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Supplementary Methods

Genome samples for taxonomic analysis.

A representative set of 2927 bacterial genomes was assembled by selecting one
genome per bacterial Family from the Genome Taxonomy Database (GTDB) '
and downloaded from the NCBI website (ftp://ftp.ncbi.nlm.nih.gov/genomes). In
GTDB, Beta-proteobacteria are classified as an order within the class Gamma-
proteobacteria. Representative set of Alpha- and Gamma-proteobacteria down to
the Genera level and Enterobacteriaceae samples down to the Genera and Spe-
cies level were also built. All genome accession codes and metadata are availa-

ble in the Source Data file.

Search of LptM-like candidates.

Genomes were annotated with Prokka in fast mode with default settings 2. Anno-
tation of proteins with Pfam domains (version 34.0) was performed with hmm-
scan (HMMER package version 3.1b2, 3) and results were filtered to keep only
the best non-overlapping alignments. A first analysis showed that genes coding
for LptM-like proteins were not always annotated by Prokka. ldentified candidate
sequences were biased in their amino acid composition: the N-terminal regions
were enriched in hydrophobic amino acids and the C-terminal regions were reach
in amino acid typical of intrinsically disordered protein segments.

Genes located at the ends of contigs may have partial sequences. To obviate
these problems, we translated the genomes in all six phases with an ORF size
greater than or equal to 10 nucleotides to maximize the probability of identifying
candidate genes (esl-translate program from HMMER package). ORFs internal to
Prokka annotated genes were excluded from the analysis.

Initially, the presence of the PF13627 domain was used to identify LptM protein
candidates in the translated ORFs (trORFs) obtained using hmmsearch (from
HMMER package -E 1). The results indicated that [ptM gene candidates are
generally present in a single copy per genome. By selecting only the sequences
with the lowest E-value (one per genome), the sample size was reduced to 985



hits, of which 292 are present in the 476 proteobacterial genomes and 693 in the
2451 non-proteobacterial genomes.

In a second step, hmmscan (from HMMER package) was used with the Pfam li-
brary (version 34.0) against the 985 trORFs selected with the PF13627 profile.
911 trORFs have PF13627 as the best profile which eliminates 74 sequences.
The latter sequences are more frequent in non-proteobacterial genomes (9.8%
vs. 2%) and are mainly annotated as lipoproteins. We estimated the length of the
C-terminal region (defined as the amino acid sequence of protein downstream of
the PF13627 domain) by subtracting the final position of the alignment with the
PF13627 domain from the sequence size. The vast majority of candidate proteins
annotated in Alpha- and Gamma-proteobacteria have short C-terminal region
(<70 amino acids), whereas non-proteobacterial candidates present a longer C-
terminal region (Supplementary Fig. 3a). We filtered out candidates with a C-
terminal region length greater than or equal to 70 amino acids. In Supplementary
Fig. 3b are plotted the distribution of scores and alignment lengths for the three
groups of genomes.

Genomic context of proteobacterial IptM gene candidates was extracted from
GFF3 Prokka annotation files over a 5000 nucleotides window upstream and
downstream of these genes. A classification of the proteins encoded by the
neighboring genes into groups of homologous sequence was performed with
mmseqs2 *, followed by a partition of the graph in communities with the Leiden
method ° of the igraph package (https://igraph.org/r/). The genes of two most fre-
quent protein clusters are located downstream and upstream the IptM-like genes.
The average gap between gene clusters and candidate genes is less than 32 nu-
cleotides, suggesting that in the majority of genomes these genes are part of the
same operon. The first cluster belongs to the Orn/Lys/Arg decarboxylase class-II
family as suggested by the presence of the domain PF02784. The second cluster
include genes encoding Lyases (PF00206). This conservation of neighboring
gene is more common in Gamma- than Alpha-proteobacteria (Supplementary
Fig. 3c). A phylogenetic tree was calculated on the 2927 genomes of our bacteri-
al sample (Supplementary Fig. 3d). The alignment of the 120 markers of these



genomes was retrieved from the GTDB. The tree was inferred with fasttree .
Branch supports were estimated with the local bootstrapping. The logoplots
(Supplementary Fig. 3e) of the LptM-like proteins identified in Gamma-, Alpha-,
and non-proteobacteria were calculated with R package ggseglogo . LptM-like
proteins from proteobacteria and non-proteobacteria are reported in Supplemen-
tary Data 4 and 5, respectively.

