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Supplementary figure S1. Examples of polymerization mechanisms. (a) A simplified overview of the
chaperone-assisted polymerization of type-I fimbria. Fimbrial proteins are transported to the membrane
in complex with a chaperone that donates a B-strand to an incomplete sheet of the fimbrial protein.
During polymerization the chaperone p-strand is displaced by an N-terminal -strand from a neighboring
fimbrial protein. Note that the B-strand from the fimbrial protein is oriented in the opposite direction of
the chaperone B-strand. The fimbrial protein is depicted in light blue, the chaperone in green and the N-

terminal B-strand in turquoise.

(b) Hypothetical type-V polymerization, version 1. The fimbrial proteins are expressed with an internal
chaperone, the B1-strand, located in the N-terminal domain. A protease cleaves the loop that follows,
creating a new terminus (Nmawre). During polymerization the B1-strand is displaced by Nmawre from a
neighbouring fimbrial protein. Note that the orientation of the donated strand runs in the opposite
direction of the internal chaperone, the B1 strand, similar to the strand arrangement in type-I
polymerization. The fimbrial protein is depicted in light blue, f1 in dark blue, Nmawre in turquoise and

the C-terminus in red.

(c) Hypothetical type-V polymerization, version 2. As above the protein is expressed with an internal
chaperone, B1 that is cleaved off by a protease. During polymerization, the C-terminal B-strand and the
following extended region elongate and form a long donor strand that reaches over both the N- and C-
terminal domain. Note that in this model the displacing -strand runs in the same direction as the internal

chaperone, B1. Coloring as in (b).
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Supplementary figure S2. Structure assisted multiple sequence alignment of proteins building up the
Mfal fimbria performed using PROMALS3D '. The alignment is based on the precursor sequences of
each protein and the mMfal, Mfa2, mMfa3 and Mfa4 (pdb code: S5dhm) structural models. Consensus
secondary structure features are indicated as cylinders (a-helices) and arrows (B-strands) below the
alignment. Amino acids of specific interest are highlighted red (RgpA/B cleavage site), green
(conserved tryptophan), purple (tryptophan interacting residues) and yellow (disulphide forming amino

acids in Mfa2).
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Supplementary figure S3. Structural comparison of the proteins building up the Mfal fimbria. The
structural model of pMfalag (shaft) is superimposed on the structures of (a) mMfal (shaft); (b) Mfa2
(anchor); (c) Mfa3 (tip) and (d) Mfa4 (tip). pMfalae is depicted in black and the other structures are
blended from the N-terminus (blue) to the C-terminus (red). The overlays are shown as Ca-traces in

stereo.
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Supplementary figure S4. Highlighted N- and C-terminal structural features in B-sheet 1. (a) The N-
terminal extension of pMfalag, (b) the final strand of mMfal, (¢) the N-terminal extension of Mfa2,
anchored by a disulphide bond and (d) the N-terminal extension of pMfa3. All N- and C-terminal

structural features are shown as stick models in a 2fo-fc map contoured at 1 in stereo.
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Supplementary figure S5. Structure assisted multiple sequence alignment of Mfal and the related
shaft proteins BovFim3A from B. ovatus (pdb code: 4jrf), P. distasonis BdiFim3A (31iu), B. eggerthii
BegFimlA (4gpv) and FimA from P. gingivalis strain W83 (4q98) performed using PROMALS3D.
Consensus secondary structure features; a-helices (h) and B-strands (e) are indicated below the

alignment.
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Supplementary figure S6. Comparison between pMfalag and structurally related shaft proteins.
pMfalyg is superimposed on (a) fimbrial shaft protein BovFim3A from B. ovatus (b) P. distasonis
BdiFim3A (¢) B. eggerthii BegFim1A and (d) FimA from P. gingivalis strain W83. pMfal 9 is depicted
in black and the other structures are blended from the N-terminus (blue) to the C-terminus (red). The

overlays are shown as Ca-traces in stereo.
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Supplementary figure S7. Structure assisted multiple sequence alignment of Mfa2 and the related
anchor proteins BthFim2B and BthFim3B from B. thetaiotaomicron (pdb codes: 3gf8 and 4qdg) and
BovFim2B from B. ovatus (3pay) performed using PROMALS3D. Consensus secondary structure

features; a-helices (h) and B-strands (e) are indicated below the alignment.
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Supplementary figure S8. Comparison between Mfa2 and structurally related anchor proteins. Mfa2 is
superimposed on anchor proteins from B. thetaiotaomicron (a) BthFim2B and (b) BthFim3B and (c¢) B.
ovatus (BovFim2B). Mfa2 is depicted in black and the other structures are blended from the N-terminus

