The Type VI secretion system (T6SS) is a versatile machine that delivers toxins into 2! either eukaryotic or bacterial cells. It thus represents a key player in bacterial 3! pathogenesis and inter-bacterial competition. Schematically, the T6SS can be viewed as 4! a contractile tail structure anchored to the cell envelope. The contraction of the tail 5! sheath propels the inner tube loaded with effectors towards the target cell. The 6! components of the contracted tail sheath are then recycled by the ClpV AAA + ATPase 7! for a new cycle of tail elongation. The T6SS is widespread in Gram-negative bacteria 8! and most of the genomes of these bacteria carry several copies of T6SS gene clusters, 9! which might be activated in different conditions. Here, we show that the ClpV ATPases 10! encoded within the two T6SS gene clusters of enteroaggregative Escherichia coli are not 11! interchangeable and specifically participate to the activity of their cognate T6SS. Using 12! bacterial two-hybrid, co-immunoprecipitation, in vitro microscale thermophoresis and 13! deletion studies, we further show that this specificity is dictated by interaction between 14! the ClpV N-terminal domains and the N-terminal helices of their cognate TssC proteins. 15! We finally present the crystal structure of the ClpV1 N-terminal domain, alone or in 16! complex with the TssC N-terminal helical peptide, highlighting the commonalities and 17! diversities in the recruitment of ClpV to contracted sheaths. 18! 19! ! 3! ! 4!

[42][43] .

2!

. Polymerase Chain Reactions (PCR) were performed using a 6! Biometra thermocycler using the Q5 high fidelity DNA polymerase (New England BioLabs).

7!

, were synthesized by Sigma 8! Aldrich. Enteroaggregative E. coli 17-2 chromosomal DNA was used as a template for all 9! PRCs. The amplified DNA fragments correspond to the full-length ClpV1 (EC042_4530, GI: 10! 284924251), ClpV2 (EC042_4577, GI: 284924293), TssC1 (EC042_4525, GI: 284924246) 11! and TssC2 (EC042_4562, GI: 284924279) proteins, as well as the N-terminal domains of 12! ClpV1 (residues 1-163) and ClpV2 (residues 1-147). Plasmids were engineered by restriction-13! free cloning 47 as previously described 35 . Briefly, genes of interest were amplified with 14! oligonucleotides introducing extensions annealing to the target vector. The double-stranded 15! product of the first PCR was then been used as oligonucleotides for a second PCR using the 16! target vector as template. Deletion of TssC1 and TssC2 N-terminal helices as well as point 17! mutations have been obtained by site-directed mutagenesis. All constructs have been verified 18! by restriction analysis and DNA sequencing (Eurofins, MWG).

19!

Bacterial two-hybrid assay. The adenylate cyclase-based bacterial two-hybrid technique 48 20! was used as previously published 49 . Briefly, compatible vectors producing proteins fused to 21! the isolated T18 and T25 catalytic domains of the Bordetella adenylate cyclase were 22! transformed into the reporter BTH101 strain and the plates were incubated at 30°C for 24 23! hours. Three independent colonies for each transformation were inoculated into 600 µL of LB 24! medium supplemented with ampicillin, kanamycin and IPTG (0.5 mM). After overnight 25! growth at 30°C, 10 µL of each culture were spotted onto LB plates supplemented with 26! ampicillin (100 µg/mL), kanamycin (50 µg/mL), IPTG (0.5 mM) and Bromo-Chloro-Indolyl-27! Galactopyrannoside (40 µg/mL) and incubated for 16 hours at 30 °C. The experiments were 28! done at least in triplicate and a representative result is shown.

29!

.

19!

Peptide synthesis, protein purification and characterization. E. coli BL21 (DE3) pLysS 20! cells carrying the pETG20A-ClpV1-Nt plasmid were grown at 37°C in TB medium (1.2% 21! peptone, 2.4% yeast extract, 72 mM K 2 HPO 4 , 17 mM KH 2 PO 4 , and 0.4% glycerol).

22!

