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Appendix Figure S1. Identification of L. pneumophila effectors that are predicted
to be members of the YopJ effector family.

A. Superimpositions of the Lpg1949 (residues 6-327), Lpg2538 (residues 25-463), and
Lpg2907 (residues 61-370) models onto the YopJ-like effector, PopP2 (PDB: 5W3T,
residues 81-420), from Ralstonia solanacearum (Zhang et al, 2017) (Top). The zoom-in
panels show the putative active site and residues that form the catalytic dyad or triad.

B. Electrostatic potential of the characterized IP6 binding site (boxed) in the PopP2
crystal structure. The corresponding IP6 sites were boxed on the surface representation
of the following effectors: Lpg1949/Lem16, Lpg2538, and Lpg2907/MavW. The potential

IP6 binding sites were determined by structurally aligning IP6-bound PopP2 with each
effector model.
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Appendix Figure S2. Member of the Lot effector family that potentially diverged in
function.

A. Alignment of the Alphafold model of Lpg2952 onto the molecular structure of the
human OTU3 enzyme.

B. Zoom in on the catalytic triad of OTU3 (sticks in grey) and the corresponding
residues of the Lpg2952 model (sticks in cyan).



TseH (PDB: 6V98)

Appendix Figure S3. L. pneumophila effectors that display structural similarities
to the T6SS effector, TseH, from Vibrio cholerae

Structural alignments of Lpg1387 (residues 1-139 and 359-462), Lpgl1797 (residues 8-
126 and 226-384), and Lpg1909 (residues 1-215) models onto the TseH crystal
structure (PDB: 6V98, residues 22-223) (Hersch et al, 2020). The pop-out is a view of
the potential active site harboring residues that could be involved in catalysis (sticks).
For both effector models, a serine residue (Ser104 and Serl102, respectively)
corresponds to the catalytic glutamate in TseH.
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Appendix Figure S4. Structural similarity between two effectors released by L.
pneumophila the T2SS and T4SS

A. Structural alignment of the Lpg2586 model (navy) onto the crystal structure of T2SS
L. pneumophila effector Lpg2622 (cyan). Inset view of the catalytic residues of Lpg2622

(sticks in cyan) and the corresponding residues of the Lpg2586 model (sticks in navy
blue).

B. Colored representation of the novel hairpin-turn-helix motif in the Lpg2622 crystal
structure (cyan) and Lpg2586 model (navy).
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Appendix Figure S5. Expansion of effectors harboring a metalloprotease domain.

A. Sequence alignment of the metalloprotease motif in L. pneumophila effectors that
were previously identified (Lpg0969/RavK and Lpg2999/LegP) and identified in this
study (Lpg0041, Lpgl667, and Lpg2461).

B-C. Superimposition of Lpg0041 (residues 174-351) with human Adam33 (residues
209-409) (Orth et al, 2004) and Lpg1667 (residues 177-455) with IgA peptidase from
Bacteroides ovatus (residues 159-425). Below is a close view of the potential catalytic
residues (yellow sticks) of each effector model determined by their top structural hit
(grey sticks) from our FATCAT analysis.
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Appendix Figure S6. L. pneumophila effector kinases are the second largest
functional group of effectors in the arsenal

A. Putative protein kinases, B. putative small molecule kinases, and C. putative ATP
grasp fold kinases. For each panel, left = overlay of effector kinase domains (shades of
purple/pink) with a characterized, reference structure from the PDB in grey. Right =
Primary domain architecture, with kinase domain colored in shades of purple/pink and
alpha-helical regions colored grey.
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Appendix Figure S7. Structural overlay of L. pneumophila effector hydrolases

A. Putative effector hydrolases and B. putative effector hydrolases in the SGNH class.
For each panel, left = overlay of effector hydrolase domains (shades of green) with a
characterized, reference structure from the PDB in grey. Right = Primary domain
architecture, with the hydrolase domain colored in shades of green, alpha-helical
regions colored grey, and glycoside hydrolase (GH) domain in Lpg0275/SdbA colored
purple.



