
 

Supplementary Information 

 

Immunopeptidomics-based design of mRNA vaccine formulations against  

Listeria monocytogenes 

Rupert L. Mayer1,2,3,$, Rein Verbeke4,5, Caroline Asselman1,2,6, Ilke Aernout4,5, Adillah Gul1,2, Denzel 

Eggermont1,2, Katie Boucher1,2,3, Fabien Thery1,2, Teresa M. Maia3, Hans Demol1,2,3, Ralf Gabriels1,2, 

Lennart Martens1,2, Christophe Bécavin7, Stefaan C. De Smedt4,5, Bart Vandekerckhove5,8, Ine 

Lentacker4,5, Francis Impens1,2,3 

1 VIB-UGent Center for Medical Biotechnology, VIB, Ghent, Belgium. 
2 Department of Biomolecular Medicine, Ghent University, Ghent, Belgium. 

3 VIB Proteomics Core, VIB, Ghent, Belgium. 

4 Ghent Research Group on Nanomedicines, Ghent University, Ghent, Belgium. 

5 Cancer Research Institute Ghent (CRIG), Ghent, Belgium. 

6 Center for Medical Genetics, Ghent University Hospital, Ghent, Belgium 

7 Université Côte d'Azur, CNRS, IPMC, Sophia-Antipolis, France. 

8 Department of Diagnostic Sciences, Ghent University, 9000 Ghent, Belgium. 

Correspondence: ine.lentacker@ugent.be and francis.impens@vib-ugent.be  

$Present address: Research Institute of Molecular Pathology (IMP), Vienna BioCenter, Vienna, Austria.  

 

mailto:ine.lentacker@ugent.be
mailto:francis.impens@vib-ugent.be


Tubulin

HLA-II (DM) (low exposure)25 kDa

50 kDa

HLA-II (DM) (high exposure)25 kDa

STAT175 kDa

LLO (Listeria)50 kDa

25 kDa HLA-II (DR) (low exposure)

HLA-II (DR) (high exposure)25 kDa

HeLa
cells

U
nt

re
at

ed
Li

st
er

ia
in
te
rfe
ro
n-
γ

*

*

b

MHC-II intensity

MHC-I intensity
HeLa cells JY cells

C
el

l c
ou

nt

a

C
el

l c
ou

nt

C
el

l c
ou

nt

MHC-II intensity

MHC-I intensity

unstained cells
untreated cells
Listeria-infected cells
interferon-γ-treated cells

HLA-I (ABC)37 kDa

c

JY
cells

U
nt

re
at

ed
Li

st
er

ia
in
te
rfe
ro
n-
γ

SS
C-

A

FSC-A

FS
C-

A

FSC-H

SS
C-

A

FS
C-

A
L/D Zombie green FITCSSC-H

C
el

l c
ou

nt

HeLa cells JY cells

Supplementary Figure 1. HeLa cells do not express MHC-II during Listeria infection. (A-B) HeLa 
cells or JY cells (B cell line) were either infected with Listeria monocytogenes EGD (Listeria) for 24 h at 
MOI 25, or treated with 10 ng/mL interferon-γ for 48 h or left untreated. After infection, cells were either 
processed for western-blot (A) or flow cytometry (B) analysis. (A) MHC-I (anti-HLA-ABC) and MHC-
II (anti-HLA-DM and -DR) were monitored by western blotting. Immunoblots against tubulin, 
listeriolysin O (LLO) and STAT1 serve as controls for loading, Listeria infection and interferon-γ 
treatment, respectively. (B) MHC-II (top panels) and MHC-I (bottom panels) were monitored by flow 
cytometry to determine their abundance on the cell surface in untreated, Listeria infected and interferon-
γ-treated cells. Intensity signals for MHC-II and -I molecules are shown relative to unstained cells. 
Representative results of two independent experiments are shown. (C) Work flow describing the flow 
cytometry gating strategy used in (B). From left to right, exclusion of cell debris was performed by gating 
FSC-A versus SSC-A. This was followed by removal of cell aggregates by gating according to FSC-
H/FSC-A parameters. Next, the removal of cell aggregates was performed by gating according to SSC-
H/SSC-A parameters. Finally, dead cells were excluded from analysis by gating using Zombie green 
versus SSC-A parameter. Selected cells were analyzed to determine the abundance of MHC-II and –I 
molecule on cell surface. Source Data are provided at the end of this document.  
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Supplementary Figure 2. Listeria-derived immunopeptides preferentially bind to HLA-A alleles. 
(A-B) For each 8-14mer immunopeptide, the HLA allele with the best % binding rank was determined 
using NetMHCpan 4.1 binding prediction (https://services.healthtech.dtu.dk/service.php?
NetMHCpan-4.1). Interestingly, on both HeLa (A) and HCT-116 (B) cells the majority of 
immunopeptides showed the highest binding affinity for HLA-A alleles. This trend was even more 
pronounced for Listeria-derived immunopeptides of which ~80% showed strongest binding to HLA-A 
alleles in both HeLa and HCT-116 cells. Consequently, comparably fewer Listeria peptides showed 
high affinity for HLA-B and -C alleles. This could hint towards a favored presentation of bacterial 
peptides via HLA-A molecules, but further careful evaluation employing other pathogens and cell lines 
will be crucial to verify this hypothesis. Bar charts show the percentage of immunopeptides that are 
predicted to bind any of the three (HeLa cells) or six (HCT-116 cells) expressed HLA alleles (n=1 
percentage for each allele, no statistical test applied). Source Data are provided as a Source Data file. 
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Supplementary Figure 3. Spectral comparison of Listeria-derived immunopeptides and their 
synthetic peptide counterpart. (A-X) In order to verify the identified Listeria-derived immunopeptide 
sequences, a selection of 24 peptides were synthesized and recorded under the same LC-MS/MS 
conditions as the infection-derived samples. For TMT-derived sequences, synthetic peptides were also 
TMT labeled prior to analysis. Fragmentation spectra per sequence were compared by plotting positive 
relative abundance values for Listeria-derived and negative relative abundances for synthetic peptides. 
Fragment ions assigned to the Listeria-derived immunopeptide sequences by PEAKS Studio that matched 
with fragment ions in the spectra of the corresponding synthetic peptide were highlighted. The high degree 
of overlap between synthetic and Listeria-derived fragmentation spectra corroborates sequence identity, 
further indicated by high Pearson correlations (r ≥ 0.90) calculated for all peptides and indicated for all 
spectral comparisons (see Methods). Source Data are provided as a Source Data file. 
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Supplementary Figure 4. STRING functional protein association. All 42 antigens of origin for the 
identified high confidence Listeria immunopeptides were subjected to the STRING database using their 
respective Lm EGDe homologs as input (due to Lm EGD not being available on STRING). Settings were 
kept at default (full STRING network, evidence based network edges, all interaction source to active, 
medium confidence (0.400) as minimum required interaction score, no interactors shown), and MCL 
clustering (inflation parameter 3.5) was selected as clustering method resulting in the annotation of nine 
clusters. Connections between clusters are visualized with dotted lines. Proteins chosen as vaccine 
candidates are depicted with green squares. Cluster 1 includes three proteins localized at the cell surface 
associated with defense/virulence mechanism and cell wall/membrane biogenesis. Connected to cluster 
1, cluster 2 consists of eight proteins of which most are included in the pVGC with plcA, LLO, mpl, actA 
and plcB, also including inlB, inlC and mntA. Localized in the extracellular milieu or on the cell surface, 
these proteins are involved in defense/virulence mechanism and cell wall/membrane biogenesis, but also 
associated with cell motility and amino acid transport and metabolism. The two proteins of cluster 3 show 
the same subcellular localization and are also involved in cell wall/membrane biogenesis, but are 
furthermore associated with the COG term posttranslational modification, protein turnover, chaperones. 
Proteins from cluster 4 localize to the extracellular milieu, cell surface and cytoplasm and are involved in 
cell cycle control, mitosis and meiosis as well as cell wall/membrane biogenesis. Cluster 5, which is not 
connected to any other cluster, includes three OppA proteins involved in amino acid transport and 
metabolism localizing to the extracellular milieu. Cluster 6 interconnecting cluster 3, 7 and 9, consists of 
four proteins localized at the cell surface involved in posttranslational modification, protein turnover, 
chaperones as well as energy production and conversion and also carbohydrate transport and metabolism. 
Both proteins of cluster 7, gap and fbaA, participate in carbohydrate transport and metabolism and are 
localized in the cytoplasm (like all proteins for cluster 8 and 9 also). Cluster 8 encompasses four proteins 
that contribute to energy production and conversion as well as amino acid transport and metabolism. The 
six protein members of cluster 9 finally are involved in transcription as well as translation and also 
replication, recombination and repair. Source Data are provided in Supplementary Data 2. 
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Supplementary Figure 5. Highly presented antigens provide protection as mRNA vaccine 
candidates. Next to the vaccination challenge experiments 1 and 2 shown in Figure 4, two additional 
independent experiments were performed using identical vaccine formulations for LMON_0149 and 
LLO_E262K (experiments 3 and 4). Experiment 4 further contained a vaccine formulation combining 
LMON_0149 and LLO_E262K. Number of mice/group was 5 in all 4 experiments. In experiment 1 and 
2, no CFUs were detectable from a 1-2 biological replicates of a few conditions and were therefore 
excluded as indicated in the legend of Figure 4B. (A-B) Alternative visualization of the bar charts shown 
in Figure 4B, plotting non-normalized, absolute CFU values in log scale for experiments 1 and 2. (C-D) 
Bar charts depicting the non-normalized, absolute CFU counts measured for (C) LMON_0149 in 
experiments 2, 3 and 4 and for (D) LLO_E262K in experiments 1 and 4. LMON_0149 vaccination showed 
consistently high levels of protection in spleen (~3 log CFU reduction) and liver (~1.5 to 2.5 log CFU 
reduction). In contrast, protection by LLO_E262K was not significant in most cases with lower CFU 
reductions of ~1.5 logs in spleen and liver. (E) Combining LMON_0149 and LLO_E262K in a single 
vaccine formulation did not yield additional or synergistic protective effects, confirming the rather low 
protection of LLO_E262K in our vaccination platform. Source data are provided as a Source Data file. 