Expression of clpV1-Nt was induced at A 600 = 0.6 with 0.5 mM IPTG for 18 hours at 25°C.

23!

Cells were then resuspended in lysis buffer (50 mM Tris-HCl pH 8.0, 300 mM NaCl, 1 mM 24! EDTA, 0.5 mg/mL lysozyme, 1mM phenylmethylsulfonyl fluoride), submitted to several 25! freeze-thawing cycles and sonicated after the addition of 20 µg/mL DNase and 20 mM 26! MgCl 2 . Pellet and soluble fraction were separated by centrifugation for 30 min at 16,000 × g.

27!

The soluble fraction containing ClpV1-Nt was loaded onto a 5-mL Ni 2+ affinity column 28! (HisTrap™ FF) using an ÄKTA Explorer apparatus (GE healthcare) and the immobilized 29! proteins were eluted in 50 mM Tris-HCl pH8.0, 300 mM NaCl supplemented with 250 mM 30! imidazole. The protein solution was desalted on a HiPrep 26/10 column (Sephadex TM G-25, 31! Amersham Biosciences), and ClpV1-Nt was obtained by cleavage using 2 mg of TEV 32! ! 7! protease for 18 hours at 4°C and collected in the flow-through of a 5-mL Nickel column. The 1! protein was concentrated using the centricon technology (Millipore, 10-kDa cut-off). After 2! concentration, the soluble ClpV1-Nt protein was passed through a Sephadex 200 26/60 3! column pre-equilibrated with 25 mM Tris-HCl pH7.5, 100 mM NaCl, 5% Glycerol. A similar 4! procedure was applied for the ClpV2-Nt domain but the protein was insoluble and could not 5! be purified. 6! Peptides corresponding to the α-helices from TssC1 and TssC2 (Fig. 3A) were synthesized by 7! Genscript (TssC1 (residues 23-35), KKW-DSVYASLFEKINL-KK; TssC2 (residues 15-29), 8! Douzi et al. Figure 2! Hcp1-T18! T18-ClpV1!

Introduction

1!

The Type VI secretion system (T6SS) is a multi-protein complex widely distributed in 2! Gram-negative bacteria with an over-representation in Proteobacteria and Bacteriodetes that 3! transports and delivers effector toxins into target cells [1][START_REF] Cascales | The type VI secretion toolkit[END_REF][3][4] . The activities and molecular targets 4! ATDDCLEEIINNTRA). Due to its hydrophobic nature, the TssC1 N-terminal peptide was 9! flanked by two lysines to improve its solubility and by an additional tryptophane to follow it 10! during purification.

11!

Microscale thermophoresis (MST) experiments. Microscale thermophoresis experiments 12!

were performed using a Monolith NT.115 apparatus (NanoTemper). ClpV1-Nt was labeled 13! with the blue-fluorescent dye NT-495-NHS (NanoTemper) and the buffer was exchanged for 14! the assay buffer (25 mM Tris-HCl pH 7.5, 200 mM NaCl, glycerol 5%, 0.05% Tween-20) 15! using a Nap5 column (GE Healthcare). Titrations were conducted with a constant 200 nM 16! fluorophore-labeled ClpV1-Nt against up to 500 µM TssC N-terminal peptides in hydrophilic-17! coated capillaries. Each data point was measured in triplicate. Single-site fitting was 18! performed using the NanoTemper data analysis software.

19!

Crystal structures determination. ClpV1-Nt was purified to homogeneity and the protein 20! crystallized spontaneously during gel filtration. ClpV1-Nt crystals belong to space group 21! P2 1 2 1 2 1 with cell dimensions a=40.9Å, b=58.7 Å, c=65.6 Å (Supplemental Table S2). A 22! complete data set was collected at the Soleil synchrotron (Saint-Aubin, France) at 2 Å. Data 23! were integrated with XDS 50 and reduced with XSXALE 50 (Supplemental Table S2). The 24! structure was solved by soaking crystals in a 0.5 M NaI and 0.5 M of CsI solution followed by 25! data collection at 1.77-Å wavelength, allowing remote SAD phasing. The cesium/iodine 26! positions were defined with SHELXC and SHELXD 51 and subsequently used for SAD 27! phasing using PHASER 52 . These phases were improved by solvent flattening and histogram 28! matching using the program PARROT 53 , resulting in interpretable maps from which the 29! BUCCANEER program 54 was able to build an initial model. The model was completed and 30! corrected manually with COOT 55 and refined with autoBUSTER 56 (Supplemental Table S2).