Tse6 (PDB: 4ZV0)

Appendix Figure S8. Uncovering a previously unrecognized ADP-
ribosyltransferase fold that lacks residues for catalysis

Structural alignment between Lpg0796 (residues 71-208) and the T6SS effector, Tse6
(residues 318-427), from P. aeruginosa (Whitney et al, 2015), followed by an inset view

comparing the catalytic residues of Tse6 (grey sticks) with the corresponding residues
of Lpg0796 (gold sticks).
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Appendix Figure S9. Identification of L. pneumophila effectors
glycosyltransferase domains

Structural domain architecture of the GT-B domain (pink) in two L. pneumophila
effectors.
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Appendix Figure S10.

Analysis of the expression levels of (A) FLAG-EV, (B) Lpg0275/SdbA fragments, and
(C) Lpg0275/SdbA Full length, (D) Lpg0402/LegA9, (E) Lpg1290/Lem8, (F and G)
Lpgl355/SidG, (H) Lpg1959, (1) Lpg1961, (J) Lpg2050, (K) Lpg2322/AnkK/LegA5, and
Lpg2482/SdbB and their mutants in the S. cerevisiae BY4741 strain. “-” indicates yeast
incubated with dextrose SD media (non-inducing). “+” indicates yeast incubated with
galactose SD media (inducing). FLAG-tagged effector proteins were detected by
immunoblotting with a FLAG-tag specific antibody. S. cerevisiae GAPDH was detected
using a GAPDH-specific antibody for loading control westerns. (A) and (B) were
processed on the same blot. (F) and (G) were processed on separate blots.
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Appendix Figure S11.

- - e |-HA

Assessment of the expression levels of Lpg2523/Lem26 and Lpg2461 and their
respective mutants in the S. cerevisiae BY4741 strain. Yeast cells were grown in either
non-inducing SD media (dextrose, “-”) or inducing SD media (galactose, “+”). An HA-
tag specific antibody was used for the detection of the overexpressed HA-tagged
effector protein in each sample. A GADPH-specific antibody was used in loading control
westerns.
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Appendix Figure S12.

Samples of cryptic domain containing effectors and their respective mutants that were
transformed in the S. cerevisiae BY4741 strain and were grown in dextrose-
supplemented SD media (repressing, “-”) or galactose-supplemented SD media
(inducing, “+”) were analyzed by Western blot using a FLAG-tag specific antibody. The
loading control westerns were performed using a GADPH-specific antibody. (A) FLAG-
EV and Lpgl154/RavQ, (B) Lpgl426/VpdC, (C) Lpgl489/RavX, and (D) Lpg2527/LnaB.
FLAG-EV and Lpg1154 mutants were processed on separate western blots.
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Appendix Table S1. Homologs of Lpg1154/RavQ that are present in other bacterial

species.

Bacteria

Protein Name

Sequence
Similarity to
Lpgll54/Rav
Q (%)

Amino
acid
Boundar
y of the
Unique
fold in
Homolog

Equivalent
Residues of
the Proposed
Active Site of
the
Lpgll54/Rav
Q Unique fold
in Homologs

