Escherichia [38,39]. 

Phylogenetic analysis of the species known to carry type III secretion system genes has revealed 

seven different families of type III secretion systems, each one of them presenting highly conserved 

genes and cluster organization. P. luminescens type III secretion system has been identified and it is 

categorized in the same family as the Ysc type III secretion system of Yersinia species. In the same 

family belong the type III systems of Pseudomonas aeruginosa, Aeromonas species,  

Vibrio parahaemolyticus, Bordetella species and Desulfovibrio vulgaris [39]. Two type III secretion 

systems were revealed for the Photorhabdus luminescens: the Sct type III secretion system and a type 

III flagellar assembly system system (Supplementary Table 1). A genomic comparison between  

P. luminescens and the emerging human pathogen P. asymbiotica shows that the latter possesses a 

third type III secretion system, which is however located in a second type III secretion system island  

(in P. luminescens genome, there is only one type III secretion system encoding operon, the effector 
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proteins of which facilitate inhibition of phagocytosis of the bacterium by hemocytes) [23]. The 

acquisition of the second type III secretion system island, which resembles the one of  

Vibrio parahaemolyticus, by P. asymbiotica may contribute to its ability to infect humans [23]. 

Table 1. Type I secretion system components identified in the genome of P. luminescens. 

The percentage of identity was acquired by BLAST search against known system 

components; in parenthesis, the organism and the corresponding protein with the highest 

percentage of identity are provided.  

Component

s 

NCBI 

Accession 

Number 

Number 

of amino 

acids 

Gene locus on  
P. luminescens 

chromosome 

Identity (%) Function/Structure 

ABC 1 NP_927979 711 aa 726,383–728,518 
57% (Bordetella 

pertussis CyaB) 

Hypothetical protein similar 

to toxin secretion ATP-

binding protein 

MFP 1 NP_927980 471 aa 728,660–730,075 
36% (Bordetella 

pertussis CyaD) 

Hypothetical protein similar 

to hemolysin export system 

MFP HlyD of E. coli 

ABC 2 NP_930357 706 aa 3,664,486–3,666,606 
46.4% (Bordetella 

pertussis CyaB) 

Hypothetical protein similar 

to toxin secretion transporter 

 NP_930359 719 aa 3,667,994–3,670,153 
44.4% (Bordetella 

pertussis CyaB) 

Hypothetical protein similar 

to toxin secretion transporter 

MFP 2 NP_93058 462 aa 3,666,606–3,667,994 
36% (Bordetella 

pertussis CyaD) 

Hypothetical protein similar 

to toxin secretion transporter 

(MFP) 

ABC 3 NP_928641 716 aa 1,546,913–1,549,063 
42.3% (Escherichia 

coli HlyB) 

Hypothetical protein similar 

to unknown protein VC1446 

of V. cholerae, probable 

RTX toxin ABC transporter 

protein 

 NP_928643 701 aa 1,550,414–1,552,519 
41.8% (Escherichia 

coli HlyB) 
RtxB (ABC transporter) 

MFP 3 NP_928642 451 aa 1,549,066–1,550,421 
32.8% (Escherichia 

coli HlyD) 

RTX toxin ABC transporter 

protein (MFP) RtxD 

ABC 4 NP_928002 576 aa 754,786–756,516 
70.4% (Serratia 

marcescens LipB) 
ATP-binding protein PrtB 

MFP 4 NP_928003 444 aa 756,577–757,911 
62.7% (Serratia 

marcescens LipC) 
MFP PrtC 

TolC 1 NP_931154 457 aa 4,641,003–4,642,376 
64.7% (Escherichia 

coli TolC) 

Outer mebrane channel 

protein 

TolC 2 NP_928004 458 aa 757,911–759,287 
50.4% (Serratia 

marcescens LipD) 
Outer membrane protein 

TolC 3 NP_929881 492 aa 3,099,833–3,101,311 
18.9% (Serratia 

marcescens LipD) 

Hypothetical protein similar 

to outer membrane factor of 

ABC transport system 
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3.1.3. Type IV Secretion System 

Type IV secretion system is used by either Gram-positive or Gram-negative bacteria for the 

translocation of macromolecules across the cell envelope [40,41]. It shares an ancestral relationship to 

conjugation machines [40–43]. 

