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Notes : Similar genes are represented with the same color.
The sign “+” denotes an essential gene for the function of the type IV secretion

system.
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DNA uptake/release
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New data suggest that this is not a true competence system, but a function of this system in virulence has been demonstrated
(Bacon et al., 2000, 2002; Dirk Hofreuter, personal communication)
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Note: Brucella ssp. groups B. abortus, B. melitensis and B. suis
Bartonella ssp. groups B. henselae, B. quintana and B. tribocorum
Bordetella ssp. groups B. pertussis, B. parapertussis and B. bronchiseptica
Xanthomonas ssp. groups X. campestris, X. citri and X. axonopodis




References

Alt-Morbe J., Stryker J., Fuqua C., Li P., Farrand S. and S. Winans (1996) The conjugal transfer system of Agrobacterium
tumefaciens octopine-type Ti plasmids is closely related to the transfer system of an IncP plasmid and distantly related to Ti
plasmid vir genes.
J Bacteriol. 178, 4248-4257.

Andersson S., Zomorodipour A., Andersson J., Sicheritz-Ponten T., Alsmark U., Podowski R., Naslund A., Eriksson A.,
Winkler H. and C. Kurland (1998) The genome sequence of Rickettsia prowazekii and the origin of mitochondria. Nature
396, 133-140.

Anthony K., Klimke K., Manchak J. and L. Frost (1999) Comparison of proteins involved in pilus synthesis and mating pair
stabilization from the related plasmids F and R100-1: insights into the mechanism of conjugation. J Bacteriol. 181, 5149-
5159.

Bacon D., Aim R., Burr D., Hu L., Kopecko D., Ewing C., Trust T. and P. Guerry (2000) Involvement of a plasmid in virulence
of Campylobacter jejuni 81-176. Infect Immun. 68, 4384-4390.

Bacon D., Aim R., Hu L., Hickey T., Ewing C., Batchelor R., Trust T. and P. Guerry (2002) DNA sequence and mutational
analyses of the pVir plasmid of Campylobacter jejuni 81-176. Infect Immun. 70, 6242-6250.

Barnett M., Fisher R., Jones T., Komp C., and 22 authors (2001) Nucleotide sequence and predicted functions of the entire
Sinorhizobium meliloti pPSymA megaplasmid. Proc Natl Acad Sci USA 98, 9883-9888

Berger B. and P. Christie (1994) Genetic complementation analysis of the Agrobacterium tumefaciens virB operon: virB2
through virB11 are essential virulence genes. J Bacteriol. 176, 3646-3660.

Bittinger M., Gross J., Widom J., Clardy J. and J. Handelsman (2000) Rhizobium etli CE3 carries vir gene homologs on a
self-transmissible plasmid. Mol Plant Microbe Interact. 13, 1019-1021.

Bolland S., Llosa M., Avila P. and F. de la Cruz (1990) General organization of the conjugal transfer genes of the IncW
plasmid R388 and interactions between R388 and IncN and IncP plasmids. J Bacteriol. 172, 5795-5802.

Censini S., Lange C., Xiang Z., Crabtree J., Ghiara P., Borodovsky M., Rappuoli R. and A. Covacci (1996) cag, a
pathogenicity island of Helicobacter pylori, encodes type |-specific and disease-associated virulence factors. Proc Natl Acad
Sci USA. 93, 14648-14653.

Chen L., Chen Y., Wood D. and E. Nester (2002) A new type IV secretion system promotes conjugal transfer in
Aarobacterium tumefaciens. J Bacteriol. 184. 4838-4845.



Craig-Mylius K. and A. Weiss (1999) Mutants in the ptlA-H genes of Bordetella pertussis are deficient for pertussis toxin
secretion. FEMS Microbiol Lett179, 479-484.

da Silva A and 65 others authors (2002) Comparison of the genomes of two Xanthomonas pathogens with differing host
specificities. Nature 417, 459-463.

Dillard J. and H. Seifert (2001) A variable genetic island specific for Neisseria gonorrhoeae is involved in providing DNA for
natural transformation and is found more often in disseminated infection isolates. Mol Microbiol. 41, 263-277.

Farizo K., Cafarella T. and D. Burns (1996) Evidence for a ninth gene, ptll, in the locus encoding the pertussis toxin secretion
system of Bordetella pertussis and formation of a Ptll-PtIF complex. J Biol Chem. 271, 31643-31649.