Aquicella siphonis

AQUSIP_02370

55.5

1-369

GIn155-
His173-
Asn219-
Asp223-
Glu226-
Arg232

Coxiella burnetti

COB66_01075

40.4

89-378

GIn188-
His202-
Asn247-
Asp250-
Glu254-
Arg265

Candidatus
Anoxychlamydiale
S

K1060chlam5_0001
8

29.1

1-306

GIn123-
His137-
Asn184-
Aspl87-
Aspl191-
Arg200

Estrella
lausannensis

ELAC_1467

28.1

19-377

GIn137-
His150-
Asnl194-
Aspl198-
Glu201-
Arg205
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Bacteria Protein Name Sequence Amino Equivalent
Similarity to | acid Residues of
Lpgll54/Rav | Boundar |the Proposed
Q (%) y of the Active Site of
Unique the
fold in Lpgl154/Rav
Homolog | Q Unique fold
in Homologs
Parachlamydia DB43 AA00830 26.6 1-420 GIn117-
acanthamoebae His142-
Asn184-
Aspl87-
Asp191-
Arg199
Waddlia Wcw_1792 20.4 34-297 GIn105-
chondrophila His121-
Asnl75-
Aspl78-
Asp182-
Argl192
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Appendix Table S2. Homologs of Lpg2527/LnaB present in other bacterial species.

Bacteria Protein Name Sequence Amino Equivalent
Similarity to acid Residues
Lpg2527/LnaB | Boundary | of the
(%) of the Proposed
Unique Active Site
fold in of the
Homolog | Lpg2527
Unique
fold in
Homologs
Aquicella siphonis | AQUSIP_08150 21.3 266-623 Ser513-
His557-
Glu561
Candidatus CC99x_00179 24.2 1-368 Ser254-
Berkiella His298-
Glu302
Pseudomonas C4K37_3919 26.7 1-434 Ser374-
chlororaphis His416-
Glu420
Pseudomonas A7J50_5968 26.8 96-328 Ser386-
antarctica His430-
Glu434
Vibrio VIBC2010_01453 21.0 33-487 Serb42-
caribbeanicus His563-
Glu567
Vibrio cholerae ERS013201_03035 |22.1 136-490 | Ser203-
strain A325 His242-
Glu246
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Vibrio cholerae EYB64_18120 23.3 119-490 Ser203-
strain IDH06781 His353-
Glu357
Vibrio MAVP- 22.0 119-471 Ser315-
parahaemolyticus RPIeRC_00038 His354-
Glu358

Appendix Table S3. Primers used for the site-directed mutagenesis of yeast
overexpression constructs of cryptic enzymatic domains.

Effector | Mutatio | Sequence (5'-->3') of Sequence (5'-->3") of | Reference

Gene n Forward Primer Reverse Primer

Ipg0275 | C300A | TGATGGTATGGCTATA | AGGCAGATGTTCTT | This study
GGTGGGGCG AGGG

Ipg0275 | E963A | AAGTGTCATGGCACAA | AAACCACCTCCACG | This study
ATGGCCA GATA

Ipg0275 | E963K | N/A N/A (Urbanus et

al, 2024)

lpg0402 | D19A GCTAAAGGCGCTTTTG | AGTTGAATTAACAC | This study
CTCTG AATTAGC

Ipg0402 | D49NXD | GATTTAGTTAGAGAAA | GTAGAGGTTAAAAC | This study

51N AAACTTCTGATAATAT | CACATTGATATTATC

CAATGTGGTTTTAACC | AGAAGTTTTTTCTCT
TCTAC AACTAAATC

lpg0402 | E92A GCTTTCATTGCCGCAA | CACCACTTCATTATC | This study
ACCGATG TACC

Ipg0402 | D163xD | GTGATCAGCCTAATGT | TGTATTAGAGAATC | This study

165N TTATGAGCATTTTAAC | GTTTTCGTTAAAATG

GAAAACGATTCTCTAA | CTCATAAACATTAG
TACA GCTGATCAC

18




Ipg1290 | C280A | GAGTGGTATGGCCCA | TTTAAACCCATGCC | This study
CGGCTTAGC TGGAAG

Ipg1290 | H391A | GCTATGCTAATAGCAG | GTTTGTGGATAGCA | This study
TTCTGGAGCTGTTGTT | ACAACAGCTCCAGA
GCTATCCACAAAC ACTGCTATTAGCAT

