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Supplementary figures

Appendix Figure S1
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Sub-tomogram average validation and the TssJLM average placed back into a tomogram.

A FSC curve of the C5-symmetrized final average generated in the PEET software package. The n value in the top
right box corresponds to the number of particles in each of the two equal-sized groups whose averages are being
compared in the Fourier space

B Wedge weight generated in the PEET software package. The binaries had the threshold set to simply show
which planes in Fourier space were considered present and which were not, while the analog version shows
intensities proportional to the number of samples. The dark rectangle bottom right shows that all planes were
considered present in the Fourier space, but the analog representation shows an over-representation of some
planes. This indicates a missing wedge in our average that could be reflected in the elongation of the neck
region of the average (Appendix Fig S9A right, light pink) compared to the SPA structure (Appendix Fig S9B left,
carmine)

C-E Slice (17.1 nm) through the tomogram of a single E. coli BL21 ghost cell in which TssJLM was overexpressed
heterogously. The average was placed back in the tomogram at the individual positions and orientations that
were used to generate the final average (turquoise, same isosurface as in Fig 1). (C) shows the tomogram on

its own, (E) shows only the isosurfaces and (D) shows the isosurface merged in the tomogram. Top, bottom
and side views could be seen. The cell envelope is indicated by white arrows. Scale bar 100 nm
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Appendix Figure S2

Single particle cryo-EM of the membrane complex
A Coomassie stained 12% SDS gel of the TssJLM after purification.
B Representative micrograph of the TssILM complex in ice, as imaged on the Talos Arctica. The scale
bar represents 50 nm
C 2D classes of the TssJLM complex in ice, aligned according to their orientation
D 3D cryo-EM density autosharpened with Phenix, and coloured according to local resolution. The
scale bar represents 100 A
E FSC curve of the full complex reconstruction with a C5 symmetry imposed, as calculated with
postprocess in Relion 2
F Angular distribution of the cryo-EM reconstruction
G Slices through the 3D cryo-EM density
H Cryo-EM density of the full complex with no symmetry applied. Three orientations are shown. Red
arrows point to the missing density. The scale bar represents 100 A
I FSC curve of the full complex reconstruction in C1, as calculated with postprocess in Relion 2
J Superimposition of the negative stain 3D reconstruction in cyan (EMD-2927) and the high-
resolution, unsharpened cryo-EM reconstruction with C5 symmetry imposed

Appendix Figure S3

Analysis of the cryo-EM density in C1 symmetry
A Cross-section of the cryo-EM density reconstructed using a C1 symmetry. Positions of slices B-D are
indicated with black lines. The scale bar represents 100 A
B-D Cross-sections of A, at positions indicated by black lines and labelled accordingly
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Appendix Figure S4

In situ and in vitro characterization of the core and base
A Cryotomographic slices through top views of purified TssJLM particles. Particles were often incomplete and
seemed to possess only 3 or 4 of the 5 branches that were usually seen in cells. Scale bar 10 nm.
B Shown are two slices at different heights of 3 different complete (5-branched stars) TssJLM particles,
highlighting the flexibility of the base. The first column shows the stable star shape found at the core (height A
in Fig. 1), and the second column shows the flexible densities found at the base (height E in Fig 1). Scale bar 10
nm.
C1,C2 Slice through a tomogram of purified TssJLM particles. The average shown in Figure 1 was placed
back into this tomogram. The view in (C1) is parallel to the beam axis, while the view in (C2) is flipped 90° and
parallel to the ice surface and only the isosurfaces are shown. The ice is very thin (~30 nm). Scale bar 100 nm
D. 2D classes of the subtracted base of the ME complex
E. Cross section of the cryo-EM reconstruction of the subtracted base with the PE lipid leaflets as an atom
representation for comparison.
F FSC curve of the subtracted base cryo-EM density. The cut-off used was 0.5 to determine the resolution.



