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Table S1 M. mulieris adhesin AlphaFold2 structure predictions for individual domains.  

For RMSD calculation, putative isopeptide bond-containing domains were aligned to the major pilin Spy0128 

from Streptococcus pyogenes (PDB ID 3B2M), and putative ester bond-containing domains were aligned to a 

repeat domain from Clostridium perfringens adhesin Cpe0147 (PDB ID 4NI6). The putative adhesin domain 

was aligned to the thioester domain of Enterococcus faecium, TIE86 (PDB ID 6FWY).  

 
Domain 
Identifier 

Amino 
acid range 

RMSD 
(Å) 

No. Cα 
aligned 

Sequence 
identity (%) 

Predicted structure 

    
n/a Met1 - 

Pro472 

n/a n/a n/a no structure predicted 

      
A Ile473 - 

Ser765 

5.33 53/293 9.43 

 
thioester domain† 

1 Ser764 - 

Gly919 

2.92 121/156 16.53 

 
ester 

2 Ser920 - 

Ala1061 

3.11 86/142 9.30 

 
isopeptide 

3 Asp1062 - 

Glu1181 

3.08 95/120 16.84 

 
isopeptide 
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4 Leu1182 - 

Val1330 

3.26 91/149 12.09 

 
isopeptide 

5 Pro1331 - 

Lys1447 

2.09 81/117 16.05 

 
isopeptide 

6 Asp1448 - 

Pro1574 

3.16 90/127 23.33 

 
isopeptide 

7 Lys1575 - 

Asp1694 

3.13 84/120 11.90 

 
isopeptide 

8 Ile1695 - 

Arg1821 

3.68 97/127 6.19 

 
isopeptide 
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9 Lys1822 - 

Thr1940 

2.70 85/119 8.24 

 
isopeptide 

10 Pro1941 - 

Arg2062 

2.12 88/122 14.77 

 
isopeptide 

11 Gln2063 - 

Val2191 

2.39 87/129 14.94 

 
isopeptide 

12 Gln2192 - 

Tyr2308 

2.34 87/117 19.54 

 
isopeptide 

13 Asn2309 - 

Val2430 

3.14 91/122 10.99 

 
isopeptide 
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14 Ser2431 - 

Ile2556 

3.10 86/126 4.65 

 
isopeptide 

15 Pro2557 - 

Arg2682 

3.59 92/126 9.78 

 
isopeptide 

16 Lys2683 - 

Pro2797 

3.15 87/115 5.75 

 
isopeptide 

17 Tyr2798 - 

His2919 

2.52 90/122 10.00 

 
isopeptide 

18 Gln2920 - 

Val3048 

2.67 92/129 11.96 

 
isopeptide 
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19 His3049 - 

Thr3164 

2.56 88/116 20.45 

 
isopeptide 

20 Tyr3165 - 

Pro3294 

3.25 97/130 27.84 

 
isopeptide 

21 Gln3295 - 

Val3422 

3.06 90/128 13.33 

 
isopeptide 

22 Ser3423 - 

Arg3543 

3.60 89/121 11.24 

 
isopeptide 

23 Glu3544 - 

Thr3662 

2.34 97/119 12.37 

 
isopeptide 
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24 Pro3663 - 

Asp3782 

2.00 96/120 22.92 

 
isopeptide 

25 Arg3783 - 

Val3918 

4.73 73/136 6.85 

 
isopeptide 

26 Gln3919 - 

Tyr4032 

2.32 86/114 12.79 

 
isopeptide 

27 Asp4033 - 

Glu4166 

2.78 101/134 27.72 

 
isopeptide 

28 Lys4167 - 

Ile4293 

2.91 87/127 9.20 

 
isopeptide 
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29 Pro4294 - 

Thr4427 

3.62 96/134 10.42 

 
isopeptide 

30 Arg4428 - 

Asp4533 

3.91 47/106 4.26 

 
isopeptide 

31 Ser4534 - 

Gln4676 

2.49 86/143 11.63 

 
isopeptide 

32 Thr4677 - 

Ser4839 

3.34 97/163 5.15 

 
isopeptide 

33 Phe4838 - 

Pro5000 

2.42 109/163 13.76 

 
ester 



 

 

Acta Cryst. (2023). D79,  https://doi.org/10.1107/S2059798323007507        Supporting information, sup-8 

