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Figure S1. Additional EM data. (A) Raw micrograph area of the negatively stained RZZ complex, displaying elongated particles. (B) Gallery of m obtained 
from the ISAC procedure implemented in SPA RX. (C) FSC for cryo-EM reconstruction of the RZZ complex. The FSC0.5 value is shown. (D) FSC curve for 
the negative stain reconstruction of the ROD11–1,250ZZ complex. FSC0.5 value is shown. (E) Sedimentation velocity absorbance profiles of the indicated 
species, with residuals of the fit showing the deviation of the c(S) model from the observed signals. AU, arbitrary units. (F) Class averages of negatively 
stained RZZ–Spindly as calculated by ISAC. Compared with class averages of negatively stained RZZ, no additional density can be readily observed. 
Bars: (A) 100 nm; (B and F) 10 nm.
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Figure S2. Structural organization and biochemical properties of RZZ mutants and further characterization of RZZ–Spindly interaction. (A) Schematic 
view of the full-length RZZ complex and of the RODΔ754–1,796 and ROD1–1,250 constructs. (B) SEC analysis of RODΔ754–1,796–Zwilch, ZW10, and their 
stoichiometric combination shows a lack of binding interaction. (C) Micrograph area of the negatively stained ROD1–1,250ZZ complex. (D) Typical class 
averages of the ROD1–1250ZZ complex. (E) SEC analysis of ROD1–1,250ZZ, Spindly (after treatment with FTase and Fpp), and their stoichiometric combina-
tion shows binding, with Spindly interacting stoichiometrically with ROD1–1,250ZZ. (F) Digital micrograph of negatively stained RZZ–SpindlyFarn complexes.  
Bars: (C and F) 100 nm; (D) 10 nm. (G–I) SEC and SDS-PAGE analysis of the indicated species. For the control sample indicated as Spindly + FTase, the 
same SEC elution profile and SDS-PAGE are displayed in G and H. AU, arbitrary units; M, molecular weight marker.
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Figure S3. MS/MS spectra of identified cross-links between farnesylated Spindly and RZZ. (A and B) Spindly that was in vitro farnesylated or not, 
digested, and subjected to mass spectrometric analysis. MS/MS spectrum of the unmodified (A) and modified (B) C-terminal peptide of Spindly (aa 
596–605). (C–H) Examples of MS/MS spectra for the C-terminal tryptic peptide (residues 596–605) of Spindly farnesylated with BPP1 (C); BPP2 (D); and 
diazirine (E); the bottom series (F–H) shows examples of MS/MS spectra for the identified cross-link between farnesylated spindly and ROD Leu120 (within 
the peptide 117–127) with the same order of UV-photoactivatable cross-linkers as in A–C. For every spectrum, the sequence, identified b and y ions, and 
the m/z mass of the corresponding MS peak are indicated in each spectrum. The y3 ion fragment is indicated in green because it was used as diagnostic 
peak to identify cross-links and to highlight its presence in all spectra.
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Figure S4. Cross-links between the farnesyl-modified spindly and RZZ and MS analysis of UV-photoactivated cross-links. (A and C) Spindly (in the 
presence of RZZ) was incubated with FTase and Fpp variants carrying BPP2 or diazirine. After separation by SEC, elution fractions were subjected to UV 
irradiation and visualized by Coomassie staining of SDS-PAGE gels. UV-induced extra bands (the most prominent of which are indicated by red arrows) 
appear. Equivalent experiments with BPP1 are shown in Fig. 7 C. (B and D) Western blotting analysis of indicated selected fractions (from SDS-PAGE 
in A and C) with antibodies against ROD, ZW10, Zwilch, and Spindly. (E–H) The complete Western blots from B and D in this figure and from Fig. 7 D 
were obtained. Molecular mass is indicated in kilodaltons. (I and J) Spindly was farnesylated in vitro with farnesyl derivatives containing the photoreactive 
cross-linker BPP1 (I) and BPP2 (J). Farnesylated Spindly in complex with RZZ was digested before UV irradiation and analyzed by MS. C-terminal tryptic 
peptides (residues 596–605) of farnesylated Spindly were found to be modified with BPP1 (I) or BPP2 (J). (K and L) Cross-link between the C-terminal tryptic 
peptide of farnesylated Spindly and a tryptic peptide of ROD spanning aa 117–127 with BPP1 (K) and BPP2 (L). At the top of each panel is a scheme 
of the peptide, and the attached farnesyl derivative is depicted together with the elemental composition and the calculated monoisotopic peak. All amino 
acids with identified cross-links are marked in red. For each panel, left traces show the chromatographic peak, and right traces show the isotopic pattern 
of the corresponding peptide identified in the MS survey scan. Upper traces represent samples before UV treatment, and lower traces represent samples 
after UV treatment. RA, relative abundance.
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Figure S5. Synthesis of photoactivatable probes. (A–I) Structures of the chemicals used to generate photoactivatable probes as described in the Synthesis 
of the photoactivatable probes section of Materials and methods are shown as follows: 8-hydroxy-geranyl-t-butyldimethylsilylether (A), 8-(4-benzoylpheny-
loxy)-geraniol (B), 8-(4-benzoylphenyloxy)-geranyl-1-diphosphate (C), 8-(3-(methyl)-benzophenone)-geranyl-t-butyldimethylsilylether (D), 8-(3-(methyl)-benzo-
phenone)-geraniol (E), 8-(3-(methyl)-benzophenone)-geranyl-1-diphosphate (F), 8-(3-trifluoromethyl-3-phenyl-diazirine)-geranyl-t-butyldimethylsilylether (G), 
8-(3-trifluoromethyl-3-phenyl-diazirine)-geraniol (H), and 8-(3-trifluoromethyl-3-phenyl-diazirine)-geranyl-1-diphosphate (I).

