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Supplementary Figure 1. EAEC TssB1-sfGFP dynamics.

(a) A schematic view of a T6SS apparatus with its proximal end anchored to the

membrane-associated baseplate and distal end extending into the cytoplasm.

(b) Statistical analysis of TssB1-sfGFP dynamics in EAEC cells. Each data point
represents one replicate of the imaging experiment. Red lines represent average

values. Exemplary images are shown in Fig. 1.

(c-e) TssB1-sfGFP dynamics in EAEC spheroplasts also revealed the three classes of
contractions (b, canonical; ¢, opposite; d, split). Spheroplasts were analyzed by time-

lapse fluorescence imaging (1 frame every 3 s). For each example, three snapshots for



each cell are shown, representing assembly/static/post-contraction states, respectively.
For each example, the three snapshots are correlated with a kymograph of a selected
T6SS structure as indicated by arrows. Cell outlines are indicated by red dashed lines.
Images were positioned to orient T6SS assembly start sites (proximal ends) on the

left. See also Movie S3.
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Supplementary Figure 2. TssB1-sfGFP dynamics in V. cholerae 2740-80.

TssB1(VipA)-sfGFP dynamics in V. cholerae 2740-80 cells only reveal canonical
contraction events. Cells were analyzed by time-lapse fluorescence imaging (1 frame
every 3 s). Shown are three representative kymographs (a), the
classification/quantification of contractions (b; n=292), and the statistical analysis of
the events shown in b (¢). Each data point represents one replicate of the imaging

experiment. Red lines represent average values. See also Movie S4.



Supplementary Figure 3. Unclassified T6SSs imaged by ECT.

Shown are two examples of T6SSs in cryotomograms of EAEC in the TssB1-non-
contractile background. The shown structures could neither be classified as spanning
nor non-spanning, because their orientation in the direction of the electron beam
resulted in the missing wedge of the data obscuring the ends of the structures. In Fig.

2¢, such T6SSs were categorized as not classified.

Scale bar: 100 nm. Thickness of tomographic slices: 21.6 nm.
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Supplementary Figure 4. Validation of Hcp1-labeling with CouAA by orthogonal

translation.

(a) Western blot analyses showing that synthesis of Hcpl with the amber codon in
position 8 (Hcpl-W8TAG) was dependent on the presence of CouAA in the growth
medium. For this experiment, Hcpl-W8TAG expression was probed in EAEC cells.

Source data are provided as a Source Data file.

(b) Western blot analyses showing that Hcpl-CouAA-6xHis was secreted into the
extracellular milieu (supernatant) in a TssB-dependent manner. All cells were grown
in the presence of CouAA. For this experiment, C-terminally His-tagged Hcpl-
WS8TAG expression was probed in EAEC cells (top panels). For the analysis of
supernatant, C-terminally His-tagged Hcpl-W8TAG was purified and then probed by

western hybridization (bottom panels).

(c¢) Purified Hcpl-W8TAG-6xHis was fluorescent under UV light. Wild type Hepl-
6xHis and Hepl-W8TAG-6xHis were purified from cultures (grown in the presence
of CouAA), run on an SDS-PAGE gel, and imaged by Coomassie stain (to visualize
the protein) and UV light (to visualize the fluorescence signal corresponding to

CouAA). The CouAA fluorescence was specific to Hcpl-W8TAG-6xHis.

(d) Purified wild type Hcpl-6xHis and CouAA-labeled Hepl-W8TAG-6xHis were
subjected to electrospray ionization mass-spectrometry analyses, revealing that the
orthogonal translation approach efficiently labeled all Hcpl. The theoretical
molecular weight (MW) difference between wtHcpl-6xHis and CouAA-labeled
Hepl-W8TAG-6xHis is 59.02 Da (wtHcpl-6xHis MW=19517.24 Da, CouAA-
labeled Hepl-W8TAG-6xHis MW=19576.26 Da). The observed MW difference was

59 Da.
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Supplementary Figure 5. Table summarizing the results of testing different

TssA1 mutants for T6SS assembly.