There are three different type IV secretion systems according to their effectors and have been 

identified in many bacteria including Agrobacterium tumefaciens (VirB/D4) Bordetella pertussis (Ptl), 

Helicobacter pylori (Cag) and Legionella pneumophila (Dot/Icm) [40,41,43,44]. 

The best characterized type IV system is the VirB/D4 of A. tumefaciens, thus it serves as a 

prototype for the system [41,44]. In P. luminescens, bioinformatics analysis against known type IV 

components (A. tumefaciens-Vir, B. pertussis-Ptl and L. pneumophila-Dot/Icm) failed to recognize any 

type IV secretion system homologues. 

3.1.4. Type VI Secretion System 

Type VI secretion system is a newly identified system. The type VI secretion system gene clusters 

were found to have an IcmF homologue (IcmF-associated homologue protein-IAHP), therefore 

justifies the early naming of the system as type IVB secretion system (IcmF is part of the type IV 

secretion system of Legionella pneumophila) [45,46]. 

Type VI secretion systems have been identified in Edwardsiella tarda, Burkholderia mallei, 

Pseudomonas aeruginosa and Vibrio cholerae [46–49]. This mechanism does not require N-terminal 

signal sequences [48] and it is tightly regulated at both transcriptional and post-translational  

levels [45,48]. Partially characterized components of the type VI secretion system, apart from the IcmF 

homologue, include an ATPase and a regulatory FHA domain protein (FHA = forkhead associated 

domain found in protein kinases and transcription factors) [45,46]. Generally, the type VI system gene 

clusters encode for 12-25 proteins and the effector proteins belong to either the Hcp protein family or 

the VgrG protein family [47,48]. Serine and threonine kinases and phosophatases also participate in 

the system as amino acid phosphorylation seems to play an important role. The genes encoding for 

these enzymes are usually located close to the gene encoding for the IcmF-like proteins [46]. 

In P. luminescens, multiple copies of putative type VI secretion systems were identified, most of 

which include an ATPase with the characteristic Walker A and Walker B motifs and an IcmF-like 

protein (Supplementary Table 1). 

3.2. Two Step Secretion Systems 

3.2.1. IM Translocation 

The IM translocation is mediated by the Sec translocase and/or Twin-arginine translocation (Tat) 

pathway. The Sec translocase comprises of the SecA, an ATPase, the SecYEG complex, which 

provides the pore-forming channel throughout the OM and the accessory proteins SecDF, YajC and 

YidC. SecB serves as a molecular chaperone that brings the preprotein into the Sec translocase [50].  

The Tat pathway mediates the secretion of folded [51] proteins in contrast to the Sec pathway that 

secretes unfolded proteins. Its substrate precursors have the characteristic sequence motif of two 
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sequential arginine residues in their signal peptide sequence [52]. The Tat translocase of E. coli is 

comprised of TatA, TatB, TatC and TatE. In the same operon, there is an additional gene, tatD that 

encodes a DNase irrelevant to the Tat pathway [51–53].  

In P. luminescens, all components of the Sec translocase and the SecB chaperone, as well as all 

components of the Tat apparatus and two TatD putative DNase genes are identified. The components 

found present a high identity to the Sec translocase and the Tat system of E. coli (Supplementary  

Table 2). 

3.2.2. OM Translocation 

3.2.2.1. Type II Secretion System 

The type II secretion system is a two-step pathway that utilizes the Sec or Tat machinery for the 

translocation of the precursor polypeptide across the IM. In the periplasm, the polypeptide becomes 

the target of the Gsp (general secretory pathway) machinery. The Gsp machinery is normally 

comprised of 12–16 components, named by the letters A–O and S and organized into a large  

operon [54,55]. 