To obtain a more accurate picture of the distribution and evolution of IptM in En-
terobacteriaceae, we extended our analysis to 766 Enterobacteriaceae species.
We identified 545 LptM-like proteins. To characterize the C-terminal regions of
LptM, we used the meme software (-protein -mod zoops -nmotifs 25 -minw 4 -
maxw 16 -minsites 3 -evt 0.05), which identifies blocks of conserved motifs in a
subset of sequences ®. To obtain a better taxonomic representation, we selected
one sequence from each genus (93 sequences). The motifs detected by meme
were annotated on the whole sequences with the mast software 8. The maximum
motif size of 16 AA covers the lipobox and the downstream conserved region

(Supplementary Fig. 4).

Analysis of LptM conservation in Enterobacteriaceae.

In Alpha- and Gamma-proteobacteria, two genes are frequently conserved up-
stream and downstream of the IptM-like genes (Supplementary Fig. 3c). This
conservation of a chromosomal neighboring genes surrounding /ptM candidates
suggests that they were inherited from a common ancestor and are therefore
orthologs. This reinforces the hypothesis that, in proteobacteria, the PF13627
domain reliably identifies proteins that have a common origin and similar func-
tions. This also suggests that the proteins predicted from the translated ORFs are
functional.

The distribution of I[ptM-like genes in bacteria shows that they are very frequent
and with high scores in Gamma-proteobacteria (in 82.1% of genomes), less fre-
quent with lower scores in Alpha-proteobacteria (61.4%) and infrequent (9.1%)
with very low scores in non-proteobacteria (Supplementary Fig. 3d). By filtering

the results with a thresholds score = 13 and an alignment length score = 16, the



number of candidates in non-proteobacteria and in Alpha-proteobacteria is signif-
icantly reduced whereas the number of candidates in Gamma-proteobacteria is
marginally reduced (1.7%, 56.6% and 78.9%, respectively). In agreement with
these observations, LptM candidates from Gamma-proteobacteria show more
extensive sequence conservation downstream of the lipobox cysteine (Supple-
mentary Fig. 3e). In addition, /ptM-like genes appear to be randomly distributed in
non-proteobacterial genomes. This distribution and the low sequence scores
suggest that they do not encode for a true homolog of proteobacterial LptM.
However, these non-proteobacterial proteins have lipoprotein characteristics cap-
tured by the PF13627 profile.

We identified the LptD, LptE, and LptM proteins in the genomes of 766 species of
Enterobacteriaceae. The results are summarized in Supplementary Fig. 4, where
only the 135 representative genomes of the GTDB Enterobacteriaceae genera
are shown. Based on phylogenetic analyses and the use of conserved molecular
features it was proposed to divide the Enterobacteriaceae family into seven new
families °: a restricted Enterobacteriaceae family, and the new families Erwini-
aceae, Pectobacteriaceae, Yersiniaceae, Hafniaceae, Morganellaceae and Bud-
viciaceae. The newly defined family of restricted Enterobacteriaceae was subdi-
vided into 6 subfamilies: Escherichia, Klebsiella, Enterobacter, Kosakonia,
Cronobacter, Cedecea, and an “Enterobacteriaceae incertae sedis” clade con-
taining species whose taxonomic placement within the family is not clear ° The
phylogenetic tree reconstructed on the 135 representative genomes is in agree-
ment with this classification (Supplementary Fig. 4). The IptM annotations are
available in the Source Data file, and the LptM amino acid sequences are availa-
ble in Supplementary Data 6.