Video 1. Montage of cryo-EM RZZ class averages with similar orientations shows considerable flexibility. The class averages 
were calculated in Relion 1.4 and show large-scale movement of the two arms. Most notably, the arms are independently flexible. 
The central region of RZZ seems to be more rigid, although slight deformations are also observable in this region. This video was 
shot at 20 frames per second.

Video 2. Fitting of molecular model into the EM density. This video was shot at 24 and 96 frames per second.



Page 1 of 4 

Table S1. Summary of homology modeling of ROD and ZW10 subunits 

Residues 
in ROD or 
ZW10 

Template PDB 

chain 

Residues 
in 

template 

Sequence 
identity 

Confidence 
Hhpred 

Confidence 
Phyre 

Multi-
item 
plate 

modeling 

Models 

    % % %   
ROD         
1–376 Sec31 2PM9_A 5–405 15 100 96 Yes 

 

 COPI �' 4J73_A 21–290 13 100 97   
396–582 COPI � 3MKQ_B 649–780 15 93 ND Yes 

 

 COPI �' 3MKQ_A 655–786 17 85 74   
582–1,190 Sec39 3K8P_D 10–671 12 100 100 No 

 

1,319–1,797 Clathrin HC 1XI4_A 814–1,198 15 56 ND No 

 

1,798–2,192 Nup155 5A9Q_A 776–1,110 15 76 ND Yes 

 

 Nup145 4XMM_A 319–575 16 64 74   
ZW10         
475–779 Dsl1 3K8P_C 429–675 14 100 100 No 

 

54–345 Dsl1 2ETV_A 16–307 13 98 97 Yes 

 