The OM complex is comprised of a secretin, GspD that is thought to act as the pore of the 

apparatus. Another protein, called GspS, is a lipoprotein that facilitates the insertion of the secretin 

into the OM and protects it from proteolytic degradation. GspE is a putative ATP binding protein that 

bares a Walker A motif and a putative Walker B motif. Proteins GspE, GspF, GspL and GspM interact 

to create an IM platform. GspM has also been proven to be essential for the stabilization of GspL. 

GspC and GspN are connecting components, while GspA and GspB form a complex that transfers 

energy from ATP hydrolysis [56]. 

In P. luminescens, several but not all of the components of the type II secretion apparatus were 

identified, while more than one of the components were identified on the same gene locus on the 

chromosome of the bacterium (Supplementary Table 2). 

3.2.2.2. Type V Secretion System (Autotransporter Secretion System) 

The type V or autotransporter secretion mechanism is one of the simplest and most widespread of 

all the secretion pathways. Autotransporter polypeptides are large virulent proteins, usually over  

100 kDa in size that can mediate their own secretion to the extracellular space. Autotransporter 

proteins can function as proteases, adhesins, toxins and mucinases that aid Gram-negative bacteria  

in pathogenesis. 

Autotransporters are synthesized as large multi-domain precursors comprised of an N-terminal 

signal sequence, a functional passenger domain and a C-terminal β-domain used for transport across 

the OM [30]. In order for an autotransporter polypeptide to be secreted it must first cross the 

membranes of the cell envelope. To accomplish this task, the N-terminal signal sequence inserts into 

the Sec translocase and transports the protein into the periplasm. Once periplasmically localized, the 

signal sequence is cleaved off leaving the passenger domain and the β-domain. The β-domain then 

inserts into the OM, forming a β barrel pore with a central hydrophilic structure. This pore then allows 

for the final translocation of the passenger domain to the extracellular environment. 
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Bioinformatics analysis identified only one putative autotransporter protein in the genome of  

P. luminescens (Supplementary Table 2). 

3.2.2.3. Two-Partner Secretion (TPS) 

The two-partner secretion (TPS) system is common in gram-negative bacteria and is dedicated to 

the secretion of large virulent proteins, usually greater than 300 kDa. Proteins secreted via this system 

are separated into two different polypeptides. The secreted protein is labeled as TpsA, whereas the 

accessory translocator protein is termed TpsB. 

During secretion, TpsB forms a beta-barrel like structure in the outer membrane and allows for 

TpsA to exit the cell through this pore [57]. TpsA and TpsB both contain an N-terminal signal 

sequence that is recognized by the Sec translocase present in the IM. Once both proteins are 

transported across the IM, in a Sec-dependent manner, TpsB forms a β barrel structure by inserting its 

C-terminal domain into the OM. The remaining polypeptide is localized on the periplasmic side of the 

OM where it interacts with TpsA and mediates its translocation across it [30].  

Six pairs of putative TpsA-TpsB proteins were identified in the genome of P. luminescens, with 

high identity to the Tps systems of Serratia marcescens (Sh1) and Bordetella pertussis (Fha) 

(Supplementary Table 2). 

3.2.2.4. Chaperone-Usher Secretion (CU) 

The chaperone-usher pathway is responsible for the secretion of proteins forming rod-like 

organelles that protrude from the bacterial cell surface. These rod-like proteins are composed of 

various components of subunits. Two proteins commonly utilized by this pathway are P pili and type I 

pili. These virulent pilus structures aid pathogenic bacteria in formation of biofilms, interactions with 

hosts and evasion of host defenses [58].  

