Supplementary Information, Redzic et al. (4 Figures, 1 Table)

CLUSTAL O(1.2.4) multiple sequence alignment

G.haemolysans(WP_040464465) MRKYLEEKYNKFSLRKLTVGVCSMTIGSFFLVSTVQPEDYVVKAADNAIVHYKYVGEDNL 60
S.pneumoiae(WP_000417171.1) MEKYFGEKQERFSFRKLSVGLVSATISSLFFMSVLASS--SVDAQETAGVHYKYVADSEL 58
S.oralis(WP_000713080.1) MKKFFGEKQHRFSLRKLAIGLVSASISSLFFVSIASSG--TVFAQENVAVHYKYVTDTEL 58
S.Sanguis(WP_002913590.1) MKKFLGEKQTRFAFRKLAVGLVSAAISSLFFVSIVGVD--SVQAQEKLNVHYKYVTDTEI 58
G.haemolysans(WP_040464465) TDKEKELIKKEVPSVVSSKEETYYLVFKPTKTTQLNKLPNTGLNYGVGSMLLGGM---LG 117
S.pneumoiae(WP_000417171.1) SSEEKKQLVYDIPTYVENDDETYYLVYKLNSQNQLAELPNTGSKNERQALVAGASLAALG 118
S.oralis(WP_000713080.1) SGQEKDLIVKDIPKIAEDSESTYYLVYRMDEKAQLGQLPNTGGQNSLTSVLSGGVLASIG 118
S.Sanguis(WP_002913590.1) TPQEKELIVSGVPRMPEGNEETYYLVYRLNSNAGAKTLPNTGDNNSNTMMAAGLLLTTIG 118
G.haemolysans(WP_040464465) LVVVVVAKGKNKSRKILSILLVTSLGATTLELPARAMEDLQLSVYNMDYNLKVGDKLPEI 177
S.pneumoiae(WP_000417171.1) ILIFAVSKKKVKNKTVLHLVLVAGMGNGV-LVSVHALENHLLLNYNTDYELTSGEKLPLP 177
S.oralis(WP_000713080.1) FLIFVVSKKKGKKKALLKVVLITGMGSGL-ASSVQAIENQLLIQYNQEYQLSQGDSLPLP 177
S.Sanguis(WP_002913590.1) LVVFAVSKRKVQSKFLLTVLVGASVGGGL-ILSVDALENGSLLQYNAEYQVSAGESLPSP 177
G.haemolysans(WP_040464465) SSIPGYSFVGFIKNEAETKKENEEVKEQITSQQHNKKQPELKENTDENVIENKQENKTTL 237
S.pneumoiae(WP_000417171.1) KEISGYTYIGYIKEGKTTSDFEVSNQEKS--—-AATPTKQQKVDYNVTPNFVDHPSTV 231
S.oralis(WP_000713080.1) RALSGYTYLGYIKQDKEINQQ-------r---- ETAARDQKLDYTVQPHFQANEGGQ 222
S.Sanguis(WP_002913590.1) GEISGYTYVGYIKDESIKKLLDNKIPDNQQNANVDKEALNQNKKLDYSVS--------- 227
G.haemolysans(WP_040464465) K ISDKK: EDKKVIE--NINKKD 256
S.pneumoiae(WP_000417171.1) QAIQEQTPVSSTKPTEVQVVEKPFSTELINPRKEEKQSSDSQEQLAEHKNLETKKEEKIS 291
S.oralis(WP_000713080.1) KAGDEQKAPSSTSPADKT IPSQDLS 247

S.Sanguis(WP_002913590.1) FDKNGL 233

G.haemolysans(WP_040464465) EKKVQGVNTVNPQDEVLAGKLTKPELLYSDKIIETPLKYNQIIESNDQLPEGTTRIKQQG 316
S.pneumoiae(WP_000417171.1) PKEKTGVNTLNPQDEVLSGQLNKPELLYREETIETKIDFQEEIQENPDLAEGTVRVKQEG 351
S.oralis(WP_000713080.1) NQKPSGIASVDPQDEVLAGRVNKPELLYKDQEIVTKLDVSEVVQENPELTEGTIHVKQEG 307
S.Sanguis(WP_002913590.1) KNQTVGVNTIEPQDEVLSGRVAKPELLYKETSIETEIAYGEQIQENPDLAEGTVRVKQEG 293
G.haemolysans(WP_040464465) KEGKKTEVIRMFTVEGKEVSRELISTKTEEPVSEIIEKGTKKAVSNVITKGQKLVKPAVE 376
S.pneumoiae(WP_000417171.1) KLGKKVEIVRIFSVNKEEVSREIVSTSTTAPSPRIVEKGTKKTQVIKEQPE--------- 402
S.oralis(WP_000713080.1) RAGKKIELVRIFTVENQEISREVLSTKVEEALPRIVEKGTKKAVVPSEAPQ--------- 358
S.Sanguis(WP_002913590.1) KPGRKIEVVRIFTVDNAEVSREVLSTKIEEATPKIVEKGTKKLEAPSEKPV-------— 344
G.haemolysans(WP_040464465) VKPEYTGVQAGAIVEPVKAEVPKEYTGVQAGAIVEPAKVETPKEY TGVQAGAIVEPAKAE 436
S.pneumoiae(WP_000417171.1) TGVEH KDVQSGAIVEPAIQP 422