16–767 Tip20 3FHN_A 11–701 10 96 97   
 
Table S2. Model fitting into cryo-EM maps 

Correlation Mean map value Inside 
Fitting of Zw10 
0.8776 2.877 0.662 
0.8316 2.634 0.604 
0.8192 2.514 0.539 
0.8171 2.579 0.588 
0.8117 2.628 0.577 
0.8090 2.431 0.539 
0.8074 2.777 0.565 
0.8069 2.478 0.553 
0.8047 2.579 0.596 
0.8022 2.513 0.551 
0.8011 2.444 0.557 
0.8010 2.395 0.525 
0.8007 2.338 0.521 
0.8006 2.433 0.524 
Fitting of Zwilch 
0.9154 2.654 0.699 
0.8895 2.895 0.780 
0.8884 3.113 0.869 
0.8872 2.855 0.785 
0.8868 2.875 0.813 
0.8860 3.025 0.735 
0.8842 2.981 0.846 
0.8811 2.992 0.760 
0.8749 2.788 0.745 
0.8731 2.539 0.723 
0.8721 2.544 0.727 
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0.8719 2.690 0.766 
0.8681 2.683 0.723 
0.8679 2.580 0.712 
Fitting of ROD396–1,191 
0.8352 2.546 0.515 
0.8348 2.547 0.515 
0.8214 2.280 0.471 
0.8214 2.758 0.528 
0.8214 2.280 0.471 
0.8214 2.758 0.528 
0.8189 2.540 0.519 
0.8188 2.541 0.520 
0.8174 2.435 0.501 
0.8173 2.436 0.499 
0.8119 2.540 0.491 
0.8118 2.469 0.492 
0.8106 2.343 0.481 
0.8106 2.343 0.483 
Fitting of ROD1,319–1,797 
0.8980 3.363 0.662 
0.8980 3.362 0.661 
0.8976 3.369 0.660 
0.8975 3.369 0.658 
0.8956 3.451 0.694 
0.8956 3.449 0.690 
0.8956 3.449 0.690 
0.8956 3.451 0.694 
0.8895 3.420 0.710 
0.8893 3.419 0.708 
0.8891 3.424 0.700 
0.8891 3.424 0.700 
0.8887 3.330 0.690 
0.8887 3.330 0.690 
Fitting of RZZ 
0.8655 2.796 0.487 
0.8655 2.796 0.487 
0.5497 1.184 0.205 
0.5479 1.181 0.205 
0.5408 1.248 0.219 
0.5357 1.117 0.206 
0.5288 1.101 0.201 
0.5281 1.123 0.190 
0.5280 1.116 0.190 
0.5243 0.998 0.175 
0.5204 1.009 0.181 
0.5192 0.993 0.173 
0.5128 1.023 0.185 
0.5126 1.028 0.185 

Homology models of ROD (segments 396–1,191 and 1,319–1,797), ZW10, and the crystallographic structure of 
Zwilch (PDB ID: 3IF8) were automatically fitted in the density using UCSF Chimera Fit in Map tool. Individual 
rigid-body fittings were performed using the systematic global search option starting from 10,000 random initial 
placements of a simulated 10.5-Å map of the proteins within the cryo-EM map. The correlation score between 
the simulated map and the cryo-EM map was used as a fitting metric. For each of the placements, local 
optimization was performed. This table reports the results for the best fits for each search model. “Correlation” 
is the correlation score between the simulated map and the reference map. “Mean map value” is the density map 
value averaged over the center positions of all the fit atoms. A higher value means the atoms sit in higher 
density. “Inside” corresponds to the proportion of fit map grid points that are inside the reference map contour 
surface. For each model, the position was attributed to the fitting structure that had the best correlation score. 
Additional models of ROD (segments 1–376 and 1,798–2,189) were manually fitted in the residual density. 
 
Table S3. Table of XL-MS data 

Sequence of cross-linked peptides Protein 1 Protein 2 Position 1 Position 2 Distance 
     Å 
A. Intrasubunit cross-links (RZZ)      
KCFDLK-LLKSR ZW10 ZW10 152 74 30.53 
RHPKLLAK-HLKSYR ROD ROD 1493 1560 n.d. 
CLKLLK-KCFDLK ZW10 ZW10 946 152 25.90 