In order for pili subunits to be secreted, each individual subunit enters the periplasm via the Sec 

translocase complex. Once in the periplasm, each subunit interacts with a chaperone to form a stable 

chaperone-subunit complex. Once the chaperone-subunit complexes are formed, they associate with an 

usher present in the OM. The usher forms a ring shaped pore that allows for the addition of the pilus 

subunits in a tip-to-base polymerization. The usher facilitates this polymerization by recognizing 

chaperone-subunit complexes according to their final positions in the mature pilus structure [57,58].  

Eight possible chaperone-usher systems were identified in P. luminescens genome. Of those eight, 

three systems had chaperone-ushers with predicted signal peptides necessary for IM translocation 

(Supplementary Table 2). 

4. Conclusions  

P. luminescens is a nematode-symbiotic bacterium with a complex life cycle. As such, it needs to 

coordinate symbiosis and pathogenicity, thus the production of factors that can assist in both is 

necessary. Various toxins have been found in the genome of the bacterium, with both oral and 

injectible activities. These toxins are categorized into four groups; some of them are part of the 

pathogenicity islands identified in the P. luminescens genome. 
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Tcs are encoded by PAI I and show no similarity to other known proteins; they show high oral 

activity. The Photorhabdus insect related (Pir) toxins are binary proteins that are similar to the  

δ-endotoxins of B. thuringiensis. Mcf1 and Mcf2 are encoded by PAI II and act upon injection; these 

toxins have similarities to the C. difficile toxin, as well as RTX-like toxins. Finally, PVCs show 

homology to antifeeding genes in S. entomophila and encode proteins resembling types of bacteriocins.  

Secretion of these proteins may happen through different secretion systems. Bioinformatics analysis 

against components of all known secretion systems revealed the existence of multiple copies of 

various secretion systems components throughout the genome of the bacterium (Tables 2 and 3). 

Table 2. Summary of one-step secretion systems in P. luminescens.  

Secretion 
System 

# of putative systems identified 

Type I 6 
Type III 2 
Type IV 0 
Type VI 4 

All, but type IV secretion systems are part of the “armory” of P. luminescens for survival and 

pathogenicity. This indicates that the bacterium possesses all the necessary means for the secretion of 

virulence factors, thus it is capable to establish a microbial infection. 

Both type III and IV are used for the direct delivery of effectors in the host cell, using similar 

structures, thus assisting in processes such as immune system evasion during infection establishment [23]. 

This is important during the life cycle of the bacterium for its survival. Since both of the 

aforementioned systems could serve the same purpose, the presence of two type III secretion systems 

could counteract/justify the absence of a type IV system. On the other hand, type VI secretion systems 

(formerly known as type IVB) have also been identified; type VI secretion system is yet another 

system with similar secretion apparatus and could also justify the absence of a type IV secretion system. 

Multiple copies of other secretion systems could be attributed to the variety of toxins, virulence 

factors and other proteins necessary for survival and infestation, secreted from P. luminescens. Further 

analysis however is necessary in order to identify the exact secretion mechanisms of the known toxins, 

as well as their exact role in establishing infection. Finally, the information presented in review could 

help in the identification of new secreted toxins through the identified secretion systems. 

Table 3. Summary of two-step secretion systems in P. luminescens. 

Secretion System # of putative systems identified 
Type II 1 
Type V 1 

TPS 6 
Chaperone-Usher 8 

 



Toxins 2010, 2                 

 

 

1261

References 

1. Joyce, S.A.; Watson, R.J.; Clarke D.J. The regulation of pathogenicity and mutualism in 

Photorhabdus. Curr. Opin. Microbiol. 2006, 9, 127–132. 

2. ffrench-Constant, R.; Waterfield, N.; Daborn, P.; Joyce, S.; Bennett, H.; Au, C.; Dowling, A.; 

Boundy, S.; Reynolds, S.; Clarke, D. Photorhabdus: Towards a functional genomic analysis of a 

symbiont and pathogen. FEMS Microbiol. Rev. 2003, 26, 433–456. 