S.oralis(WP_000713080.1) SAK 361

S.Sanguis(WP_002913590.1) TSNLVQPEQVAPLPEYTGVQSGAIV-—--- 369

G.haemolysans(WP_040464465) VSKEYTGVQAGTIVEPAKAEVPKEY TGVQAGAIVEPEK-VEPQYGGVTSGALVKPEKIEA 495
S.pneumoiae(WP_000417171.1) ELPEA---VVSDKGEPEVQPTLPEAVVTDKG---ETEVQPESPDTVVSDKGEPEQVAP 474
S.oralis(WP_000713080.1)  =ececeeeees KGKPETQAPLPEYTGEQAGAVVAPETAEKPEYTGTQAGAVVEPEQVAP 409
S.Sanguis(WP_002913590.1)  —-ememecemee EPEQVASLPEYSGTLSGAIVEPEQ-IEPEIGGVQSGAIVEPEQVTP 414
G.haemolysans(WP_040464465) PKEYTGVQAGAVVEPAKAEAPKEYRGVQAGAIVEPEKIESPKEYTGVQAGAVVEPAKAEYV 555
S.pneumoiae(WP_000417171.1) LPEYKGNIEQVKPETPVEKTKEQGPEKTEEVPVKP

S.oralis(WP_000713080.1) LPEYQGTQAGAIVEPEKVEP-EVGGVQSGALVEPE

S.Sanguis(WP_002913590.1) LPEYTGTQAGAVVSPEQVAPLPEYTGTQS GAIVEP-—ecrreemmermeemermemres

G.haemolysans(WP_040464465) PKEYRGVQAGAIVEPEKIESPKEYTGEQSGAIVEPEKVETTKEYTGIQAGALVEPEKVEA 615
S.pneumoiae(WP_000417171.1)  —eeceeereecees TEETPVNPNEGTTEGTSIQEAENPVQPAEESTTNSEKVSPDTSSE 554
S.oralis(WP_000713080.1) TSEKPT--YTGEQSGAIVEPEQVPPTPEYRGTQAGAVVAPETAE- 485
S.Sanguis(WP_002913590.1)  <ereecmeececces AQVTPLPEYTGVQSGAIVKPAQVTPLPEYTGTQSGAIVEPEQV-- 492
G.haemolysans(WP_040464465) " PKEYTGVQAGAIVEPEKVEPPKEYTGVQAGAIVEPEKVEAPKEYTGKIEPLKTENPKPTV 675

S.pneumoiae(WP_000417171.1)
S.oralis(WP_000713080.1)
S.Sanguis(WP_002913590.1)

G.haemolysans(WP_040464465)
S.pneumoiae(WP_000417171.1)
S.oralis(WP_000713080.1)
S.Sanguis(WP_002913590.1)

G.haemolysans(WP_040464465) GEFIGDKSKNTYEWQTPDGQKGSFTSEDIHFYNKKDYPKGFIYDLAVITLPQSTRRQHANEESH
S.pneumoniae_WP_000417171.1 VQP AEETQTNSGK 626
S.oralis(WP_000713080.1) PEYTGTQAGA 516

S.Sanguis(WP_002913590.1) PEYTGSQAGA 525



G.haemolysans(WP_040464465) LVENYSKVNVNDKLNVYGYPRGEYAHLKDTTVEIEQKYANNTYGVQYQGGKAGMSGGGIFRES]