The #ssAl gene was deleted from the chromosome and different TssAl constructs
were supplied on inducible plasmids. T6SS assembly was monitored by imaging the

fluorescence of GFP-tagged sheath (“+” in the T6SS column indicates the observation



of assembly and dynamics). TssA1[1-392] and TssA1[1-498] showed T6SS assembly

and dynamics that were reminiscent of those observed in the AtagA background.

The bottom shows a negative stain EM reconstruction (~19 A resolution) of wild type
TssA1[1-532] (grey) with fitted crystal structures encompassing residues [221-377]

(purple) and [399-532] (red) [adapted from '].
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Supplementary Figure 6. Summary of the sheath dynamics in the wild type

TssAl and non-contractile TssB1-sfGFP background.

The visualized structures (shown are examples of kymographs) stayed indefinitely in
the extended, static form, the average sheath length matched the wild type

TssA1/TssB1-sfGFP background and no sliding against the IM was observed.
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Supplementary Figure 7. sSftGFP-TssM1 dynamics in EAEC cells.

Shown is time-lapse imaging of three cells (images recorded every 10 s). EAEC

sfGFP-TssM1 localized into dynamic discrete foci (yellow arrowheads).
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Supplementary Tables 1-3

Supplementary Table 1. List of plasmids used in this study

Name Description Resistance Reference
pSZ232-wt pBAD24::hepl Amp This work
pSZ232-8X  pBAD24::hcpl(W8TAQG) Amp This work
%SiSZBZ_Wt_ pBAD24::hcpl-6xHis Amp This work
%SiSZB 2-8X- pBAD24::hcpl (WSTAG)-6xHis Amp This work
pSZ245 pBAD24::tssA1[1-532] Amp This work
pSZ246 pBAD24::tssA1[221-377] Amp This work
pSZ247 pBAD24::tssA1[399-532] Amp This work
pSZ248 pBAD24::tssA1[221-532] Amp This work
pSZ249 pBAD24::tssA1[1-392] Amp This work
pSZ256 pBAD24::tssB1-non-contractile-sfGFP Amp This work
A plasmid encoding an aaRS/tRNAcya pair specific 23

PEVOL for CouAA Cam

pKD46 A plasmid encoding the A Red recombinase Amp 4

pKD4 A plasmid encoding an FRT-flanked Kan cassette Amp,Kan *

pSZ284 pBAD24::sfGFP-tssA1[1-532] Amp This work
pSZ285 pBAD24::sfGFP-tssA1[1-392] Amp This work
pSZ286 pBAD24::sfGFP-tssA1[1-498] Amp This work
pSZ272 pBAD24::tssA1[1-498] Amp This work
pSZ289 pBAD24::tssM1::sfGFP-tssA1[1-532] Amp This work
pSZ290 pBAD24::tssM1::sfGFP-tssA1[1-392] Amp This work
pSZ291 pBAD24::tssM1::sfGFP-tssA1[1-498] Amp This work
pSZ295 pBAD24::tssL1::sfGFP-tssA1[1-532] Amp This work
pSZ311 pBAD24::tagA::sfGFP-tssA1[1-532] Amp This work
pSZ312 pBAD24::tagA::sfGFP-tssA1[1-498] Amp This work
pSZ313 pBAD24::tagA::sfGFP-tssA1[1-392] Amp This work

Amp: ampicillin used at 100 pg/ml; Cam: chloramphenicol used at 50 pg/ml; Kan:

kanamycin used at 25 pg/ml.
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Supplementary Table 2. List of strains used in this study

Name Description Reference
Thermo

E coli DH5a E-EAA(QZiF;Za‘C)hUé]g% phod, supE44, A(lacZ)M15, Fisher, cat no:

crel, Cnda, tht, 1S 11319019

F mcerA A(mrr-hsdRMS-mcrBC) ¢80lacZAM15 Thermo
E. coli TOP10 AlacX74 recAl araD139 A(ara-leu)7697 galU galK  Fisher, cat no:
A rpsL(Str™) endA1 nupG C404050
Z}I;mj cgﬁgfzéiZT_O-SO V. cholerae 2740-80 deleted for the vip4 gene and s
P2 P p transformed with plasmid pPBAD-VipA-sfGFP