31! ! 8!

The ClpV1-Nt/ TssC1 peptide complex was obtained by mixing the purified ClpV1 N-1! terminal domain with the peptide at a 1:4 molecular ratio in 20 mM Tris-HCl pH8.0, 100 mM 2! NaCl, 5% Glycerol and concentrated using the centricon technology (Millipore, kDa cut-off 3! of 10) to 2 mg/mL. Crystals were obtained in one condition (0.2 M imidazole, malate pH 6.0, 4! 8% w/v PEG 4000) using the STURA screen (Molecular dimensions) and diffracted at 2.5-Å 5! resolution. The structure was solved by molecular replacement using the structure of ClpV1-6! Nt as starting model. The model was completed and corrected manually with COOT 55 and 7! refined with autoBUSTER 56 (Supplemental Table S2). 

Results

14!

ClpV1 and ClpV2 are not interchangeable.

15!

The enteroaggregative E. coli Sci-1 and Sci-2 T6SS are both involved in bacterial 16! competition 29,40 . However, these two T6SS are active in different laboratory conditions 17! (minimal medium for the Sci-1 T6SS and modified Eagle medium for the Sci-2 T6SS; 57,58 .

18!

To test whether the two ClpV proteins, ClpV1 (EC042_4530, GI: 284924251) and ClpV2 19! (EC042_4577, GI: 284924293), respectively encoded by the sci-1 and sci-2 gene clusters are 20! interchangeable, we engineered ∆clpV1 and ∆clpV2 strains and complementation vectors 21! (pIBA-ClpV1 and pIBA-ClpV2). The different combinations were tested for their ability to 22! confer a growth advantage in Sci-1-or Sci-2-active conditions against E. coli K-12. Figure 1 23! shows that while clpV1 and clpV2 trans-expression restores the growth advantage of the 24! ∆clpV1 and ∆clpV2 mutant strains respectively, over-production of ClpV2 does not restore 25! ∆clpV1 defects, and vice versa. From this experiment, we concluded that the ClpV1 and 26! ClpV2 ATPase are not interchangeable and we hypothesized that this specificity could be 27! imputable to specific contacts with partners. 28!

29!

ClpV specificity is dictated by ClpV-TssC complex formation.

30! ! 9!

To identify ClpV1 partners, we performed a systematic bacterial two-hybrid analysis.

1!

ClpV1 was fused to the N-or C-terminus of the Bordetella pertussis Cya T25 domain and 2! these protein fusions were tested as baits against preys comprising fusion of the T18 domain 3! to the individual T6SS core components. Growth on reporter plates demonstrated that ClpV1 4! interacts with itself (Fig. 2A), in agreement with the ability of AAA + ATPases to assemble 5! hexameric structures 22,59 . However, ClpV1 does not interact with ClpV2 suggesting that these 6! two proteins cannot assemble hetero-hexamers (Fig. 2B). In addition, ClpV1 interacts with 7! TssC1 (EC042_4525, GI: 284924246), one of the sheath components (Fig. 2C). The ClpV1-8! TssC1 interaction was further confirmed by co-immunoprecipitation (Fig. 2D). The ClpV-9! TssC interaction has already been reported in V. cholerae and P. aeruginosa and involves 10! contacts between the N-terminal domain of ClpV and an N-terminal helix of TssC 22,[START_REF] However | values obtained in vitro might not represent the in vivo situation. In 16! vivo[END_REF]43 .

11!

