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Supplementary Tables 

 

Supplementary Table 1. Strains and Plasmids used in this study 

Strain  Relevant characteristics Use Origin 
Escherichia coli    
DH5a F - endA1 glnV44 thi-1 recA1 relA1 

gyrA96 deoR nupG purB20 
φ80dlacZ ΔM15 Δ(lacZYA- 
argF)U169, hsdR17 (r K–mK+), λ- 

In vivo study 
of Tse5-CT 
TM regions 
using PhoA-
LacZa dual 
reporter 

Invitrogen 

Lemo21  BL21(DE3) strain with an extra 
plasmid harbouring the gene encoding 
T7 lysozyme, an inhibitor of the T7 
RNAP, under control of the well-
titratable rhamnose promoter 
 

Heterologous 
expression of 
Tse5 for 
purification 
of Tse5-CT  

1 

Pseudomonas putida    
EM383 mt-2 derivative cured of the TOL 

plasmid pWW0 Δprophage1 
Δprophage4 Δprophage3 Δprophage2 
ΔTn7 ΔendA-1 ΔendA-2 ΔhsdRMS 
Δflagellum, ΔTn4652 ΔrecA 

Flow 
cytometry and 
growth 
inhibition 
studies 

2 

    
Plasmid Relevant characteristics Use Origin 
pKTop A vector expressing the reporter protein 

PhoA22-472 / LacZ4-50, p15 ori; Kmr 
Parental vector 3 

pKTop::sptse5-CT1169-

1229 
Derived from pKTop expressing the 
Tse5-CT1169-1229 / PhoA22-472 / LacZ4-60 
fusion protein with the PelB signal 
peptide fused at the N-terminus 

Membrane 
insertion study 

This work 

pKTop::sptse5-CT1169-

1269 
Derived from pKTop expressing the 
Tse5-CT1169-1269 / PhoA22-472 / LacZ4-60 
fusion protein with the PelB signal 
peptide fused at the N-terminus 

Membrane 
insertion study 

This work 

pKTop::sptse5-CT1169-

1281 
Derived from pKTop expressing the 
Tse5-CT1169-1281 / PhoA22-472 / LacZ4-60 
fusion protein with the PelB signal 
peptide fused at the N-terminus 

Membrane 
insertion study 

This work 

pKTop::sptse5-CT1169-

1300 
Derived from pKTop expressing the 
Tse5-CT1169-1300 / PhoA22-472 / LacZ4-60 
fusion protein with the PelB signal 
peptide fused at the N-terminus 

Membrane 
insertion study 

This work 

pKTop::sptse5-CT1169-

1317 
Derived from pKTop expressing the 
Tse5-CT1169-1317 / PhoA22-472 / LacZ4-60 
fusion protein with the PelB signal 
peptide fused at the N-terminus 

Membrane 
insertion study 

This work 
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pS238D1 Vector optimized to express toxins in P. 
putida with transcriptional repression, 
pBBR1 oriV and oriT; Kmr 

Parental vector 4 

pS238D1::tse5-CT Derived from pS238D1 that expresses 
the protein Tse5-CT1169-1317 

Biological 
function study 

This work 

pS238D1::sptse5-CT Derived from pS238D1 that expresses 
the Tse5-CT1169-1317 protein with the 
PelB signal peptide fused at the N-
terminus 

Biological 
function study 

This work 

    
pSEVA424 Vector for protein expression in a 

broad-spectrum of organisms, oriV and 
oriT; Strr 

Parental vector 5 

pSEVA424::tsi5 Derived from pSEVA424 that expresses 
the protein Tsi51-76 

Biological 
function study 

This work 

 

 

Supplementary Table 2. Conductances obtained from I-V curves 
 

E. coli 
250/50 

mM 

E. coli 
50/250 

mM 

Neutral 
250/50 

mM 

0.57 nS 0.99 nS 0.95 nS 
0.57 nS 1.10 nS 6.62 nS 
1.54 nS 2.22 nS  
1.76 nS 4.49 nS  
1.78 nS   
1.83 nS   
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Supplementary Figures 

