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Figure S1. EspGsmtub complements secretion of a M. marinum AespGs. Secretion analysis of M.
marinum WT, AespGs and AespGs complemented with WT espGsmmar OF €SpGsmeup. Proteins
were visualized by SDS-PAGE and immunoblotting using antibodies against EsxN and PE_PGRS
proteins (ESX-5 substrates), GroEL2 (lysis and whole cell loading control) and EspGs.
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Figure S2. Linker 2 of EccCsmwb affects the macroscopic appearance of M. marinum. Colony
morphology of M. marinum WT, AeccCs and AeccCs complemented with constructs depicted in

Fig. 2B. Strains were streaked on 7H10 agar media supplemented with 10% Middlebrook OADC
(BD Biosciences).
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Figure S3. ESX-5 membrane complex analysis. (A) BN-PAGE and immunoblot analysis of DDM
solubilized cell envelope fractions of M. marinum WT, AeccCs and AeccCs complemented with
constructs depicted as in Fig. 2B. (B) SDS-PAGE and immunoblot analysis of the same set of
samples as in A. Proteins were visualized using antibodies against EccBs, EccCs, EccEs
(membrane proteins forming the ESX-5 membrane complex) and FtsH (membrane protein
loading control).
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Figure S4. Divergence of Linker 2 sequences. (A) Alignment of the linker 2 region from M.
tuberculosis H37Rv EccCs, M. marinum M EccCs and T. curvata EccC. The C-terminal part of
NBD1 and the N-terminal part of NBD2 are highlighted in blue. The sequences that were
swapped between constructs EccCsmmarPmtub and EccCsmtubPmmar (partial linker 2 swap) are
depicted in bold. The sequences that were swapped between constructs EccCsmmarFmtub and
EccComtubFmmar (full linker 2 swap) are underlined. The missing structural feature of the linker 2
inthe T. curvata EccC crystal structure (Rosenberg et al., 2015) is stroked through. (B) Sequence
alignment between EsxB of T. curvata and EsxM from M. marinum and M. tuberculosis.
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Figure S5. Comparison of linker 2 and linker 3. (A) Superimposition of NBD1 (light brown) and
NBD?2 (light blue) from T. curvata (Rosenberg et al., 2015), emphasizing the missing structural
feature in the linker 2 region, in green. (B) linker 2 and linker 3 loop sequences with the adjacent
upstream B-sheet (blue) and downstream a-helix (green). The missing structural feature is
stroked through in the linker 2 sequence.
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Figure S6. Sequence alignment of EccCs of M. tuberculosis H37Rv (C5tub), EccCs of M. marinum

M (C5mar), and EccC of T. curvata (TCO607). The missing features in the crystal structure of T.

curvata EccC are stroked through, including the linker 2 region (Rosenberg et al,,

2015).

Transmembrane domains are highlighted in red and the ATPase domains are highlighted in

blue. Residues in the T. curvata EccC crystal structure that mediate the interaction between

NBD1 and linker 2 and that are important for substrate binding to NBD3 are in red. The

underlined sequence represents the “Full linker 2”, which was swapped between the two EccCs

homologs. The sequence corresponding to the “Partial linker 2” swapped region is depicted in

bold. The alignment was produced using Clustal Omega.
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Figure S7. Alignment of all EccC homologs of M. marinum M and M. tuberculosis H37Rv. Part of
the linker 2 region, which shows no sequence homology and overlaps largely with the missing
structural feature of the T. curvata EccC and the “Partial linker 2 swap” constructs, is
highlighted in grey. the C-terminal part of NBD1 and the N-terminal part of NBD2 are
highlighted in blue. Walker A and B motifs are highlighted in green. The first residue of EccCp1
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is depicted in red. The alignment was produced using Clustal Omega.
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Table S1. List of plasmids used in this study.

-

Plasmid

Features

Source

© N o ok w N = Z

PMV-espGs,iup
PMV-espGs,mar
PMV-eccCospptup
PMV-eccCsppmar
PMV-eccCspmiubFmmar
pMV-eccCsmiunPmmar
PMV-eccCsumarFmiub
pMV-eccCspmarPmtub

hsp60 promotor,
hsp60 promotor,
hsp60 promotor,
hsp60 promotor,
hsp60 promotor,
hsp60 promotor,
hsp60 promotor,
hsp60 promotor,

L5 attP & aph,
L5 attP & aph,
L5 attP & aph,
L5 attP & aph,
L5 attP & aph,
L5 attP & aph,
L5 attP & aph,
L5 attP & aph,

oriE, hyg"
oriE, hyg"
oriE, kan®
orif, kan®
ori, kan®
orif, kan®
orif, kan®

. R
orik, kan

This study
Phan et al., 2017
This study
Ates et al., 2015
This study
This study
This study
This study




Table S2. List of primers used in this study.

Nr. Name Sequence (5'- 3')

1. EsxMtub_Xmnl_F GACTGAAAGAATTCCAT ATGGCCTCACGTTTTAT GAC
2. EspG5tub_Hindlll_R GACTAAGCTTTCATACTCTGCTGTGTGTTTTC

3. EccC5tub_Xmnl_F GACTGAAAGAATTCCAT ATGAAGCGT GGTTTTGCCC
4. EccC5tub_Hindlll_R GACTAAGCTTCTACCGACGCACCTCGG

5. C5tub_Munl.fw CCCGCAATTGTTCACCAACTCATTCAC

6. C5tub_interswap.fw GAAGAAGGCATCCGAGT GCCGAAGGTT GGGACGGT
7. C5_swap_1 FW 69C ATATGGCCGGCAGGGCCGT GCCTATTG

8. C5 swap_1 RV 67C GTCGATCGCGACGGGCTG

9. C5_swap_2_FW 62C CCCGTCGCGATCGACGACTTG

10. C5_swap_ 2 RV 65C CTGATCACCGCGGCCATG

11. C5 mar Tb full domain 1 FW ATCCGGAGGAAAGAATTCCTATTGCCGCAAGGCCCGACG
12.  C5 mar Tb full domain 1 RV GTCGATGCTGACGCCGGGCTGGAAGTAGTCC

13.  C5 mar Tb full domain 2 FW GGCGTCAGCATCGACGGCGA

14. C5 mar Tb full domain 2 RV ACCGGTTGACCAGGTCGTCGATGGCGAC

15. C5 mar Tb full domain 3 FW GACCTGGTCAACCGGTTCCTCG

16. C5 mar Tb full domain 3 RV CGACATCGATAAGCTTTTACTTTCGCACCTCGGTC
17.  C5 mar partial TB interdom 1 RV GAACGAGTTGGTAAACAACTGC GGGCGAATG

18. C5 mar partial TB interdom 2 FW CATTCGCCCGCAGTTGTTTACCAACTCGTTC

19. C5 mar partial TB interdom 2 RV GTACCCACCTTGGGGGTGCGCACCCCCTC

20. C5 mar partial TB interdom 3 FW GCACCCCCAAGGTGGGTACCGTGATC