http://www.rcsb.org/pdb/explore/explore.do?structureId=3IF8
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LDGFGDSTKK-LFKVR Zwilch Zwilch 317 341 n.d. 
LLKLTQAK-KLKPK ROD ROD 1653 1648 8.51 
LFGETTLVKSR-EKAVIFIR ROD ROD 1307 1318 n.d. 
LEEAQKCLK-LLKSR ZW10 ZW10 143 74 25.79 
EQHIKAHEVAQAK-SPSMESKLHR ROD ROD 1021 1051 14.37 
REKAEALLK-KLHIQYR ROD ROD 1731 1738 10.81 
LLKLTQAK-KLKPK ROD ROD 1653 1646 11.03 
HKPGSTPEPIAAEVR-DGNIKTALKK ROD ROD 1031 1081 25.88 
LFGETTLVKSR-HVVMELKEK ROD ROD 1307 1316 n.d. 
KEHGTALYQVDLLVK-LLHKHR ROD ROD 24 406 56.97 
ADKNYSVNLENLK-NLYQSEKPQK Zwilch Zwilch 176 527 16.82 
RHQQIKNFLGSCDPQVILK-SLILNNIINKK ROD ROD 2093 2135 11.79 
HKPGSTPEPIAAEVR-SPSMESKLHR ROD ROD 1031 1051 29.61 
KDTEVETLKHDTAAVDR-LFKVR Zwilch Zwilch 326 341 n.d. 
REKAEALLK-KLHIQYRR ROD ROD 1731 1738 10.81 
RVEEIKGEVCNMISK-LLKSR ZW10 ZW10 35 74 26.38 
ILCDIQKDNLQK-RHPKLLAK ROD ROD 971 1493 39.94 
DTEVETLKHDTAAVDR-LFKVR Zwilch Zwilch 326 341 n.d. 
RHHLSTVTSKGFAQYELFK-VEIYSGQKK Zwilch Zwilch 201 540 10.60 
RVEEIKGEVCNMISK-KCFDLK ZW10 ZW10 35 152 32.14 
HQQIKNFLGSCDPQVILK-SLILNNIINKK ROD ROD 2093 2135 11.79 
NDPKLSEDSVSVLVLR-ISSEKASLNPK ROD ROD 377 43 n.d. 
HKPGSTPEPIAAEVR-LALQEEPDHSKEGK ROD ROD 1031 946 26.27 
VKLLQESYK-KLKPK ROD ROD 829 1646 44.94 
LTQAKSSTLINK-KYNCK ROD ROD 1658 701 50.43 
KDTEVETLK-LFKVR Zwilch Zwilch 318 341 n.d. 
HHLSTVTSKGFAQYELFK-VEIYSGQKK Zwilch Zwilch 201 540 10.60 
AHEVAQAKHKPGSTPEPIAAEVR-SPSMESKLHR ROD ROD 1029 1051 23.32 
EKAEALLK-KLHIQYR ROD ROD 1731 1738 10.81 
HPKLLAK-HLKSYR ROD ROD 1493 1560 n.d. 
DLHVSTGEFTDLKQQLER-LSEDIDLLKSR ZW10 ZW10 96 74 10.26 
EQHIKAHEVAQAK-ALKDGNIK ROD ROD 1021 1076 10.90 
VLAPELIPSILEKFIR-KYNCKLALSDFEK ROD ROD 739 705 10.05 
VLAPELIPSILEKFIR-YNCKLALSDFEK ROD ROD 739 705 10.05 
AHEVAQAKHKPGSTPEPIAAEVR-DGNIKTALKK ROD ROD 1029 1081 20.13 
SGTEAVLIAHKLNTEEYLR-LTQAKSSTLINK ROD ROD 1756 1658 38.64 