As above, LptM-coding genes are not always annotated but can be identified as
ORFs. We annotated LptD and LptE proteins in these genomes using PF04453
and PF04390 profiles. The three proteins are co-occurring in the vast majority of
genomes larger than 2x10° nucleotides, while they are present in only 6 of 33
genomes smaller than 2x10° nucleotides. In these genomes LptM is most often
absent and LptD is most often present. The bacteria that underwent a strong re-



duction of their genome size belong to subtrees that include endosymbiotic bac-
teria (Supplementary Fig. 4). The reduction in genome size is accompanied by
the loss of a large number of genes, so the simultaneous loss of the genes en-
coding the three Lpt proteins in 14 out of 33 genomes provides only weak evi-
dence for the existence of a functional link between these three proteins.

Two meme motifs are found exclusively in the LptM proteins of genomes belong-
ing to the newly defined restricted Enterobacteriaceae family (Supplementary
Fig. 4). This distribution suggests that they were acquired in the last common an-
cestor of this subfamily, either in a single event or stepwise. The presence of the-
se motifs stabilized the C-terminal region which is generally variable in length
and sequence in other LptM proteins. The third motif which is rich in polar amino
acids (Q, N, T and S) is present in proteins of other families with a low frequency
(18/70).

Outside the Enterobacteriaceae family, LptM proteins lack sequence conserva-
tion for the C-terminal region, suggesting that either this segment of LptM does
not mediate specific protein-protein interactions in these bacteria or that the na-
ture of these interactions is not evolutionarily conserved. Instead, the sequences
of LptM in the restricted Enterobacteriaceae family presents several distinguish-
ing motifs including the presence of a conserved C-terminal region, suggesting a

relatively recent acquisition.

Three-dimensional representation of sequence conservation scores.

Multiple alignments of the three protein families (LptE, LptD and LptM) were ob-
tained from the 37 genomes of the Enterobacteriaceae family shown in Supple-
mentary Fig. 4, to which the E. coli K-12 sequence were added. Conservation
scores were calculated using Chimera ''. Multi-align viewer conservation scores
were then projected onto the proteins three-dimensional structures for visualisa-

tion.
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Supplementary Figure 1. MALDI-TOF mass-spectrometry analysis of puri-
fied LptDE"™.

a, c). Gel bands obtained by BN-PAGE of the LptDE™ complex purified from
wild-type (a) or AlptM (c) cells were subjected to in-gel trypsin digestion and
MALDI-TOF analyses. LptD and LptE were identified by peptide mass fingerprint-
ing. The m/z values of peaks matching LptD or LptE peptides are indicated in



blue and brown respectively (a and c). Comparison of the two MS spectra led to
the identification of discriminant peaks between the wild-type and the AlptM sam-
ples (m/z values in red). Source data are provided as Source Data file.

b) MALDI TOF/TOF fragmentation of ion parent at m/z= 2520.28 (indicated by a
red arrow) allowed the identification of the peptide
3sNAPPPTKPVETQTQSTVPDKNDRSss of LptM. y and b ions resulting from frag-
mentation are indicated (central spectrum). Internal fragment ions are labeled
with one or two asterisks. Source data are provided as Source Data file.
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Supplementary Figure 2. LptM interacts with Lpt and BAM components.

a) DDM-solubilized LptM"'® was purified from AlptM cells transformed either with
an empty vector pCtrl or pLptM™ and analyzed by SDS-PAGE and Western blot-
ting using the indicated antisera. Load: 0.5% or 2%, as indicated; Elution: 100%.
Note that the levels of LptE and LptA are below the threshold of detection in the
load fractions and clearly enriched in the elution fraction of LptM™'S. Data are rep-

resentative of triplicate experiments.

b) Drop dilution growth test of wild-type E. coli transformed with the empty vector
pCtrl and AlptM transformed with pLptM"'®in the presence of the indicated con-

centrations of IPTG and vancomycin (vanc). Data are representative of three in-

dependent experiments.
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Supplementary Figure 3. Distribution of LptM-like proteins in bacteria.
LptM-like proteins were predicted in the translated ORFs of represented families
of bacteria with hmmsearch and the PF13627 domain.

a) Length distribution of the C-terminal region (downstream of PF13627) of the
LptM putative amino acid sequences identified in non-proteobacteria, Gamma-
and Alpha-proteobacteria (vertical bar at 70 amino acids).

b) Alignment score and length distribution in the three samples. Vertical bars in-
dicate strict score (13) and length (16) thresholds.

