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860

861 Supplementary Figure 3 (related to Figure 3). Establishing a construct-specific scoring threshold.

862 For each assay and expression construct, boxes and whiskers for the quantitative scores of inter-complex pairs
863 are shown (displayed are the median, lower and upper hinges showing 25™ and 75" percentiles, lower and upper
864  whiskers extending from the hinges with 1.5x the inter-quartile range). Individual scores are indicated by small grey
865 dots. The horizontal red lines indicate the cutoffs applied for each construct. Constructs written in red on the x-axes
866 showed no detectable expression. Scores of inter-complex pairs differentiated by individual constructs for LuTHy-
867 BRET (A,B), LuTHy-LuC (C,D), and mN2H (E,F) assays. Each protein pair was tested in every possible
868 configuration (i.e. C-C, C-N, N-C, N-N), and each protein was also tested as donor (A, C) and acceptor (B, D) in
869 LuTHy, or as F1 (E) and F2 (F) NanoLuc fusions in mN2H. The (+) indicates the N- or C-terminal tagging

870  configuration of the indicated protein.
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872 Supplementary Figure 4 (related to Figure 3). Mapping interactions within multiprotein complexes using

873  the LuTHy-BRET and LuTHy-LuC assays.

874 Results of the all-by-all interaction screen with the LuTHy-BRET and LuTHy-LuC assays for the selected
875 multiprotein complexes. Each protein pair was tested in every possible configuration (i.e. C-C, C-N, N-C, N-N), and
876 each protein was also tested as donor and acceptor. In the pie charts, the top panels show the recovery rates of
877 intra-complex pairs within the LAMTOR, MIS12 and BRISC complexes, while the bottom panels show the recovery

878  rates of all intra-complex and inter-complex pairs.
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880 Supplementary Figure 5 (related to Figure 3 and 4). Summary of the direct interactions and indirect

881 associations detected by different approaches.

882 Detected direct interactions (A) and indirect associations (B) by the LuTHy and mN2H binary PPI assays, and by
883 AP-MS-based (BioPlex) techniques. The percentage (%) at the end of each row represents the fraction of protein
884  pairs recovered (for LuTHy and mN2H: at a threshold where no inter-complex pair is scored positive). LuTHy +
885 mN2H union summarizes the LuTHy and mN2H results. Published reference data from the AP-MS BioPlex dataset
886 are shown. Structural biology data were used to define direct interactions and indirect associations. (C) Recovery
887 and classification of structurally defined indirect associations as true indirect associations or as direct interactions

888  for BioPlex, LuTHy and mN2H.
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Supplementary Figure 6 (related to Figure 4). Quantitative scores for direct interactions and indirect

associations according to the tested tagging configurations.

Heat maps of all intra-complex protein pairs in the LAMTOR, MIS12 and BRISC complexes, differentiated by
tagging configurations for LuTHy-BRET (A-C), LuTHy-LuC (D-F) and mN2H (G-l). The range of quantitative scores
is depicted from smaller, or equal to zero (white) to maximal (orange, purple or green for LuTHy-BRET, LuTHy-

LuC or mN2H, respectively) values. A “+” symbol indicates a direct interaction, a “-” symbol an indirect association,

and an empty cell a separate homodimer interaction.
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898 Supplementary Figure 7 (related to Figure 4). Correlation between the LuTHy and mN2H quantitative

899 scores and the structural properties of the analyzed complexes.

900 Correlation between the interaction interfaces between proteins and the cBRET (A), cLuC (B), and mN2H (C) ratios
901 for the corresponding PPIs. Correlation between the total surface areas of interacting proteins and the cBRET (D),
902 cLuC (E), and mN2H (F) ratios. Correlation between the molecular distances (A) of the tagged protein termini and
903  the cBRET (G), cLuC (H), and mN2H (1) ratios of the corresponding PPls. Pearson correlation coefficients (R) with
904 p-values are displayed. (J) Box plots of the molecular distances (A) between the tagged protein termini for the
905 detected direct interactions (transparent green) and indirect associations (red) in the LuTHy-BRET, LuTHy-LuC
906 and mN2H assays (displayed are the median, lower and upper hinges showing the 25™ and 75™ percentiles, lower

907 and upper whiskers extending from the hinges with 1.5x the inter-quartile range).
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909 Supplementary Figure 8 (related to Figure 4). Protein sequence coverage and molecular distances between

910 subunits of the studied complexes used to generate the cBRET-distance standard curve.