S.pneumoniae_WP_000417171.1 IANENTG-EVSNKPSDSKPPV-EESNQ----------em-—- PEKNGT-------- 657
S.oralis(WP_000713080.1) IVE PEQVTP L PEYTGN 532
S.Sanguis(WP_002913590.1) V] =—— PEQVEPPQ EYTGN 541
G.haemolysans(WP_040464465) N AN e N = e eI REIIEA=RIPN Y DALERHKDEKKDDIKE 915
S.pneumoniae_WP_000417171.1 ATKPEN---S---GN-TTSENG 672
S.oralis(WP_000713080.1) TE---QVKPEA---P--TEK-PKEKPK 550
S.Sanguis(WP_002913590.1) IE---PAAPEA--ENPTEKAQEPKEQ 562
G.haemolysans(WP_040464465) EKQVDKKLELRNISNVELYTLENNKYRHVSSLSSVPTNPEAYFMKVKSENFKDVMLPVKS 975
S.pneumoiae(WP_000417171.1) QTEPEKKLELRNVSDIELYSQTNGTYRQHVSLDGIPENTDTYFVKVKSSAFKDVYIPVAS 732
S.oralis(WP_000713080.1) EKDPEKTLELRNVSDLELYSQTNGTYKQHVSLDGVPSNPDTYFVKVKSSSFKDVYLPVAS 610
S.Sanguis(WP_002913590.1) KQEPEKNIELRNVSDVELYSLADGKYKQHVSLDAIPSNQENYFVKVKSSKFKDVFLPISS 622

&--- linker >
G.haemolysans(WP_040464465) IESARKDNQDVYKIVGQANDLIQHENNITLENYTYYLPKTVNSENGVYTS 1035
S.pneumoiae(WP_000417171.1) ITEEKRNGQSVYKITAKAEKLQQELENKYVDNFTFYLDKKAKEENTNFTS

S.oralis(WP_000713080.1)
S.Sanguis(WP_002913590.1)

G.haemolysans(WP_040464465)
S.pneumoiae(WP_000417171.1)
S.oralis(WP_000713080.1)
S.Sanguis(WP_002913590.1)
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G.haemolysans(WP_040464465) 1155
S.pneumoiae(WP_000417171.1)

S.oralis(WP_000713080.1) 790
S.Sanguis(WP_002913590.1) 802
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G.haemolysans(WP_040464465) 1215
S.pneumoiae(WP_000417171.1)

S.oralis(WP_000713080.1) 850
S.Sanguis(WP_OO2913590 1) 862
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1095

G.haemolysans(WP_040464465) 1275
S.pneumoiae(WP_000417171.1)
S.oralis(WP_000713080.1)
S.Sanguis(WP_002913590. 1)
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< linker

G.haemolysans(WP_040464465)
S.pneumoiae(WP_000417171.1)
S.oralis(WP_000713080.1)

S.Sanguis(WP_002913590.1)
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G.haemolysans(WP_040464465)
S.pneumoiae(WP_000417171.1)
S.oralis(WP_000713080.1)

S.Sanguis(WP_002913590.1)
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1395

G.haemolysans(WP_040464465)
S.pneumoiae(WP_000417171.1)
S.oralis(WP_000713080.1)
S.Sanguis(WP_002913590.1)

Faaak Kk oKk Jkkukk ok L kkkk.kd k.

G.haemolysans(WP_040464465) 1515
S.pneumoiae(WP_000417171.1) 1272
S.oralis(WP_000713080.1) 1150
S.Sanguis(WP_002913590.1) 1162
G.haemolysans(WP_040464465) 1575
S.pneumoiae(WP_000417171.1) 1331
S.oralis(WP_000713080.1) 1209
S.Sanguis(WP_ 002913590 1) 1221
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G.haemolysans(WP_040464465) DLVLYHLDFFGKSNSSALDNVIELGKSGFNNLLAKNNVITYNVLLSKNYGTEGLFKALEG 1635



S.pneumoiae(WP_000417171.1) 1391
S.oralis(WP_000713080.1) 1269
S.Sanguis(WP_ 002913590 1) 1281
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G.haemolysans(WP_040464465) 1695
S.pneumoiae(WP_000417171.1) 1451
S.oralis(WP_000713080.1) 1329
S.Sanguis(WP_002913590.1) 1341
G.haemolysans(WP_040464465) 1755
S.pneumoiae(WP_000417171.1) 1510
S.oralis(WP_000713080.1) 1388
S.Sanguis(WP_002913590.1) 1400
G.haemolysans(WP_040464465) 1813