Similarly, co-immunoprecipitation assays showed that ClpV1 the N-terminal domain of 12! ClpV1 (ClpV1-Nt, residues 1-163) is sufficient to mediate the interaction with TssC1, while a 13! deletion of the TssC1 N-terminal helix (deletion of residues 23-25, TssC1∆h) abolishes 14! ClpV1-TssC1 complex formation (Fig. 2D, left panel). Identical results were obtained for 15! ClpV2 and the Sci-2-encoded TssC2 protein (Fig. 2D, right panel). We then tested cross-16! interaction between the ClpV N-terminal domains and TssC proteins. TssC proteins from the two T6SSs was further confirmed by bacterial two-hybrid (Fig. 2E).

20!

From these results, we concluded that specificity determinants control ClpV-TssC complex 21! formation and we hypothesized that these specificity determinants should be located within 22! the TssC N-terminal helices. In support of this hypothesis, a sequence alignment of TssC1 and 23! TssC2 showed that the two proteins share high level of homologies except in the N-terminal 24! region that is, in average, less conserved (18% identity within the 55 N-terminal residues 25! compared to 38 % identity on full-length sequences, Supplemental Figure S1).

26!

To gain further insights onto the binding and specificity of ClpV1 towards the TssC 27! N-terminal helices, the ClpV1 N-terminal domain was purified. In addition, peptides 28! corresponding to TssC1 (residues 23-35) and TssC2 (residues 15-29) N-terminal helices (Fig.

29!

3A) were synthesized. Binding of the TssC peptides to ClpV1-Nt was assayed by microscale 30! thermophoresis that allows the quantification of molecular interactions in free solution states. 31! Fig. 3B shows that the TssC1 peptide binds to ClpV 1 -Nt with a K D of ~ 26 µM, a value that is 32! comparable to the affinity measured between V. cholerae ClpV and the VipB (TssC) N-33! ! 10! terminal peptide (K D ~ 39 µM) [START_REF] However | values obtained in vitro might not represent the in vivo situation. In 16! vivo[END_REF] . By contrast, no binding of TssC2 peptide to ClpV1-Nt was 1! observed (Fig. 3C).

2! 3!

Structures of the ClpV1 N-terminal domain alone and in complex with the TssC1 N-4! terminal peptide reveal a new mode of binding.

5!

To obtain molecular details on the ClpV1-TssC1 interaction, we crystallized the 6! ClpV1-Nt domain alone and in complex with the TssC1 N-terminal helix peptide. ClpV1-Nt 7! crystallized in the P2 1 2 1 2 1 space group and diffracted to 2.0-Å resolution (Supplemental Table 8! S2). ClpV1-Nt structure was solved using a CsI derivative and phasing was achieved with 9! remote SAD methods, using a 1.77-Å wavelength for data collection. The amino-acid chain 10! could be traced between residues 1 and 163. The structure comprises 10 α-helices (H0 to H9) 11! (Fig. 4), with overall dimensions of a flat disc of 50 × 46 × 28 Å. Interestingly, helix H0 is 12! oriented perpendicular to helix H1, delimiting a groove.

13!

Crystals of ClpV1-Nt in complex with the TssC1 peptide were obtained. The crystals 14! belong to space group P2 1 2 1 2 1 and diffracted to 2.5-Å resolution (Supplemental Table S2).

15!

The structure of the complex was determined by molecular replacement using the 16! uncomplexed structure (Fig. 5A-B). ClpV1-Nt is defined between residues 6 and 162 in the 17! electron density map and its structure shows that it is not subjected to significant variation 18! compared to the unbound ClpV1-Nt domain (root mean square deviation of 0.8 Å). The 19! TssC1 N-terminal peptide is well defined in the electron density map between the residue 20! Asp23 and Leu35. The peptide forms a ~ 2-turn α-helix between Ser24 and Phe30 21! (SVYASLF), while the rest of the peptide (EKINL) is elongated (Fig. 5A-B). PISA analysis 22!