c) Venn diagram with the occurrence of PF00206 and PF02784 protein-coding
genes in the neighborhood of [ptM-like genes in Alpha and Gamma-
proteobacteria.

d) Inferred phylogenetic tree for representative bacterial families with fasttree
from the alignment of 120 markers retrieved from GTDB. The color gradient of
the branches is proportional to the local bootstrap support values from 0 (red) to
1 (purple). Alpha and Gamma-proteobacteria clades are indicated on the tree
(yellow and blue shading of subtrees). To simplify the annotation, only phyla that
contain at least 10 genomes have been indicated in the figure on the first ring
with a color code and their names are reported in the outer ring. Genome size is
shown as a purple histogram with a threshold at 2x10° nucleotides, i.e., genomes
smaller than 2x10° nucleotides are shown as negative. The next ring shows the
value of the LptM-like protein score with a threshold of 13 (scores below 13 are
shown as negative). Source data relative to the bacterial genomes used for the
phylogenetic tree are provided as Source Data file.

e) Sequence logos of the N-terminal region of LptM-like proteins identified in
Gamma-, Alpha- and non-proteobacteria.
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Supplementary Figure 4. Distribution of LptD, LptE and LptM proteins in
Enterobacteriaceae and conserved motifs in LptM.

We used a single representative genome per genus of Enterobacteriaceae. Left
column, the tree calculated on the alignment of the 120 markers retrieved from
GTDB with IQ-TREE (Minh et al. 2020). The trees are plotted with iTOL. The
lengths of the branches are not proportional to the distances inferred by IQ-
TREE, because genomes (including endosymbionts) with very high evolutionary
rates mask the other parts of the tree. The branch supports were assessed with
the SH-like approximate likelihood ratio test (-alrt 1000). It was reported on the
tree as branch color gradient. The tree is rooted using the tree obtained with the
representative genomes of the Bacteria families (Supplementary Fig. 3d). The
division of the GTDB family Enterobacteriaceae into seven families ° and the
subdivision into six subfamilies of the newly defined family of restricted Entero-
bacteriaceae ° were reported on the tree. Second column, histogram of the ge-
nome sizes. A threshold of 2x10° nucleotides was used to highlight the presence
of small genomes. Third column, presence/absence of LptD, LptE and LptM pro-
teins. In the LptM column the dark red circles indicate the presence of an anno-
tated gene and the lighter circles an ORF whose translation product is similar to
LptM (LptM*). Last column, LptM mast annotation of the four identified meme
domains. The sequence logos of the motifs are indicated. The Escherichia ge-
nus, represented by Escherichia fergusoniiis, is located at the bottom of the tree
(colored in red). The terms endosymbiont, endobia and symbiotica present in the
genome descriptions are colored in blue. Source data relative to the Enterobacte-

riaceae genomes are provided as Source Data file.
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Supplementary Figure 5. AlphaFold2 output files as produced by Colab-
Fold.

a) Predicted Aligned Error (PAE) plots, with the LptM, E, and D subunits marked.
Both axes indicate individual residue positions in the three proteins. b and ¢) Po-
sitional predicted IDDT scores of the AlphaFold2 models (b) and coverage of the
input sequence alignment (c). We refer readers to the AlphaFold2 website
(https://alphafold.ebi.ac.uk/) for more information on these analyses. d) IDDT

scores mapped on the AlphaFold2 structural model of LptDEM. LptM is shown as

spheres.
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Supplementary Figure 6. Structure prediction and molecular dynamics
simulations of LptDE and LptDEM.

a) A view of the LptD hinge in the LptDE-LptM AphaFold2 model. The N-terminal
Cys position of LptM (purple) is shown, as are the predicted positions of LptD C1
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to C4. Graphs plot the minimum distance between selected Cys pairs throughout
3 x 500 ns simulations of the LptDEM heterotrimer (each run plotted separately in

red, blue or orange).

b) Angle of LptD B-taco in relation to the LptD B-barrel throughout 3 x 500 ns, as
computed using vectors between the residues shown in cyan. The presence of
LptM shifts the angles to be lower (more upright).

c) Top: C-alpha RMSFs over 3 x 500 ns simulation projected onto the LptDE or
LptDE-LptM model. Bottom: RMSF plots focused on the LptD N-terminus, which
is destabilized by LptM.

d) A zoom-in of the LptDEM heterotrimer modeled using AlphaFold2 (as in Fig.
5a) highlights the interaction of a LptM N-terminal segment with the LptD B-barrel
domain. A salt-bridge is predicted to form between LptM K23 and LptD E275.
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Supplementary Figure 7. Conservation analyses of LptDEM.