FSC-A

SS
C-

A

FS
C-

A

FS
C-

A

FS
C-

A

FS
C-

A

FSC-A L/D Aqua BV421 CD8a APC IFN-ɣ PE

FS
C-

A

b

a

c

SS
C-

A

FS
C-

A

FSC-A FSC-H SSC-H

SS
C-

A

FS
C-

A

L/D Aqua Viogreen

CD
8a

 F
IT

C

FS
C-

A

CD3e APC IFN-g PE

LMON_0149
YSYKFIRV

LMON_0149
QVFEGLYTL

OVA
SIINFEKL

%
 IF

N
-γ

⁺ C
D8

 T
 c

el
ls

0

1

2

3

4 PBS

%
 IF

N
-γ

⁺ C
D8

 T
 c

el
ls

0

1

2

3

4 OVA

OVA
SIINFEKL

LMON_0149
QVFEGLYTL

LMON_0149
YSYKFIRV

**
**

Supplementary Figure 6. Control T cell response measurements and flow cytometry gating 
strategy. (A-B) In an additional control experiment to the data shown in Figure 5, C57BL/6J mice were 
(A) vaccinated with mRNA galsomes encoding OVA or (B) injected with PBS (10 mice/group). After 7 
days, splenocytes were isolated and pulsed with the OVA epitope SIINFEKL or the two LMON_0149 
epitopes YSYKFIRV and QVFEGLYTL. No noticeable levels of IFN-γ+ CD8 T cells could be detected 
upon pulsing with the LMON_0149 epitopes (average % IFN-γ+ CD8 T cells < 0.14), while pulsing with 
the OVA-specific SIINFEKL peptide triggered statistically significant levels of IFN-γ+ CD8 T cells in 
OVA-vaccinated mice (Shapiro-Wilk test rejected data normality, Wilcoxon matched-pairs signed rank 
test applied, data are presented as mean values +/- SD, n=10 individual animals for OVA and n=8 for 
PBS since splenocytes from 2 animals with <35% cell viability were excluded). Asterisks indicate p 
values with **p < 0.01. Source data are provided as a Source Data file. These results further support the 
specificity of the responses measured for the LMON_0149 epitopes shown in Figure 5. (B) Gating 
strategy employed for the data shown in (A). Panels from left to right show i) exclusion of debris from 
cells by gating FSC-A versus SSC-A, ii) removal of cell aggregates by gating according to FSC-H/FSC-
A parameters and iii) by gating according to SSC-H/SSC-A parameters, iv) exclusion of dead cells by 
gating only for live/dead aqua-low cells, v) gate used to identify CD3e CD8a double positive cells, vi) 
antigen-reactive CD8a cells were defined as IFN-ɣ+ expressing cells after peptide stimulation, and their 
frequencies were determined among total CD8a cells. The figure shows representative flow data of OVA 
vaccinated C57BL/6 mouse after pulsing with the QVFEGLYTL synthetic peptide. (C) Gating strategy 
used for the data presented in Figure 5. Panels from left to right show i) exclusion of debris from cells by 
gating FSC-A versus SSC-A, (ii) removal of cell aggregates by gating according to FSC-H/FSC-A 
parameters, iii) exclusion of dead cells by gating only for live/dead aqua-low cells, iv) gate used to identify 
CD8a positive cells, v) antigen-reactive CD8a cells were defined as IFN-ɣ+ expressing cells after peptide 
stimulation, and their frequencies were determined among total CD8a cells. The figure shows 
representative flow data of LMON_0149 vaccinated C57BL/6 mouse after pulsing with the 
QVFEGLYTL synthetic peptide. Source data are provided as a Source Data file. 
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Supplementary Figure 7. Identified Listeria immunopeptides and antigens are well conserved. 264 fully 
sequenced Listeria monocytogenes strains were downloaded from NCBI RefSeq and used to create a BlastP 
database (Altschul et al. 1990) with all proteins annotated in these genomes. (A) We then ran BlastP (blast+ 
version 2.10) (Camacho et al. 2009) probing all 68 peptide sequences identified from our experiments with 
Listeria monocytogenes EGD versus all the proteins of each genome. BlastP parameters were deliberately set 
non-stringent (evalue 1000, max_target_seqs 1) to retrieve only perfect matches with mapping identity equal 
to 100%. For each immunopeptide we then plotted the percentage of strains in which the peptide sequence is 
fully conserved. Interestingly, the large majority (50 or 73%) of our identified peptides were fully conserved 
in more than 95% of the strains, while another 13 peptide sequences (19%) were fully conserved in at least 
50% of the strains. Only five peptides were conserved in less than 50% of the investigated strains, indicating 
overall high conservation of the presented Listeria immunopeptides. (B) Denotes the antigen sequence 
similarity among all 264 Listeria monocytogenes strains, indicating greater than 90% sequence similarity for 
all but two antigens. For each antigen, the median percentage identity between the query sequence and the 
blast results is plotted. Antigens used in the mouse vaccination assays are depicted in green and show 
excellent sequence conservation of >95% in all strains. We therefore conclude that the chosen vaccine 
candidates will also hold substantial relevance not only for Listeria monocytogenes EGD, but also for more 
clinically relevant Listeria strains. Source data are provided as a Source Data file. 



(A) Plasmid name (B) Collection No.
(C) Antigen 
gene name(s)

(D) Plasmid insert sequence 
(including HindIII/EcoRI restriction sites on flanking ends, respectively) 

(E) mRNA sequence produced from T7 transcription start site 
(https://skaminsky115.github.io/nac/DNA‐mRNA‐Protein_Converter.html) using the T7 MegaScript kit (not including the 

Anti‐Reverse Cap Analog (ARCA, Trilink BioTechnologies))
(F) Antigen amino acid sequence

  pGEM‐4z_OppA ‐ LMON_0149 BUG101
OppA

LMON_ 0149

aagcttAGACAGACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGAGGATCCCACC ATGCACTTCCTCAAAAAAACCTTGCCCATTTTTGCCATTCTTACTGTATTGCTTTTGACT
GCTTGCGGAAACGACAACGAAAAATCAACTACTAAAACATCCCCTGATAAAATAAAATTTCTTGAAACCAGCGAGCTGCTTACACTCAATACTACAGCCGAAGAAGATTTTACCTCCTTCACCGC
TCAAAACCAAGTGTTTGAGGGGCTCTACACTCTGGATCAAAAAGACAACTTTGTACCCGGCGTCGCTGACGGAATGCCCGAGATTAGTACAGATCAGACTAAGTATACAATTAAGTTGAAAAAA
AACGCCAAGTGGTCCGATGGCTCTCAAGTCACCGCAGATGACTTCGTCTACGCATGGCGAAGGGCTGTAGACCCAAAGACAGCACCAGGTTATTCCGCACTCTTCAAGGATTCCATCAAAAACG
CAACCGAGATTAATGAAGGAAAGCTGCCTGTGACAGATTTGGGGGTTGTGGCTACCGACCCTACAACTCTCGAAATCACACTTAAGAAGCCAGTACCTTATTTCATTTCTTTGCTGTCCTTCGAG
ACATTTTTTCCACAGAAAGAATCTTATGTAAAAAAGCAAGGAGATAAATACGGGACCGATAGCGCACACACCCTGTATAACGGCCCATTCGTCATGAAGGATTGGGGCGGTAACATAACTAACA
AATGGACTTACGCAAAAAACGATCAATACTGGGACAAAGACAATGTGAAGGTTAACGAAATTGATGTTCAAGTAGCCAAGGACATTAATGCTGGGGTCAATCTCTACAATACCAACGAGGCCG
ACAGAGTGCCCCTTTCCGGGGACTTTGCTAAGCAATACAAGGACAAAAAGGACTTTCAAACTGAGAAAGATGCACTTATCTCATACTTGAGAATGAACCAGAAGCGGGACGGCAAGGCAACAC
CATTGGCTAATAATTCACTGAGGCACGCCCTGAATCTCGCCGTAGACAAGAAACAACTGACAGATAGGATTCTCGGTGATGGTTCTTTTCCTGCAAATGGCCTTTTGCCCAAAGACTTTGTGCAA
AACCCCACTACAGGGGCCGATTTCAGAACCGACAGTGGTGATCATCTGGTTTACAACAAGGAAGAAGCCCTCAAGTACTGGAAGCAAGCTCAAAAGGAGCTTGGTACTGATAAAGTGACTATT
GAGTTGCTTGGGGATGACCAGGAGACAACAAAGACTATATTTGCCTACCTCAAGGCTCAATTCGAAGATAATCTGCCCGGCGTAACTATTAAAGTAAAGAATATGCCTAGCAAATCTGCAACCC
AGCTTACTTCTGACGGAAACTATGACCTGAGTCTCGCAGCCTGGATGCCTGACTTCAAGGACCCTTGGACATACTCTAGCCTCTTCCTGAGTGATTATTTTAACAATCATATGAGTTACAATTCCC
CCGCTTACGATAAACTTGTCAAGAGCACCGACACTACCCTTGCAACAAAGCCAGAGGAACGCTGGAACGCATTTGTCGCATCCGAGAAAGTTCTTCTGGATGATGATGCTGCTATCCTCCCACTT
TACCAGCATCAAACAGCTGTGCTCCAGCGCACTGACATTACAGGCGTGCAAAAACACGCCTTCGGAAGTCCTTATAGCTACAAGTTTATACGAGTGGAGAaatAA GCGGCCGCTATCAGAAAGT
GGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGG
GCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGT
CCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACTGCAG gaattc