34 Ile5001 - 

Phe5147 

3.84 59/147 16.95 

 
ester 

35 Thr5148 - 

Ser5279 

1.51 106/132 31.13 

 
ester 

36 Pro5280 - 

Thr5428 

1.58 116/149 31.90 

 
ester 

37 Val5429 - 

Asn5553 

1.59 105/125 25.71 

 
ester 

38 Gly5554 - 

Gln5680 

1.70 108/127 27.78 

 
ester 
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39 Glu5681 - 

Pro5826 

2.11 112/146 25.00 

 
ester 

40 Ser5827 - 

Val5956 

1.93 109/130 28.44 

 
ester 

41 Gly5857 - 

Pro6101 

1.56 105/145 28.57 

 
ester 

42 Ser6102 - 

Thr6248 

3.28 81/147 25.93 

 
ester 

43 Ser6249 - 

His6384 

5.63 44/136 9.09 

 
ester 
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44 Asn6385 - 

Lys6541 

2.00 111/157 22.52 

 
ester 

45 Ala6542 - 

Lys6668 

1.88 109/127 30.28 

 
ester 

46 Lys6669 - 

Gln6834 

1.73 106/166 20.75 

 
46E ester domain – X-ray crystal 

structure also determined 
47 Phe6835 - 

Tyr6959 

2.75 82/125 10.98 

 
47I isopeptide domain – X-ray crystal 

structure also determined 
48 Asp6960 - 

Ser7119 

2.39 102/160 23.53 

 
ester 
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49 Ser7120 - 

Tyr7263 

2.91 93/144 12.90 

 
isopeptide 

50 Pro7264 - 

Lys7410 

1.44 112/147 35.89 

 
ester 

51 Leu7411 - 

Thr7544 

1.49 105/134 32.38 

 
ester 

† AlphaFold2 has accurately predicted the expected secondary structure elements of a thioester (TIE) adhesin 

domain (e.g. PDB ID 6FWY), but has not produced the correct 3D fold. 
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Table S2 M. curtisii adhesin AlphaFold2 structure predictions for individual domains.  

For RMSD calculation, putative isopeptide bond-containing domains were aligned to the major pilin Spy0128 

from Streptococcus pyogenes (PDB ID 3B2M), and putative ester bond-containing domains were aligned to a 

repeat domain from Clostridium perfringens adhesin Cpe0147 (PDB ID 4NI6). The putative adhesin domain 

was aligned to the thioester domain of Enterococcus faecium, TIE86 (PDB ID 6FWY).  

Domain 
Identifier 

Amino acid 
range 

RMS
D (Å) 

No. Cα
aligned 

Sequence 
identity (%) 

Predicted structure 
 

      
n/a Met1 - Val421 n/a n/a n/a no structure predicted 

     
     