3. Forst, S.; Dowds, B.; Boemare, N.; Stackebrandt, E. Xenorhabdus and Photorhabdus spp.: Bugs 

That Kill Bugs. Annu. Rev. Microbiol. 1997, 51, 47–72. 

4. Waterfield, N.R.; Bowen, D.J.; Fetherston, J.D.; Perry, R.D.; ffrench-Constant, R.H. The tc genes 

of Photorhabdus: A growing family. Trends Microbiol. 2001, 9, 185–191. 

5. Blackburn, M.B.; Domek, J.M.; Gelman, D.B.; Hu, J.S. The broadly insecticidal Photorhabdus 

luminescens toxin complex a (Tca): Activity against the Colorado potato beetle, Leptinotarsa 

decemlineata, and sweet potato whitefly, Bemisia tabaci. J. Insect. Sci. 2005, 5, 11. 

6. ffrench-Constant, R.H.; Dowling, A.; Waterfield, N.R. Insecticidal toxins from Photorhabdus 

bacteria and their potential use in agriculture. Toxicon 2007, 49, 436–451. 

7. Gerrard, J; Waterfield, N.; Vohra, R.; ffrench-Constant, R. Human infection with Photorhabdus 

asymbiotica: An emerging bacterial pathogen. Microbes Infect. 2004, 6, 229–237. 

8. Gerrard, J.G.; McNevin, S.; Alfredson, D.; Forgan-Smith, R.; Fraser, N. Photorhabdus Species: 

Bioluminescent Bacteria as Emerging Human Pathogens? Emerg. Infect. Dis. 2003, 9, 251–254. 

9. Parkhill, J.; Wren, B.W.; Thomson, N.R.; Titball, R.W.; Holden, M.T.G.; Prentice, M.B.;  

Sebaihia, M.; James, K.D.; Churcher, C.; Mungall, K.L.; Baker, S.; Basham, D.; Bentley, S.D.; 

Brooks, K.; Cerdeno-Tarraga, A.M.; Chillingworth, T.; Cronin, A.; Davies, R.M.; Davis, P.; 

Dougank, G.; Feltwell, T.; Hamlin, N.; Holroyd, S.; Jagels, K.; Karlyshev, A.V.; Leather, S.; 

Moule, S.; Oyston, P.C.F.; Quail, M.; Rutherford, K.; Simmonds, M.; Skelton, J.; Stevens, K.; 

Whitehead, S.; Barrell, B.G. Genome sequence of Yersinia pestis, the causative agent of plague. 

Nature 2001, 413, 523–527. 

10. Duchaud, E.; Rusniok, C.; Frangeul, L.; Buchrieser, C.; Givaudan, A.; Taourit, S.; Bocs, S.; 

Boursaux-Eude, C.; Chandler, M.; Charles, J.-F.; Dassa, E.; Derose, R.; Derzelle, S.; Freyssinet, 

G.; Gaudriault, S.; Medigue, C.; Lanois, A.; Powell, K.; Siguier, P.; Vincent, R.; Wingate, V.; 

Zouine, M.; Glasier, P.; Boemare, N.; Danchin, A.; Kunst, F. The genome sequence of the 

entomopathogenic bacterium Photorhabdus luminescens. Nat. Biotechnol. 2003, 21, 1307–1313. 

11. Waterfield, N.R.; Daborn, P.J.; ffrench-Constant, R.H. Genomic islands in Photorhabdus. Trends 

Microbiol. 2002, 10, 541–545. 

12. Waterfield, N.R.; Daborn, P.J.; ffrench-Constant, R.H. Insect pathogenicity islands in the insect 

pathogenic bacterium Photorhabdus. Physiol. Entomol. 2004, 29, 240–250. 

13. Yang, G; Dowling, J.; Gerike, U.; ffrench-Contant, R.H.; Waterfield, N.R. Photorhabdus 

virulence cassettes confer injectable insecticidal activity against the wax moth. J. Bacteriol. 2006, 

188, 2254–2261. 