(blue) to the C-terminus (red). The overlays are shown as Ca-traces in stereo.
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Supplementary figure S9. Structure assisted multiple sequence alignment of Mfa3 and the
structurally related proteins BdiFim1C from P. distasonis (pdb code: 4jg5), BovFim2C from B. ovatus
(3up6), BdiFim1A from P. distasonis (3liu) and FimA from P. gingivalis W83 (4q98) performed using
PROMALS3D. Consensus secondary structure features; a-helices (h) and B-strands (e) are indicated

below the alignment.
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Supplementary figure S10. Comparison between Mfa3 and structurally related proteins. Mfa3 is
superimposed on (a) a tip protein from P. distasonis (BdiFim1C ), (b) a shaft protein from B. ovatus
(BovFim2C), (¢) a fimbrial protein of unknown function from P. distasonis (BdiFim1A ) and (d) the
shaft protein FimA from P. gingivalis W83. Mfa3 is depicted in black and the other structures are
blended from the N-terminus (blue) to the C-terminus (red). The overlays are shown as Ca-traces in

stereo.
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Supplementary figure S11. Construction of +mfal and +mfalAC P. gingivalis strains. Small arrows

indicate the annealing sites of primers. X and N show Xbal and Notl restriction sites, respectively.
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Supplementary figure S12. Construction of +mfalR236A4 and +mfal W554A P. gingivalis strains.
Small arrows indicate the annealing sites of primers. X and N show Xbal and Nofl restriction sites,

respectively



1 2 3 4
. kDa

Mfal = 250
polymer 150

== 100

Supplementary figure S13. Analysis of Mfal denaturation at 42°C. Whole cell lysates were solubilized
in SDS-buffer (containing 2-mercaptoethanol), heated to 42°C for 10 min, separated by SDS-PAGE,
blotted to a PVDF membrane and probed with a polyclonal Mfal fimbriae antibody. Lanes: 1, JI-1; 2,

AmfalAfim; 3, +mfal; 4, +mfalAC.



Construction of +mfa3AC
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ATCC 33277

Cloned in E. coli using a plasmid
DNA sequencing

l

Xbal and Notl digestions were cloned into pTCOWragAP
and transformed into P. gingivalis Amfa3AfimA .

Supplementary figure S14. Construction of +mfa34AC P. gingivalis strain. Small arrows indicate the

annealing sites of the primers. X and N show Xbal and Notl restriction sites, respectively.
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Supplementary figure S15. Construction of Amfa2AfimA P. gingivalis strain. Small arrows indicate the

annealing sites of primers. cat confers chloramphenicol resistance to P. gingivalis.
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Supplementary figure S16. Construction of +mfa2 P. gingivalis strain. Small arrows indicate the
annealing sites of the primers. X and N show Xbal and Notl restriction sites, respectively.
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Supplementary figure S17. Construction of +mfa2C54A4 and +mfa2C285A P. gingivalis strains. Small
arrows indicate the annealing sites of the primers. X and N show Xbal and Notl restriction sites,

respectively.
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Supplementary figure S18. Confirmation of Mfa2 protein expression in mutant strains. Whole cell
lysates were solubilized in SDS-buffer (+2BME), heated at 100°C for 5 min, separated by SDS-PAGE,
blotted to a PVDF membrane and probed with a polyclonal antibody against Mfa2. Lanes: 1, JI-1; 2,
AmfalAfim; 3, +mfal; 4, +mfalAC; 5, Amfa2AfimA (negative control); 6, +mfa2; 7, +tmfa2C544; 8,

+mfa2C285A.
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Supplementary figure S19. Immunoblot analysis of Mfal polymerization under non-reducing
conditions. Whole cell lysates solubilized in SDS buffer (-2BME) were heated to 80°C for 5 min,
separated by SDS-PAGE, blotted to a PVDF membrane and probed with a polyclonal Mfal fimbriae
antibody. Lanes: 1, JI-1; 2, dmfaldAfim; 3, +mfal; 4, +mfalAC; 5, AmfalAfimA; 6, +mfa2; 7,

+mfa2C544; 8, +tmfa2C285A.