AHEVAQAKHKPGSTPEPIAAEVR-KCSDLFK ROD ROD 1029 1086 23.71 
AHEVAQAKHKPGSTPEPIAAEVR-ALKDGNIK ROD ROD 1029 1076 23.64 
HKPGSTPEPIAAEVR-EQHIKAHEVAQAK ROD ROD 1031 1021 19.67 
EDKTALIYSDGLK-TRLLKK ROD ROD 503 499 9.78 
AHEVAQAKHKPGSTPEPIAAEVR-DGNIKTALK ROD ROD 1031 1081 25.88 
YQEEVPVYVPKWMPFK-AQKGELLER ZW10 ZW10 719 597 23.51 
QALALQMSKQELEAELTLR-KCSDLFK ROD ROD 1063 1086 15.05 
DGNIKTALK-KCSDLFK ROD ROD 1081 1086 8.48 
ENATTLLHKVFNCR-LIDKAWQNYDK ROD ROD 1333 1367 n.d. 
WLQNIPSQDEKREK-AEALLKKLHIQYR ROD ROD 1728 1737 16.97 
VIGKPAHLIVSLYEHPSINQR-AEALLKK ROD ROD 1768 1737 13.79 
AHEVAQAKHKPGSTPEPIAAEVR-KCSDLFK ROD ROD 1031 1086 31.02 
MFDKVLAPELIPSILEK-YNCKLALSDFEK ROD ROD 726 705 20.76 
NFLGSCDPQVILKQLEEHMNTGQLAGFSHQIR-TKYFQMLK ROD ROD 2106 2145 9.50 
MFDKVLAPELIPSILEK-KYNCKLALSDFEK ROD ROD 726 705 20.76 
AHEVAQAKHKPGSTPEPIAAEVR-LALQEEPDHSKEGK ROD ROD 1029 946 21.48 
ADKNYSVNLENLK-KRHHLSTVTSK Zwilch Zwilch 176 191 29.36 
AHEVAQAKHKPGSTPEPIAAEVR-LALQEEPDHSKEGK ROD ROD 1031 946 26.27 
LALQEEPDHSKEGK-MSVAKTSVDILK ROD ROD 946 957 9.08 
LQQYEEIIQSTEEFENALKEMR-FLKGDTTDLLK ZW10 ZW10 376 382 n.d. 
HHLSTVTSKGFAQYELFK-WRVEIYSGQKK Zwilch Zwilch 201 540 10.60 
WLQNIPSQDEKREK-AEALLKKLHIQYR ROD ROD 1728 1738 16.62 
GQPNPLKNILNENDIVFIVEK-HHLSTVTSKGFAQYELFK Zwilch Zwilch 52 201 14.98 
TVMDEGPQVFAPLSEESKNK-KYQEEVPVYVPK ZW10 ZW10 705 708 7.38 
AHEVAQAKHKPGSTPEPIAAEVR-QALALQMSKQELEAELTLR ROD ROD 1029 1063 34.58 
QALALQMSKQELEAELTLR-HKPGSTPEPIAAEVR ROD ROD 1063 1031 40.98 
AQWITYETTQEMLNYAKTR-EDKTALIYSDGLK ROD ROD 494 503 13.64 
SSTLINKEITK-LLKLTQAK ROD ROD 1665 1653 18.11 
AHEVAQAKHKPGSTPEPIAAEVR-QALALQMSKQELEAELTLR ROD ROD 1031 1063 40.98 
WLQNIPSQDEKR-EKAEALLK ROD ROD 1728 1731 10.61 
KYQEEVPVYVPKWMPFK-AQKGELLER ZW10 ZW10 719 597 23.51 
LALSDFEKENTTTIVFR-MFDKVLAPELIPSILEK ROD ROD 713 726 24.01 
AISSIHSLWQVPYFSKAWQR-KEDKTALIYSDGLK ROD ROD 2016 503 36.59 