CCC UCU GUU CGA AUC UGUCUG UAA ACG AAG ACU GUGUUG ACA CAA GUGAUC GUUGGA GUUUGU CUC CUA GGG UGG UAC GUG AAG GAG UUUUUU UGGAAC GGG UAA AAA CGG UAA GAA UGA CAU AAC GAA AAC UGA
CGA ACG CCU UUGCUG UUGCUUUUUAGUUGA UGA UUUUGUAGG GGA CUA UUUUAUUUUAAA GAA CUUUGGUCG CUC GAC GAA UGUGAG UUAUGA UGUCGG CUU CUU CUA AAA UGGAGG AAG UGG CGA GUU UUGGUU
CAC AAA CUC CCC GAG AUG UGA GAC CUA GUU UUU CUG UUG AAA CAU GGG CCG CAG CGA CUG CCU UAC GGG CUC UAA UCA UGU CUA GUC UGA UUC AUA UGU UAA UUC AAC UUU UUUUUG CGG UUC ACC AGG CUA CCG
AGA GUU CAG UGG CGU CUA CUG AAG CAG AUG CGU ACC GCU UCC CGA CAU CUG GGU UUC UGUCGU GGU CCA AUA AGG CGU GAG AAG UUC CUA AGG UAG UUU UUGCGU UGG CUC UAA UUA CUU CCU UUC GAC GGA CAC
UGU CUA AAC CCC CAA CAC CGA UGG CUG GGA UGU UGA GAG CUU UAG UGU GAA UUC UUC GGU CAU GGA AUA AAG UAA AGA AAC GAC AGG AAG CUC UGUAAA AAA GGU GUC UUU CUU AGA AUA CAU UUUUUC GUUCCU
CUA UUU AUG CCC UGG CUA UCG CGU GUG UGG GAC AUA UUG CCG GGU AAG CAG UAC UUC CUA ACC CCG CCA UUGUAU UGA UUG UUUACC UGA AUG CGU UUU UUGCUA GUUAUG ACC CUG UUUCUG UUA CAC UUC CAA
UUG CUU UAA CUA CAA GUU CAU CGG UUC CUG UAA UUA CGA CCC CAG UUA GAG AUG UUA UGG UUG CUC CGG CUG UCU CAC GGG GAA AGG CCC CUG AAA CGA UUC GUU AUG UUC CUG UUU UUC CUG AAA GUU UGA CUC
UUU CUA CGU GAA UAG AGU AUG AAC UCU UAC UUG GUC UUC GCC CUG CCG UUC CGU UGU GGUAAC CGA UUA UUA AGU GAC UCC GUG CGG GAC UUA GAG CGG CAU CUG UUCUUU GUUGAC UGUCUA UCC UAA GAG CCA
CUA CCA AGA AAA GGA CGU UUA CCG GAA AAC GGG UUU CUG AAA CAC GUU UUG GGG UGA UGU CCC CGG CUA AAG UCU UGG CUG UCA CCA CUA GUA GAC CAA AUG UUG UUC CUU CUU CGG GAG UUC AUG ACC UUC GUU
CGA GUU UUC CUC GAA CCA UGA CUA UUU CAC UGA UAA CUC AAC GAA CCC CUA CUG GUC CUC UGU UGU UUC UGA UAU AAA CGG AUG GAG UUC CGA GUU AAG CUU CUA UUAGAC GGG CCG CAU UGA UAA UUU CAU UUC
UUA UAC GGA UCG UUU AGA CGU UGG GUC GAA UGA AGA CUG CCU UUG AUA CUG GAC UCA GAG CGU CGG ACC UAC GGA CUG AAG UUC CUG GGA ACC UGUAUG AGA UCG GAG AAG GAC UCA CUA AUA AAA UUG UUAGUA
UAC UCA AUG UUA AGG GGG CGA AUG CUA UUU GAA CAG UUC UCG UGG CUG UGA UGGGAA CGU UGU UUC GGU CUC CUU GCG ACC UUGCGU AAA CAG CGU AGG CUC UUU CAA GAA GAC CUA CUA CUA CGA CGA UAG GAG
GGU GAA AUG GUC GUA GUU UGU CGA CAC GAG GUC GCG UGA CUG UAA UGU CCG CAC GUU UUU GUG CGG AAG CCU UCA GGA AUA UCG AUG UUC AAA UAUGCU CAC CUC UUUAUU CGC CGG CGA UAG UCUUUC ACC ACC
GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGU UGA UGA UUU GAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC
CUA AGA CGG AUU AUU UUU UGU AAA UAA AAG UAA CGA CGA CGA UAG UCU UUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUUUCC AAG GAA
ACA AGG GAU UCA GGUUGA UGA UUUGAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUU AUUUUU UGUAAA UAA AAG UAA CGA CGA CGU UUUUUU UUUUUU UUUUUU UUUUUU UUUUUU UUUUUU
UUU UUU UUU UUU UUU UUU UUU UUU

MHFLKKTLPIFAILTVLLLTACGNDNEKSTTKTSPDKIKFLETSELLTLNTTA
EEDFTSFTAQNQVFEGLYTLDQKDNFVPGVADGMPEISTDQTKYTIKLK
KNAKWSDGSQVTADDFVYAWRRAVDPKTAPGYSALFKDSIKNATEINE
GKLPVTDLGVVATDPTTLEITLKKPVPYFISLLSFETFFPQKESYVKKQGDK
YGTDSAHTLYNGPFVMKDWGGNITNKWTYAKNDQYWDKDNVKVNEI
DVQVAKDINAGVNLYNTNEADRVPLSGDFAKQYKDKKDFQTEKDALISY
LRMNQKRDGKATPLANNSLRHALNLAVDKKQLTDRILGDGSFPANGLL
PKDFVQNPTTGADFRTDSGDHLVYNKEEALKYWKQAQKELGTDKVTIEL
LGDDQETTKTIFAYLKAQFEDNLPGVTIKVKNMPSKSATQLTSDGNYDLS
LAAWMPDFKDPWTYSSLFLSDYFNNHMSYNSPAYDKLVKSTDTTLATK
PEERWNAFVASEKVLLDDDAAILPLYQHQTAVLQRTDITGVQKHAFGSP
YSYKFIRVEK*

  pGEM‐4z LLO_E26K2 ‐ LMON_0200 BUG102
LLO
hly

LMON_0200

aagcttAGACAGACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGAGGATCCCACC ATGAAAAAAATTATGCTCGTCTTTATAACTCTCATCCTCGTAAGTCTCCCAATTGCACA
GCAGACAGAGGCTAAGGATGCCAGCGCTTTTAATAAAGAGAACTCAATTTCTAGCATGGCACCCCCCGCTTCCCCTCCCGCCTCCCCCAAGACACCCATAGAAAAGAAACACGCTGACGAGATC
GACAAGTACATACAAGGCCTTGACTACAATAAAAATAATGTTTTGGTATACCACGGTGACGCAGTTACAAACGTCCCACCCAGAAAGGGATATAAAGACGGGAACGAGTACATTGTCGTGGAG
AAGAAGAAGAAAAGTATAAATCAAAATAACGCTGACATACAAGTTGTAAACGCTATAAGTTCACTGACTTATCCAGGAGCCCTCGTTAAAGCTAATTCTGAGCTCGTGGAGAACCAACCTGACG
TCCTGCCAGTTAAAAGGGACTCTCTCACTTTGTCTATTGATCTGCCCGGGATGACCAATCAAGACAATAAAATTGTTGTAAAGAACGCAACTAAAAGTAACGTCAATAATGCTGTGAACACCCTG
GTGGAGCGATGGAACGAAAAGTATGCTCAGGCTTATCCAAACGTGTCCGCCAAAATTGATTATGATGATGAAATGGCCTACTCCGAGAGCCAACTGATTGCTAAATTTGGGACCGCTTTCAAAG
CAGTGAACAATTCCCTCAATGTTAATTTCGGCGCTATCAGCGAAGGCAAGATGCAAGAGGAAGTCATTTCTTTCAAGCAGATTTACTATAATGTCAATGTAAACAAGCCCACCAGGCCTAGCCG
GTTTTTTGGTAAAGCCGTTACCAAAGAGCAGCTTCAGGCACTCGGTGTAAACGCCGAAAACCCTCCTGCTTATATATCCAGTGTCGCATATGGACGCCAGGTCTATTTGAAATTGTCAACTAACT
CACACAGTACAAAAGTAAAAGCTGCTTTTGACGCCGCAGTCAGTGGAAAGTCAGTATCAGGTGATGTTGAACTGACTAACATAATCAAGAACTCCTCATTCAAGGCAGTTATTTATGGAGGGAG
TGCCAAGGACGAAGTCCAGATAATTGACGGTAACCTGGGAGACTTGCGAGACATACTCAAGAAGGGCGCTACTTTCAATCGAGAAACACCAGGTGTTCCTATCGCATACACAACAAACTTCCTG
AAAGATAATGAGCTTGCAGTCATCAAAAACAATTCAGAATACATAGAAACCACAAGTAAGGCATATACAGATGGGAAGATCAACATCGACCATTCTGGCGGCTATGTCGCACAATTCAATATAT
CTTGGGATGAAGTTAACTATGATCCAGAGGGTAATGAAATCGTACAGCATAAAAATTGGTCAGAGAATAACAAAAGTAAATTGGCTCATTTCACCTCAAGTATTTACCTTCCAGGTAATGCTCG
GAACATAAATGTTTACGCAAAAGAATGCACCGGATTGGCATGGGAGTGGTGGAGAACTGTCATCGACGACCGCAATCTCCCATTGGTCAAAAATAGGAATATTAGCATATGGGGTACAACATT
GTATCCTAAGTATTCCAATAAGGTGGACAACCCAATTGAGtaa GCGGCCGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCA
ATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCTATCAGAA
AGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGA
AGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACTGC
AGgaattc

CCC UCUGUUCGA AUC UGUCUG UAA ACG AAG ACU GUGUUG ACA CAA GUGAUC GUUGGA GUUUGU CUC CUA GGG UGG UAC UUU UUUUAA UAC GAG CAG AAA UAUUGA GAG UAG GAG CAU UCA GAG GGUUAA CGU GUC
GUC UGUCUC CGA UUC CUA CGG UCG CGA AAA UUAUUUCUC UUGAGUUAA AGA UCG UAC CGU GGG GGG CGA AGG GGA GGG CGG AGG GGG UUCUGU GGGUAU CUUUUC UUUGUG CGA CUG CUC UAG CUG UUC AUG UAU
GUU CCG GAA CUG AUG UUA UUU UUA UUA CAA AAC CAU AUG GUG CCA CUG CGU CAA UGU UUGCAG GGUGGG UCUUUC CCU AUA UUUCUG CCC UUG CUC AUG UAA CAG CAC CUC UUC UUC UUC UUU UCA UAU UUAGUU
UUA UUG CGA CUG UAU GUU CAA CAU UUG CGA UAU UCA AGU GAC UGA AUA GGU CCU CGG GAG CAA UUUCGA UUA AGA CUC GAG CAC CUC UUGGUU GGA CUG CAG GAC GGU CAA UUUUCC CUG AGA GAG UGA AAC AGA
UAA CUA GAC GGG CCC UAC UGG UUA GUU CUG UUA UUU UAA CAA CAU UUC UUG CGU UGA UUU UCA UUG CAG UUAUUA CGA CAC UUGUGG GAC CAC CUC GCU ACC UUG CUUUUC AUA CGA GUC CGA AUA GGU UUGCAC
AGG CGG UUU UAA CUA AUA CUA CUA CUU UAC CGG AUG AGG CUC UCG GUU GAC UAA CGA UUU AAA CCC UGG CGA AAG UUUCGU CAC UUG UUA AGG GAG UUA CAA UUA AAG CCG CGA UAG UCG CUU CCG UUC UAC GUU
CUC CUU CAG UAA AGA AAG UUC GUC UAA AUG AUA UUA CAG UUA CAU UUG UUC GGG UGG UCC GGA UCG GCC AAA AAA CCA UUU CGG CAA UGGUUU CUC GUC GAA GUC CGU GAG CCA CAU UUGCGG CUUUUG GGA GGA
CGA AUA UAU AGG UCA CAG CGU AUA CCU GCG GUC CAG AUA AAC UUU AAC AGU UGA UUG AGU GUG UCA UGU UUU CAU UUU CGA CGA AAA CUG CGG CGU CAG UCA CCU UUC AGU CAU AGU CCA CUA CAA CUU GAC UGA
UUG UAU UAG UUC UUG AGG AGU AAG UUC CGU CAA UAA AUA CCU CCC UCA CGG UUC CUG CUU CAG GUC UAU UAA CUG CCA UUG GAC CCU CUG AAC GCU CUG UAUGAG UUCUUC CCG CGA UGA AAG UUAGCU CUUUGU
GGU CCA CAA GGA UAG CGU AUG UGUUGUUUGAAG GAC UUU CUA UUA CUC GAA CGU CAG UAG UUU UUGUUA AGU CUU AUG UAU CUUUGG UGUUCA UUC CGU AUA UGU CUA CCC UUC UAG UUGUAG CUG GUA AGA CCG
CCG AUA CAG CGU GUU AAG UUA UAU AGA ACC CUA CUU CAA UUG AUA CUA GGU CUC CCA UUA CUU UAG CAU GUC GUA UUUUUA ACC AGU CUC UUA UUGUUU UCA UUU AAC CGA GUA AAG UGGAGU UCA UAA AUG GAA
GGU CCA UUA CGA GCC UUG UAU UUA CAA AUG CGU UUU CUU ACG UGG CCU AAC CGU ACC CUC ACC ACC UCU UGA CAG UAG CUG CUG GCG UUA GAG GGU AAC CAG UUU UUA UCC UUA UAA UCG UAU ACC CCA UGUUGU
AAC AUA GGA UUC AUA AGG UUA UUC CAC CUG UUG GGU UAA CUC AUU CGC CGG CGA UAG UCU UUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA
AUUUCC AAG GAA ACA AGG GAU UCA GGUUGA UGA UUUGAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUUAUUUUUUGUAAA UAA AAG UAA CGA CGA CGA UAG UCUUUC ACC ACC GAC CAC ACC GAU
UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGU UGA UGA UUU GAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUU
AUU UUU UGU AAA UAA AAG UAA CGA CGA CGU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU

MKKIMLVFITLILVSLPIAQQTEAKDASAFNKENSISSMAPPASPPASPKT
PIEKKHADEIDKYIQGLDYNKNNVLVYHGDAVTNVPPRKGYKDGNEYIV
VEKKKKSINQNNADIQVVNAISSLTYPGALVKANSELVENQPDVLPVKR
DSLTLSIDLPGMTNQDNKIVVKNATKSNVNNAVNTLVERWNEKYAQA
YPNVSAKIDYDDEMAYSESQLIAKFGTAFKAVNNSLNVNFGAISEGKMQ
EEVISFKQIYYNVNVNKPTRPSRFFGKAVTKEQLQALGVNAENPPAYISS
VAYGRQVYLKLSTNSHSTKVKAAFDAAVSGKSVSGDVELTNIIKNSSFKA
VIYGGSAKDEVQIIDGNLGDLRDILKKGATFNRETPGVPIAYTTNFLKDNE
LAVIKNNSEYIETTSKAYTDGKINIDHSGGYVAQFNISWDEVNYDPEGNE
IVQHKNWSENNKSKLAHFTSSIYLPGNARNINVYAKECTGLAWEWWRT
VIDDRNLPLVKNRNISIWGTTLYPKYSNKVDNPIE*

pGEM‐4z_EF‐Tu ‐ LMON_2676 BUG100
EF‐Tu
tuf

LMON_2676

aagcttAGACAGACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGAGGATCCCACC ATGGCAAAAGAGAAGTTCGACCGCTCTAAACCACACGTGAACATTGGTACTATTGGTC
ATGTTGACCACGGCAAGACTACTCTGACCGCTGCCATAACTACAGTTTTGGCAAAAAAAGGATATGCCGACGCCCAAGCATACGACCAAATCGATGGTGCTCCCGAGGAGCGGGAAAGGGGAA
TTACAATTAGCACAGCCCACGTAGAGTATCAGACTGACTCTCGACACTACGCCCACGTGGACTGCCCCGGTCATGCCGACTACGTCAAGAACATGATTACCGGGGCTGCTCAAATGGATGGGGC
AATCCTTGTGGTTAGTGCAGCTGATGGTCCCATGCCTCAAACACGCGAACACATTTTGCTTTCTCGACAAGTGGGGGTGCCATACATAGTCGTCTTTATGAATAAGTGTGATATGGTCGACGATG
AAGAGCTTCTTGAGCTGGTCGAAATGGAAATCCGAGATCTGCTGACCGAGTACGAGTTCCCTGGTGACGACATTCCCGTGATCAAAGGCTCAGCACTCAAGGCACTCCAAGGAGAGGCAGATT
GGGAGGCTAAGATAGATGAACTGATGGAAGCCGTTGACTCTTATATCCCAACCCCAGAGAGGGATACAGATAAGCCCTTTATGATGCCCGTTGAAGATGTTTTTTCTATAACTGGGCGCGGGAC
CGTCGCTACTGGCAGAGTTGAGCGGGGTCAGGTCAAAGTCGGTGATGAAGTAGAGGTGATCGGAATCGAAGAGGAAAGTAAAAAGGTGGTAGTCACCGGAGTGGAAATGTTCAGAAAACTTC
TCGACTACGCTGAAGCCGGAGATAATATCGGCGCTTTGCTCCGCGGCGTAGCAAGGGAGGATATACAGAGAGGGCAGGTCCTGGCCAAGCCAGGGAGTATCACTCCTCATACAAACTTTAAGG
CCGAAACCTATGTACTCACCAAGGAGGAGGGAGGTAGACACACACCATTCTTTAACAATTACCGCCCCCAGTTTTATTTCAGGACAACAGACGTCACAGGTATAGTAACTCTCCCAGAAGGCAC
TGAAATGGTTATGCCCGGCGACAACATCGAACTGGCCGTCGAGCTGATAGCCCCTATAGCAATAGAAGATGGTACAAAGTTCTCTATACGAGAGGGGGGAAGGACTGTTGGGGCAGGAGTGG
TATCCAACATATCCAAGtaaGCGGCCGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTT
CCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATG
CCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCT
GCCTAATAAAAAACATTTATTTTCATTGCTGCTGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACTGCAG gaattc

CCC UCU GUU CGA AUC UGU CUG UAA ACG AAG ACU GUGUUG ACA CAA GUGAUC GUUGGA GUUUGU CUC CUA GGG UGG UAC CGU UUUCUC UUC AAG CUG GCG AGA UUU GGUGUG CAC UUG UAA CCA UGA UAA CCA GUA
CAA CUG GUG CCG UUC UGA UGA GAC UGG CGA CGG UAU UGA UGU CAA AAC CGU UUU UUU CCU AUA CGG CUG CGG GUU CGU AUG CUG GUU UAG CUA CCA CGA GGG CUC CUC GCC CUUUCC CCU UAA UGUUAA UCG UGU
CGG GUG CAU CUC AUA GUC UGA CUG AGA GCU GUG AUG CGG GUG CAC CUG ACG GGG CCA GUA CGG CUG AUG CAG UUC UUG UAC UAA UGG CCC CGA CGA GUU UAC CUA CCC CGU UAG GAA CAC CAA UCA CGU CGA CUA CC
GGG UAC GGA GUU UGU GCG CUU GUG UAA AAC GAA AGA GCU GUU CAC CCC CAC GGU AUG UAU CAG CAG AAA UAC UUA UUC ACA CUA UAC CAG CUG CUA CUU CUC GAA GAA CUC GAC CAG CUU UAC CUU UAG GCU CUA
GAC GAC UGG CUC AUG CUC AAG GGA CCA CUG CUG UAA GGG CAC UAG UUU CCG AGU CGU GAG UUC CGU GAG GUU CCU CUC CGU CUA ACC CUC CGA UUC UAU CUA CUU GAC UAC CUU CGG CAA CUG AGA AUA UAG GGU
UGGGGU CUC UCC CUA UGUCUA UUC GGG AAA UAC UAC GGG CAA CUU CUA CAA AAA AGA UAU UGA CCC GCG CCC UGG CAG CGA UGA CCG UCU CAA CUC GCC CCA GUC CAG UUUCAG CCA CUA CUU CAU CUC CAC UAG CCU
UAG CUU CUC CUUUCA UUUUUC CAC CAU CAG UGG CCU CAC CUUUAC AAG UCUUUUGAA GAG CUG AUG CGA CUU CGG CCU CUA UUAUAG CCG CGA AAC GAG GCG CCG CAU CGU UCC CUC CUA UAUGUC UCU CCC GUC CAG
GAC CGG UUC GGU CCC UCA UAG UGA GGA GUA UGU UUGAAA UUC CGG CUUUGG AUA CAU GAG UGG UUC CUC CUC CCU CCA UCU GUGUGU GGUAAG AAA UUG UUA AUG GCG GGG GUC AAA AUA AAG UCC UGU UGUCUG
CAG UGU CCA UAU CAU UGA GAG GGU CUU CCG UGA CUU UAC CAA UAC GGG CCG CUG UUG UAG CUU GAC CGG CAG CUC GAC UAU CGG GGA UAU CGU UAU CUU CUA CCA UGU UUC AAG AGA UAU GCU CUC CCC CCU UCC
UGA CAA CCC CGU CCU CAC CAU AGG UUGUAUAGG UUC AUU CGC CGG CGA UAG UCUUUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGUUCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG
GAA ACA AGG GAU UCA GGUUGA UGA UUUGAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUUAUUUUUUGUAAA UAA AAG UAA CGA CGA CGA UAG UCUUUC ACC ACC GAC CAC ACC GAU UAC GGG ACC
GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGUUGA UGA UUU GAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUUAUU UUUUGU
AAA UAA AAG UAA CGA CGA CGU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU

MAKEKFDRSKPHVNIGTIGHVDHGKTTLTAAITTVLAKKGYADAQAYDQ
IDGAPEERERGITISTAHVEYQTDSRHYAHVDCPGHADYVKNMITGAA
QMDGAILVVSAADGPMPQTREHILLSRQVGVPYIVVFMNKCDMVDDE
ELLELVEMEIRDLLTEYEFPGDDIPVIKGSALKALQGEADWEAKIDELMEA
VDSYIPTPERDTDKPFMMPVEDVFSITGRGTVATGRVERGQVKVGDEV
EVIGIEEESKKVVVTGVEMFRKLLDYAEAGDNIGALLRGVAREDIQRGQV
LAKPGSITPHTNFKAETYVLTKEEGGRHTPFFNNYRPQFYFRTTDVTGIVT
LPEGTEMVMPGDNIELAVELIAPIAIEDGTKFSIREGGRTVGAGVVSNISK
*

pGEM‐4z_inlB ‐ LMON_0442 BUG105
inlB

LMON_0442

aagcttAGACAGACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGAGGATCCCACC ATGAAGGAGAAACACAACCCACGGAGAAAGTATTGTTTGATTTCCGGGCTGGCTATTA
TCTTCTCTTTGTGGATTATCATTGGGAACGGCGCCAAAGTTCAGGCCGAGACAATCACTGTTAGCACTCCCATAAAACAGATATTTCCAGATGATGCCTTTGCTGAAACAATTAAAGACAATCTT
AAGAAGAAATCAGTGACTGATGCTGTGACCCAAAATGAACTGAACTCAATAGATCAGATTATAGCAAATAACAGCGATATCAAGAGTGTTCAAGGCATACAATATCTTCCAAACGTAACAAAGC
TCTTTCTCAACGGGAATAAACTCACTGATATAAAGCCCCTCACAAACTTGAAAAACTTGGGGTGGCTCTTCTTGGATGAGAACAAAATCAAAGACTTGTCCTCCCTGAAAGACCTCAAAAAATTG
AAATCACTTTCACTCGAGCACAATGGCATTTCTGATATTAACGGACTTGTCCACTTGCCTCAATTGGAGAGTTTGTACCTTGGAAATAATAAGATTACCGATATAACAGTTCTTAGCCGACTGACC
AAGCTCGATACTCTTTCATTGGAAGATAACCAGATTTCAGACATAGTGCCTCTGGCTGGTCTTACCAAACTTCAAAATTTGTATCTCAGTAAGAATCACATATCTGATCTGCGAGCTCTGGCAGGT
CTGAAAAACTTGGATGTCCTTGAGCTCTTTTCCCAGGAGTGTCTGAATAAGCCTATCAATCACCAATCCAACCTCGTGGTACCAAACACAGTTAAAAACACTGACGGCAGTCTTGTAACCCCAGA
AATCATCTCTGATGATGGGGATTACGAAAAGCCAAATGTTAAGTGGCATCTCCCAGAATTTACCAACGAGGTGAGCTTCATTTTCTACCAGCCTGTGACTATTGGGAAGGCAAAGGCTAGATTC
CATGGGAGGGTAACCCAGCCATTGAAAGAGGTGTATACCGTTAGCTATGATGTTGACGGCACAGTGATTAAGACAAAAGTAGAAGCTGGCACTAGAATTACAGCTCCCAAACCACCAACTAAA
CAGGGATATGTCTTTAAAGGTTGGTACACCGAAAAGAACGGTGGTCACGAGTGGAACTTCAACACCGATTATATGAGCGGGAACGATTTCACTCTTTATGCCGTGTTTAAAGCAGAGACCACCG
AGAAGACTGTGAACCTCACTCGCTACGTTAAATATATCCGAGGAAATGCCGGAATTTACAAATTGCCTCGGGAAGATAATTCACTGAAGCAAGGCACCCTCGCAAGTCATAGGTGTAAAGCATT
GACAGTTGATAGAGAGGCTCGGAATGGGGGAAAACTTTGGTATAGGCTGAAGAACATTGGTTGGACCAAAGCAGAGAATCTGAGTCTTGATCGCTATGACAAAATGGAGTATGATAAGGGGG
TGACCGCATACGCTAGGGTGAGAAACGCTAGCGGAAACTCAGTGTGGACAAAGCCATATAACACTGCCGGGGCTAAACACGTCAACAAATTGTCTGTCTATCAAGGAAAGAATATGAGAATAC
TTCGGGAGGCAAAGACACCCATAACCACTTGGTACCAATTCTCTATCGGCGGGAAAGTAATAGGTTGGGTGGATACCCGCGCTCTTAACACTTTTTATAAACAGTCCATGGAAAAGCCCACCCG
CCTGACCCGATATGTTTCTGCCAACAAGGCAGGAGAGTCATACTATAAGGTGCCTGTTGCCGATAACCCAGTTAAACGAGGCACCCTCGCCAAGTACAAAAACCAAAAGCTGATAGTCGACTGC
CAAGCAACTATTGAGGGTCAGCTCTGGTATCGAATACGAACTAGCTCCACCTTCATAGGATGGACAAAGGCTGCCAACCTTAGGGCTCAAAAGtaa GCGGCCGCTATCAGAAAGTGGTGGCTGG
TGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGC
ATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCT
ATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACTGCAG gaattc

CCC UCU GUU CGA AUC UGU CUG UAA ACG AAG ACU GUG UUG ACA CAA GUG AUC GUU GGA GUU UGU CUC CUA GGG UGG UAC UUC CUC UUU GUGUUG GGUGCC UCUUUC AUA ACA AAC UAA AGG CCC GAC CGA UAA UAG
AAG AGA AAC ACC UAA UAG UAA CCC UUG CCG CGG UUU CAA GUC CGG CUC UGU UAG UGA CAA UCG UGA GGG UAUUUU GUC UAU AAA GGU CUA CUA CGG AAA CGA CUU UGUUAA UUUCUG UUAGAA UUC UUC UUUAGU
CAC UGA CUA CGA CAC UGGGUU UUA CUU GAC UUG AGUUAU CUA GUC UAA UAU CGU UUA UUGUCG CUA UAG UUCUCA CAA GUU CCG UAU GUUAUA GAA GGU UUGCAU UGUUUC GAG AAA GAG UUG CCC UUA UUUGAG
UGA CUA UAUUUC GGG GAG UGU UUGAAC UUUUUG AAC CCC ACC GAG AAG AAC CUA CUC UUGUUU UAG UUU CUG AAC AGG AGG GAC UUU CUG GAG UUUUUU AAC UUU AGU GAA AGU GAG CUC GUG UUA CCG UAA AGA
CUA UAA UUG CCU GAA CAG GUG AAC GGA GUU AAC CUC UCA AAC AUG GAA CCU UUA UUA UUC UAA UGG CUA UAUUGU CAA GAA UCG GCU GAC UGG UUC GAG CUA UGA GAA AGU AAC CUU CUA UUG GUC UAA AGU CUG
UAU CAC GGA GAC CGA CCA GAA UGG UUU GAA GUU UUA AAC AUA GAG UCA UUC UUA GUG UAU AGA CUA GAC GCU CGA GAC CGU CCA GAC UUU UUG AAC CUA CAG GAA CUC GAG AAA AGG GUC CUC ACA GAC UUAUUC
GGA UAG UUAGUGGUUAGG UUG GAG CAC CAU GGU UUGUGU CAA UUU UUGUGA CUG CCG UCA GAA CAU UGG GGU CUU UAG UAG AGA CUA CUA CCC CUA AUG CUUUUC GGUUUA CAA UUC ACC GUA GAG GGU CUU AAA
UGGUUGCUC CAC UCG AAG UAA AAG AUG GUC GGA CAC UGA UAA CCC UUC CGU UUC CGA UCU AAG GUA CCC UCC CAU UGGGUC GGUAAC UUUCUC CAC AUA UGG CAA UCG AUA CUA CAA CUG CCG UGUCAC UAA UUC UGU
UUU CAU CUU CGA CCG UGA UCU UAA UGU CGA GGG UUU GGU GGU UGA UUU GUC CCU AUA CAG AAA UUUCCA ACC AUG UGG CUU UUCUUG CCA CCA GUG CUC ACC UUG AAG UUG UGG CUA AUA UAC UCG CCC UUGCUA
AAG UGA GAA AUA CGG CAC AAA UUU CGU CUC UGG UGG CUC UUC UGA CAC UUG GAG UGA GCG AUG CAA UUU AUA UAG GCU CCU UUA CGG CCU UAA AUG UUU AAC GGA GCC CUU CUA UUA AGU GAC UUC GUU CCG UGG
GAG CGU UCA GUA UCC ACA UUUCGU AAC UGUCAA CUA UCU CUC CGA GCC UUA CCC CCU UUUGAA ACC AUA UCC GAC UUC UUGUAA CCA ACC UGGUUU CGU CUC UUAGAC UCA GAA CUA GCG AUA CUG UUUUAC CUC AUA
CUA UUC CCC CAC UGG CGU AUG CGA UCC CAC UCU UUG CGA UCG CCU UUG AGU CAC ACC UGU UUC GGU AUA UUG UGA CGG CCC CGA UUU GUG CAG UUG UUU AAC AGA CAG AUA GUUCCU UUCUUA UAC UCU UAUGAA
GCC CUC CGU UUC UGU GGG UAU UGG UGA ACC AUG GUU AAG AGA UAG CCG CCC UUU CAU UAU CCA ACC CAC CUA UGG GCG CGA GAA UUG UGA AAA AUA UUU GUC AGG UAC CUU UUC GGG UGGGCG GAC UGG GCU AUA
CAA AGA CGG UUG UUC CGU CCU CUC AGU AUG AUA UUC CAC GGA CAA CGG CUA UUGGGU CAA UUU GCU CCG UGGGAG CGG UUC AUG UUU UUGGUU UUC GAC UAU CAG CUG ACG GUUCGU UGA UAA CUC CCA GUC GAG
ACC AUA GCU UAU GCU UGA UCG AGG UGG AAG UAU CCU ACC UGU UUC CGA CGG UUG GAA UCC CGA GUU UUC AUU CGC CGG CGA UAG UCU UUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC
GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGU UGA UGA UUU GAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUUAUU UUUUGU AAA UAA AAG UAA CGA CGA
CGA UAG UCU UUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGU UGA UGA UUU GAC CCC CUA UAA UAC
UUC CCG GAA CUC GUA AAC CUA AGA CGG AUU AUU UUU UGU AAA UAA AAG UAA CGA CGA CGU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU

MKEKHNPRRKYCLISGLAIIFSLWIIIGNGAKVQAETITVSTPIKQIFPDDAF
AETIKDNLKKKSVTDAVTQNELNSIDQIIANNSDIKSVQGIQYLPNVTKLF
LNGNKLTDIKPLTNLKNLGWLFLDENKIKDLSSLKDLKKLKSLSLEHNGISDI
NGLVHLPQLESLYLGNNKITDITVLSRLTKLDTLSLEDNQISDIVPLAGLTKL
QNLYLSKNHISDLRALAGLKNLDVLELFSQECLNKPINHQSNLVVPNTVK
NTDGSLVTPEIISDDGDYEKPNVKWHLPEFTNEVSFIFYQPVTIGKAKARF
HGRVTQPLKEVYTVSYDVDGTVIKTKVEAGTRITAPKPPTKQGYVFKGW
YTEKNGGHEWNFNTDYMSGNDFTLYAVFKAETTEKTVNLTRYVKYIRG
NAGIYKLPREDNSLKQGTLASHRCKALTVDREARNGGKLWYRLKNIGWT
KAENLSLDRYDKMEYDKGVTAYARVRNASGNSVWTKPYNTAGAKHVN
KLSVYQGKNMRILREAKTPITTWYQFSIGGKVIGWVDTRALNTFYKQSM
EKPTRLTRYVSANKAGESYYKVPVADNPVKRGTLAKYKNQKLIVDCQATI
EGQLWYRIRTSSTFIGWTKAANLRAQK*