Supplementary Table S1: Pairwise structural comparison between Mfal and other fimbrial proteins
building up the Mfal fimbria of P. gingivalis ATCC33277. The structures of Mfal, Mfa2 and Mfa3
and Mfa4 2,

Structure/PDB Z-Score lali nres | r.m.s.d. %
aligned with identity
MfalA9 (shaft)

Shaft mMfal 55.7 470 497 0.4 100
Mfa2, anchor 9.4 211 277 4.5 10
Mfa3, tip 16.3 255 295 3.7 11
Mfa4 (5dhm), tip | 13.6 228 287 34 15

Supplementary Table S2: Pairwise structural comparison between Mfa2 and other fimbrial proteins
building up the Mfal fimbria of P. gingivalis ATCC33277. Statistics were obtained by DAL,

Structure/PDB Z-Score lali nres | r.m.s.d. %
aligned with identity
Mfa2 (anchor)

MfalA9 (shaft) 9.4 211 277 4.5 10
Mfa3, tip 11.8 212 277 4.9 11
Mfa4 (5dhm), tip | 10.3 187 268 4.1 10

Supplementary Table S3: Pairwise structural comparison between Mfa3 and other fimbrial proteins
building up the Mfal fimbria of P. gingivalis ATCC33277. Statistics were obtained by DAL,

Structure/PDB Z-score lali nres | r.m.s.d. %
aligned with identity
Mfa3 (tip)

MfalA9 (shaft) 16.3 255 295 3.7 11
Mfa2 (anchor) 11.8 212 277 4.9 11
Mfa4 (5dhm), tip | 14.4 191 266 2.5 20




Supplementary Table S4. Structural comparison between Mfal and other fimbrial proteins* as
obtained by DALI.

Structure/PDB organism z-score | lali nres rmsd %
aligned with identity
MfalA9

BovFim3A Bacteroides 22.6 325 |1 479 33 22
shaft, 4jrf ovatus

BdiFim3A Parabacteroides | 16.0 262 | 373 3.7 16
shaft, 3liu distasonis

BegFim1 A Bacteroides 14.6 254 | 328 3.8 14
shaft, 4gpv eggerthii

FimA, Porphyromonas | 14.7 256 | 357 34 18
shaft 4998 gingivalis W83

Supplementary Table 5: Proteins structurally related to Mfa2 as obtained by DALI® .

Structure/PDB organism z-score | lali nres rmsd %
aligned with identity
Mfa2

BthFim2B Bacteroides 244 262 | 284 2.7 21
anchor, 3gf8 thetaiotaomicron

BthFim3B Bacteroides 23.2 258 302 3.0 16
anchor, 4qdg thetaiotaomicron

BovFim2B Bacteroides 22.7 260 | 313 2.9 17
anchor, 3pay ovatus

Supplementary Table 6: Proteins structurally related to Mfa3 as obtained by DALI’.

Structure/PDB organism Z-score lali nres rmsd %
aligned with identity
Mfa3 (tip)

BdiFim1C Parabacteroides | 17.8 241 336 3.5 15
tip, 4jg5 distasonis

BovFim2C Bacteroides 17.6 248 324 3.0 12
unknown,3upb | ovatus

BdiFimlA, Parabacteroides | 17.3 246 372 35 15
shaft, 3liu distasonis

FimA, Porphyromonas | 16.7 231 357 2.7 15
shaft, 4998 gingivalis W83




Supplementary Table S7. Primers used in this study.

Primer Sequence (5’-3’) Description of Primer number in
underline supplemental Figs.
Construction of recombinant proteins

mMfalF AAAACCATGGCGGGTGACGGACAGGAT Ncol site
pMfalF AAAACCATGGGTAAAGAGGGCAATGGC Ncol site
MfalR AAAAGGTACCTTAGAGATCAACCTCATA Acc651 site
MfalASR AAAAGGTACCTTACCAAGGCAAAACTGTAAC Acc651 site
Mfa2F AAAACCATGGATAAGATGATTTATGAC Ncol site
Mfa2R TTTTTGGTACCTTAAAGTTCTATTTCGTAACT Acc651 site
pMfa3F AAAATCATGAGAGGAGTTGATCCACAG Pagl site
Mfa3R AAAAAGGTACCCTATTTCTTGATAAAAACTTT Acc651 site

Construction of complemented strains of mfal

Mfal WTxbF TTAATATTAATCCTTTTAAACATTTCTAGAATGAAG  Xbal site 7
TTAAACAAAATGTTTTTG
MfalWTnoR  CACCCTCAAAAAGAAAATTTTACAGCGGCCGCTT  Nod site 8

AGAGATCAACCTCATAGGAATG

MfalACnoR CCCACCCTCAAAAAGAAAATTTTACAGCGGCCGC  Notl site 9
TTAATGAACTTTCCAAGGCAAAACTGTAACC

MfalR236AR  ACCATCGCACGTGCTACAGACGCCTCCACCGTAA  Ala mutation and 10

CCTTGGCCT overlapping region
of MfalR236AR
MfalR236AF AGGCCAAGGTTACGGTGGAGGCGTCTGTAGCACG  Ala mutation and 11
TGCGATGGT overlapping region
of MfalR236AF