 

Supplementary Fig. 1 | Bacterial cell analysis by Flow Cytometry reveal Tse5-CT 

causes membrane depolarization. a. Empty vector carrying cells to identify basally 

permeabilized or/and depolarized cell populations. b. P. putida cells expressing Tse5-CT. 

c. P. putida cells expressing spTse5-CT, which translocate to the periplasm. d. Cells 

treated with polymyxin B (100 µg/ml) to identify the depolarized population. Red 

fluorescence emitted by the SytoxTM Deep Red fluorescent marker (APC channel), a cell 

permeability marker, is represented on the X-axis, while the green fluorescence obtained 

by the DiBAC4(3) marker (FITC channel), a fluorophore sensitive to membrane 

depolarization. 
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Supplementary Fig. 2 | Analysis of bacterial control cells by Flow Cytometry. a. P. 

putida cells gating to classify cell size and complexity, with the X-axis being the size 

(FSC channel) and the Y-axis is the complexity (SSC channel). b. Not treated cells to 

identify healthy population. c. Cells treated with polymyxin B (100 µg/ml) to classify the 

depolarized population. d. Cells treated with heat shock to classify the permeabilized 

population. e. Cells treated with polymyxin B (100 µg/ml) and heat shock to identify 

depolarized and permeabilized population. Red fluorescence emitted by the SytoxTM 

Deep Red fluorescent marker (APC channel), a cell permeability marker, is represented 

on the X-axis, while the green fluorescence obtained by the DiBAC4(3) marker (FITC 

channel), a fluorophore sensitive to membrane depolarization. 
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Supplementary Fig. 3 | Analysis by SDS-PAGE and MS of purified Tse5-CT.  
 a. Size exclusion chromatography peak (Superdex 200 26/600) of the Tse5 full-length 

protein expressed in E. coli Lemo21 cells. b. Mass Spectrometry analysis of purified 

Tse5-CT (see lane 9 in the SDS-PAGE (panel (c)). The major peak corresponds to Tse5-

CT (the calculated mass for this toxin is 15571.02 Da), while the other two peaks 

correspond to the molecular weight of the dimer and trimer, respectively. c. Sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) analysis of Tse5-CT 

purification (4-20% gel (ExpressPlus™ PAGE Gel, GenScript). Lane 1, molecular weight 

standard (Precision Plus ProteinTM Standards, BIO-RAD); Lane 2, Tse5 full length; 

Lane3, Tse5 dissolved in buffer A with 8M urea; Lane 3, unbound fraction of the nickel 

resin; Lane 4, 100% B elution of the nickel resin; Lane 5, the pellet of 0.9M ammonium 
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sulphate precipitation; Lane 7, supernatant of 0.9 M ammonium sulphate precipitation; 

Lane 8, supernatant of wash steps; Lane 9, pure Tse5-CT. d. The protein sequence of 

Tse5 full length construct used in this study for heterologous expression in E. coli 

Lemo21 cells. The construct contains a 9xhis-tag at the N-terminus to facilitate the 

purification,  coloured in yellow. The three predicted domains of Tse5 are indicated in 

different colours: the N-terminal domain in green, the Rhs domain in black and the Tse5-

CT sequence in blue. The conserved motif that forms the active site of an aspartyl protease 

that releases the C-terminal is delimited by a red rectangle, with the two aspartic residues 

highlighted.  
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Supplementary Fig. 4 | Tse5-CT-induced currents display 1/f power spectral 

densities and equilibrium conductance fluctuations. a. Representative PSDs as a 

function of frequency obtained from Tse5-CT-induced currents in 250/50 mM KCl 

gradient and using a polar lipid extract from E. coli to form the membrane. b. Each curve 

corresponds to a different applied voltage, as indicated. Averaged PSD at the 5-15 Hz 

band as a function of the measured current obtained from PSDs (a) for the different 

explored conditions, as indicated. Solid lines represent a parabolic fitting.  
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