Appendix Figure S5
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Appendix Figure S5

Disruption of Tss)’ recruitment impacts membrane complex stability.
A (Left) Fluorescence microscopy recordings showing sfGFPTssM foci in the parental (WT) and TssJ mutated
strains (TssJ D97K). TssM foci containing cells are indicated by arrowheads. (Right) Fluorescence microscopy
recordings showing TssBsfGFP sheath in the parental (WT) and Tss) mutated strains (Tss) D97K). Fluorescent
sheath containing cells are indicated by arrowheads. Microscopy analyses were performed independently
three times, each in technical triplicate, and a representative experiment is shown. Scale bars, 1 um
B Tss)’ recruitment is essential for in vivo membrane complex assembly. Statistical analysis of grpTssM foci
and TssBgsrp sheath in various T6SS background. Shown are floating bars of the measured number of grprSsSM
foci (left) and TssBgsere sheath (right) per cell in the parental (WT) and Tss) mutated strains (Tss) D97K). Lower
and upper boundaries of the boxes correspond respectively to the minimum and maximum value, the mean is
represented by a black line. The number of cells analysed for each strain is indicated on top
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Appendix Figure S6

TssM model building and validation
A Comparison of the predicted contacts (in green) and the contact map of the built pseudoatomc model (in
red).
B Fitting of the known structure in orange, blue and green and the de novo built pseudoatomic model in light
blue. Two orientations are shown. The locally sharpened cryo-EM density is transparent
C Representative pseudoatomic model fitting in the cryo-EM density, either of the crystal structure (in pink)
and built de novo (in light blue)
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Appendix Figure S7
The periplasmic gate

A The periplasmic gate loop in the external pillar interacts with a loop of the inner pillar. In blue is the external
pillar TssM.o and in green is the internal pillar TssM.i". The amino acids involved in the interaction are shown in

atom form

B The periplasmic gate sequence is not conserved. In Cyan is the less conserved sequence and in magenta is the

most conserved
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Appendix Figure S8

TssM channel integrity is necessary for in vivo membrane complex biogenesis.
Statistical analysis of sfGFPTssM foci and TssBsfGFP sheath in various T6SS background. Shown are floating
bars of the mesured number of sfGFPTssM foci (left) and TssBsfGFP sheath (right) per cell in the parental (WT)
and TssM mutated strains (TssM Q779C/N780C, TssM A777-783). Lower and upper boundaries of the boxes
correspond respectively to the minimum and maximum value, the mean is represented by a black line. The

number of cells analyzed for each strain is indicated on top



Appendix Figure S9

Cryo-EM and cryo-ET structure comparison.
A Comparison of the SPA full structure (presented in Fig 3) low pass filtered at 20 A (left, carmine) with the
final cryo-ET average (right, light pink)
B Comparison of the SPA full structure (presented in Fig 3) low pass filtered at 10, 15, 20, 25 and 30 A form left
to right
C, D Pseudo-atomic model derived from the SPA structure (see Fig 5A) docked into the in situ subtomogram
average. Isosurface and atomic models were clipped to highlight the position of the loop within the central
channel. (C) represents a bottom view clipped around height D in Fig 1. (D) represents a top view clipped
around height E in Fig 1
E Cryo-EM SPA structure replaced manually in the tomogram of a FIB-milled BL21 cell
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Appendix Figure S10
The membrane complex in amphipols
A 2D class averages of the MC in amphipols. The scale bar represents 100 A
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A The pseudoatomic model of an open conformation of the MC, based on molecular dynamics simulation

previously published (Durand et al, 2015). In green and in blue are the internal and external pillars

and the TssJ protomers are in orange. Two views are shown

Open conformation model

Appendix Figure S11

respectively

’

B The pseudoatomic model of GspD (in light sea green), from E.coli (5zdh) with its pilotin (in hot pink)(Yin et al,

2018). Two views are shown
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Appendix Figure S12

Validation of the pseudoatomic model

A The model to map FSC curve of the sharpened map vs model (FSCsum, orange), the shaken (0.5A) model vs one
Half map (FSCwork, blue) and the latter model against the other Half map (FSCfree, magenta)

B Cross-correlation graphs of each amino acid to the sharpened cryo-EM map, for each chain