14. ffrench-Constant, R.H; Bowen, D.J. Novel insecticidal toxins from nematode-symbiotic bacteria. 

Cell. Mol. Life Sci. 2000, 57, 828–833. 



Toxins 2010, 2                 

 

 

1262

15. Bowen, D.; Rocheleau, T.A.; Blackburn, M.; Andreev, O.; Golubeva, E.; Bhartia, R.;  

ffrench-Constant, R.H. Insecticidal Toxins from the Bacterium Photorhabdus luminescens. 

Science 1998, 280, 2129–2132. 

16. ffrench-Constant R,; Bowen, D. Photorhabdus toxins: Novel biological insecticides. Curr. Opin. 

Microbiol. 1999, 2, 284–288. 

17. Bowen, D.J.; Ensign, J.C. Purification and characterization of a high-molecular-weight 

insecticidal protein complex produced by the entomopathogenic bacterium Photorhabdus 

luminescens. Appl. Environ. Microbiol. 1998, 64, 3029–3035. 

18. Pinheiro, V.B.; Ellar, D.J. Expression and insecticidal activity of Yersinia pseudotubeculosis and 

Photorhabdus luminescens toxin complex proteins. Cell Microbiol. 2007, 9, 2372–2380. 

19. ffrench-Constant, R.H.; Waterfield, N.; Burland, V.; Perna, N.T.; Daborn, P.J.; Bowen, D.J.; 

Blattner, F.R. A Genomic sample sequence of the entomopathogenic bacterium Photorhabdus 

luminescens W14: Potential implications for virulence. Appl. Environ. Microbiol. 2000, 66,  

3310–3329. 

20. Blackburn, M.; Golubeva, E.; Bowen, D.; ffrench-Constant, R.H. A novel insecticidal toxin from 

Photorhabdus luminescens, Toxin complex a (Tca), and its histopathological effects on the 

midgut of Manduca sexta. Appl. Environ. Microbiol. 1998, 64, 3036–3041. 

21. Waterfield, N.; Dowling, A.; Sharma, S.; Daborn, P.J.; Potter, U.; ffrench-Constant, R.H.  

Oral toxicity of Photorhabdus luminescens W14 toxin complexes in Escherichia coli. Appl. 

Environ. Microbiol. 2001, 67, 5017–5024. 

22. Waterfield, N.; Hares, M.; Yang, G.; Dowling, A.; ffrench-Constant, R.H. Potentiation and 

cellular phenotypes of the insecticidal toxin complexes of Photorhabdus bacteria. Cell Microbiol. 

2005, 7, 373–382. 

23. Wilkinson, P.; Waterfield, N.R.; Crossman, L.; Corton, G.; Sanchez-Contreras, M.; Vlisidou, I.; 

Barron, A.; Bignell, A.; Clark, L.; Ormond, D.; Mayho, M.; Bason, N.; Smith, F.; Simmonds, M.; 

Churcher, C.; Harris, D.; Thompson, N.R.; Quail, M.; Parkhill, J.; ffrench-Constant, R.H. 

Comparative genomics of the emerging human pathogen Photorhabdus asymbiotica with the 

insect pathogen Photorhabdus luminescens. BMC Genomics 2009, 10, 302. 

24. Ahantarig, A.; Chantawat, N.; Waterfield, N.R.; ffrench–Contant, R.; Kittayapond, P. PirAB toxin 

from Photorhabdus asymbiotica as a larvicide against dengue vectors. Appl. Environ. Microbiol. 

2009, 75, 4627–4629. 

25. Daborn, P.J.; Waterfield, N.; Silva, C.P.; Au, C.P.Y.; Sharma, S.; ffrench-Constant, R.H. A single 

Photorhabdus gene, makes caterpillars floppy (mcf), allows Escherichia coli to persist within and 

kill insects. Proc. Natl. Acad. Sci. USA 2002, 99, 10742–10747. 

