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Supplementary Figure 1. Cryo-EM of the PFC and VgrG1-Tse6-EF-Tu complex 
in nanodiscs. 

(a) Representative digital micrograph area of vitrified PFC (upper panel, scale bar: 50 
nm) with corresponding representative class averages (lower panel, scale bar: 10 nm). 



 

(b) Final 3D reconstruction of the PFC, comprising density for VgrG1, Tse6PAAR, 
Tse6TMDs, and EagT62, colored by local resolution. (c) FSC curve between two 
independently refined half-maps of the PFC (blue, 55,000 particles). (d) Top views of 
both EagT6 molecules shown with putative TMD density (orange) at different 
thresholds. EagT6 crystal structure (red) was fitted into EagT6 density (white). (e) 
Representative digital micrograph area of vitrified VgrG1-Tse6-EF-Tu complexes in 
nanodiscs (upper panel, scale bar: 50 nm) with corresponding representative class 
averages (lower panel, scale bar: 10 nm). (f) Final 3D reconstruction of the VgrG1-
Tse6-EF-Tu complex in nanodiscs applying C3 symmetry colored by local resolution. 
Note that the other proteins of the complex are averaged out, because they do not have 
C3 symmetry. (g) FSC curves between two independently refined half-maps of the 
upper part of the Tse6-loaded VgrG1 complex in nanodiscs, applying C3 symmetry 
(red, 72,000 particles) and of a particle subset of the Tse6-loaded VgrG1 complex in 
nanodiscs in which the nanodisc was almost perpendicular to VgrG1, without 
applying symmetry (green, 11,000 particles). (h) Filtered 3-D average and 3-D 
variability densities indicate a high flexibility in the  nanodisc region (lower part). (i) 
Side and top view of the 3-D reconstruction of the upper region of the VgrG1-Tse6-
EF-Tu complex in nanodiscs, applying no symmetry. The strong influence of the 
nanodisc resulted in a distortion of the density corresponding to C3-symmetric 
VgrG1. 
 

 



 

 

Supplementary Figure 2. Sorting trees of image processing in SPHIRE. 

(a) Consecutive steps of 2-D- and 3-D-image processing for the PFC are shown as 
flowchart. The number of resulting particles is given after each step. (b) Same as in a 
for the Tse6-loaded VgrG1 complex in nanodiscs. While all 72,000 particles after 2-D 



 

classification were used to resolve the upper region of the reconstituted complex, only 
a subset of 11,000 particles, in which the nanodisc was almost perpendicular to 
VgrG1, was used to obtain structural insights into its overall architecture. (c) 2-D 
class averages of the PFC (I) and Tse6-loaded VgrG1 complex in nanodiscs (II and 
III) corresponding to the final steps indicated in a and b. In addition to the binned 2-D 
class averages produced by ISAC that were used for the selection process, so called 
“beautified” class averages were calculated, showing unbinned data and thus high-
resolution features.  



 

 
 

Supplementary Figure 3. 2-D- and 3-D-projection orientation plots. 

(a) Side and top view of the 3-D angular distribution of PFC particles, in which the 
relative height of bars represents the number of particles. The corresponding 2-D 
histogram is shown on the right. (b) Same as in a for the reconstruction of the Tse6-
loaded VgrG1 complex in nanodiscs, containing only particles in which the nanodisc 
is almost perpendicular to VgrG1. (c) Same as in b, except with all particles and C3 
symmetry applied.  
 



 

 
 

Supplementary Figure 4. Flowchart of image processing strategy in SPHIRE. 

The 3-D refinement of the PFC was performed by imposing C3-symmetry. The 
determined three-dimensional projection parameters for each particle were 
subsequently used to create a symmetrized particle stack. This new stack contained 
three copies of each original particle with projection parameters rotated 120° along 
the (C3-) symmetry axis. The subsequent 3-D classification resulted in three volumes 
that were rotated by 120° to each other. As anticipated, the three copies of the original 
particle evenly distributed to these classes. However, given that classification 
procedures are not perfect in reality, we further confirmed that only one copy of the 
original particle is present in each class. Finally, one of the classes, containing 55,000 
particles, was selected and subjected to a new local 3-D refinement without imposing 
symmetry. This resulted in the 4.2 Å density map of the PFC. 



 

 

 

Supplementary Figure 5. Membrane topology prediction for Tse6. 

(a) Three topology predictions of Tse6 featuring between three and five 
transmembrane helices (TMHs). The predictions have been obtained by the TopGraph 
server, which is based on membrane insertion profiles, calculated using sdTβL. (b) 
TOPCONS consensus predictions of Tse6, combining results of the most common 
topology prediction servers to generate a consensus prediction of Tse6 topology 
featuring 5 transmembrane helices. 
 



 

 

Supplementary Figure 6. Secretion and growth experiments in P. aeruginosa. 