911 (A) Relative distribution of structure-based distances for direct interactions within the LAMTOR, BRISC and MIS12
912  complexes, as well as in the hsPRS-PDB PPIs. (B) Proportion of directly interacting proteins reported in the 3D
913 structures that contain, on average, more (white) or less (green) than 75% of the full-length protein sequences. (C)
914 Correlation between the cBRET ratios and the molecular distances for the 44 protein pairs where at least six
915 tagging configurations out of the eight tested are scored positive in LuTHy-BRET, and for which the respective
916 tagged protein termini are structurally resolved. Goodness of the sigmoidal regression fit is indicated on the graph
917 (R = -0.58). (D) 3D structure of the DR1-DRAP1 interaction where molecular distances between the last amino
918 acids of the structurally solved proteins are indicated in red. The dotted blue lines indicate the protein fractions that
919  are not structurally resolved (DRAP1 C-terminus). Unknown molecular distances between the missing termini in
920  the 3D structure are indicated by dotted purple lines. (E) cBRET ratios for the DR1-DRAP1 interaction are plotted
921 against the structure-based molecular distances. Tagging configurations are colored by N-N (grey), C-C (green),

922 N-C (purple) or C-N (yellow). Each data point on the graph is labeled (framed text) according to the tested tagging
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923 configuration: the protein indicated first is tagged with NanoLuc (NL) luciferase, while the second protein is tagged
924 with PA-mCitrine (PA-mCit) (e.g. DR1+DRAP1 (N-N, grey) corresponds to NL-DR1/PA-mCit-DRAP1). Tagging
925 configurations where tags are fused to the structurally unresolved termini in the current 3D structure for one of the
926  two proteins are outlined in red (e.g. DR1+DRAP1 (N-C, purple) corresponds to NL-DR1/DRAP1-mCit-PA). (F)
927 Structure-based and predicted distances for the 30 PPIs with tags fused to protein termini not currently resolved in
928  the structures (box and whisker visualizing the median, lower and upper hinges showing the 25" and 75"
929 percentiles, lower and upper whiskers extending from min to max; all data points are shown). Statistical significance

930  was calculated by a two-tailed, paired t-test, n=30.
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Supplementary Figure 9 (related to Figure 4). Protein sequence coverage of the constructs used in the

present binary interaction study (“Current”) compared to those found in the published structures (“PDB”).

Schematic representations of the protein constructs used in the BRISC (A), LAMTOR (B), and MIS12 (C)
complexes. The numbers indicate the lengths of the protein constructs in amino acids (AA). (A) The structural study
characterizing the BRISC complex (PDB: 6H3C) used full-length proteins whereas four of the constructs
(ABRAXAS2, BABAM1, BABAM2, BRCC3) used in the current study are C-terminally truncated. The current binary
interaction study uses proteins containing >90% of the BABAM1, BABAM2 and BRCC3, and ~80% of the
ABRAXAS?2 full-length reference sequences. (B) The structural study characterizing the LAMTOR complex (PDB:

6EHR) uses smaller fragments for the RRAGA and RRAGC subunits. Except for a single AA missing on the N-
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941 terminus of LAMTORS, the current study uses the full-length sequences for subunits of the LAMTOR complex. (C)
942 Overall, the structural study of the MIS12 complex (PDB: 5LSJ) lacks >50% of the AA sequences for the different

943 subunits.
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945 Supplementary Figure 10 (related to Figure 4). Subset of interactions where at least six out of the eight

946  tested tagging configurations scored positive in the LuTHy-BRET assay.