Ca atoms of LptM (top) and LptD (bottom) AlphaFold2 structures are shown as
spheres and coloured by conservation score (see methods). The proteins not
coloured by sequence conservation score are shown as white cartoon. The insert
shows the LptM N-terminal region and the close LptD B-strands, highlighting the
predicted salt bridge between LptM K23 and LptD E275. The LptM backbone is
shown as blue spheres and LptD as transparent white cartoon.
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Supplementary Figure 8. LptM interacts with LptE and LptD B-barrel do-
main.

a) The LPS translocon was purified by Ni-affinity chromatography of LptM™ from
AlptM cells transformed with pLptDEM™ or pLptDP**™EM"®  as indicated. Data

are representative of three independent experiments.

b) AlptM cells harboring pEVOL-pBpF and expressing LptM"' derivative forms
with pBpa engineered at specific amino acid positions were subjected to UV irra-
diation as indicated and envelope fractionation (Load) followed by LptM™* affinity
purification (Elution). Samples were analyzed by SDS-PAGE and Western blot-
ting using the indicated antisera. Load: 2.2%; Elution: 100%. Data are repre-

sentative of three independent experiments.

c) Upon UV irradiation, the envelope (Load) and the elution fractions (Elution)
obtained from AlptM cells expressing LptmH's containing pBpa at position L22
were analyzed by SDS-PAGE and Western blotting using anti-LptM and anti-
LptD antisera. Load: 2.2%; Elution: 100%. Data are representative of three inde-
pendent experiments.

d) Upon UV irradiation, as indicated, LptM™® containing pBpa at position V42 was
purified from AlptM or AlptM ompA::kan cells and analyzed by SDS-PAGE and
Western blotting using anti-His and anti-OmpA sera. Data are representative of
four independent experiments.

e) AlptM cells harboring pEVOL-pBpF and pLptDME™ derivative (*) forms en-
coding LptE with pBpa engineered at the indicated positions were subjected to
UV irradiation as indicated and envelope fractionation (Load) followed by LptE™*
affinity purification (Elution). Samples were analyzed by SDS-PAGE and Western
blotting using the indicated antisera. Load: 2.2%; Elution: 100%. * indicates LptE
amino acid position encoded by the engineered amber codon, except sample “-”
that expresses the wild-type LptE. ** indicates a non-identified protein band. Data
are representative of three independent experiments.
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Supplementary Figure 9. HDX-MS of the LptDE translocon.

a) Sequence coverage maps of LptD (top) and LptE (bottom) obtained by HDX-
MS of LptD and LptE. The color scale shows the relative deuterium uptake after
30 sec of deuteration from 0% (blue) to 60% (red).

b) Relative deuterium uptake of LptDE after 30 sec deuteration color coded from
0% (blue) to 60% (red) on the three-dimensional structure of LptDE, as predicted
by our AlphaFold2 model.
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Supplementary Figure 10. Deuteration heatmap of LptD and LptE

a) Differential heatmap of LptD (top) and LptE (bottom) between the LptDE trans-
locon in the presence or absence of LptM color coded, -35% (blue: protected in
the complex)/0% (white: no difference)/+35% (red: deprotected in the complex).

b) The color coded heatmap described in (a, timepoint 30 sec) is represented on
the three-dimensional structure of LptDE, as predicted by our AlphaFold2 model.
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Supplementary Figure 11. LptDE heterodimer and LptDEM heterotrimer
deuteration Wood Plots.