AGC

Ipg1290 | D412A | GTTTCATCATCGACTA | GCATCCAACCTGCA | This study
TTTTGCTGCTAATGCA | TTAGCAGCAAAATA
GGTTGGATGC GTCGATGATGAAAC

lpg1355 GGATGTAGGTGCAGC | CCACCAAAAAATTG | This study
TTCCATTAATATGAAA | CTGATC
TTAC

H57A

Ipg1355 | D158A | TACAGAAGATGCAATG | TTCTGTAATCTTCCC | This study
GTTTGGGAAAG GGC

Ipg1355 | E162A | CATGGTTTGGGCAAG | TCATCTTCTGTATTC | This study
AGAGGGAA TGTAATCTTC

Ipg1355 | C623A | TACCAATAACGCATCA | TGTAAATTGAATTCT | This study
CTTACTTCGATAGAAG | TTTTTTTCTG

Ipg1355 | S624A | CAATAACTGCGCACTT | GTATGTAAATTGAAT | This study
ACTTC TCTTTTTTTTC

Ipg1959 | C321A | GTATGGAATGGCCGG | AGTACAATTTTTTTG | This study
CGGGGCTG TTTTTTTGTC

Ipg1959 | H529A | CCATCACTAATCGCCC | GCGTGTAAAGTTTT | This study
TGTAGATTTAGCCAGT | TTACTGGCTAAATCT
AAAAAACTTTACACGC | ACAGGGCGATTAGT

GATGG
Ipg1961 | D152Nx | CAATATCGTTTTTTATT | GTATTGAAGTAATAA | This study
D154N | TGGATGAAAAC CCGCCCTC

Ipg2050 | K57M TATGTTGTTATGCAAC | TTTAGGAGGCTGGT | This study

CTAGACCAGATAAAG | TTTG
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Ipg2322 | D176A | GAAGAAGACGCTTTG | CAAAGTGTACGAAG | This study
CATAAAG TAGC

Ipg2461 | E130A | TTAATCCATGCAGTCT | TGTTTTGGCAATTTC | This study
GTCATTTTTTAAATTC | TTCAAC

Ipg2482 | C187A | CATCATTTTACAGGGT | TGCAATGCTTGCTC | This study
GATGCCTACGGAGCA | CGTAGGCATCACCC
AGCATTGCA TGTAAAATGATG

Ipg2482 | D273A | CACTTGGGAGCTCAA | TTGAATATGACATTG | This study
ACGCTAG GTAAGG

Ipg2523 | E294A | CCAGGAGCGATTAAA | GTTATCCTGCTGAG | This study
AATGCACGCTCAGCA | CGTGCATTTTTAATC
GGATAAC GCTCCTGG

Ipg2523 | H545A | TAGACCAAATGCTGG | TGAAGAGTTTTATTG | This study
GCTGTCTC TTACC

Appendix Table S4. Primers used in this study for the site-directed mutagenesis of
plasmids that overexpress effectors containing unique folds/domains in yeast.

Effector | Mutation | Sequence (5'-->3') of Sequence (5'-->3") of | Reference

Gene Forward Primer Reverse Primer

lpgl154 | Q151R CAAATGGTTATACCG | GTATTACGCCCCCTG | This study
ATCTTCGGCATGGCA | CCATGCCGAAGATC
GGGGGCGTAATAC GGTATAACCATTTG

lpgl154 | H169A CATAACTATCACTGA | CAATGATGGAGTAAG | This study
AGCCTGTGCTAGCAG | ACTGCTAGCACAGG
TCTTACTCCATCATTG | CTTCAGTGATAGTTA

