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Fig. S1. Conservation of self-interaction within exemplary clusters. Data represent relative 3-Gal activities (GpA = 100%) as measured with the ToxR sys-
tem (dot: median, box: interquartile range (IQR), whiskers: upper/lower quartile with max. 1.5 x IQR). Clusters are sorted in descending order of the average
conservation of their member’s self-interaction. TMDs within each cluster are ordered according to descending similarity to their representative TMD (rp)
from left to right. TMDs used for reference are explained in the text. The results of the PD28 assay that controls for membrane insertion are shown in Fig.
Ss.
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Fig. S2. Control for membrane insertion of the ToxR-TMD-MalE fusion proteins tested for self-interaction in Fig 4 A. After incubation for at least 16 h in
minimal medium containing 0.4% maltose as sole carbon source, the growth kinetics were obtained by measuring the ODg for further 4-8 h and compared
to that of the GpA construct (= 100%). For each representative sequence of the top clusters, the four different orientations were measured (-0 grey, -1 blue, -
2 orange, -3 green). All clones except C25 were considered to express correctly membrane-integrated ToxR proteins since the slope of their growth curves is

at least 50% of GpA.
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Fig S3. Control for membrane insertion of the ToxR-TMD-MalE fusion proteins tested for self-interaction in Fig 4 B. All clones were considered to express
correctly membrane-integrated ToxR proteins since the slope of their growth curves is at least 50% of GpA.
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Fig. S4. Control for membrane insertion of the ToxR-TMD-MalE fusion proteins tested for self-interaction in Fig 5. Each mutated construct was tested. All
clones were considered to express correctly membrane-integrated ToxR proteins since the slope of their growth curves is at least 50% of GpA.
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Fig. S5. Control for membrane insertion of the ToxR-TMD-MalE fusion proteins tested for self-interaction in Fig S1. All clones were considered to express
correctly membrane-integrated ToxR proteins since the slope of their growth curves is at least 50% of GpA.
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Fig. S6. Correlating TMD-TMD interaction to membrane insertion. The measured median B-Gal activities (taken from Figs. 3, 4, and S1) are plotted against
the respective PD28 growth kinetics reflecting membrane insertion (taken from Figs. S2 - S5). Note that TMD affinity is not dependent on the slightly dif-
ferent levels of membrane integration observed with the ToxR/TMD/MalE hybrid proteins used in this study.
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Table S1. Experimental parameters of TMD-TMD interaction

Cluster Most prevalent functional annota- ToxR Orientation- Maximal Known interaction® Functionally rele-
tion® medi- dependence’ impact of vant HOryp®
an® mutations?

Cl15 Sialic-acid-binding Ig 135.6 0.71 0.79 HOEXx [1] Unknown
C28 Armadillo-repeat containing 102.4 0.71 0.44 Unknown Unknown
Cl12 HLA class II a chain 93.9 0.70 0.37 HEg [2, 3] Unknown
C6 No prevalent annotation 91.0 0.34 - - -
Cl Protocadherin 85.1 0.14 0.63 HOrwmp/ex [4] Yes [4]
C24 Transm. protein 132 family 82.9 0.35 - Unknown Unknown

. HOmwp [5-9], Controversial
C5 Integrin o 81.6 0.41 - HEmp [, 9-11] [8, 12-14]

. HOmp [5-9], Controversial
Cle6 Integrin o 81.5 0.09 0.09 HEmyn [5, 9-11] [8, 12-14]
C22 SLIT and NTRK like protein 78.3 0.21 - Unknown Unknown
Cl4 Leukocyte Ig 78.2 0.16 0.16 HOgx [15] Unknown
C8 Contactin-associated protein-like 77.1 0.27 0.60 HEE, [16, 17] Unknown
C30 Kin of IRRE-like protein 3 74.5 0.15 0.24 Unknown Unknown
Cl10 UDP guanosyltransferase 71.9 0.33 - HOg, [18] Unknown
c27 Fibronectin domain containing 70.9 0.19 - HOgy , HEg, Unknown
Cl18 Ion transport regulator 69.4 0.14 - HEE, Unknown
C20 HLA class II B chain 69.0 0.13 0.34 HEE, [2, 3] Unknown
C31 No prevalent annotation 67.4 0.08 - - -
C29 Desmoglein 67.4 0.12 - Unknown Unknown