S.pneumoiae(WP_000417171.1)
S.oralis(WP_000713080.1)
S.Sanguis(WP_002913590.1)
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G.haemolysans(WP_040464465) REIYLGGYGRRSGLGPEF YRET#]
S.pneumoiae(WP_000417171.1) QDIYLGGYGRRNGLGPEFFj[&{y]
S.oralis(WP_000713080.1) QDIYLGGYGRRSGLGPEFFREI]
S.Sanguis(WP_002913590.1) NEIYLGGYGRRSGLGPEFFREY]
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AKGLLQAPDHSYDPTITINSVLKYDDS--ENSTRLQIADPTQRFTNVEDLHNYMHNMFDLEEER)
AKGLLQAPDQPSDATITINSILKHSKSDSTEGSRLQVLDPTERFQNAADLQNYVHNMFDLEISE]
S.oralis(WP_000713080.1) AKGLLQAPDQPSDATITINSILRHSKSDSTEGSRLQILDPTERFQNATDLQNYVHNMFDLEE{E
S.Sanguis(WP_002913590.1) AKGLLQAPDHPDDATITVNSILKYDKNDASEKSRLQVLDPTKRFQNADDLKNYVHNMF DV
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G.haemolysans(WP_040464465)
S.pneumoiae(WP_000417171.1)

IYTLEILEGRAV-AKLDYNEKNDLLRKIENIYKKDP-DGNSVYATNAVRRLTSDEIKNL TREESE]
IYMMEYLEGQSIVNKLSVYQKMAALRKIENKYVKDPADGNEVYATNVVKELTEAEARNLNEEE
S.oralis(WP_000713080.1) IYMLEYLEGQSIVNKLNVYQKMAVLRKIENKYVKDPVDGNEVYATNVVKELTEAEAQKL TIIe¥4:]
S.Sanguis(WP_002913590.1) IYMLEYLEGMSIVNRLSDVQKVNALRKIENKYVRD-ADGNDVYATNVIKNITMADAQKLN 1639
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G.haemolysans(WP_040464465)
S.pneumoiae(WP_000417171.1)

\
G.haemolysans(WP_040464465)
S.pneumoiae(WP_000417171.1)

SFDKLIENDVITRRGYIDQGEYERNGYHTINLFSPIYSALSSKIGTPGDLMGRRMAFEL LAZES)

SFESLIDHNILSAREYQ-SGDYERNGYYTIKLFAPIYSALSSEKGTPGDLMGRRIAY ELLKEIVE]

S.oralis(WP_000713080.1) NFDSLIDHNILSAREYQ-SGDYERNGY YTIKLFAPIFSALSSEKGTPGDLMGRRIAY ELLK[S14

S.Sanguis(WP_ 002913590 1) SFNSLIENDILSAREYK NGDVERNGYHTIKLFSPIYSALSSEKGTPGDLMGRRIAYELL 1698

G.haemolysans(WP_ 040464465) AAKGYKEGMVPYISNQYEKEAKDRGSKIRSYGKEIGLVTDDLVLEKVFNKKYGSWVEFK 2109

S.pneumoiae(WP_000417171.1) AAKGFKDGMVPYISNQYEEDAKQQGQTINLYGKERGLVTDELVLKKVFDGKYKTWAEFKTREI}]
AAKGFKDGMVPYISNQYEEAAKQKGKTINLYGKERGLVTDELVLDKVFEGKYASWAAFKKRIEZYS

S.oralis(WP_000713080.1)
S.Sanguis(WP_002913590. 1) AA KGFKDGMVPYISNQYEDDAKQNGKTISIYGKTRGLVTDDLVLRKVFNGQFNNWTEFK 1758

DMYKERVEQFSKLNRVSFFDPNGPWGRQKNVTVNNISVLEKMIETAVREDAEDF---TAQ 2166
AMYQERVDQFGNLKQVTFKDPTKPWPSYGTKTINNVDELQALMDQAVLKDAEG--PRWSNker44
S.oralis(WP_000713080.1) AMYKERVDQFKNLKQVTFKDPTKPWPSYATKTINSVTELQELMDQAVLQDAVA--PRW SDEE{NS
S.Sanguis(WP_00291 3590 1 ) A MYEERKN KFDSLNKVTFDDTRQPWTSYATKTISTVEELQTLMDEAVLQDANDNWYSWSG 1818
G.haemolysanSONP_O40464465) VYPDTNSRVLKLKKAIFKAYLDQTKDFRTSIFGGK 2201

S.pneumoiae(WP_000417171.1) YDPEIDSAVHKLKRAIFKAYLDQTNDFRSSIFENKKREEX]

S.oralis(WP_000713080.1) [YKPEIDSAVHKLKRAIFKAYLDQTKDFRTSIFKK--Esiie]

S.Sanguis(WP_002913590.1) [YKPEYNSAVHKLKKAVFKAYLDQTKDFRKSIFENQKREERZ!
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G.haemolysansONP_O40464465)
S.pneumoiae(WP_000417171.1)

Supplementary Figure 1. Sequence comparison between four IgA1Ps. Specific regions are color-coded to
match structural figures. These include the conserved LPXTG motif and the G5 domain (gray), the IgA1P NTD1
domain (yellow), the IgA1P NTD? domain (red), the IgA1P MD domain (green), the IgA1P CTD domain (purple),

and the GhTrp (brown). Sequences were aligned with Clustal Omega through uniprot.org.