TG

lpgl154 | H169R CTATCACTGAAGCCT | GATGGAGTAAGACT | This study
GTCGTAGCAGTCTTA | GCTACGACAGGCTT
CTCCATC CAGTGATAG

20




lpg1154

N214R

GGTAGAATTACCTCC
CTTTGTGAGGGATTT
CGATGATATCCTGGA
AAAG

CTTTTCCAGGATATC

ATCGAAATCCCTCAC
AAAGGGAGGTAATTC
TACC

This study

lpg1154

D218R

CCCTTTGTGAATGAT
TTCGATCGTATCCTG
GAAAAGGCTTGCAG

CTGCAAGCCTTTTCC
AGGATACGATCGAAA
TCATTCACAAAGGG

This study

lpg1154

E221R

GTGAATGATTTCGAT

GATATCCTGAGAAAG
GCTTGCAGGAAAAAA
TGC

GCATTTTTTCCTGCA

AGCCTTTCTCAGGAT
ATCATCGAAATCATT

CAC

This study

lpg1154

R225E

GATATCCTGGAAAAG
GCTTGCGAGAAAAAA
TGCTTGGAAATCCTG

CAGGATTTCCAAGCA
TTTTTTCTCGCAAGC
CTTTTCCAGGATATC

This study

lpg1426

R59E

GGAAATTATTTATTTG
ATGATGAAGAGATGA
TTTTGATTTCACTCG
ATTGAG

CGAGTGAAATCAAAA
ATCATCTCTTCATCA
TCAAATAAATAATTTC
CAAG

This study

lpg1426

R66E

GTATGATTTTTGATTT
CACTGAGTTGAGTGA
TTCAAAAAGAGCTTTA
TTTATTG

GCTCTTTTTGAATCA
CTCAACTCAGTGAAA
TCAAAAATCATACGT
TCATC

This study

lpg1426

E106R

GAATATCGAGGTTTC
ACTGCGAGGGTTGCT
TTAAGTTGGTGG

CCACCAACTTAAAGC
AACCCTCGCAGTGA
AACCTCGATATTC

This study

lpg1426

E144R

CAATTATCAGCTGAC
TGGTATTAGAATGTG
TCATGGAAAGCAGGG

CCCTGCTTTCCATGA
CACATTCTAATACCA
GTCAGCTGATAATTG

This study

lpg1426

R184E

TAGCCAAAGTGAGCC
ATTAGGTAATGTTAAA
GAGGTATTCATTACT
GATAAACTGGTTG

CAACCAGTTTATCAG
TAATGAATACCTCTT
TAACATTACCTAATG
GCTCACTTTGGCTA

This study

lpgl426

Y232R

GCTCGTCATAAAGAC
ATGTATGACCGCAGA

CCATTGAAACGTTGC
ATTTTTCTGCGGTCA

This study
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AAAATGCAACGTTTC | TACATGTCTTTATGA
AATGG CGAGC

lpg1489 | E170R CGTAATGGAGTGATG | CGGCATCTTCGTGC | This study
CTTGCTATAAGATTG | AATCTTATAGCAAGC
CACGAAGATGCCG ATCACTCCATTACG

lpg1489 | K254E CTATTTGAGCTAATAC | CATTGTTACCCAGGA | This study
GTTCTGTAGAGGTCC | CCTCTACAGAACGTA
TGGGTAACAATG TTAGCTCAAATAG

lpg1489 | C262R GTCCTGGGTAACAAT | GAGCAATGATAAATA | This study
GGCAGTCGTAAAACT | GTTTTACGACTGCCA
ATTTATCATTGCTC TTGTTACCCAGGAC

Ipg2527 | Y304R TTCCAGTTATATCAAG | CAACCTCACTGTAGC | This study
GAAGGTCGTCACAGC | TGTGACGACCTTCCT
TACAGTGAGGTTG TGATATAACTGGAA

Ipg2527 | H305R TATATCAAGGAAGGT | CACAACCTCACTGTA | This study
TATCGCAGCTACAGT | GCTGCGATAACCTTC
GAGGTTGTG CTTGATATA

lpg2527 | S261A TTGTGGCGTCGCTGG | GTAGGTTGTGCCAG | This study
CTGGCACAACCTAC CCAGCGACGCCACA

A

lpg2527 | T263A GCGTCGCTGTCTGGC | TAAGTGAGTAGGTTG | This study
GCAACCTACTCACTT | CGCCAGACAGCGAC
A GC
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