A Pro422 - 

Gln724 

6.31 48/303 10.42 

thioester domain† 
1 Ile22 - Asn175 2.10 119/15

4 

16.81 

ester 
2 Lys176 - 

Arg304 

3.09 78/129 6.41 

isopeptide 
3 Glu305 - 

Pro340 

2.14 93/126 22.58 

isopeptide 
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4 Ala341 - 

Gln548 

3.15 85/118 8.24 

isopeptide 
5 Lys549 - 

Ala655 

2.99 85/107 20 

isopeptide 
6 Asn656 - 

Tyr771 

2.47 81/116 17.28 

isopeptide 
7 Asp772 - 

Glu905 

3.57 70/133 4.29 

isopeptide 
8 Lys905 - 

Val1034 

2.93 86/130 4.65 

isopeptide 
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9 Pro1035 - 

Glu1158 

3.52 98/124 9.18 

isopeptide 
10 Leu1159 - 

Lys1264 

4.51 59/106 6.78 

isopeptide 
11 Ala1265 - 

Tyr1406 

2.86 88/142 9.09 

isopeptide 
12 Glu1407 - 

Cys1566 

5.02 87/160 5.75 

isopeptide 
13 Phe1567 - 

Gln1731 

1.99 105/16

5 

15.24 

ester 
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14 Trp1732 - 

Tyr1877 

1.64 102/14

6 

22.55 

ester 
15 Thr1878 - 

Tyr2003 

3.70 58/126 12.07 

ester 
16 Asn2004 - 

Pro2161 

1.82 115/15

8 

33.91 

ester 
17 Gly2161 - 

His2296 

1.47 103/13

5 

29.13 

ester 
18 Ser2297 - 

Asn2433 

1.93 108/13

7 

25.00 

ester 
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19 Ser2434 - 

Pro2578 

2.09 111/14

5 

24.32 

ester 
20 Ser2579 - 

Arg2695 

1.56 103/11

7 

26.21 

ester 
21 Val2696 - 

Trp2840 

1.58 104/14

5 

27.88 

ester 
22 Ser2841 - 

Val2966 

1.85 103/12

6 

25.24 

ester 
23 Lys2967 - 

Asp3096 

1.67 114/13

0 

25.44 

ester 
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24 Tyr3097 - 

Asp3244 

1.43 107/14

8 

22.43 

ester 
25 Val3245 - 

Lys3378 

2.03 112/13

4 

25.89 

ester 
26 His3379 - 

Pro3548 

1.77 106/17

0 

21.70 

ester 
27 Glu3549Asn36

74 

2.88 84/126 13.10 

isopeptide 
28 Glu3765 - 

Thr3824 

2.29 103/15

0 

25.24 

ester 
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29 His3825 - 

Val3959 

3.24 95/135 11.58 

isopeptide 
30 Lys3960 - 

Arg4102 

1.93 111/14

3 

25.23 

ester 
31 Pro4103 - 

Pro4239 

1.26 99/138 36.36 

ester 
† AlphaFold2 has accurately predicted the expected secondary structure elements of a thioester (TIE) adhesin 

domain (e.g. PDB ID 6FWY), but has not produced the correct 3D fold. 
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Table S3 V. cambrienseu adhesin AlphaFold2 structure predictions for individual domains.  

For RMSD calculation, putative isopeptide bond-containing domains were aligned to the major pilin Spy0128 

from Streptococcus pyogenes (PDB ID 3B2M), and putative ester bond-containing domains were aligned to a 

repeat domain from Clostridium perfringens adhesin Cpe0147 (PDB ID 4NI6). The putative adhesin domain 

was aligned to the thioester domain of Enterococcus faecium, TIE86 (PDB ID 6FWY).  

Domain 
Identifier 

Amino 
acid range 

RMSD (Å) No. Cα 
aligned 

Sequence 
identity (%) 

Predicted structure 

    
1 Leu19 - 

Thr513 

4.57 49/511 8.16 

 
thioester† 

2 Ala515 - 

Thr652 

2.12 111/138 21.62 

 
ester 

3 Glu653 - 

Lys788 

1.55 107/136 30.84 

 
ester 

4 Lys791 - 

Pro921 

1.59 105/131 27.62 

 
ester 
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5 Pro924 - 

Pro1037 

2.15 87/114 11.49 

 
isopeptide 

6 Gln1039 - 

Glu1146 

3.14 86/108 6.98 

 
isopeptide 

7 Thr1148 - 

Asn1274 

2.95 91/127 14.29 

 
isopeptide 

8 Lys1276 - 

Gln1407 

1.84 97/132 23.71 

 
isopeptide 

9 Leu1409 - 

Ile1545 

3.35 77/137 7.79 

 
isopeptide 

10 Lys1548 - 

Asp1671 

2.89 100/124 17.00 
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isopeptide 
11 Pro1670 - 

Pro1802 

1.20 

1.62 

108/133 25.93 

 
ester 

12 Asn1801 - 

Gly1935 

1.94 

 

110/135 28.18 

 
ester 

13 Pro1936 - 

2069 

1.53 

2.06 

108/134 27.77 

 
ester 

14 Ser2072 - 

Pro2196 

3.25 87/125 10.34 

 
isopeptide 

15 Glu2197 - 

Thr2340 

3.40 

2.02 

106/144 25.47 

 
ester 
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16 Pro2344 - 

Met2469 

3.28 97/126 11.34 

 
isopeptide 

17 Gly2470 - 

Glu2606 

2.05 111/137 34.23 

 
ester 

18 Ala2607 - 

Glu2742 

2.72 

2.22 

104/136 27.88 

 
ester 

19 Lys2745 - 

Lys2873 

2.849 90/129 14.44 

 
isopeptide 

20 Asp2874 - 

Ala3013 

3.62 

1.67 

108/140 25.00 

 
ester 

21 Thr3019 - 

Pro3174 

2.16 

6.46 

49/156 6.12 
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ester 
† AlphaFold2 has accurately predicted the expected secondary structure elements of a thioester (TIE) adhesin 

domain (e.g. PDB ID 6FWY), but has not produced the correct 3D fold. 
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Figure S1 Pairwise sequence alignment between M. mulieris and M. curtisii mega-adhesin. 