Differential Woods Plots between LptDE heterodimer and LptDEM heterotrimer,
at the different time points of deuteration (0.5, 1, 5, 10 and 30 min), showing in
blue and red, peptides that are significantly protected and deprotected, respec-
tively (hybrid significance test, p-value<0.001, Confidence Intervals 0.52 Da and
1.04 for LptD and LptE, respectively).
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Supplementary Figure 12. Mass spectra of LptD p-taco peptides showing
bimodal distributions.

For each peptide are shown: top, relative deuterium uptake as a function of deu-
terium exposure time (red line for the LptDE and blue line for the LptDEM sam-
ples), maximally deuterated control is represented in triplicate at t = 30 min (in
some cases for, e.g peptide [70-82], the uptake of the control overlays with the

30 min timepoint); bottom: mass spectra obtained with LptDE (left) and LptDEM
(right).
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Supplementary Figure 13. Back-exchange.

Back-exchange values were calculated for each peptide of LptD and LptE (as in-
dicated by colour code) and represented as a scatter plot (a) and bar plot (b).
These values range from 35,1% to 79.9%, with an average of 54.9%.
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Supplementary Figure 14. Uncropped gels and membranes.

Red boxes indicate areas cropped and presented in main figures as indicated.
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Supplementary Table 1. Oligonucleotides used in this study

Oligonucleotide name Sequence Lab Identifier

pJH-IptM-Fw GGTTAGGAAGAACGCATAATAAC- YY37
GATGAAAAACGTGTTTAAGGCACTCACT

pJH-IptM-Rev GTGGTGATGATGGTGGTGATGATGG- YY38
TAATTCACCTGGGATGGACCAT

pJH-IptD-Fw GGTTAGGAAGAACGCATAATAAC- YY66
GATGAAAAAACGTATCCCCACTCTC

pJH-IptD-IptM-Rev TGAGTGCCTTAAACAC- YY67
GTTTTTCATCCCTCCGCCGGCCGCTGCTCA
CAAAGTGTTTTGATACGGCAG

IptM-IptE-Fw GATGGTCCATCCCAGGTGAATTACTAA- YY68
GCAGCGGCCGGCGGAGGGGTGCGA-
TATCTGGCAACATT

IptE-8His-Rev TTAG- YY69
TGGTGATGATGGTGGTGATGATGGTTACCC
AGCGTGGTGGAGA

IptD-IptE-Fw TCTGCCGTATCAAAACACTTTGTGAG- YY81
CAGCGGCCGGCGGAGGGGTGCGA-
TATCTGGCAACATTGTTGT

IptE-IptM-Rev GTTTTTCATCCCTCCGCCGGCCGCTGCTTAG | YY82
TTACCCAGCGTGGTGGAGA

IptD-C31S-Fw GCCTCACAGTCAATGTTGGGCGTGCC YY142

IptD-C31S-Rev GGCACGCCCAACATTGACTGTGAGGCG YY143

IptD-C173S-Fw GCTTTACCTCCTCAC- YY144
TGCCGGGTTCTGACACC

IptD-C173S-Rev GGTGTCAGAACCCGGCAGTGAG- YY145
GAGGTAAAGC

IptD-C724S-Fw GCAATACAGCTCCTCATGCTATGCAATTCGC | YY146

IptD-C724S-Rev GCGAATTGCATAGCATGAGGAGCTG- YY147
TATTGC

IptD-C725S-Fw GCAATACAGCTCCTGCTCATATGCAATTCGC | YY148

IptD-C725S-Rev GCGAATTGCATATGAGCAGGAGCTG- YY149
TATTGC

IptD-C724/5S-Fw GCAATACAGCTCCTCATCATATGCAATTCGC | YY150

IptD-C724/5S-Rev GCGAATTGCATATGATGAGGAGCTGTATTGC | YY151

IptM-L22-Fw1 CTGACGGGCTGCGGTTA- YY178
GAAAGGTCCGCTCTAT
ATAGAGCGGACCTTTCTAACCG- YY179

IptM-L22-Rev1 CAGCCCGTCAG
CTGACGGGCTGCGGTTA- YY180

IptM-Y27-Fw2 GAAAGGTCCGCTCTAT
ATAGAGCGGACCTTTCTAACCG- YY181

IptM-Y27-Rev2 CAGCCCGTCAG

IptM-V42-Fw4 CCTGCAGATAAAAACTAGCCGCCGCCGAC- |YY184
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CAAA