947  The following 3D structures are represented: 1G5J (BAD-BCL2L1), 1BUH (CDK2-CKS1B), 1JFI (DR1-DRAP1),
948 1F3U (GTF2F1-GTF2F2), 1A02 (JUNB-BATF), 6EHR (LAMTOR1-LAMTOR2 and LAMTOR3-LAMTOR?2), 4M7D
949 (LSM3-LSM2), 5LSJ (MIS12-PMF1), and 6EHR (RRAGA-RRAGC). On each structure, the protein termini are
950 indicated by N or C. Protein sequence coverages used in the structures are also indicated (%). Protein regions that
951 are missing in the structures are indicated by dotted lines. For all interactions, cBRET ratios are plotted against the
952 molecular distances measured in the corresponding 3D structures or interpolated using the cBRET standard curve.
953 The quantitative scores outlined in black correspond to tagging configurations where the tagged protein termini are
954 resolved in the structures. These scores were used as reference data points for distance interpolations. Interaction
955 scores and structure-based molecular distances for tagging configurations where the tagged protein termini are
956 absent from the 3D structure are outlined in red. Interaction scores outlined in purple correspond to cBRET ratios
957 against interpolated molecular distances. Changes in structurally measured distances versus the interpolated
958 distances are indicated by dotted arrows. The purple horizontal error bars correspond to the 95% confidence
959 intervals of the interpolated molecular distances. Tagging configurations are color-coded: N-N (grey), C-C (green),
960 N-C (purple), and C-N (yellow). Each data point on the graph is labeled (blank frame) according to the associated
961 tagging configuration tested: the protein indicated first is tagged with NanoLuc (NL) luciferase, while the second
962 protein is tagged with PA-mCitrine (PA-mCit) (e.g. DR1-DRAP1 (N-N, grey) corresponds to NL-DR1/PA-mCit-
963 DRAP1). Tagging configurations where tags are fused to the missing termini in the current 3D structure for one of
964  the two proteins are outlined in red (e.g. DR1-DRAP1 (N-C, purple) corresponds to NL-DR1/DRAP1-mCit-PA). The
965 size of the dots indicates the average percentage of protein sequence coverage in the corresponding 3D structure

966  of the PPI.
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APPENDIX

Supplementary Table 1: List of the multiprotein complexes meeting the prioritization criteria in this study.
Supplementary Table 2: Number of inter-complex pairs, direct interactions and indirect associations for the three
selected protein complexes: LAMTOR, BRISC and MIS12 as defined by their 3D structures. The numbers of
separate homodimer interactions not reported in the structures are also indicated.

Supplementary Table 3:

Sheet 1 - training sets: Positive and negative training sets for LuTHy cluster analysis.

Sheet 2 - clustering results: Supervised classification of direct and not-direct interaction clusters.
Supplementary Table 4: Surface and interface areas (A2) between directly interacting proteins in the LAMTOR,
BRISC and MIS12 complexes.

Supplementary Table 5: Names of protein complexes, protein subunits, and PDB IDs used in this study. The
amino acid sequences of the proteins used for binary PPI mapping or in the PDB structures are indicated.
Supplementary Table 6. Characterization of protein family (pfam) domains.

Supplementary Table 7: Structure-based and BRET-interpolated distances for the HTT-HAP40 interaction, and
for the intramolecular HTT sensors for HTTQ23 and HTTQ145.

Supplementary Table 8: Primer sequences used in this study.

Supplementary Table 9: Statistical reports for relevant figures.

Source Data Figures 1-2: Raw LuTHYy data for interactions in hsPRS-v2.
Source Data Figures 3-5:

Sheet 1 - Multi-protein complexes: Raw LuTHy and mN2H mapping data for the selected multiprotein
complexes. Molecular distances measured between structurally supported interactions between
protein pairs within the LAMTOR, BRISC and MIS12 complexes.

Sheet 2 - hsPRS-PDB: Molecular distances measured between structurally supported heterodimer

interactions of the hsPRS-v2 (hsPRS-PDB).
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