sfGFP
172 Wild-type enteroaggregative  Escherichia coli ¢

(EAEC)
17-2 Ahepl pEVOL 17-2 deleted for the hcpl gene and transformed with This work
pSZ232-wt plasmids: pEVOL and pSZ232-wt
17-2 Ahepl pEVOL 17-2 deleted for the hcpl gene and transformed with This work
pSZ232-8X plasmids: pEVOL and pSZ232-8X
17-2 Ahepl tssBlI- 17-2 deleted for the hcpl gene and with mCherry
mCherry pPEVOL inserted at the TssB1 C-terminus, transformed with This work
pSZ232-8X plasmids: pPEVOL and pSZ232-8X
17-2 Ahepl AtssB1 17-2 deleted for the hcpl and tssBI genes and This work
pEVOL pSZ232-8X transformed with plasmids: pEVOL and pSZ232-8X
17-2 Ahepl AtssCl 17-2 deleted for the hcpl and tssCl genes and This work
pEVOL pSZ232-8X transformed with plasmids: pEVOL and pSZ232-8X
17-2 Ahepl pEVOL 17-2 deleted for the hcpl gene and transformed with This work
pSZ232-wt-His plasmids: pEVOL and pSZ232-wt-His
17-2 Ahepl pEVOL 17-2 deleted for the hcpl gene and transformed with This work
pSZ232-8X-His plasmids: pEVOL and pSZ232-8X-His
17-2 Ahepl tssBlI- 17-2 deleted for the hcpl gene and with mCherry
mCherry pPEVOL inserted at the TssB1 C-terminus, transformed with This work
pSZ232-8X-His plasmids: pPEVOL and pSZ232-8X-His

17-2 deleted for the hcpl and tssBI genes and
17-2 Ahepl AtssB1 . S .
pEVOL pSZ232-8X-His gel}:sformed with plasmids: pEVOL and pSZ232-8X- This work
17-2 AtssB1 17-2 deleted for the tssBI gene !
17-2 AtssCl 17-2 deleted for the tssC/ gene This work

17-2 sfgfp-tssM1

17-2 tssB1-sfgfp

17-2 tssB1-mCherry

sfGFP inserted at the TssM1 N-terminus

sfGFP inserted at the TssB1 C-terminus

mCherry inserted at the TssB1 C-terminus

8
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17-2 tssB1-sfgfp AtssAl

17-2 tssB1-sfgfp AtssAl
pSZ245

17-2 tssB1-sfgfp AtssAl
pSZ246

17-2 tssB1-sfgfp AtssAl
pSZ247

17-2 tssB1-sfgfp AtssAl
pSZ248

17-2 tssB1-sfgfp AtssAl
pSZ249

17-2 AtssB1 pSZ256

17-2 tssB1-sfgfp AtagA

17-2 deleted for the tssA/ gene
inserted at the TssB1 C-terminus
17-2 deleted for the tss4/ gene
inserted at the TssB1 C-terminus
with plasmid pSZ245

17-2 deleted for the tssA/ gene
inserted at the TssBl C-terminus
with plasmid pSZ246

17-2 deleted for the tssA/ gene
inserted at the TssBl C-terminus
with plasmid pSZ247

17-2 deleted for the tss4/ gene
inserted at the TssBl C-terminus
with plasmid pSZ248

17-2 deleted for the tssA/ gene
inserted at the TssBl C-terminus
with plasmid pSZ249

and with sfGFP

and with sfGFP
and transformed

and with sfGFP
and transformed

and with sfGFP
and transformed

and with sfGFP
and transformed

and with sfGFP
and transformed

17-2 deleted for the tssB1 gene and transformed with

plasmid pSZ256

17-2 deleted for the fagA gene and with sfGFP

inserted at the TssB1 C-terminus

This work

This work

This work

This work

This work

This work

This work

This work
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Supplementary Table 3. List of primers used in this study