Fischer W., Puls J., Buhrdorf R., Gebert B., Odenbreit S. and R. Haas (2001) Systematic mutagenesis of the Helicobacter
pylori cag pathogenicity island: essential genes for CagA translocation in host cells and induction of interleukin-8. Mol
Microbiol. 42, 1337-1348.

Haase J., Lurz R., Grahn A., Bamford D. and E. Lanka (1995) Bacterial conjugation mediated by plasmid RP4: RSF1010
mobilization, donor-specific phage propagation, and pilus production require the same Tra2 core components of a proposed
DNA transport complex. J Bacteriol. 177, 4779-4791.

Hofreuter D., Odenbreit S., Henke G. and R. Haas (1998) Natural competence for DNA transformation in Helicobacter pylori.
identification and genetic characterization of the comB locus. Mol Microbiol. 28, 1027-1038.

Hofreuter D., Odenbreit S. and R. Haas (2001) Natural transformation competence in Helicobacter pylori is mediated by the
basic components of a type IV secretion system. Mol Microbiol. 41, 379-391.

Kersulyte D., Velapatino B., Mukhopadhyay A., Cahuayme L., Bussaleu A., Combe J. Gilman R. and D. Berg (2003) Cluster of
type IV secretion genes in Helicobacter pylori's plasticity zone. J Bacteriol. 185, 3764-3772.

Komano T., Yoshida T., Narahara K. and N. Furuya (2000) The transfer region of Incl1 plasmid R64: similarities between R64
tra and Legionella icm/dot genes. Mol Microbiol. 35, 1348-1359.

Lawley T., Gilmour M., Gunton J., Tracz D. and D. Taylor (2003) Functional and mutational analysis of conjugative transfer
region 2 (Tra2) from the IncHI1 plasmid R27. J Bacteriol. 185, 581-591.

Lessl M., Balzer D., Pansegrau W. and E. Lanka (1992) Sequence similarities between the RP4 Tra2 and the Ti VirB region
strongly support the conjugation model for T-DNA transfer. J Biol Chem. 267, :20471-20480.

Li P., Everhart D. and S. Farrand (1998) Genetic and sequence analysis of the pTiC58 trb locus, encoding a mating-pair
formation system related to members of the type IV secretion family. J Bacteriol. 180, 6164-6172.



Li P., Hwang |., Miyagi H., True H. and S. Farrand (1999) Essential components of the Ti plasmid trb system, a type IV
macromolecular transporter. J Bacteriol. 181, 5033-5041.

Marques M., da Silva A. and S. Gomes (2001) Genetic organization of plasmid pXF51 from the plant pathogen Xylella
fastidiosa. Plasmid 45, 184-199.

Masui S., Sasaki T. and H. Ishikawa (2000) Genes for the type IV secretion system in an intracellular symbiont, Wolbachia, a
causative agent of various sexual alterations in arthropods. J Bacteriol. 182, 6529-6531.

Morigushi K., Maeda Y., Satou M., Hardayani N., Kataoka M., Tanaka N. and K. Yoshida (2001) The complete nucleotide
sequence of a plant root-inducing (Ri) plasmid indicates its chimeric structure and evolutionary relationship between tumor-
inducing (Ti) and symbiotic (Sym) plasmids in Rhizobiaceae. J Mol Biol. 307, 771-784.

Nierman W. and 37 others authors (2001) Complete genome sequence of Caulobacter crescentus. Proc Natl Acad Sci USA 98,
4136-4141.

Novak K., Dougherty B. and M. Pelaez (2001) Actinobacillus actinomycetemcomitans harbours type IV secretion system genes
on a plasmid and in the chromosome. Microbiology 147, 3027-3035.

O’Callaghan D., Cazevieille C., Allardet-Servent A., Boschiroli M., Bourg G., Foulongne V., Frutos P., Kulakov Y. and M. Ramuz
(1999) A homologue of the Agrobacterium tumefaciens VirB and Bordetella pertussis Ptl type IV secretion systems is essential
for intracellular survival of Brucella suis. Mol Microbiol. 33, 1210-1220.

Odenbreit S., Puls J., Sedimaier B., Gerland E., Fischer W. and R. Haas (2000) Translocation of Helicobacter pylori CagA into
gastric epithelial cells by type IV secretion. Science 287, 1497-1500.