G.haemolysans(WP_040464465) GIQAGALVEPEKVEAPKEYTGVQAGAIVEPEKVEPPKEYTGVQAGAIVEPEKVEAPKEYT 660
1agj(WP_001065781.1) -----------m--------| EVSAEEIK--KHEEKWNKYYGVNA------- FNLPKELF 30
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G.haemolysans(WP_040464465) GKIEPLKTENPKPTVENNNTAEINNVHOVSENIRRVINTRY (el (el RSl (eisT NI ENIRE 720
1agj(WP_001065781.1) SKVDEK--------------- DRQKYPY---NTIGNVFVKGQTSATG----VLIGKNTVL 68
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G.haemolysans(WP_040464465) [TVARNFINNSADNSTGEFIGDKSKNTYEWQTPDGQKGSFTSEDIHFYNKKDYPKGFIY[BLEEW
1agj(WP_001065781.1) TNRHIAKFANGDPSKVSFRP--SINTDDNGNTETPYGEYEVKE ----- ILQEPFGAGVDL 121
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G.haemolysans(WP_040464465) AVITLPQSTRRQ HANLVENYSKVNVNDKLNVYGYPRGEYAHLKDTTVEIEQKYARRZ
1agj(WP_001065781.1) ALIRLKPDQNGVSLGDKISPAKIGTSNDLKDGDKLELIGYPFDHKVNQMH---RSEIELT 178
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G.haemolysans(WP_040464465) NNTYGVQYQG-GKAGMSIGGGIFNSKGEVIGLHQNGAENRSGG--LILSPTQLDWIRSIIKEER

1agj(WP_001065781.1) TLSRGLRYYGFTVPGNSGSGIFNSNGELVGIHSSKVSHLDREHQINYGVGIGNYVKRIIN 238
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G.haemolysans(WP_040464465)  [f@ElIPNYDALERHKDEKKDDIKEEKQVDKKLELRNISNVELYTLENNKYRHVSSLSSVP 951
1agj(WP_001065781.1) EKNE 242

Supplementary Figure 2. Sequence comparison between trypsin-like domains. Sequence alignment between

the G. haemolysans GhTrp domain (brown) and closest solved structure of Staphylococcus aureus epidermolytic
toxin A (ETA, PDB entry 1agj). The conserved catalytic triad is highlighted (yellow). Sequences were aligned

with Clustal Omega through uniprot.org.
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Supplementary Figure 3. Structural interrogation of the G. haemolysans trypsin-like domain, GhTrp. a) Overlay

of three independently determined models of GhTrp that included SWISS-MODEL (yellow), I-TASSER model
(green), and Rosetta model (orange). b) The catalytic triad of H724, D779, and S850 is shown within the Rosetta
model. c) "®N-HSQC spectra of GhTrp residues 684-896 (red) is shown along with the overlay of the N-terminally
extended construct of GhTrp residues 651-896 (black). d) ’N-HSQC spectra of GhTrp residues 651-891 alone
(black) and with 50 uM (blue) and 100 uM (orange) unlabelled G. haemolysans IgA1P region (residues 907-

2201).
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Supplementary Figure 4. Purification and workflow for cryo-EM data processing for substrate free G.
haemolysans IgA1P. a) Analytical size exclusion chromatography to assess purity of substrate-free G.
haemolysans IgA1P residues 907-2201 together with an SDS-PAGE gel analysis of this single elution peak. b)
Raw cryo-EM micrograph c) Representative 2D class averages of substrate-free G. haemolysans IgA1P
residues 907-2201. d) EM data processing workflow. e) Angular distribution of the final reconstruction. f) Local

resolution map of the final density. g) Density and corresponding model for the active site.
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Supplementary Figure 5. Purification and workflow for cryo-EM data processing for substrate bound G.
haemolysans IgA1P in complex with IgA1. a) Analytical size exclusion chromatography to assess purity of the
G. haemolysans IgA1P residues 907-2201 complex with IgA1 together with an SDS-PAGE gel analysis of the

elution peak indicating the presence of IgA1P, IgA1-HC, and IgA1-LC. b) Raw cryo-EM micrograph c)

Representative 2D class averages of substrate-free G. haemolysans IgA1P residues 907-2201. d) EM data

processing workflow. €) Angular distribution of the final reconstruction. f) Local resolution map of the final density.

g) Density and corresponding model for the active site within the complex.