. HOrwp [5-9], Controversial
C7 Integrin 67.3 0.36 - HEyp [5, 9-11] [8, 12-14]
C2 HLA class I o chain 67.2 0.19 0.14 HEgx [2, 3] Unknown
C34 Lysosome associated protein 66.8 0.13 0.18 HEE Unknown

. HOmwmp [19-21],

C26 VAMP/Synaptobrevin 66.5 0.54 0.11 HEn [22-24] Yes [25, 26]
C11 Phospholipase 61.4 0.66 - HEg, Unknown
C23 CMRF35-like molecule 60.5 0.30 - Unknown Unknown
C13 Syntaxin 56.9 0.11 - HOrwmp [22], HErmp [23] Yes [27]
C21 Nesprin 56.5 0.26 - HEE, Unknown
C9 Ig-like receptor 54.6 0.07 - Unknown Unknown
C35 Tyrosine-protein phosphatase 54.5 0.08 - HEgx Unknown
C19 Leucine-rich repeat containing 473 0.21 - Unknown Unknown
C17 Neuropilin 45.5 0.13 - Unknown Unknown
C3 Cadherin 45.2 0.14 - HOtmpex [28, 29] Yes [28]
C33 GRAM domain containing 43.8 0.12 - Unknown Unknown

# Most prevalent function of cluster members as annotated in UniProtKB.

® The median B-Gal activity measured for the representative TMD in % of GpA. In case of strong self-interaction (> AZ2), the value is underlined. Clusters are ordered in descend-

ing order of B-Gal activity.

¢ A value describing the orientation-dependence of interaction (subtracting the minimal-to-maximal-ratio of median B-Gal activity of the four orientations of the representative

TMD from unity yields a value between 0 and 1; 1-(activitymin/activityma)). Values signifying strong orientation-dependence (> 0.4) are underlined.

4 Maximal impact of point mutations of the representative TMD (calculated from the modulus of the mutated-to-wild-type-ratio of median p-Gal activity minus one for the muta-
tion with the most impact on B-Gal activity; |(activitymutan/activityyiig-ype)-1[). In case the TMD was denoted as mutation-sensitive (> 0.3) the value is underlined. - = not deter-

mined.
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¢ Homotypic (HO) and/or heterotypic (HE) interaction mediated by either the TMD or extramembranous domains (Ex) as described in the literature.

f Functional relevance of homotypic interaction mediated by the TMD as described in the literature.

Table S2. Selected clusters for the comparison of relative affinities within clusters.

Cluster Conserved Functional ToxR median © Orientation- Members ¢ Nf Average vari-
motif? diversity dependence ¢ ance ®
C3 GxxXxA 16 452 0.14 19 5 7.1
Cc9 - 18 54.6 0.07 11 4 7.4
C12 GxxxG 22 93.9 0.70 9 4 12.0
C8 GxxxA 55 77.1 0.27 11 3 13.3
C31 SxxxG 80 67.4 0.08 5 3 15.1
Cc7 GxxxG 83 67.3 0.36 12 5 19.5
C30 GxxxG 60 74.5 0.15 2 24.7
C15 - 13 135.6 0.71 8 2 34.9

? Putative interaction motif conserved in the TMD alignment.
® The percentage of proteins in the cluster which differ from the main functional annotation in UniProtKB.
¢ The median B-Gal activity measured for the representative TMD in % of GpA.

4 A value describing the orientation-dependence of interaction (subtracting the minimal-to-maximal-ratio of median B-Gal activity of the four orientations of the representative
TMD from unity yields a value between 0 and 1; 1-(activitymin/activitymax))-

¢ The number of unique TMDs in the cluster.
" The number of TMDs whose relative affinity was compared to the representative TMD of the cluster.

€ Average variance of median B-Gal activity of TMDs measured for this cluster as percentage of the median of B-Gal activity of the representative TMD.
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Table S3. Homologous proteins within top clusters

Cluster Most repre- Homologs *
sentative *
Q9Y5H1; Q9Y5I1; Q9Y5H8; Q9YS5F3; QO9Y5H9; QOUN66; Q96TAO0; Q9YS5GO0; Q9YSELl; Q9YS5H2;

Cl1 Q9UN71 Q9Y5G2; Q9Y5E8; Q9Y5I3; Q9Y5GL; QO9Y5E2; Q9Y5G3; Q9Y5G6; QO9UNT75; 060330; Q9Y5G8;