Ohashi N., Zhi N., Lin Q. and Y. Rikihisa (2002) Characterization and transcriptional analysis of gene clusters for a type IV
secretion machinery in human granulocytic and monocytic ehrlichiosis agents. Infect Immun. 70, 2128-2138.

Padmalayam I., Karem K., Baumstark B. and R. Massung (2000) The gene encoding the 17-kDa antigen of Bartonella henselae
is located within a cluster of genes homologous to the virB virulence operon. DNA Cell Biol. 19, 377-382. Pohiman R., Genetti
H. and S. Winans (1994) Common ancestry between IncN conjugal transfer genes and macromolecular export systems of plant
and animal pathogens. Mol Microbiol. 14, 655-668.

Schmiederer M. and B. Anderson (2000) Cloning, sequencing, and expression of three Bartonella henselae genes homologous
to the Agrobacterium tumefaciens VirB region. DNA Cell Biol. 19, 141-147.

Schulein R. and C. Dehio (2002) The VirB/VirD4 type IV secretion system of Bartonella is essential for establishing
intraerythrocytic infection. Mol Microbiol. 46, 1053-1067.



Segal G., Purcell M. and H. Shuman (1998) Host cell killing and bacterial conjugation require overlapping sets of genes within a
22-kb region of the Legionella pneumophila genome. Proc Natl Acad Sci USA. 95, 1669-1674.

Segal G., Russo J. and H. Shuman (1999) Relationships between a new type IV secretion system and the icm/dot virulence
system of Legionella pneumophila. Mol Microbiol. 34, 799-809.

Segal G. and H. Shuman (1999) Possible origin of the Legionella pneumophila virulence genes and their relation to Coxiella
burnetii. Mol Microbiol. 33, 669-670.

Seubert A., Hiestand R., de la Cruz F. and C. Dehio (2003) A bacterial conjugation machinery recruited for pathogenesis. Mol
Microbiol. 49, 1253-1266.

Sexton J. and J. Vogel (2002) Type IVB secretion by intracellular pathogens. Traffic 3, 178-185.

Sieira R., Comerci D., Sanchez D. and R. Ulgade (2000) A homologue of an operon required for DNA transfer in Agrobacterium is
required in Brucella abortus for virulence and intracellular multiplication. J Bacteriol. 182, 4849-4855.

Sullivan J., Trzebiatowski J., Cruickshank R., Gouzy J., Brown S., Elliot R., Fleetwood D., McCallun N., Rossbach U., Stuart G.,
Weaver J., Webby R., De Bruijn F. and C. Ronson (2002) Comparative sequence analysis of the symbiosis island of
Mesorhizobium loti strain R7A. J Bacteriol. 184, 3086-3095.

Vogel J., Andrewa H., Wong S. and R. Isberg (1998) Conjugative transfer by the virulence system of Legionella pneumophila.
Science 279, 873-876.

Vogel J. and R. Isberg (1999) Cell biology of Legionella pneumophila. Curr Opin Microbiol. 2, 30-34. Review.

Ward J., Akiyoshi D., Regier D., Datta A., Gordon M. and E. Nester (1988) Characterization of the virB operon from an
Agrobacterium tumefaciens Ti plasmid. J Biol Chem. 263, 5804-5814.

Watarai M., Makino S. and T. Shirahata (2002) An essential virulence protein of Brucella abortus, VirB4, requires an intact
nucleoside-triphosphate-binding domain. Microbiology 148, 1439-1446.

Weiss A. Johnson F. and D. Burns (1993) Molecular characterization of an operon required for pertussis toxin secretion. Proc Natl
Acad Sci USA. 90, 2970-2974.

Winans, S. and G. Walker (1985) Conjugal transfer system of the IncN plasmid pKM101. J Bacteriol. 161, 402-410.

Zamboni D., McGrath S., Rabinovitch M. and C. Roy (2003) Coxiella burnetii express type IV secretion system proteins that
function similarly to components of the Legionella pneumophila Dot/lcm system. Mol Microbiol. 49, 965-976.

Zusman T., Yerushalmi G. and G. Segal (2003) Functional similarities between the icm/dot pathogenesis systems of Coxiella
burnetii and Legionella pneumophila. Infect Imnmun. 71, 3714-3723.