Tables
Appendix Table S1

Reagents and resources

REAGENT or RESOURCE | SOURCE
Bacterial Strains
DH5a New England Biolabs Cat# C2987I
W3110 Laboratory collection N/A
BL21 (DE3) New England Biolabs Cat#t C2527I
BL21(DE3) AminCDEQkan This study N/A
BL21(DE3) mreB™>" This study N/A
BL21(DE3) mreB™>>" AminCDEQkan This study N/A
BL21(DE3) mreB™*" AminCDEQcm This study N/A
Enteroaggregative E. coli strain 17-2 Laboratory collection N/A
Enteroaggregative E. coli strain 17-2 tssJ (R31E) This study N/A
Enteroaggregative E. coli strain 17-2 tssJ (D97A) This study N/A
Enteroaggregative E. coli strain 17-2 tssJ (D97K) This study N/A
Enteroaggregative E. coli strain 17-2 tssM (Q779C) This study N/A
Enteroaggregative E. coli strain 17-2 tssM This study N/A
(Q779C/N780C)
Enteroaggregative E. coli strain 17-2 tssM (A777-783K) This study N/A
Enteroaggregative E. coli strain 17-2-grptssM (Durand et al, 2015) N/A
Enteroaggregative E. coli strain 17-2 tssJ (R31E)-yeptssM | This study N/A
Enteroaggregative E. coli strain 17-2 tssJ (D97A)- This study N/A
sfeeptSSM
Enteroaggregative E. coli strain 17-2 tssJ (D97K)- This study N/A
sfeeptsSM
Enteroaggregative E. coli strain 17-2 tssM (Q779C)- This study N/A
siarptSSM
Enteroaggregative E. coli strain 17-2 tssM This study N/A
(Q779C/N780C)- stgrptssM

Enteroaggregative E. coli strain 17-2 tssM (A777- This study N/A
783K) ss6rptssM
Enteroaggregative E. coli strain 17-2-tssBscrp (Brunet et al, 2013) N/A
Enteroaggregative E. coli strain 17-2 tssJ (R31E) -tssBygrr | This study N/A
Enteroaggregative E. coli strain 17-2 tssJ (D97A) -tssBserp | This study N/A
Enteroaggregative E. coli strain 17-2 tssJ (D97K) -tssBye» | This study N/A
Enteroaggregative E. coli strain 17-2 tssM (Q779C) - This study N/A
tsSBsserp
Enteroaggregative E. coli strain 17-2 tssM This study N/As
(Q779C/N780C) -tssBssarp
Enteroaggregative E. coli strain 17-2 tssM (A777-783K) - | This study N/A
tssBsserp
Enteroaggregative E. coli strain 17-2 mreB™>>" This study N/A

Chemicals, Peptides, and Recombinant Proteins

HisTrap high performance (5mL)

GE Healthcare

Cat# GE17-5248-01

StrepTrap high performance (5mL)

GE Healthcare

Cat# GE28-9075-47

Superose 6 increase 10/300 GL

GE Healthcare

Cat# GE29-0915-96

cOmplete” ULTRA Tablets, EDTA-free, glass vials Roche Cat# 05892953001
Protease Inhibitor Cocktail

DNase | Roche Cat# 10104159001
Lysozyme Sigma-Aldrich Cat# 62971
Imidazole Sigma-Aldrich Cat# 56750




Hepes Sigma-Aldrich Cat# H3375
Acrylamide/Bis-Acrylamide 37.5:1, 40% Biosolve Cat# 001422335BS
Graphene Oxide solution Sigma Cat# 763705
Recombinant DNA

pkD4 (Datsenko & Wanner, 2000) Addgene #45605
pKOBEG (Chaveroche et al, 2000) N/A
pCP20 (Cherepanov & Wackernagel, 1995) N/A

pKO3 (Link et al, 1997) N/A
pKO3-Tss) This study N/A
pKO3-TssM This study N/A
pRSF-Duetl Novagen #71341-3
PRSF-TssJ!- e s (Durand et al, 2015) N/A
pBAD33- Tss) -8 -5\ This study N/A