Page 4 of 4 

TVMDEGPQVFAPLSEESKNK-NLMTSEIHNTVKIIPDSK ZW10 ZW10 705 424 n.d. 
NFLGSCDPQVILKQLEEHMNTGQLAGFSHQIR-EFGILAKTK ROD ROD 2106 2143 13.80 
MFDKVLAPELIPSILEK-KYNCKLALSDFEK ROD ROD 726 701 13.98 
TVMDEGPQVFAPLSEESKNKK-NLMTSEIHNTVKIIPDSK ZW10 ZW10 705 424 n.d. 
EQHIKAHEVAQAK-EGKAWR ROD ROD 1021 949 29.00 
IIDLIDREQGEDCLLLLKSLPPAEAEK-TSVDILKILCDIQK ROD ROD 916 964 13.71 
DTEVETLKHDTAAVDR-LDGFGDSTKK Zwilch Zwilch 326 317 n.d. 
IIDLIDREQGEDCLLLLKSLPPAEAEK-ILCDIQKDNLQK ROD ROD 916 971 10.44 
QHLEMDHPKVK-LLKLTQAK ROD ROD 829 1653 48.63 
SAVELVQEFLNDLNKLDGFGDSTKK-DTEVETLKHDTAAVDR Zwilch Zwilch 317 326 n.d. 
RHQQIKNFLGSCDPQVILK-SLILNNIINKKEFGILAK ROD ROD 2093 2135 11.79 
TVWQLSDSSPIDHLNFHKPDFSELTLNGSLEER-ADKNYSVNLENLK Zwilch Zwilch 561 176 n.d. 
B. Intersubunit cross-links (RZZ)      
EVNLLNKEIMR-KYVTGAQR ROD ZW10 859 130 50.56 
LIVWKFPPSK-RHPKLLAK ZW10 ROD 188 1493 58.45 
ITNININQALSILKHLK-LIVWKFPPSK ROD ZW10 1557 188 n.d. 
NFSNMDDEENYSAASKAVR-HKPGSTPEPIAAEVR ZW10 ROD 624 1031 59.73 
GDTTDLLKYAR-LFGETTLVKSR ZW10 ROD 390 1307 n.d. 
KRHHLSTVTSK-WEPDSSKK Zwilch ROD 191 239 23.92 
IIDLIDREQGEDCLLLLKSLPPAEAEK-AAALAKIK ROD ZW10 916 777 32.34 
FSGSSWIEFLNNEDDLKDIFLQLK-VEIYSGQKK ROD Zwilch 550 540 36.76 
MSSSVISYQDLVKCFTLIIQSLQR-LEKEDLGTR Zwilch ZW10 368 17 40.64 
KRHHLSTVTSK-LLHKHR Zwilch ROD 191 406 30.00 
NFSNMDDEENYSAASKAVR-KCSDLFKYHCNADTGK ZW10 ROD 624 1092 22.65 
AHEVAQAKHKPGSTPEPIAAEVR-NFSNMDDEENYSAASKAVR ROD ZW10 1029 624 52.84 
QALALQMSKQELEAELTLR-QVLHQLKR ROD ZW10 1063 634 40.81 
NFSNMDDEENYSAASKAVR-CSDLFKYHCNADTGK ZW10 ROD 624 1092 22.65 
KYSEFLPSMQSAQGLITQVDK-EVNLLNKEIMR ZW10 ROD 45 859 28.13 
QLQEFSTAIEEYNCALTEKK-EVNLLNKEIMR ZW10 ROD 129 859 51.06 
NFSNMDDEENYSAASKAVR-QALALQMSKQELEAELTLR ZW10 ROD 624 1063 29.04 
AHEVAQAKHKPGSTPEPIAAEVR-NFSNMDDEENYSAASKAVR ROD ZW10 1031 624 59.73 
GDTTDLLKYAR-LFGETTLVKSR ZW10 ROD 390 1307 n.d. 
KRHHLSTVTSK-KGMTVK Zwilch ROD 191 240 22.56 
DTEVETLKHDTAAVDR-VLAPELIPSILEKFIR Zwilch ROD 326 739 n.d. 
NIFHLFHDVVPTYHKENLQK-CSDLFKYHCNADTGK ZW10 ROD 528 1092 22.46 
CSDLFKYHCNADTGK-QVLHQLKR ROD ZW10 1092 634 30.00 
AWRMSVAKTSVDILK-LIAEVKGKK ROD Spc25 957 90 n.d. 
C. Intersubunit cross-links (RZZ–SpindlyFarn)      
AHEVAQAKHKPGSTPEPIAAEVR-LEKEDLGTR ROD Zw10 1031 17 n.d. 
EVNLLNKEIMR-KYVTGAQR ROD Zw10 859 130 n.d. 
AHEVAQAKHKPGSTPEPIAAEVR-LEKEDLGTR ROD Zw10 1029 17 n.d. 
LAAESKLQTEVK-LLHKHR Spindly ROD 563 406 n.d. 
LQTEVKEGK-LLHKHR Spindly ROD 569 406 n.d. 
EGKETSSKLEK-LLHKHR Spindly ROD 577 406 n.d. 
VIGKPAHLIVSLYEHPSINQR-KLFANER ROD Spindly 1768 409 n.d. 
IIDLIDREQGEDCLLLLKSLPPAEAEK-AAALAKIK ROD Zw10 916 777 n.d. 
NFSNMDDEENYSAASKAVR-HKPGSTPEPIAAEVR Zw10 ROD 624 1031 n.d. 
HCGKPVPPDTAPCEILK-NLYQSEKPQK ROD Zwilch 2189 523 n.d. 
AHEVAQAKHKPGSTPEPIAAEVR-NFSNMDDEENYSAASKAVR ROD Zw10 1029 624 n.d. 
NFSNMDDEENYSAASKAVR-QALALQMSKQELEAELTLR Zw10 ROD 624 1063 n.d. 
GLWKNHSHESMAVR-EVELKSR ROD Spindly 1952 69 n.d. 
NFSNMDDEENYSAASKAVR-CSDLFKYHCNADTGK Zw10 ROD 624 1092 n.d. 
EGKETSSKLEK-LLHKHR Spindly ROD 572 406 n.d. 
ALKDGNIK-NLKKR ROD Zwilch 1076 189 n.d. 
TVPEGQIILAKWLEQAAR-LLAMLEQKNGEIK ROD Spindly 625 326 n.d. 
HKPGSTPEPIAAEVR-EIESTKGELSIQR ROD Spindly 1031 386 n.d. 