Name Sequence Description
232iF GAGGAATTCACCATGGCAATTCCAGTTTATCTGTG to construct
pSZ232-wt
. AGCCAAGCTTGCATGTTACGCGGTGGTACGCTCAC to construct
232iR
pSZ232-wt
GTACCACCGCGTAACATGCAAGCTTGGCTGTTTTG to construct
232vF
pSZ232-wt
AACTGGAATTGCCATGGTGAATTCCTCCTGCTAGC to construct
232vR
pSZ232-wt
CATGGCAATTCCAGTTTATCTGTAGCTGAAAGATGATGG construct
W8 F CGGTGC 0S7232-8X
GCACCGCCATCATCTTTCAGCTACAGATAAACTGGAATT construct
W8 R GCCATG 0S7232-8X
Insert232 Hi
— ATCATCATCATCATTAACATGCAAGCTTGGCTGTT to construct
sF .
pSZ232-His
‘S‘I“;e“BZ—H‘ GATCTTTTCTACGGGGTCTG to construct
pSZ232-His
stcéomz— CAGACCCCGTAGAAAAGATC to construct
pSZ232-His
Vector232  TTAATGATGATGATGATGATGGGATCCCGCGGTGGTAC
HisR GCTCAC o construct
pSZ232-His
245vF CGGGAAGTTCATGACATGCAAGCTTGGCTGTTTTG
to construct pSZ245
245vR ATGAATGGAAGCCATGGTGAATTCCTCCTGCTAGC to construct pSZ245
and pSZ249
245iF AGGAGGAATTCACCATGGCTTCCATTCATTCGCTC to construct pSZ245
and pSZ249
245iR CCAAGCTTGCATGTCATGAACTTCCCGAATTGCAC
to construct pSZ245
246VF AGCAGGTGATGTGACATGCAAGCTTGGCTGTTTTG
to construct pSZ246
246vR GGTGATGGCAGACATGGTGAATTCCTCCTGCTAGC to construct pSZ246
and pSZ248
246iF GGAGGAATTCACCATGTCTGCCATCACCTCCGGAC to construct pSZ246
and pSZ248
246iR CAAGCTTGCATGTCACATCACCTGCTGCTGTATCC