Software and Algorithms

Coot

(Emsley et al, 2010)

https://www2.mrc-
Imb.cam.ac.uk/personal/pemsley/coot/

Coot trimmings

(Clarke, 2017)

https://github.com/olibclarke/coot-trimmings

Cryosparc 0.6

(Punjani et al, 2017)

https://cryosparc.com/

Csparc2star.py

(Asarnow, 2016)

https://github.com/asarnow/pyem/blob/master
/csparc2star.py

EMRinger (Barad et al, 2015) http://emringer.com/

gCTF (zhang, 2016) https://www.mrc-Imb.cam.ac.uk/kzhang/Gctf/
. https://zhanglab.ccmb.med.umich.edu/I-
i-TASSER (Wang et al, 2017) TASSER/

Image) (Schneider et al, 2012) https://imagej.net/Image)

IMOD (Kremer et al, 2005) https://bio3d.colorado.edu/imod/

MapAlign (Ovchinnikov et al, 2017) https://github.com/sokrypton/map_align
Microbel (Ducret et al, 2016) http://www.microbej.com/index.html
MolProbity (Chen et al, 2010) http://molprobity.biochem.duke.edu/
MotionCor? (Zheng et al, 2017) rr:clp://msg.ucsf.edu/em/software/motloncorz.h
PEET (Nicastro et al, 2006) https://bio3d.colorado.edu/PEET

Phenix (Adams et al, 2010) https://www.phenix-online.org/

Phenix real-space refine

(Afonine et al, 2018)

https://www.phenix-online.org/

http://www.sbg.bio.ic.ac.uk/phyre2/html/page.c

Phyre2 (Kelley et al, 2015) givid=index

PISA (Krissinel & Henrick, 2007) | http://www.ebi.ac.uk/pdbe/pisa/

RaptorX (Wang et al, 2017) http://raptorx.uchicago.edu/ContactMap/
http://www2.mrc-

RELION 2.1 (Scheres, 2012) Imb.cam.ac.uk/relion/index.php/Download_%26
_install

Rosetta (Leaver-Fay et al, 2011) https://www.rosettacommons.org/software

SerialEM (Mastronarde, 2005) http://bio3d.colorado.edu/SerialEM/

UCSF Chimera (Pettersen et al, 2004) https://www.cgl.ucsf.edu/chimera

UCSF Tomo (zheng et al, 2007) http://www.msg.ucsf.edu/Tomography

Protein accession numbers

type VI secretion system lipoprotein TssJ

Tss) WP_000974469.1
> - [Escherichia]
TesL WP 0010400451 DotU fa.ml!y typ.e IV/VI secretion system protein
- [Escherichia coli]
TssM KDW08523.1 type VI secretion protein lcmF [Escherichia coli

2-156-04_S3_C3]




Other

Talos Arctica

Thermo scientific

https://www.fei.com/products/tem/talos-
arctica-for-life-sciences/

Falcon 3EC

Thermo scientific

https://www.fei.com/accessories/falcon-3ec-
direct-electron-detector/

Leica EM GP

Leica

https://www.leica-
microsystems.com/products/sample-
preparation-for-electron-microscopy/cryo-
preparation-systems/details/product/leica-em-

gp-1/

AKTA Avant

GE Healthcare Life Sciences

https://www.gelifesciences.com/en/us/shop/chr
omatography/chromatography-systems/akta-
avant-p-06264

Deposited Data

EAEC TssJLM core complex

This paper, deposited at EMdatabank | EMD-0264

EAEC TssJLM ccomplex

This paper, deposited at EMdatabank | EMD-0265

EAEC TssJLM ccomplex (C1)

This paper, deposited at EMdatabank | EMD-0266

EAEC TssJLM base complex

This paper, deposited at EMdatabank | EMD-0267

EAEC TssJLM complex

This paper, deposited at PDB PDB 6HS7




Appendix Table S2

Oligonucleotides

Name

Destination

Sequence (5'=23’)

For plasmid construction *°

pKO3-tssJ
pKO3-tssM

pKO3-tssJ
(R31E)
pKO3-tssJ
(D97A)
pKO3-tssJ
(D97K)

pKO3-tssM
(Q779C)
pKO3-tssM
(Q779C/N780C
)

pKO3-tssM
(A777-783)