Supplementary Table 1 ‐ Vaccination plasmid sequence information. All plasmid sequences used for the vaccine formulation production are listed. In short, protein sequences of the selected seven Listeria genes were cloned into a pGEM4z‐plasmid vector (Promega) containing a T7 promoter, 5′ and 3′ UTR of human β globulin, and
a poly(A) tail by Genscript. Column A depicts the plasmid name, column B the BUG number in our collection, column C the antigen gene name(s) and column D shows the plasmid sequence including the HindII/EcoRI restriction sites. Column E depicts the mRNA sequence produced from the T7 transcription start site of the pGEM‐4z
plasmid. For this the Nucleic Acid Converter (https://skaminsky115.github.io/nac/DNA‐mRNA‐Protein_Converter.html) was utilized using the T7 MegaScript kit (not including the Anti‐Reverse Cap Analog (ARCA, Trilink BioTechnologies)). Column F illustrates the original amino acid sequence of the chosen antigens in Listeria
monocytogenes EGD.



pGEM‐4z_FtsI ‐ LMON_1501 BUG099 LMON_1501

aagcttAGACAGACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGAGGATCCCACC ATGAAATTGAATTTCCGAAAGAAAAAGAAAGATAGTACCAAGAAGAAGCGGGCAATC
ATCCCCCTGCGGCTGAACATACTGTTCTTCATCATCTTTATCCTCTTTTCCGTACTGATACTCCGACTTGGCATCGTTCAGATCGTACAGGGCGACACATACAAGAGACAACTGGAAGAGACCGAT
AATGTTACTGTAAGCAAAAATGTTCCACGCGGATCCATTTACGATCGAAACTACAATTTGCTGGTGGGCAATTCCGCTGTAAAGAGTATCACCTATACACGGTCACAGCAGACCCAAACTGCAG
AGACATTGCATGTCGCTCAAACCCTGGAAAAGCTGATTACTGTTGAACCTGAAAAATTGACCGATCGGGACTTGAAAGATTACTGGATTCTGACTCACCAAACAGAATCTCTCAACCGACTTAGC
GCTAAGGAACAAGCACTTGACAGTTCCAAAGCATACAAAATACAAGTGGACAAGGTTACAAAAGAAGATATTGCCTCACTGACTAGCGAAGACCTTAAAGTGGCCACCATTTATAAGAAGATG
ACTACAGGATATGCAATGACTGAATCCGTGGTTAAGAACAAGGACGTTACAGATGAGGAAATTGCTCGGGTGAGCGAAAACATGGATAGTCTCCCCGGAGTCGATACCACAACAGACTGGAAC
CGCTATTATACTTATGACGAAACTCTCAGAAGCATATTGGGGTCCGTATCCACTGCCAAAGAGGGCTTGCCAAAGGATAAGGCTGAGTACTATCTCTCTCAGGGTTATTCAAGGAACGACCGCG
TTGGGAAGTCCTACCTTGAAGCTCAGTACGAAAGCGTACTTGCAGGCAGTAAATCACAGTCCGAATCAGTCCTTGATTCCAAAGGAAATATAATTGAAACCGTTAATAAGTATGAAGGTTCCAA
AGGTAAGGATCTGGTTCTCAGCGTAGACGTCGAGTTCCAGAAAGCTGTGGAGGAAATACTTCAGAAGAACATCAAGCAAGGAAAGCAATACGCCGGTAGTGATCTGTTTGACCGGGCATTTGT
TGTCGCAATGGACCCATATTCAGGTGAGGTGCTTGCCCTCGCTGGGCAGAAACTGAATGACAAAAGCGAGTTCGAAGATTATAGTCTTGGGACTTTCACTACCGCATACGCTATGGGATCAGCC
GTGAAAGGTTCCACTATCCTGGGAGGGATAATGGATGGTGCAATCACAAACAAGACCGTGTTCACCGACCAGCCAATTGTGTTGAAGGGGACAAAACCTAAAAGTTCCTGGTTTAATAGGACT
GGAGCCGGTAATAGACCTCTCGATCCAGTCGGTGCCCTTGAAATCTCCAGTAATTCCTACATGTACCAGGTCGCTATGAAAATGGGTGGAGCCAATTATGTCCCAAATGGACCATTGAGGGCAC
CACTCTCCACATTTGACGATATGAGATACTACTACAACCAGTTCGGATTGGGTGTCAAGACCGGTATTGACCTGCCTGGGGAACAGACTGGCTACAAGGGCGACGATCAAACTATAGGGAAGAT
TCTTGACTTTGCCATTGGTCAATATGATAGTTACACCCCACTGCAAATGGCTCAGTACGTAAGCACCATCGCCAACGGCGGTTCTCGGATAGCCCCCTCAATGGTAAAGGAGATACGCAATCCTA
GTACTAACGGGGATTCTGTCGGTACTCTGGCTACCGCTAACGAACCAAAAGTATTGAACAAGATCGGCGTTAGTGAGAGCGACATTAAAACTGTACAACAAGGATTCTATGAAGTTACACACGG
GAGTACTGGGACCGCTAGAACCGTTTTTACCAGCTCTGACTATGATGTAGCAGGAAAGACCGGAACCGCTGATGCTTTTTACGACGGTCCAAAGGAAGGGAATAAGATGGCCTCTGTATGGAA
TACAACTTTTGTTGGATATGCACCCGTGGAAAAGCCTGAGATCGCTATCTCAGTAGTTGTACCATGGATATATAGGCCATACGGAACAGATCAGAAAACCAACATGAAGATTAGCAAGGAGGTC
TTTGATAAGTATTTTGAGCTCAAAAAGGAGCGCAGCGAGTCAAAAAAAGATACATCTAAGGTCGAGCAGCCTATTAACAACAAGGAGGCTGCAGCTAAGGCTCAGAGCGAACAAACAGAGAAT
taaGCGGCCGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTA
AACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATC
ACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTA
TTTTCATTGCTGCTGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACTGCAG gaattc

CCC UCU GUU CGA AUC UGUCUG UAA ACG AAG ACU GUGUUG ACA CAA GUGAUC GUUGGA GUUUGU CUC CUA GGG UGG UAC UUU AAC UUA AAG GCU UUCUUU UUCUUU CUA UCA UGGUUC UUC UUC GCC CGU UAG UAG
GGG GAC GCC GAC UUG UAU GAC AAG AAG UAG UAG AAA UAG GAG AAA AGG CAU GAC UAU GAG GCU GAA CCG UAG CAA GUC UAG CAU GUC CCG CUG UGUAUG UUCUCU GUUGAC CUU CUC UGG CUA UUA CAA UGA CAU
UCG UUU UUA CAA GGU GCG CCU AGG UAA AUG CUA GCU UUG AUG UUA AAC GAC CAC CCG UUA AGG CGA CAU UUCUCA UAG UGG AUA UGU GCC AGU GUC GUC UGGGUU UGA CGU CUC UGU AAC GUA CAG CGA GUUUGG
GAC CUU UUC GAC UAA UGA CAA CUU GGA CUUUUU AAC UGG CUA GCC CUG AAC UUUCUA AUG ACC UAA GAC UGA GUG GUUUGU CUU AGA GAG UUG GCU GAA UCG CGA UUC CUU GUUCGU GAA CUG UCA AGG UUUCGU
AUG UUU UAU GUU CAC CUG UUC CAA UGU UUU CUU CUA UAA CGG AGU GAC UGA UCG CUU CUG GAA UUUCAC CGG UGG UAA AUA UUC UUC UAC UGA UGUCCU AUA CGU UAC UGA CUU AGG CAC CAA UUC UUG UUC CUG
CAA UGU CUA CUC CUU UAA CGA GCC CAC UCG CUU UUG UAC CUA UCA GAG GGG CCU CAG CUA UGG UGU UGU CUG ACC UUG GCG AUA AUA UGA AUA CUG CUU UGA GAG UCUUCG UAUAAC CCC AGG CAU AGG UGA CGG
UUU CUC CCG AAC GGU UUC CUA UUC CGA CUC AUG AUA GAG AGA GUC CCA AUA AGU UCC UUG CUG GCG CAA CCC UUC AGG AUG GAA CUU CGA GUC AUG CUU UCG CAU GAA CGU CCG UCA UUUAGU GUC AGG CUU AGU
CAG GAA CUA AGG UUU CCU UUA UAU UAA CUU UGG CAA UUA UUC AUA CUU CCA AGG UUU CCA UUC CUA GAC CAA GAG UCG CAU CUG CAG CUC AAG GUC UUU CGA CAC CUC CUU UAUGAA GUC UUC UUGUAG UUC GUU
CCU UUC GUUAUG CGG CCA UCA CUA GAC AAA CUG GCC CGU AAA CAA CAG CGU UAC CUG GGUAUA AGU CCA CUC CAC GAA CGG GAG CGA CCC GUC UUU GAC UUA CUG UUU UCG CUC AAG CUU CUA AUA UCA GAA CCC UGA
AAG UGA UGG CGU AUG CGA UAC CCU AGU CGG CAC UUU CCA AGG UGA UAG GAC CCU CCC UAU UAC CUA CCA CGU UAG UGU UUG UUC UGG CAC AAG UGG CUG GUC GGU UAA CAC AAC UUC CCC UGU UUUGGA UUUUCA
AGG ACC AAA UUA UCC UGA CCU CGG CCA UUA UCU GGA GAG CUA GGU CAG CCA CGG GAA CUU UAG AGG UCA UUA AGG AUG UAC AUG GUC CAG CGA UAC UUU UAC CCA CCU CGG UUA AUA CAG GGU UUA CCU GGUAAC
UCC CGU GGU GAG AGG UGU AAA CUG CUA UAC UCU AUG AUG AUG UUG GUC AAG CCU AAC CCA CAG UUC UGG CCA UAA CUG GAC GGA CCC CUU GUC UGA CCG AUG UUC CCG CUG CUA GUU UGA UAU CCC UUC UAA GAA
CUG AAA CGG UAA CCA GUU AUA CUA UCA AUG UGG GGU GAC GUU UAC CGA GUC AUG CAU UCG UGG UAG CGG UUG CCG CCA AGA GCC UAU CGG GGG AGUUAC CAU UUC CUC UAU GCG UUA GGA UCA UGA UUG CCC CUA
AGA CAG CCA UGA GAC CGA UGG CGA UUG CUU GGU UUU CAU AAC UUG UUC UAG CCG CAA UCA CUC UCG CUG UAA UUU UGA CAU GUU GUU CCU AAG AUA CUU CAA UGU GUG CCC UCA UGA CCC UGG CGA UCU UGG CAA
AAA UGG UCG AGA CUG AUA CUA CAU CGU CCU UUC UGG CCU UGG CGA CUA CGA AAA AUG CUG CCA GGU UUC CUU CCC UUA UUC UAC CGG AGA CAU ACC UUA UGU UGA AAA CAA CCU AUA CGU GGG CAC CUU UUC GGA CU
UAG CGA UAG AGU CAU CAA CAU GGU ACC UAU AUA UCC GGU AUG CCU UGU CUA GUC UUU UGG UUG UAC UUC UAA UCG UUC CUC CAG AAA CUA UUC AUA AAA CUC GAG UUUUUC CUC GCG UCG CUC AGU UUU UUUCUA
UGU AGA UUC CAG CUC GUC GGA UAA UUG UUG UUC CUC CGA CGU CGA UUC CGA GUC UCG CUU GUU UGU CUC UUA AUU CGC CGG CGA UAG UCU UUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGUUCA UAG UGA
UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGU UGA UGA UUU GAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUU AUUUUU UGUAAA UAA AAG UAA CGA
CGA CGA UAG UCU UUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGU UGA UGA UUU GAC CCC CUA UAA
UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUU AUU UUU UGU AAA UAA AAG UAA CGA CGA CGU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU

MKLNFRKKKKDSTKKKRAIIPLRLNILFFIIFILFSVLILRLGIVQIVQGDTYKR
QLEETDNVTVSKNVPRGSIYDRNYNLLVGNSAVKSITYTRSQQTQTAETL
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YYLSQGYSRNDRVGKSYLEAQYESVLAGSKSQSESVLDSKGNIIETVNKYE
GSKGKDLVLSVDVEFQKAVEEILQKNIKQGKQYAGSDLFDRAFVVAMDP
YSGEVLALAGQKLNDKSEFEDYSLGTFTTAYAMGSAVKGSTILGGIMDG
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aagcttAGACAGACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGAGGATCCCACC ATGAAGAAAAGCAAGCTGTTTCTGACCCTGGGTCTTACACTCCTTCTGAGCCTGGTGCT
TGTGGCATGTGGCGGAGGAAGCGATTCAAAAAGTGACAAAAAGGGGAGCGATTCCGGTAAAGCCTCAGGAGAGCAAGTCCTTAACCTTACCGAGAGTGCCCTCATTCCCTCCGCAGATAGCAC
TAAGGCCGACGACCAAGTCGGACTTAATGTCGTAAACCAGACTAACGAGGGACTGTACGCTTTGGATAAAGATGGCATACCCGCAATCGCAGGCGCAGCAGAAGAACCAAAAATAAGCGATG
ACAAAACCGTTTACACAATCAAGCTGAGAGAAGATGCTAAATGGTCTAACGGTGACCCAGTAACAGCTAACGACTACGTTTACAGCTGGCGGCGCGCCGTGGACCCAAATACCGCCGCAACAT
ATTCTTACCTTTTTGACGCCATTAAGAATGGCGGGGACATCGTAGCAGGTAAGAAGAAACCTGAGGAATTGGGAATTAAGGCTGTCGATGACTATACACTCGAAGTGACACTGAGTAAACCCAC
AGCATATATTAACTCACTGTTCGCATTTCCAACTTTTTTTCCCTTGAACGAAAAGTTCGTAACCGAGAAGGGGGAAAAATACGCACAGAATAGTGATAACATGCTCTTCAACGGCCCCTTTGAAC
TCAAGGACTGGACTGGGACAAACAAGAAATGGACATATGTCAAAAACGATAAGTACTGGGATAAAGACAAGGTCAAACTGAAGCAAATCAACGTCCAGGTAGTTCAGGACTCAGGCACCGGG
CTCAACCTGTATAATACAGATAAAGTTGATCGAACAGTACTCTCAGCAGACTACGCCGCTCAGAATAAGAACAACAAGGATTATGTCACCGTAAATGATTCTTCCACATTCTACATTAAATTCAA
CCAAAAACGGGCAGGAAAGGATACCGTATTTGCCAATAAGAATATCCGAAAAGCTATAGCCCTCGCTATAGATAAACAGAGCTATACTGACACTGTGCTCAAAAATGGAAGTAAACCTGCTAAT
AACCTGGTACCAGAGGGCTTTACCTTCGACCCTGGCAATAAGGAGGATTATACCAAGGAGTCCGGAAAACACCTTGAGTACGATGTTAAGGAGGCCCAGAAAGCCTGGAAAGCCGGGCTGAA
GGAGCTTGGGGTTAACGAGATAACAGTTGAGTTCACCTCCGACGATACCGAAAATGCACGCAAATCTAGCGAGTTTATACAGGATCAACTGCAGAAAAATCTTGACGGGCTCACAGTAAAATT
GAAGAACGTACCATTCAAAGTGCGGCTGCAAAACGATCAGAACCAAGATTACGATTTCAGCATGAGTGGGTGGGGTCCTGACTACCAGGATCCTTCAACTTTCCTTGACCTGTTTGTTACCGAC
GGCGCTCAGAACCGAATGTCCTACTCAAACAAAGATTATGATAAGATTCTGAATGATGCTTCAGTCACCTATGCCGCTGACGATCAGAAACGCTGGGATGAAATGGTGAAAGCAGAGAAAATC
CTGCTCACTGATGACGTGGCTATTCAGCCTCTTTATCAAAGGAGTACCGCTTATCTCCAGAAAGATTACATTAAGAATCTTCAAAAGAATCCTTTTGGACCTGATTACACATACAAGGAGACTTAC
CTGACAAaatAAGCGGCCGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGT
CCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCC
CACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATA
AAAAACATTTATTTTCATTGCTGCTGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACTGCAG gaattc

CCC UCU GUU CGA AUC UGU CUG UAA ACG AAG ACU GUG UUG ACA CAA GUG AUC GUU GGA GUU UGU CUC CUA GGG UGG UAC UUC UUUUCG UUC GAC AAA GAC UGGGAC CCA GAA UGUGAG GAA GAC UCG GAC CAC GAA
CAC CGU ACA CCG CCU CCU UCG CUA AGU UUU UCA CUG UUU UUC CCC UCG CUA AGG CCA UUU CGG AGU CCU CUC GUU CAG GAA UUG GAA UGG CUC UCA CGG GAG UAA GGG AGG CGU CUA UCG UGA UUC CGG CUG CUG
GUU CAG CCU GAA UUA CAG CAU UUG GUC UGA UUG CUC CCU GAC AUG CGA AAC CUA UUU CUA CCG UAUGGG CGU UAG CGU CCG CGU CGU CUU CUU GGUUUU UAUUCG CUA CUG UUUUGG CAA AUG UGUUAG UUC GAC
UCU CUU CUA CGA UUU ACC AGA UUG CCA CUG GGU CAU UGU CGA UUG CUG AUG CAA AUG UCG ACC GCC GCG CGG CAC CUG GGU UUA UGG CGG CGU UGU AUA AGA AUG GAA AAA CUG CGG UAA UUC UUA CCG CCC CUG
UAG CAU CGU CCA UUC UUC UUU GGA CUC CUU AAC CCU UAA UUC CGA CAG CUA CUG AUA UGUGAG CUU CAC UGUGAC UCA UUU GGGUGU CGU AUA UAA UUG AGU GAC AAG CGU AAA GGU UGA AAA AAA GGG AAC UUG
CUU UUC AAG CAU UGG CUC UUC CCC CUU UUU AUG CGU GUC UUA UCA CUA UUG UAC GAG AAG UUG CCG GGG AAA CUU GAG UUC CUG ACC UGA CCC UGUUUG UUCUUU ACC UGU AUA CAG UUUUUG CUA UUC AUG ACC
CUA UUU CUG UUC CAG UUUGAC UUC GUU UAG UUG CAG GUC CAU CAA GUC CUG AGU CCG UGG CCC GAG UUG GAC AUA UUAUGU CUA UUU CAA CUA GCU UGU CAU GAG AGU CGU CUG AUG CGG CGA GUC UUA UUCUUG
UUGUUC CUA AUA CAG UGG CAU UUA CUA AGA AGG UGUAAG AUG UAA UUUAAG UUGGUU UUUGCC CGU CCU UUC CUA UGG CAU AAA CGG UUAUUC UUAUAG GCU UUU CGA UAU CGG GAG CGA UAU CUA UUU GUC UCG
AUA UGA CUG UGA CAC GAG UUU UUA CCU UCA UUU GGA CGA UUA UUG GAC CAU GGU CUC CCG AAA UGG AAG CUG GGA CCG UUA UUC CUC CUA AUA UGGUUC CUC AGG CCU UUU GUGGAA CUC AUG CUA CAA UUC CUC
CGG GUC UUU CGG ACC UUU CGG CCC GAC UUC CUC GAA CCC CAA UUG CUC UAU UGU CAA CUC AAG UGG AGG CUG CUA UGG CUU UUA CGU GCG UUU AGA UCG CUC AAA UAUGUC CUA GUU GAC GUC UUUUUA GAA CUG
CCC GAG UGU CAU UUU AAC UUC UUG CAU GGU AAG UUU CAC GCC GAC GUU UUG CUA GUC UUG GUU CUA AUG CUA AAG UCG UAC UCA CCC ACC CCA GGA CUG AUG GUC CUA GGA AGU UGA AAG GAA CUG GAC AAA CAA
UGG CUG CCG CGA GUC UUG GCU UAC AGG AUG AGU UUG UUU CUA AUA CUA UUC UAA GAC UUA CUA CGA AGU CAG UGG AUA CGG CGA CUG CUA GUC UUUGCG ACC CUA CUUUAC CAC UUU CGU CUC UUUUAG GAC GAG
UGA CUA CUG CAC CGA UAA GUC GGA GAA AUA GUU UCC UCA UGG CGA AUA GAG GUC UUU CUA AUG UAA UUC UUAGAA GUUUUC UUAGGA AAA CCU GGA CUA AUG UGU AUG UUC CUC UGA AUG GAC UGUUUU AUU CGC
CGG CGA UAG UCU UUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGU UGA UGA UUU GAC CCC CUA UAA
UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUU AUU UUU UGU AAA UAA AAG UAA CGA CGA CGA UAG UCU UUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG
UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGUUGA UGA UUU GAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUUAUU UUUUGU AAA UAA AAG UAA CGA CGA CGU UUU UUUUUU UUUUUU
UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU UUU