QO9Y5H0; Q9Y5G9; Q9YSH5; Q9Y5H4; QO9H158; Q9YS5I4; Q9Y5G4; Q9Y5E7
Q29865; P30504; P01893; P18462; P13747; Q09160; P30443; Q31612; Q9TNN7; P30499;

C2 P01892 pP28827; P10321; P17693; P10314; P30511; P01889; P30453; 015223; P30464; P30512;
P30485

3 09ULBS Q13634; P55283; P55285; P12830; P22223; P33151; Q9HBVZ; QO9Y6N8; Q9ULB4; Q9UJ99;
P55291; 075379; P55287; P55289; Q86UP0; P19022; Q13683; Q9HBT6

cs P78310 P29323; Q13349; P20702; Q9BQS2-2; 075578; P20701; P17301; QOUIW2; P11215; P51805;
Q9UKX5; P38570; 060939; 060830

cé O6UWB1L Q96A28; Q07954; Q1l4761; QO9BUF7; Q5VSK2; 014638; 043557; P00533; P58335; Q9BY79;
Q8N423; P50281; 075325; Q9HC1O

7 08N967 060235; Q9BYF1; Q9H6B4; P13688; Q8IVYl; P26010; P02724; 060245; P05556; P15144;
008174

C8 Q9BZ76 Q96NUO; P25189; Q9UHC6; Q8WYK1; Q8N3J6; Q8N126; Q8NFZz8; Q8IWT1l; Q9COAO0; Q9BY67

C9 P43629 075022; Q8NHJ6; P43628; Q08345; Q6GTX8; Q8NHL6; 075023; P43630; Q8N109; P09958

C10 075310 Q6UWMY9; 075795; P06133; Q9HAWS; P1l6662; P54855; Q9BY64; Q9Y4X1l; P36537

Cl1 Q672V29 Q9HD43; Q62V29-2; QONWW9; Q86YL7; Q9HBB8; P40198; P40198-3; Q99795; Q86YL7-2

Cl12 P01908 Q8NHYO; P28067; P01907; P06340; P20036; Q8NHYO-2; P01903; P01909

C13 Q9H1U4 Q19T08; 043451; 014662; P32856; Q9UBN6; Q13277; P16234

Cl4 Q8IYS5-2 P59901; A6NI73; Q8N149; 075019; 076036; P24071; Q6PI73

Cl15 Q9Y286 Q9NYZ4; Q96RL6; 015389; Q96LC7; P20138; Q96PQ1l; Q9Y336

Cl6 P56199 P08648; P23229; P06756; Q58EX2; P53708; P08514; P26006

C17 Q8NC67-2 Q8NC67; Q8TDF5; Q9POK1l; P57087; Q30201; P32004; Q9H3R2

C18 P54710 014802-2; 000168; Q9HO0Q3; P58549; 014118; Q96DB9; Q14802

C19 P34810 Q96QE4; A6NMS7; A6NNO04; Q5BVDl; Q147U4; 060309

C20 P13765 P04229; P13762; P01919; P04440; P01918

C21 Q8NF91 Q67ZMZ3; Q8WXHO; Q6P9G4; Q8WXHO-4

C22 Q8IW52 Q9HS5Y7; Q96PX8; 094991; Q9H156; 094933

C23 Q9UGN4 013444; Qle6671; A2A2VS5; Q8TDQl; Q9UBQ6

C24 Q14DG7 Q14C87; Q24JP5; Q8N3T6; Q6IEE7

C25 Q014954 Q8N743; Q14943; Q14952; P43626

C26 P23763-3 P23763-2; P23763; QY9HCLO; P63027

C27 Q6PJIGY Q96NI6; Q9ULH4; Q9P244; Q9BTNO

C28 Q7L4s7 Q9UH62; Q8N2F6; Q7L311; Q5HI9R4

C29 Ql4126 Q086SJ6; P16581; P32926; Q02413

C30 Q8IZU9 Q8IZU9-2; Q7Z419; Q8IY17; Q8IY17-2

C31 Q8IUNI Q96NF6; Q8N292; P07306; Q10589

C33 P32856-2 Q3KR37-3; Q3KR37; Q8IYS0; Q96CP6-2

C34 Q6UXC1 P13473; Q6V0I7; P11279; P23471

C35 015262 092729; P52799; P55285-2; 014522

# UniProt KB identifiers
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