(a) Western blot analysis of Tse6 levels in the indicated P. aeruginosa strains shows 
that EagT6 is no longer required for in vivo Tse6 stability when both TMDs are 
deleted. The T6S ATPase ClpV1 provides the energy necessary to drive the secretion 
apparatus. A strain lacking the ClpV1-encoding gene clpV1 thus mimics inactivated 
(H1-) T6SS. (b) Secretion assays of T6S effector Tse1 in P. aeruginosa. In the 
absence of the only two PAAR-containing proteins, Tse5 and Tse6, the T6S apparatus 
cannot function anymore (no secretion of Tse1). Deletion of both TMDs of Tse6 in a 
strain lacking tse5 has the same effect. (c) Secretion assay in the indicated P. 
aeruginosa strains shows that, in contrast to VgrG1, Tse6 and Tse1, EagT6 is not 
secreted from the cell and is required for the stability of Tse6 but not 

Tse6ΔTMD1 ΔTMD2. 
 



 

 

Supplementary Figure 7. Interaction of EagT6 with the TMDs of Tse6. 

(a) Pull downs of the TMD-1 of Tse6 with EagT6. Western blot analysis of VSV-G 
and His6 levels indicate binding of TMD-1 to EagT6. Mutation of  valine 39, that is 
located within the hydrophobic cavity of EagT6, to glutamine abolishes TMD-1 
binding. (b) Same as in a for TMD-2. Similar as for TMD-1, EagT6 pulls down with 
TMD-2 and the V39Q mutation abolishes binding. 



 

 

 

Supplementary Figure 8. Catalytically inactive and toxin-domain lacking 
mutants of Tse6. 

(a) Representative negatively stained electron micrograph areas of complexes 
containing a catalytically inactive Tse6 double mutant (Tse6Q333A, D396A) (left panel) 

and a Tse6 mutant lacking its C-terminal toxin domain (Tse6Δtox) (right panel). 
Corresponding SDS-PAGE is shown in the middle. Scale bars: 50 nm. (b) Electron 
micrograph area showing Tse6-loaded VgrG1 complex reconstituted in liposomes and 
labeled with 5 nm NTA-coated nanogold. Scale bar: 50 nm. (c) Electron micrograph 

area showing liposome fraction after incubation with Tse6Δtox -loaded VgrG1 
complex. Complexes lacking Tse6tox do not readily insert into the lipid bilayer of 
liposomes. Scale bar: 100 nm. 



 

 

 
Supplementary Figure 9. Purification of the Tse6-loaded VgrG1 complex after 
reconstitution into nanodiscs. 

(a) Size exclusion chromatography of Tse6-loaded VgrG1 reconstituted into 
preformed nanodiscs (MSP1D1-ΔH5). Representative areas of negatively stained 
micrographs of fractions containing the complex in nanodiscs are shown. Scale bars: 
50 nm. (b) Representative micrographs of Tse6-loaded VgrG1 complex in detergent 
(upper panel) and PFC (lower panel). Scale bars: 50 nm. 



 

 

Supplementary Figure 10. Conserved domain architecture of the N-terminal 
loading and translocation region of T6S effectors. 

(a) Comparison of the domain organization (top) and multiple sequence alignment 
(bottom) of T6S effectors of selected members of the Proteobacteria phylum shows 
conservation of the N-terminal loading and translocation region (NLTR, blue) and 
high variability of the C-terminal polymorphic toxin domain (PTD, green). The core 
of the NLTR is formed by the transmembrane domains (TMD1, TMD2, yellow) and 
the PAAR domain (dark red). (b) Genomic context in P. veronii R4 of a homologue 
of Tse6 and its respective chaperone, homologous to EagT6. The gene coding for the 
chaperone is located upstream of NLTR-effector gene. The colors of NLTR-effector 
gene, indicating domains are the same as in a. 
 



 

 

Supplementary Figure 11. Multiple sequence alignment highlights conservation 
of NTLR domain. 

(a) Graphical representation (WebLogo) based on a multiple sequence alignment of 
selected members of α-,β- and γ- proteobacteria. Predicted domain boundaries are 
illustrated with colored boxes above the logos. TMDs are shown in orange, the PAAR 
domains in red and the PTD in green. (b) Multiple sequence alignment (Clustal 
Omega) of nine selected Gram-negative bacteria with corresponding phylogenetic 
tree, highlighting the conservation of the NTLR. Color code as in a. 



 

 

Supplementary Figure 12. Full-length raw versions of gels and blots. 

Unmanipulated full-length versions of all gel- and blot- images with corresponding 
figure numbers. Sections that are shown are highlighted with black boxes. 
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Supplementary Table 1. Model refinement of VgrG1 in the PFC and VgrG1-
Tse6-EF-Tu complex in nanodiscs. 

 



 

Supplementary Table 2. Strains used in this study. 

 
 
 
 



 

Supplementary Table 3. Plasmids used in this study. 

 
 
  