26. Dowling, A.J.; Daborn, P.J.; Waterfield, N.R.; Wang, P.; Streuli, C.H.; ffrench-Constant, R.H. 

The insecticidal toxin Makes caterpillars floppy (Mcf) promotes apoptosis in mammalian cells. 

Cell Microbiol. 2004, 6, 345–353. 

27. Waterfield, N.R.; Daborn, P.J.; Dowling, A.J.; Yang, G.; Hares, M.; ffrench-Constant, R.H.  

The insecticidal toxin Makes caterpillars floppy 2 (Mcf2) shows similarity to HrmA, an 

avirulence protein from a plant pathogen. FEMS Microbiol. Lett. 2003, 229, 265–270. 



Toxins 2010, 2                 

 

 

1263

28. Hurst, M.R.H.; Glare, T.R.; Jackson, T.A. Cloning Serratia entomophila antifeeding genes—A 

putative defective prophage against the grass grub Costelytra zealandica. J. Bacteriol. 2004, 186, 

5116–5128. 

29. Hurst, M.R.H.; Glare, T.R.; Jackson, T.A.; Ronson, C.W. Plasmid-located pathogenicity 

determinants of Serratia entomophila, the causal agent of amber disease of grass grub, show 

similarity to the insecticidal toxins of Photorhabdus luminescens. J. Bacteriol. 2000, 182,  

5127–5138. 

30. Kostakioti, M; Newman, C.L.; Thanassi, D.G.; Stathopoulos, C. Mechanisms of protein export 

across the bacterial outer membrane. J. Bacteriol. 2005, 187, 4306–4314. 

31. Stathopoulos, C.; Yen, Y.; Tsang, C; Cameron, T. Protein Secretion in Bacterial Cells. In 

Bacterial Physiology: A Molecular Approach; Charoud, W.E., Ed.; Publisher: Springer-Verlag: 

Berlin, Germany, 2008; pp. 129–154. 

32. Delepelaire, P. Type I in gram-negative bacteria. Biochim. Biophys. Acta 2004, 1694, 149–161. 

33. Holland, I.B.; Schmitt, L.; Young, J. Type 1 protein secretion in bacteria, the ABC-transporter 

dependent pathway. Mol. Membr. Biol. 2005, 22, 29–39. 

34. Koronakis, V.; Eswaran, J.; Hughes, C. The Type I export system. In Bacterial Protein Toxins; 

Burns, D.L., Barbier, J.T., Iglewski, B.H., Eds.; ASM Press: Washington DC, USA, 2003;  

pp. 71–79. 

35. Zaitseva, J.; Jenewein, S.; Oswald, S.; Jumpertz, I.; Holland, I.B.; Schmitt, L. A molecular 

understanding of the catalytic cycle of the nucleotide-binding domain of the ABC transporter 

HlyB. Biochem. Soc. Trans. 2005, 33, 990–995. 

36. Ghosh, P. Process of protein transport by the type III secretion system. Microbiol. Mol. Biol. Rev. 

2004, 68, 771–795. 

37. Hueck, C. Type III secretion systems in bacterial pathogens of animals and plants. Microbiol. 

Mol. Biol. Rev. 1998, 62, 379–433. 

38. Cornelis, G.R. Type III secretion: a bacterial device for close combat with cells of their 

eukaryotic host. Philos. Trans. R. Soc. Lond. B Biol. Sci. 2000, 355, 681–693. 

39. Troisfontaines, P.; Cornelis, G.R. Type III secretion: more systems than you think. Physiology 

(Bethesda) 2005, 20, 326–339. 

40. Christie, P.J.; Atmakuri, K.; Krishnamoorthy, V.; Jakubowski, S.; Cascales, E. Biogenesis, 

architecture and function of bacterial type IV secretion systems. Annu. Rev. Microbiol. 2005, 59, 

451–485. 