Raw data for this dataset can be accessed from the web site, http://www.ebi.ac.uk/pride/archive/login, with 
username: reviewer92658@ebi.ac.uk and password: LGNXY7lI. Values in the “Distance” column are C�–C� 
distances of cross-linked lysine residue pairs, calculated from the RZZ model. 31 Å is an arbitrary threshold that 
includes the maximal overall distance for the Lys C�-to-Lys C� pair plus the crosslinker (24 Å) plus an 
“allowance” that accounts for potential structural changes and for the limited resolution of the maps in which 
the model was built. Cross-links that could not be annotated on our model are indicated as n.d. 

http://www.ebi.ac.uk/pride/archive/login
mailto:reviewer92658@ebi.ac.uk


hsBICD1        1 M                           L   L E       AA YGL   E                                 I R          EKI        VL     L QQ AAEE........VLQTVDHY.KTE E  TKE T TTH   Q  E   V   EKLT K  
mmBICD1        1 M                           L   L E       AA YGL   E                                 I R          EKI        VL     L QQ AAEE........ALKTVDQY.KTE E  TKE T TTH   Q  E   V   EKLT K  
ggBICD1        1 M                           L   L E       AA YGL   E                                 I R          EKI        VL     L QQ AAEE........VLQGADHY.KSE E  TRE S TTH   Q  E   V   EKLT K  
hsBICD2        1 M                           L   L E       AA YGL   E                                 V R          EKI        VL     L  Q SAPSEEEEYARLVMEAQPEWLRAE K  SHE A TTR   Q  E   A   EKHQ KL 
mmBICD2        1 M                           L   L E       AA YGL   E                                 V R          EKI        VL     L  Q SAPSEEEEYARLVMEAQPEWLRAE K  SHE A TTR   Q  E   A   EKHQ KL 
ggBICD2        1 M                           L   L E       AA YGL   E                                 I R          EKI        VL     L QQ SLGMEEEEYSRLVMESEPEWLRSE K  FQE G TTR   Q  E   A   EKQQ K  
danreBICD2     1 M                           L   L E       AA YGL   E                                 I R          EKI        VL     L Q  SGDEDGCPGAQLVTEAGPNWLRAE E  SRE S TSR   Q  E   V   ENQQ K R
xtBICD2        1 M                           L   L E       AA YGL   E                                 L R          DKL        VL     L    AEEE.......IVI......LRAE D  SAE Q TTA   Q  Q   A   ENSE KRK
xtSpindly      1 M                           L   L E       AA YGL   E                                 V K          ERI        LL     L NQ EESE...................T L  RLQ K AEE   K  Q   E   SQSD Q  
hsSpindly      1 M                           L   L E       AA YGL   E                                 I            ERL        LV     L NQ EAD....................I TN RCR K AEE   K  Q   Q   SQNE Q  
mmSpindly      1 M                           L   L E       AA YGL   E                                 I            ERL        LL     L SQ EAD..................... TN RNK K CED   K  H   Q   RQTE Q  
ggSpindly      1 M                           L   L E       AA YGL   E                                 I            ER         LL     I NQ ETE....................T LN RQQ K AEN  RK  Q   H   SQNE Q  