Sequences were aligned using Clustal Omega and visualised using MView. 
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Figure S2 Multiple sequence alignment between ester bond domains within M. mulieris mega-

adhesin. Sequences were aligned using Clustal Omega and visualised using MView. 
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Figure S3 Multiple sequence alignment between isopeptide domains within M. mulieris mega-

adhesin. Sequences were aligned using Clustal Omega and visualised using MView. 
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Figure S4 LC-MS/MS analysis of isopeptide bond formation in M. mulieris protein construct 46E-

47I. The 4+ ion (m/z 988.97) representing an isopeptide cross-linked peptide from the tryptic digest 

was collisionally dissociated during LC-MS/MS. Fragment ions labelled in red are derived from the 

peptide IGGTANGSDTVANVEVTAENSFSY, while those in black are from the peptide 

LTKTVTGWEDAFAK, with the largest of the respective b and y series ions shown on the schematic 

of the cross-linked peptide sequences. The asterisk in the red sequence, and in the red b ion series 

peak labels, indicates the presence of a deamidated asparagine residue at position 6. 
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Figure S5 LC-MS/MS analysis of disulfide bond formation in M. mulieris protein construct 46E-

47I. The 3+ ion (m/z 1063.87) representing a disulphide cross-linked peptide from the tryptic digest 

was collisionally dissociated during LC-MS/MS. Fragment ions labelled in red are derived from the 

peptide TVEGIPLGDTCTISEDVQGAVNQAGLK, while those in black are from the peptide CVQK, 

with the largest of the respective b and y series ions shown on the schematic of the cross-linked 

peptide sequences. Doubly-charged fragment ions indicated in parentheses. 

 
 
 
 
 



 

 

Acta Cryst. (2023). D79,  https://doi.org/10.1107/S2059798323007507        Supporting information, sup-38 

 

 

 

Figure S6 LC-MS/MS analysis of ester bond formation in M. mulieris protein construct 46E-47I. 

The 3+ ion (m/z 1159.24) representing an ester cross-linked peptide from the tryptic digest was 

collisionally dissociated during LC-MS/MS. Fragment ions labelled in red are derived from the 

peptide HNDPQSSSQSITAEPQFGSLK, while those in black are derived from the peptide 

KPGVGTYATVDK, with the largest of the respective b and y series ions shown on the schematic of 

the cross-linked peptide.  

 
 
 

b4 y6 
KPGVGTYATVDK 

HNDPQSSSQSITAEPQFGSLK 
b5 y9 
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Figure S7 Comparison of M. mulieris domains 46E-47I crosslinks and exemplar crystal structures.  

a) Overlay of ester bond crosslinks in domain 46E (M. mulieris) and domain 1 of the Cpe0147 

adhesin (PDB 4NI6). b)  Overlay of isopeptide bond crosslinks in domain 47I (M. mulieris) and 

domain 2 of the Spy0128 pilin protein (PDB 3B2M). Hydrogen bonds are shown as dashed lines; 

sequences are numbered for the 46E-47I M. mulieris protein. An integral water molecule is 

highlighted as a red sphere.  
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Figure S8 Structure prediction of the N-terminal thioester (TED) domain of M. mulieris adhesin. a) 
The predicted M. mulieris model (pink) overlaid with the X-ray crystal structure of the class II TED 

from vancomycin-resistant Staphylococcus aureus, SaTIE (yellow; PDB ID 6FX6). b) Zoomed view 

highlighting the predicted intramolecular thioester bond and the conserved TQXXϕW motif. The 

structure was predicted using the AlphaFold2 server. 
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Figure S9 Pairwise sequence alignment between M. mulieris and V. cambriense mega-adhesin. 
Sequences were aligned using Clustal Omega and visualised using MView. 