shows that the interaction between ClpV1-Nt and the TssC1 peptide covers 622 Å 2 on the 23! peptide (38% of the total surface) and 520 Å 2 on the ClpV1 N-terminal domain (6.6% of the 24! total surface) (Fig. 5C, Supplemental Table S3). The TssC1 peptide accommodates in the 25! ClpV1-Nt groove delimited by helices H0 and H1, and the H4-H5 loop (Fig. 4A, Fig. 5A-E, 26! Supplemental Table S3). Most residues of the peptide are involved in the interaction, with the 27! exception of Ser24 and Ala27. The most significant interactions involve Tyr26, Leu29, 28! Phe30, Lys32, Ile33 and Asn34, the three last residues belonging to the elongated stretch (Fig.

29!

5D and 5E, Supplemental Table S3). The co-structure of ClpV1-Nt with the N-terminal tested their effects on ClpV1-TssC1 interaction and T6SS function. The Glu24-to-Lys 7! (ClpV1 EK mutant) and Arg87-to-Glu (ClpV1 RE mutant) substitutions (as well as the double 8! mutant variant, ClpV1 EKRE ) were introduced in ClpV1. These mutations did not interfere with 9! ClpV1 oligomerization (Fig. 6A). The Glu31-to-Lys and Lys32-to-Glu substitutions were 10! introduced in TssC1 (TssC1 EKKE mutant). Here again, these mutations did not prevent the 11! ability of TssC1 to oligomerize or to interact with TssB1 (Fig. 6A), two complexes previously 12! described in EAEC [START_REF] Zhang | Dissection of the TssB-TssC interface during type VI secretion sheath 2! complex formation[END_REF] . However, all these substitutions affected partly or totally ClpV1-TssC1 13! complex formation (Fig. 6A). While the ClpV1 RE mutation had only a mild effect on the 14! interaction, the ClpV1 EK and EKRE and the TssC1 EKKE mutations prevented formation of 15! the ClpV1-TssC1 complex. The ClpV1 and TssC1 variants were then tested for their ability to 16! support T6SS function. The two double mutants, ClpV1 EKRE and TssC1 EKKE , did not restore 17! the anti-bacterial activity of ∆clpV1 (Fig. 6B) and ∆tssC1 (Fig. 6C) EAEC cells, respectively.

18!

By contrast the ClpV1 RE and EK single substitutions caused a 9-and 310-fold decrease of 19! the function of the EAEC Sci-1 T6SS, respectively (Fig. 6B). 20!

21!

Discussion

22!

Bacterial genomes may encode several copies of Type VI secretion gene clusters.

23!

Although these gene clusters are usually subjected to different regulatory controls and 24! expressed in different conditions, distinct Type VI secretion machineries may co-exist in the 25! same bacterial cell 1,2 . There is therefore a need to control proper assembly of these machines 26! and to allow recruitment of cognate subunits. Indeed, previous studies have demonstrated that 27! specificity operates during machine assembly, more specifically for the interaction between 28! the inner tube Hcp subunit and its cognate TssB sheath protein in enteroaggregative E. coli [START_REF] Basler | Type 6 secretion dynamics within and between bacterial 22! cells[END_REF] .

29!

Here, we show that a second level of specificity exists, at the stage of sheath 
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 89 Data deposition. The EAEC ClpV1-Nt and ClpV1-Nt/TssC1 peptide X-ray structures have 10! been deposited in the Protein Data Bank (PDB) under accession numbers 4HH5 and 4HH6,

  Fig. 2D (right lanes in 17! left and right panels) shows that each ClpV N-terminal domain interacts only with the TssC 18! encoded within the same gene cluster. The lack of cross-interaction between the ClpV and 19!

4 !