41. Lavigne, J.-P.; Botella, E.; O' Callaghan, D. Type IV secretion system and their effectors: An 

update. Pathol. Biol. (Paris) 2006, 54, 296–303. 

42. Christie, P.J. Type IV secretion: The Agrobacterium VirB/D4 and related conjugation systems. 

Biochim. Biophys. Acta 2004, 1694, 219–234. 

43. Christie, P.J.; Vogel, J.P. Bacterial type IV secretion: Conjugation systems adapted to deliver 

effector molecules to host cells. Trends Microbiol. 2000, 8, 355–360. 

44. Burns, D.L. Type IV transporters of pathogenic bacteria. Curr. Opin. Microbiol. 2003, 6, 29–34. 

45. Bingle, L.E.H.; Bailey, C.M.; Pallen, M.J. Type VI secretion: A beginner's guide. Curr. Opin. 

Microbiol. 2008, 11, 3–8. 



Toxins 2010, 2                 

 

 

1264

46. Filloux, A.; Hachani, A.; Bleves, S. The bacterial type VI secretion machine: Yet another player 

for protein transport across membranes. Microbiology 2008, 154, 1570–1583. 

47. Mougous, J.D.; Cuff, M.E.; Raunser, S.; Shen, A.; Zhou, M.; Gifford, C.A.; Goodman, A.L.; 

Joachimiak, G.; Ordonez, C.L.; Lory, S.; Walz, T.; Joachimiak, A.; Mekalanos, J.J. A virulence 

locus of Pseudomonas aeruginosa encodes a protein secretion apparatus. Science 2006, 312, 

1526–1530. 

48. Pukatzki, S.; Ma, A.T.; Sturtevant, D.; Krastins, B.; Sarracino, D.; Nelson, W.C.; Heidelberg, J.F.; 

Mekalanos, J.J. Identification of a conserved bacterial protein secretion system in Vibrio cholerae 

using the Dictyostelium host model system. Proc. Natl. Acad. Sci USA 2006, 103, 1528–1533. 

49. Zheng, J.; Leung, K.Y. Dissection of a type VI secretion system in Edwardsiella tarda. Mol. 

Microbiol. 2007, 66, 1192–1206. 

50. Economou, A. Bacterial protein translocase: A unique molecular machine with an army of 

substrates. FEBS Lett. 2000, 476, 18–21. 

51. Palmer, T.; Berks, B.C. Moving folded proteins across the bacterial cell membrane. Microbiology 

2003, 149, 547–556. 

52. Berks, B.C.; Sargent, F.; Palmer, T. The Tat protein export pathway. Mol. Microbiol. 2000, 35, 

260–274. 

53. Berks, B.C.; Palmer, T.; Sargent, F. The Tat protein translocation pathway and its role in 

microbial physiology. Adv. Microb. Physiol. 2003, 47, 187–254. 

54. Sandkvist, M. Biology of type II secretion. Mol. Microbiol. 2001, 40, 271–283. 

55. Sandkvist, M. Type II secretion and pathogenesis. Infect. Immun. 2001, 69, 3523–3535. 

56. Filloux, A. The underlying mechanisms of type II protein secretion. Biochim. Biophys. Acta 2004, 

1694, 163–179. 

57. Stathopoulos, C.; Hendrixson, D.R.; Thanassi, D.G.; Hultgren, S.J.; St.Geme III, J.W.; Curtiss III, 

R. Secretion of virulence determinants by general secretory pathway in gram-negative bacteria: 

An evolving story. Microbes Infect. 2000, 2, 1061–1072. 

58. Sauer, G.F.; Remaut, S.J.; Hultgren, S.J.; Waksman, G. Fiber assembly by the chaperone-usher 

pathway. Biochim. Biophys. Acta 2004, 1694, 259–267. 

© 2010 by the authors; licensee MDPI, Basel, Switzerland. This article is an Open Access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