MKKSKLFLTLGLTLLLSLVLVACGGGSDSKSDKKGSDSGKASGEQVLNLTE
SALIPSADSTKADDQVGLNVVNQTNEGLYALDKDGIPAIAGAAEEPKISD
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DKVKLKQINVQVVQDSGTGLNLYNTDKVDRTVLSADYAAQNKNNKDY
VTVNDSSTFYIKFNQKRAGKDTVFANKNIRKAIALAIDKQSYTDTVLKNG
SKPANNLVPEGFTFDPGNKEDYTKESGKHLEYDVKEAQKAWKAGLKELG
VNEITVEFTSDDTENARKSSEFIQDQLQKNLDGLTVKLKNVPFKVRLQND
QNQDYDFSMSGWGPDYQDPSTFLDLFVTDGAQNRMSYSNKDYDKIL
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aagcttAGACAGACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGAGGATCCCACC ATGGTTGTAGGCGATTTTCCTGAAGAGCGCGATACCATAGTCATAGGGGCAGGTCCCG
GAGGCTACGTGGCCGCTATTAGAGCCGCTCAGCTTGGGCAGAAGGTTACAATCATAGAGAAGGAATACTATGGCGGAGTATGTTTGAACGTCGGCTGCATCCCTAGTAAGGCTTTGATTACCAT
TGGTCACCGATTTAAAGAAGCAGGGCACTCCGACAATATGGGAATAACCGCAGATAATGTTAATCTTGACTTCACTAAAGCACAGGAGTGGAAAGGAGGTGTGGTAAATAAGCTCACATCAGG
CGTAAAAGGCCTGCTGAAGAAAAATAAGGTTGAAATGCTCGAAGGCGAGGCATTTTTCGTAGACGATCATAGTTTGCGAGTAATTCACCCTGATAGCGCACAAACTTACACCTTCAATAATGTG
ATTATCGCCACTGGGTCTAGGCCAATTGAGATTCCCGGTTTTAAGTACGGAAAGAGGGTGCTGTCATCAACTGGGGCATTGGCCCTTACCGAAGTACCCAAAAAACTCGTCGTAATAGGAGGGG
GGTACATAGGCACTGAGCTTGGGGGCGCTTTTGCTAACCTTGGGACCGAGCTGACTATACTGGAAGGAGGGCCCGAAATCTTGCCAACTTATGAGAAAGACATGGTCTCACTTGTAAAACGCA
ACCTTAAATCAAAGAACGTAGAGATGGTGACTAAGGCTCTCGCAAAGTCCGCTGAAGAAACCGAAAACGGCGTGAAAGTGACATACGAGGCTAACGGCGAGACTAAGACTATAGAGGCAGAC
TACGTTTTGGTAACAGTTGGCCGCAGGCCCAACACTGATGAGATAGGGCTCGAACAAGCCGGAGTAAAGGTTACAGAAAGGGGGTTGGTGGAAGTCGACAAACAAGGCCGGAGCAATGTGAG
CAATATATTTGCCATCGGAGATATAGTCCCCGGCGTGCCCCTTGCTCATAAGGCCTCTTACGAGGCAAAGATCGCAGCTGAGGCAATAGCCGGAGAAAAAAGCGAAAACGACTATACCGCATTG
CCAGCCGTTGTCTTCAGTGACCCTGAATTGGCAACAGTAGGGCTTACTGAAAAGGAAGCCAAAGAGAAGGGCTTCGACGTTAAGGCTGCCAAGTTTCCATTCGGAGGGAACGGGCGAGCACTG
TCTCTGGACGCTCCCGAGGGATTTGTCCGCTTGGTTACACGAAAAGAAGATGGCCTTGTGATAGGTGCTCAGGTAGCAGGAATGAACGCCTCAGACATAATCTCTGAGATAGGGCTTGCTATCG
AGTCAGGAATAACCGCCGAAGATATAGCATTGACCATACACGCTCATCCCTCTTTGGGGGAGTTGACCATGGAGGCAGCCGAGCTCGCACTTGGCAGGCCAATTCATATGtaa GCGGCCGCTAT
CAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATAT
TATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGCTGCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTT
TCTTGCTGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCCTTGAGCATTTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCTGC
TGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAACTGCAG gaattc

CCC UCU GUU CGA AUC UGU CUG UAA ACG AAG ACU GUG UUG ACA CAA GUG AUC GUU GGA GUU UGU CUC CUA GGG UGG UAC CAA CAU CCG CUA AAA GGA CUU CUC GCG CUA UGG UAU CAG UAU CCC CGU CCA GGG CCU
CCG AUG CAC CGG CGA UAA UCU CGG CGA GUC GAA CCC GUC UUC CAA UGUUAG UAU CUC UUC CUU AUG AUA CCG CCU CAU ACA AAC UUGCAG CCG ACG UAG GGA UCA UUC CGA AAC UAA UGG UAA CCA GUGGCU AAA UUU
CUU CGU CCC GUG AGG CUG UUA UAC CCU UAU UGG CGU CUA UUA CAA UUA GAA CUG AAG UGA UUU CGU GUC CUC ACC UUU CCU CCA CAC CAU UUA UUC GAG UGU AGU CCG CAU UUUCCG GAC GAC UUC UUU UUAUUC
CAA CUU UAC GAG CUU CCG CUC CGU AAA AAG CAU CUG CUA GUA UCA AAC GCU CAU UAA GUG GGA CUA UCG CGU GUU UGA AUG UGG AAG UUA UUA CAC UAA UAG CGG UGA CCC AGA UCC GGU UAA CUC UAA GGG CCA
AAA UUC AUG CCU UUCUCC CAC GAC AGU AGUUGA CCC CGU AAC CGG GAA UGG CUU CAU GGG UUUUUUGAG CAG CAU UAU CCU CCC CCC AUG UAU CCG UGA CUC GAA CCC CCG CGA AAA CGA UUGGAA CCC UGG CUC GAC
UGA UAU GAC CUU CCU CCC GGG CUU UAG AAC GGU UGA AUA CUC UUU CUG UAC CAG AGU GAA CAU UUUGCG UUGGAA UUUAGU UUCUUG CAU CUC UAC CAC UGA UUC CGA GAG CGU UUC AGG CGA CUU CUU UGG CUU
UUG CCG CAC UUU CAC UGU AUG CUC CGA UUG CCG CUC UGA UUC UGA UAU CUC CGU CUG AUG CAA AAC CAU UGU CAA CCG GCG UCC GGG UUG UGA CUA CUC UAU CCC GAG CUU GUU CGG CCU CAU UUC CAA UGU CUU U
CCC AAC CAC CUU CAG CUG UUUGUUCCG GCC UCG UUA CAC UCG UUAUAUAAA CGG UAG CCU CUA UAU CAG GGG CCG CAC GGG GAA CGA GUA UUC CGG AGA AUG CUC CGU UUCUAG CGU CGA CUC CGU UAU CGG CCU CUU
UUU UCG CUU UUG CUG AUA UGG CGU AAC GGU CGG CAA CAG AAG UCA CUG GGA CUU AAC CGU UGU CAU CCC GAA UGA CUU UUC CUU CGG UUU CUC UUC CCG AAG CUG CAA UUC CGA CGG UUC AAA GGU AAG CCU CCC
UUGCCC GCU CGU GAC AGA GAC CUG CGA GGG CUC CCU AAA CAG GCG AAC CAA UGUGCU UUUCUU CUA CCG GAA CAC UAU CCA CGA GUC CAU CGU CCU UAC UUG CGG AGU CUG UAU UAG AGA CUC UAU CCC GAA CGA UAG
CUC AGU CCU UAU UGG CGG CUU CUA UAU CGU AAC UGG UAU GUG CGA GUA GGG AGA AAC CCC CUC AAC UGG UAC CUC CGU CGG CUC GAG CGU GAA CCG UCC GGU UAA GUA UAC AUU CGC CGG CGA UAG UCU UUC ACC A
GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUU UCC AAG GAA ACA AGG GAU UCA GGU UGA UGA UUU GAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC
CUA AGA CGG AUU AUU UUU UGU AAA UAA AAG UAA CGA CGA CGA UAG UCU UUC ACC ACC GAC CAC ACC GAU UAC GGG ACC GGG UGU UCA UAG UGA UUC GAG CGA AAG AAC GAC AGG UUA AAG AUA AUUUCC AAG GAA
ACA AGG GAU UCA GGUUGA UGA UUUGAC CCC CUA UAA UAC UUC CCG GAA CUC GUA AAC CUA AGA CGG AUU AUUUUU UGUAAA UAA AAG UAA CGA CGA CGU UUUUUU UUUUUU UUUUUU UUUUUU UUUUUU UUUUUU
UUU UUU UUU UUU UUU UUU UUU UUU

MVVGDFPEERDTIVIGAGPGGYVAAIRAAQLGQKVTIIEKEYYGGVCLN
VGCIPSKALITIGHRFKEAGHSDNMGITADNVNLDFTKAQEWKGGVVN
KLTSGVKGLLKKNKVEMLEGEAFFVDDHSLRVIHPDSAQTYTFNNVIIAT
GSRPIEIPGFKYGKRVLSSTGALALTEVPKKLVVIGGGYIGTELGGAFANLG
TELTILEGGPEILPTYEKDMVSLVKRNLKSKNVEMVTKALAKSAEETENG
VKVTYEANGETKTIEADYVLVTVGRRPNTDEIGLEQAGVKVTERGLVEV
DKQGRSNVSNIFAIGDIVPGVPLAHKASYEAKIAAEAIAGEKSENDYTALP
AVVFSDPELATVGLTEKEAKEKGFDVKAAKFPFGGNGRALSLDAPEGFV
RLVTRKEDGLVIGAQVAGMNASDIISEIGLAIESGITAEDIALTIHAHPSLG
ELTMEAAELALGRPIHM*



IB: anti-LLO IB: anti-HLA-ABC IB: anti-Tubulin-alpha IB: anti-HLA-DM (DMB)
(low exposure)

IB: anti-STAT1IB: anti-HLA-DR (DRB1)
(high exposure)

IB: anti- HLA-DM (DMB)
(high exposure)

IB: anti-HLA-DR(DRB1)
(low exposure)

Source Data
Supplementary Figure 1 (left panels)

Supplementary Figure 1 (right panels)

IB: anti-Tubulin-alpha IB: anti-HLA-DM (DMB)
(low exposure)

IB: anti-STAT1IB: anti-HLA-DR (DRB1)
(high exposure)

IB: anti- HLA-DM (DMB)
(high exposure)

IB: anti-HLA-DR(DRB1)

IB: anti-HLA-1-ABCIB: anti-LLO

(low exposure)
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