 4 therefore reveals a mode of binding distinct from previous co-structures (see 1Mutagenesis studies confirm the ClpV1-TssC1 interface shown in the co-crystal.To test the physiological relevance of the ClpV1-Nt/TssC1 peptide co-structure, we 5! engineered point mutations within the ClpV1 groove and the TssC1 N-terminal region, and 6!
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 123422567238S1 Figure 1. ClpV1-ClpV2 interchangeability. (A) Sci-1-dependent antibacterial growth 2! inhibition. Prey cells (W3110 gfp + , kan R ) were mixed with the indicated attacker cells, spotted 3! onto sci-1-inducing medium (SIM) agar plates and incubated for 4 hours at 37°C. (B) Sci-2-4! dependent antibacterial growth inhibition. Prey cells (W3110 gfp + , kan R ) were mixed with the 5! indicated attacker cells, spotted onto Dulbecco's modified Eagle Medium (DMEM) agar 6! plates and incubated for 4 hours at 37°C. The image of a representative bacterial spot is 7! shown and the relative fluorescent levels (in arbitrary units, AU) are indicated in the upper 8! graph. The number of recovered E. coli prey cells is indicated in the lower graph (in log 10 of 9! colony-forming units (cfu)). The circles indicate values from three independent assays, and 10! the average is indicated by the bar. 11!
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Table S1 . Strains, Plasmids and Oligonucleotides used in this study. 18! Table S2. Data collection and refinement statistics for the ClpV1-Nt and ClpV1- 19! Nt/TssC1 peptide crystals. 20!Table S3 . ClpV1-Nt / TssC1 contacts in the co-crystal structure.
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	21!	
	22!	!

Table S3 . Interaction between the ClpV1-N-terminal domain and the TssC1 peptide

 S3 . (A) Analysis of the interaction surface. (B) Residues of TssC1 peptide interacting with the ClpV1-N-terminal domain. (C) Residues of the ClpV1-N-terminal domain interacting with the TssC1 peptide. ASA : accessible surface area. BSA : buried surface area. Analysis performed with PISA. ! A