to construct pSZ246
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247TvF

247vR

247iF

247iR

249vF

249iR

256vF

256vR

256iF

256iR

284vF

284vR

284iF

284iR

272vF

272vR

272iF

272iR

289vF

CGGGAAGTTCATGACATGCAAGCTTGGCTGTTTTG

AGATAAAATGTCCATGGTGAATTCCTCCTGCTAGC

AGGAATTCACCATGGACATTTTATCTCTTGAGCCG

CCAAGCTTGCATGTCATGAACTTCCCGAATTGCAC

TAACGATAACGTGACATGCAAGCTTGGCTGTTTTG

AGCTTGCATGTCACGTTATCGTTACAGAAGGTTCT

CAGACCCCGTAGAAAAGATC

CGGTAACTCTACTTTCTTAAGCTCCACTTTCTTCTGCC

CTTAAGAAAGTAGAGTTACCGCTCAAACTTCTGGTTGC

GATCTTTTCTACGGGGTCTG

GATGAGCTCTACAAAGCTTCCATTCATTCGCTCCT

TTCACCTTTAGACATGGTGAATTCCTCCTGCTAGC

GAATTCACCATGTCTAAAGGTGAAGAACTGTTCAC

GAATGAATGGAAGCTTTGTAGAGCTCATCCATGCC

CAAAAACTGAATGACATGCAAGCTTGGCTGTTTTG

ATGAATGGAAGCCATGGTGAATTCCTCCTGCTAGC

AGGAGGAATTCACCATGGCTTCCATTCATTCGCTC

AGCTTGCATGTCATTCAGTTTTTGCGGACTTCATA

CGGGAAGTTCATGACATGCAAGCTTGGCTGTTTTG

to construct pSZ247
and pSZ248

to construct pSZ247

to construct pSZ247

to construct pSZ247
and pSZ248

to construct pSZ249
and pSZ313

to construct pSZ249
and pSZ313

to construct pSZ256

to construct pSZ256

to construct pSZ256

to construct pSZ256

to construct
pSZ284, pSZ285,
pSZ286

to construct
pSZ284, pSZ285,
pSZ286

to construct
pSZ284, pSZ285,
pSZ286

to construct
pSZ284, pSZ285,
pSZ286

to construct pSZ272
and pSZ312

to construct pSZ272

to construct pSZ272

to construct pSZ272
and pSZ312

to construct pSZ289
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289vR

289iF

289iR

290vF

290iR

291vF

291iR

295vF

295vR

295iF

295iR

311vF

311vR

311iF

311iR

KanHcpl F

KanHcpl R

KanTssCl_F

KanTssCl1 _
R

TAGACATGGTGAATTCCTCCTCTGCAGTCAGTCAGTCTC
CTCCACGG

TGACTGCAGAGGAGGAATTCACCATGTCTAAAGGTGAA
GAACTGTTCAC

CCAAGCTTGCATGTCATGAACTTCCCGAATTGCAC

TAACGATAACGTGACATGCAAGCTTGGCTGTTTTG

AGCTTGCATGTCACGTTATCGTTACAGAAGGTTCT

CAAAAACTGAATGACATGCAAGCTTGGCTGTTTTG

AGCTTGCATGTCATTCAGTTTTTGCGGACTTCATA

CGGGAAGTTCATGACATGCAAGCTTGGCTGTTTTG

TAGACATGGTGAATTCCTCCTCTGCAGTTATCCCTGCCC
GGTAAGCC

TAACTGCAGAGGAGGAATTCACCATGTCTAAAGGTGAA
GAACTGTTCAC

CCAAGCTTGCATGTCATGAACTTCCCGAATTGCAC

CGGGAAGTTCATGACATGCAAGCTTGGCTGTTTTG

ACATGGTGAATTCCTCCTCTGCAGTCACTTCATGTCCCC
TTGCG

GTGACTGCAGAGGAGGAATTCACCATGTCTAAAGGTGA
AGAACTGTTCAC

CCAAGCTTGCATGTCATGAACTTCCCGAATTGCAC

ATGGCAATTCCAGTTTATCTGTGGCTGAAAGATGATGGC
GGTGCAGATATCAAAGGTGTAGGCTGGAGCTGCTTC

TTACGCGGTGGTACGCTCACTCCATGCGTCGGAATGAAT
GATGTTGCCGTCCTTGTTATGAATATCCTCCTTAGTTCC

ATGCTGATGTCTGTACAGAAAGAAAAGAACGTTGCAGA
GAGCGTGGTATCTGAAGGTGTAGGCTGGAGCTGCTTC

GGATTGGCAAATCCTGCACCGCACCACCGGCCTGAGGC
CCACGGATCTGAACACACTTATGAATATCCTCCTTAGTT
CC

to construct
pSZ289, pSZ290,
pSZ291
to construct
pSZ289, pSZ290,
pSZ291

to construct pSZ289

to construct pSZ290

to construct pSZ290

to construct pSZ291

to construct pSZ291

to construct pSZ295

to construct pSZ295

to construct pSZ295

to construct pSZ295

to construct pSZ311

to construct
pSZ311, pSZ312,
pSZ313
to construct
pSZ311, pSZ312,
pSZ313

to construct pSZ311

To knock-out Hepl

To knock-out Hepl

To knock-out
TssC1
To knock-out
TssC1
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KanTssAl
F

KanTssAl
R

KanTagA F

KanTagA R

ATTCATTCGCTCCTCAGTGCATGCCAGACGACACCCCGG
GATGTGGCTGAACCGGCTCAGGGTGTAGGCTGGAGCTG
CTTC
GATGACTGGCTCCCCGGGCAAACATATCGTCACACTGTT
CAAGCAGTGACAACCAGTTCTTATGAATATCCTCCTTAG
TTCC
CGCGATGAAATCAGCAAACTGACTCACCCGGCACGCCC
GGATGTGGACTGGCGTTACGTGGAGTGTAGGCTGGAGC
TGCTTC
ACCAGTGATGCCGGGTCAGCGCCACAATCAGAGCCAGC
CCTTCATTCAGACCACTTAACTTATGAATATCCTCCTTA
GTTCC

To knock-out
TssAl
To knock-out
TssAl

To knock-out TagA

To knock-out TagA
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