MfalW554AR  CACCCTCAAAAAGAAAATTTTACAGCGGCCGCTT  Nof site and Ala 12
AGAGATCAACCTCATAGGAATGAACTTTCGCAGG  mutation
CAAAACTGTAACCTCAA

Construction of Amfa2AfimA

AGUO1 ATGGAGAAAAAAATCACTGGA 1
AGUO02 TTACGCCCCGCCCTGCCACTC 2
Mfa2upF GTCAGGTGCTAATGCTGCCTCG 3
Mfa2upR CCAGTGATTTTTTTCTCCATTGTTTTAAAAAATATA  Overlapping region 4
GAGGG of 5’ end of cat

Mfa2downF GCAGGGCGGGGCGTAAGAGAAAAAAGACCGGTT  Overlapping region 5
CTTC of 3" end of cat

Mfa2downR GGCCATGGCAGTCTGCATATTG 6



Construction of complemented strains of mfa2

Mfa2WTxbF TTCTCCCACCCTCTATATTTTTTICTAGAATGAACA
AACGGAAGCATATGG

Mfa2WTnoR GAAAGCGAGTGAAGAACCGGTCTGCGGCCGCTTA
AAGTTCTATTTCGTAACTATG
Mfa2C54AR ATTTTCGGCAGCCTCAGTCTGAGAATAGAAGTTG

Mfa2C54AF GACTGAGGCTGCCGAAAATCCTTCTTATCCTGCG

Mfa2C285AR  AAGTCATTGATAGCGCGCAAGTTGATATTTTGAGC
ATAC

Mfa2C285AF CAACTTGCGCGCTATCAATGACTTCGATATAAGGT
TGG

Construction of +mfa3AC
cMfa3F ATACACTTCTAGAATGATGCAGCTTAAAAAGAGAT
Mfa3ACnoR CACTCGTTAACAACGAGGCATATAACAAATACTTT

TTCATGCGGCCGCCTAGACCCCTGTTGCATTCAGA
TCCGGGTTATAATAAACCTCC

Xbal site

Notl site

Ala mutation and
overlapping region
of Mfa2C54AF

Ala mutation and
overlapping region
of Mfa2C54AR
Ala mutation and
overlapping region
of Mfa2C285AF
Ala mutation and
overlapping region
of Mfa2C285AR

Xbal site

Notl site

13

14

15

16

17

18

19

20




Supplementary Table S8. Porphyromonas gingivalis strains used in this study.

Strain Genotype and Relevant Description' Reference

JI-1 fimA deletion mutant from ATCC 33277, Cp* 5

KDP98 fimA deletion mutant from ATCC 33277, Em" 6

AmfalAfim mfal and fimA-E deletion mutant, Cp" Em' 7

Amfa2AfimA mfa2 and fimA deletion mutant, Cp" Em' This study

Amfa3AfimA mfa3 and fimA deletion mutant, Cp" Em' 8

+mfal AmfalAfim complemented with intact mfal through This study
pTCOWragAP::mfal, Cp" Em' Tc". A control strain for +mfalAC,
+mfalR236A and +mfal W554A

+mfaldAC AmfalAfim complemented with mfal deleting C-terminal region This study
(SYEVDL), Cp" Em" Tc"

+mfalR2364  AmfalAfim complemented with mfal point mutation R236A, Cp" Em" Tc"  This study

+mfal W5544  AmfalAfim complemented with mfal point mutation W554A, Cp" Em" This study
Tcr

+mfa2 Amfa2AfimA complemented with intact mfa2 through This study
pTCOWragAP::mfa2, Cp" Em" Tc". A control strain for +mfa2 C54A and
C285A.

+mfa2C54A4 Amfa2AfimA complemented with mfa2 point mutation C54A, Cp" Em" Tc®  This study

+mfa2C2854  Amfa2AfimA complemented with mfa2 point mutation C285A, Cp" Em' This study
Tcr

+mfa3 Amfa34fimA complemented with intact mfa3 through 8
pTCOWragAP::mfal, Cp" Em' Tc". A control strain for +mfa34C.

+mfa34C Amfa3AfimA complemented with mfa3 deleting C-terminal region This study

(VPDKVFIKK), Cp* Em* T¢*

2 ATCC, American Type Culture Collection.

' Cp", chloramphenicol resistance; Em’, erythromycin resistance; Tc', tetracycline resistance.
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