Mutagenesis of
the pKO3-tssJ
Mutagenesis of
the pKO3-tssJ
Mutagenesis of
the pKO3-tssJ

Mutagenesis of
the pKO3-tssM
Mutagenesis of
the pKO3-tssM

Mutagenesis of
the pKO3-tssM

For strain construction ¢

17-2-
tssJ(R31E)-
sfarptsSSM*

17-2-
tssJ(R31E)-
tssBarp**

Del-minCDE-
DW

Chromosomic
fusion of the
SfGFP gene to
the N-term
region of tssM

Chromosomic
fusion of the
SfGFP gene to
the C-term
region of tssB
Deletion of the
minCDE operon
in BL21

FWD: ATTGCGGCCGCGCATCATGACCGACGACGGATCC

REV: ATTGCGGCCGCGCACGTAGCGCTGCTGTTTCAG

FWD: ATTGGATCCGAACAGCGATGCCATGCTGTATCAG

REV: ATTGTCGACGCGCAGCTCAAAATGCAGCCCCG
FWD:AAACACTTCACCTGGATATTGAAGCCAGGGAGGCCATTAACAC
REV:GTGTTAATGGCCTCCCTGGCTTCAATATCCAGGTGAAGTGTTT
FWD :CCAGGTGGTTCAGTAGCCGTGGCTATGCCTCTGGATGATGCGGC
REV:GCCGCATCATCCAGAGGCATAGCCACGGCTACTGAACCACCTGG
FWD: GGTGGTTCAGTAGCCGTGAAAATGCCTCTGGATGATGCGG

REV: CCGCATCATCCAGAGGCATTTTCACGGCTACTGAACCACC

FWD: TGCTTGCACTGATGGATAATTGTAACAACAGTGCGGATATGCT
REV: AGCATATCCGCACTGTTGTTACAATTATCCATCAGTGCAAGC
FWD: TGCTTGCACTGATGGATAATTGTTGCAACAGTGCGGATATGCT
REV: AGCATATCCGCACTGTTGCAACAATTATCCATCAGTGCAAGCA

FWD: CGGTGCTTGCACTGATGATGCTGAATCTGCAGACATA
REV: TATGTCTGCAGATTCAGCATCATCAGTGCAAGCACCG

FWD:TTCTCATCCGGAGAAGAACATTTTATCAGTACTGTTACATCAGGAAA
CCAGAATGAATAACGATTGTGTAGGCTGGAGCTGCTTCGAAGTTCCTATA
C
REV:CACACCAATAAATACAATCCCCGGTCGCCCAAAGCGACCAGACAGA
CAGGCCAGTTTATTCCCTCCGCCGGCCGCTGC

FWD:CCGGCACTGAGTCAGACGCTGCGTGATGAACTGCGTGCACTGGTG
CCGGAAAAGGCGGCAGCGGCCGGCGGAGGG
REV:GCAACGTTCTTTTCTTTCTGTACAGACATCAGCATTTTCTCTCGTAA
TCCGTTAAACATATGAATATCCTCCTTAGTTCCTATTCCGAAGTTCC

FWD:AACATCATCGCGCGCTGGCGATGATTAATAGCTAATTGAGTAAGGC
CAGGTGTGTAGGCTGGAGCTGCTTC
REV:CAAGGCAGAGATAACTCTGCCTTGAAGATAAATGCGCTTTTACAGCG
GGCCATATGAATATCCTCCTTAGTTC

*same oligonucleotides used to chromosomally fuse the sfGFP gene in the N-term region of tssM in the 17-2-tssJ

(D97A), 17-2-tssJ (D97K), 17-2-tssM (Q779C), 17-2-tssM (Q779C/N780C) and 17-2-tssM (A777-783) strains.

**same oligonucleotides used to chromosomally fuse the sfGFP gene in the C-term region of tssB in the 17-2-tssJ

(D97A), 17-2-tssJ (D97K), 17-2-tssM (Q779C), 17-2-tssM (Q779C/N780C) and 17-2-tssM (A777-783) strains.
®residue mutated italicized
® restriction site in bold

¢ sequence annealing to the target vector underlined
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