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The type six secretion system (T6SS) is a nanosyringe that injects proteins into prokaryotic or eukaryotic
cells,and it is encoded in the genomes ofmore than 25%ofGram-negative bacteria (1).We are studying the
T6SS of Rhizobium etli Mim1 and Bradyrhizobium sp. LmicA16, symbionts of Mimosa affinis /Phaseolus
vulgaris/Leucaena leucocephala and Lupinus micranthus /Lupinus angustifolius/Spartium junceum,
respectively.

R.etli Mim1 contains a T6SSgenecluster organized in two divergentoperons.When the T6SS is active,Hcp,
a constituent of the secretory apparatus, can be detected in the extracellular medium (2). Hcp has been
immunologically detected in the supernatantofMim1 cultures.This protein was also detected in bean nodule
extracts and in cultures grown in the presence of different legumes exudates. The putative divergent
promoters located between the two T6SSgene clusters were analysed by β-gal fusions.The resultsshowed
high levels ofexpression of the two promoters athigh OD and low values at lower ODs.Mutants affected in
structural genes inducedwhite nodules with P.vulgarisandL. leucocephala.

On the other hand,mutagenesis ofT6SSstructural genes from LmicA16 strain produced differentsymbiotic
phenotypes.An LmicA16 tssC mutantshowed reduced levels ofnitrogen fixation on L.micranthus ,whereas
the same mutant induced the formation of few white,non-fix ing nodulesonL.angustifoliusandS. junceum.

Genes tsp78 and tsp79 are located between hcp and vgrG in Mim1 strain, where often effector/ immunity
pairs have been identifed. In order to assess their functionality they had been expressed in Escherichia coli
and growth wasevaluated.
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Figure 1.The T6SSofRhizobium etli Mim1. A.Structureof the T6SSnanosyringe B.Genecluster C.FunctionofT6SSgenes
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PT77 (-)

Tsp78 (-)

Tsp79 (-)

Tsp78/Tsp79 (-)

Phaseolus vulgaris Leucaena leucocephala

Strains Dryweight (g)
Control ( -) 0.42	± 0,23
Mim1	 1.06	± 0,36
hcp::pk18 0.39	± 0,06

Strains Dryweight (g)
Control (-) 0.07	± 0,00
Mim1	 0.17	± 0,06
hcp::pk18 0.07	± 0,02

Mim1 Uninoculated ∆tssM ∆tssA-tagE

Strains Dryweight of	P.	vulgaris plants (g)
Control ( -) 0,65	±0,24
Mim1	 1,06	±0,22
ΔtssM 0,64	±0,18
ΔtssA-tagE 0,54	±0,07

Strains
Legumes
plants

A16 A16-tssC A16	 –vgrG

nod NF nod NF nod NF

L. micranthus + 3.7 + 1.1 + 3.0

L.	angustifolius + 2.9 + 0.3 + 0.2

Spartium junceum + 3.2 + 0.0 + 4.6

Glycine	max - - + 0.0

A16 A16-tssC

Expression of R.  etliMim1 T6SSPhylogeny of Hcp of R. etli MIm1

Figure 3. Expression of R. etli Mim1 T6SS. A. Immunodetection of Hcp protein in different
conditions. B. P6 promoter (see Fig. 1) expression in two orientation (P1 and P2) in pMP220
containing a βgal promotorlessreporter gene.
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R. etli mimosae Mim1

R. etli mimosae IE4771

R.etli phaseoli IE4803

R. leguminosarum 3841

R. gallicum R602

N. galegae

A. tumefaciens C58

M. aquaticum

Jannaschia CCS1

A. lipoferum 4B

S. fredii USDA257

M. lotiMAFF303099

M. nodulans ORS2060

S. enterica CVM19633

P. aeruginosa S0490
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Symbiotic performance of T6SS mutants

R. etli Mim1 T6SS mutants Bradyrhizobium sp. A16 T6SS mutants

1 .- The T6SSofR.etli Mim 1 is exppressed athigh cell densitiy,
in the presenceofplantexudatesand in pea bacteroids
2.- Mutants in structural genes of T6SS from R. etli Mim1 and
Bradyrhizobium sp.A16 are impaired in symbiosis with different
legumes.
3.- Tsp78 and Tsp79 have been found in databases only
associated toT6SSclustersof few rhizobial strains
4.- Growth experiments with E.coli expressing tsp78 and tsp79
are consistent with the possibility of these genes encoding an
Immunity/effector pair.

Gene aa Identities Microorganismcoding for similar genes In 
T6SS

tsp78 360 309/358(86%)
261/358(73%)
233/359(65%)

R. leguminosarum
Sinorhizobium americanum CCGM7
Neorhizobium galegae bv. orientalis  HAMBI 540 

+
+
+

tsp79 308 236/298(79%)
159/276(58%)
170/294(58%)

R. leguminosarum
Sinorhizobium americanum CCGM7
Neorhizobium galegae

+
+
+

tsp84 216 208/216(96%)
187/212(88%)
118/211(56%)

Rhizobium phaseoli N831
Rhizobium leguminosarum bv. trifolii CC278f
Agrobacterium vitis strain NW221

+
+
+

tsp85 71 54/66(82%)
52/66(79%)

Rhizobium leguminosarum bv. trifolii WSM597
Neorhizobium galegae bv. officinalis HAMBI 
1145

+
+

tsp86 225 183/224(82%)
120/224(54%)
111/224(50%)
79/193(41%)

Rhizobium leguminosarum bv. trifolii WSM2012 
Agrobacterium sp. ATCC 31749 AGT101

Ochrobactrum cytisi strain IPA7.2
Rhizobium phaseoli Ch24-10 plasmid d

+
+
+
-

tsp87 84 70/76(92%)
68/80(85%)

R. leguminosarum bv. trifolii WSM2012
R. phaseoli strain R650

-
-

tsp88 279 252/279(90%)
204/281(73%)
150/248(60%)

R. phaseoli R650 pRphaR650d
R.leguminosarum bv. trifolii WSM2012
Shinella sp. SUS2 scf_44948_8

+
+
-

tsp89 90 22/35(63%) Rhizobium sp. Kim5 +

Non	structuralgenes	in	T6SS	of	RhizobiumetliMim1

Phaseolus vulgaris

Figure 4. Symbiotic effect of T6SS mutations affecting T6SS in different
rhizobia.. A. R. etli Mim1. B. Bradyrhizobium sp. A16. Expression of R. etli Mim1
T6SS.C T6SSgene organization in A16 strain.NF:nitrogen fixation (µmol acetylene
reduced x ( h x g ofnodules).
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Figure 5 Growth of E. coli
expressing Tsp78 and /or
Tsp79. A. no IPTG added. B.
Growth with IPTG. C.
Hypothesis of Tsp78 and
Tsp79 functions. Red: toxic
protein, yellow: immunity
protein
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Figure 2. Phylogeny of Hcp