	Supplemental Peptide 1	ClpV-Nt
	Interface Å 2	622.5	38.4% 520.8	6.6%
	Total surface Å 2 1620.9	7912.5
	!			
	B"			
	Peptide 1 ASP 23	ASA Completeness a (%) BSA 70.21 24.4	96.1 (92.1)	99.6 (98.5)
	VAL 25	Multiplicity a 72.85 20.3
	TYR 26	REFINEMENT 133.51 113.0
	SER 28	Resolution a (Å) 59.69 19.7	43.8-2.0 (2.24-2.0)	36.0-2.5 (2.79-2.5)
	LEU 29 PHE 30	Nr of reflections a 118.81 113.0 130.83 62.7	(1.79-1.75) 10703( 2770)	5359 (1358)
	Atoms : protein, ions, water GLU 31 131.80 22.1	1275 / 1 /107	1297 / 27
	LYS 32	Nr test set reflections 142.15 101.2	512	516
	ILE 33	R work /R free 97.17	a (%) 75.5	0.186/0.205 (0.181/0.234) 0.244/0.263 (28.1/32.1)
	r.m.s.d.bonds (Å) / angles (°) ASN 34 114.88 57.5	0.008 / 1.04	0.008 / 1.36
	B-wilson / B-average (Å 2 ) LEU 35 230.48 12.6 Ramachandran: preferred/allowed (%) ! C"	28.35 / 29.6 97.5 / 2.5	57.6 / 55 91.6 / 6.0 / 2.4
	ClpV1-Nt	(%) ASA	BSA
	SER	8	31.16	10.5
	ALA	9	67.64	25.9
	LEU 12	57.58	52.7
	ARG 13	182.26	46.3
	LEU 15	10.34	10.3
	HIS 17	169.33	52.7
	ALA 20	41.75	38.7
	LEU 23	13.70	13.5
	GLU 24	109.71	68.4
	ALA 27	26.96	26.8
	SER 28	55.93	7.2
	GLN 31	32.77	2.5
	ILE 38	5.36	4.2
	ARG 87	215.54	77.3
	PRO 88	31.75	28.6
	GLN 89	64.68	27.6
	LEU 90	41.49	18.1
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Source Expression vectors pUA66-rrnb P rrnB ::gfpmut2 transcriptional fusion in pUA66 Zaslaver et al., 2006 pASK-IBA37 cloning vector, Ptet, Amp R IBA Technology pIBA37-ClpV1 FLAG sci1 clpV, C-terminal FLAG tag cloned into pASK-IBA37 This study pIBA37-ClpV1-Nt FLAG sci1 clpV N-terminal fragment (residues 1-162), C-terminal FLAG tag cloned into pASK-IBA37(+) This study pIBA37-ClpV1-E24K FLAG clpV1 Glu24-to-Lys substitution into pIBA37-ClpV1 FLAG This study pIBA37-ClpV1-R87E FLAG clpV1 Arg87-to-Glu substitution into pIBA37-ClpV1 FLAG This study pIBA37-ClpV1-E24K-R87E FLAG clpV1 Glu24-to-Lys and Arg87-to-Glu substitutions into pIBA37-ClpV1 FLAG This study pIBA37-ClpV2 FLAG sci2 clpV, C-terminal FLAG tag cloned into pASK-IBA37 This study pIBA37-ClpV2-Nt FLAG sci2 clpV N-terminal fragment (residues 1-147), C-terminal FLAG tag cloned into pASK-IBA37(+) This study pBAD33 cloning vector, pACYC184 origin, Para, araC Cm R Guzman et al., 1995 pBAD33-TssC1 VSV-G sci1 tssC, C-terminal VSV-G tag cloned into pBAD33 This study pBAD33-TssC1-E31K-K32E VSV-G tssC1 Glu31-to-Lys and Lys32-to-Glu substitutions into pBAD33-TssC1 VSV-G This study pBAD33-TssC1∆h VSV-G Deletion of amino-acids 23-35 of sci1 tssC into pBAD33-TssC1 VSV-G This study pBAD33-TssC2 VSV-G sci2 tssC, C-terminal VSV-G tag cloned into pBAD33 This study pBAD33-TssC2∆h VSV-G Deletion of amino-acids 2-15 of sci2 tssC into pBAD33-TssC2 VSV-G This study Bacterial Two-Hybrid vectors pT18-FLAG Bacterial Two Hybrid vector, ColE1 origin, Plac, T18 fragment of Bordetella pertussis CyaA, Amp R Battesti & Bouveret, 2008 pT18-Pal Soluble region of E. coli K-12 Pal cloned downstream T18 in pT18-FLAG Battesti & Bouveret, 2008 pClpV1-T18 sci1 clpV cloned upstream T18 into pT18-FLAG This study pT18-ClpV1 sci1 clpV cloned downstream T18 into pT18-FLAG This study pT18-ClpV1-E24K clpV1 Glu24-to-Lys substitution into pT18-ClpV1 This study pT18-ClpV1-R87E clpV1 Arg87-to-Glu substitution into pT18-ClpV1 This study pT18-ClpV1-E24K-R87E clpV1 Glu24-to-Lys and Arg87-to-Glu substitutions into pT18-ClpV1 This study pT18-ClpV2 sci2 clpV cloned downstream T18 into pT18-FLAG This study pT25-FLAG Bacterial Two Hybrid vector, p15A origin, Plac, T25 fragment of Bordetella pertussis CyaA, Kan R Battesti & Bouveret, 2008 pTolB-T25 E. coli K-12 tolB cloned upstream T25 in pT25-FLAG Battesti & Bouveret, 2008 pClpV1-T25 sci1 clpV cloned upstream T25 into pT25-FLAG This study pT25-ClpV1 sci1 clpV cloned downstream T25 into pT25-FLAG This study pTssC1-T25 sci1 tssC cloned upstream T25 into pT25-FLAG Zoued et al., 2013 pTssC1-E31K-K32E-T25 tssC1 Glu31-to-Lys and Lys32-to-Glu substitutions into pTssC1-T25 This study pTssC2-T25 sci2 tssC (EC042_4564) cloned upstream T25 into pT25-FLAG This study All others BACTH constructs have been described in Zoued et al., 2013.
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