TTTGGTCGGCGGCGGCTAGTTTTTATCTG-

IptM-V42-Rev4 CAGG VY185
CCGCCGACCAAACCGTAGGAGACGCAAAC- | vy 156
IptM-V50-Fw5 GCAA
TTGCGTTTGCGTCTCCTACGGTTT- VY187
IptM-V50-Rev5 GGTCGGCGG
CAAACGCAATCCACGTAGCCGGA- VY188
IptM-A57-Fw6 TAAAAACGAT
ATCGTTTTTATCCGGCTACGTG- VY189
IptM-A57-Rev6 GATTGCGTTTG
GATAAAAACGATCGCTA- Y190
IptM-Y67-Fw7 GACTGGCGATGGTCCA
TGGACCATCGCCAG- VY191
IptM-Y67-Rev7 TCTAGCGATCGTTTTTATC
ATAAAGAAACCACGCGTTAGGAC- Ovio69
IptE-K70-Fw1 GTTCCATCCTTG
IptE-K70-Rev1 CAAGGATGGAACGTCCTAAC- Ovio70
GCGTGGTTTCTTTAT
IptE-A83-Fw4 AAGTGAGCATCTAGAAAGATACCGCATCGG | Ovio75
IptE-A83-Rev4 ATGCGGTATCTTTCTAGATGCTCAC- Ovio76
TTTACCC
IptD-Y63-Fw1 GAAAGGGGACTAGCCGGATGACGC Ovio79
IptD-Y63-Rev1 GCGTCATCCGGCTAGTCCCCTTTCGC Ovio80
IptD-Y347-Fw2 CGATAACAAGTAGGGTTCCAGTACTGACGG | Ovio81
IptD-Y347-Rev2 GTAGCCGTCAGTACTGGAACCCTACTTGTTATCG | Ovio82
pBAD-Rev CATGAATTCCTCCTTTCACTCCATCC Ovio37
pBAD-Fw AGCTTGGCTGTTTTGGCGG Ovio38
pBAD-DsbC-Fw AAGGAGGAATTCATGAA- Ovio49
GAAAGGTTTTATGTTGTTTACTTTGTTAGCG
pBAD-DsbC-Rev CAAAACAGCCAAGCTTTATTTAC- Ovio50
CGCTGGTCATTTTTTGGTGTTCG
ANter-LptD-Rev TGCCAGTCCCTGTTGACTATAAAGGG Ovio51
ANter-LptD-Fw TTTAAGGTGGGTCCGGTACCGATC Ovio52
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Supplementary Table 2. HDX data summary

Data

LptDE | LptDEM

HDX reaction details

95% D20, pH 2.3, 10°C

HDX time course (min)

0,0.5,1,5,10,30

HDX controls

Maximally labelled control in 8M d4-urea in DO for 24h
at 20°C / Blanks injected between each timepoint

Back-exchange

54.4 £10.0 %

Number of peptides

121 for LptD and 32 for LptE

Sequence coverage

92.50% for LptD and 75.41% for LptE

Average peptide Length / Re-
dundancy

13.52/2.33 for LptD and 16.19/3.75 for LptE

Replicates (technical)

3

Repeatability (average SD)

0.0437 for LptD and 0.0492 for LptD and 0.1137
0.0850 for LptE for LptE

Significant differences in HDX

hybrid significance test, p-value<0,001, Confidence In-
terval 0.52 Da for LptD and 1.04 for LptE
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Supplementary Table 3. MD data summary

Protein Non-protein mole- Atoms Input box (nm) Sim. length Repeats
model cules
LptD, LptE 50 LPS-A, 39 168,549 | 11.0x11.0x13.5 500 ns 3
and LptM POPG, 78 POPE,
13 cardiolipin
LptD and 50 LPS-A, 39 167,691 10.9x10.9x 13.6 500 ns 3
LptE POPG, 78 POPE,
13 cardiolipin
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