hsBICD1       52                 Q                                            DEL  E   L   LE  K A       H KVA    T  ETL Q S  K      KI  Y   EA YDS KQE   L E FGQSFSI R   EDGE RE   L E AS EAYYLG  LE
mmBICD1       52                 Q                                            DEL  E   L   LE  R A       H KVA    T  ETL Q S  K      KI  Y   EA YDG KQE   L E FGQSFSI R   EDGE RE   L E AS EAYYLN  LE
ggBICD1       52                 Q                                            DEL  E   L   LE  K A       H KVA    T  ETL Q S  K      KI  Y   EA YDG KQE   L E FGQSFSI R   EDGE RE   L E AS EAYYLG  LE
hsBICD2       61                 Q                                            EEL  D   I   ME  K A       H KVA    S  ESL Q S  K      KV  F   EV YEA RSE   L E FGQAHTN K   ADGE RE   I E AS EQYYVR  LE
mmBICD2       61                 Q                                            EEL  D   I   ME  K A       H KVA    S  ESL Q S  K      KV  F   EV YEA RSE   L E FGQAHTN K   ADGE RE   I E AS EQYYVR  LE
ggBICD2       61                 Q                                            EEL  E   I   ME  K A       H KVA    S  ETL Q S  K      KV  Y   EL YET RAE   L E FGQAHTN K   ADGE RE   I E AT EEYYMK  ME
danreBICD2    61                 Q                                            EEL  E   V   LD  R A       H KVA    S  ESL   S  K      RV  F   ES YET RQE   L E YGQVHST R   ADGE RE   ILE AS EAYYEQ  QE
xtBICD2       48                 Q                                             DL  E   L   L   K A       H R A    S  ENL      R      KI  NS  DS CEL KLE K M E LAESQTN K T EDGE RE   LKEAAS EAKLSD  DE
xtSpindly     42                 Q                                            EE   E       LE  K         K RML    S  ENI Q Q          L  L  QRN MTSTIEN   E YSLQREVEL N   ESLT EC   R Q KLCLEQLQEQ ER
hsSpindly     41                 Q                                            D    E   M    E  K         K RML       E I Q Q  H       L  L KCRN MMT TESY  E YTLQREVEL S   ESLSCEC A K Q KM LEKLEEQ SR
mmSpindly     40                 Q                                            D    E           K A       K RML       E L Q Q          L  L KCHE MMITAEKYN E H LQREVEL S   DSLSCEC A K Q KAQLEQLEVQ HR
ggSpindly     41                 Q                                            D M  E        E  K         K RML       D L Q Q         HL  L Q RR LTEKTEKF  E YSLQREIEL N   ESLSFEC A K Q NVQLDKQKE  AR

hsBICD1      112                   E                                K  E     M  NEL   R  V N     E L      LK         RI M  EI       ARLLQ Q.   KQS AV T VQA N R TAVVQD  ENNEMVELQ  R KD  REY FR      
mmBICD1      112                   E                                K  E     M  NEL   R  V N     E L      LK         RI M  EI       ARLLQ Q.   KQS AV T VQA N R SAVVQE  ENNEMVELQ  R KD  REY FR      
ggBICD1      112                   E                                K  E     M  NEL   K  V N     E L      LK         RI M  EI       ARLLQ Q.   KQS AV T VQA N R TAIVQD  ENNEMVELQ  R KD  REY FR      
hsBICD2      121                   E                                K  E     L  TEL  LR  L N     E L      LK         R  L  DI       ARLLQ Q.   KQ  NV T TQS N R ASVAQE  EINQNVEIQ GR RD  KEY FR      
mmBICD2      121                   E                                K  E     L  TEL  LR  L N     E L      LK         R  L  DI       ARLLQ Q.   KQ  NV T TQS N R TSVAQE  EINQNVEIQ GR RD  KEY FR      
ggBICD2      121                   E                                K  E     L  TEL  LR  L N     E L      LK         RA L  DI       ARLLQ Q.   KQ  NV A TQS N R NSVAQE  EANQNVEIQ  R RD  KEY FR      
danreBICD2   121                   E                                K  E     L  SDL  AK  L       E L      LR         R  L  DI        RLLQ Q.   RQ  NT TGTQA N R ATLALE  ENNEIVELQ SR RD  REY IR S    
xtBICD2      108                   E                                K  E     L  SEL  LK    N     E L      IK         KA L  EI       MR LQ H.   KQ  SFRT TTS N R HLVIQN  KEYGETEKE  K RE  KQC IS   Q  
xtSpindly    102                   E                                K  E         EL  IK  L       D A      LK         KL    EV       LRMMSNHHR  SE  DK EKLKA L E RLSEKQ  ........H  EYQS  LAN SE      
hsSpindly    101                   E                                K  E        QEV  LK  I       D A      LK          V    EL       LRVMSSHG   NE  TK EKLKV L E RLSEKQ  ........HQ DHQK  LSC SE      
mmSpindly    100                   E                                K  E        QEV  LK  L N     D A      LK         KL L  EL       LRLLSSHR   SD  NK E LKV L E RLGEKQ  ........Q  D QG  LAH SE      
ggSpindly    101                   E                                K  E     V  QEV  LK  L N     D        LR         KV    EI       LHMMS HG   ND  HK E LKA L ETRLSEKQ  ........H  DCQK  IAA TE      

hsBICD1      171           E   L                   E                    RL   D    T L    IT Q  VS L Q  V  E     I    E    LNSQL   I   KE  ...Y E EE N    KL  T K NQ EY GLKH  KRFE ETVL     EDA .    I
mmBICD1      171           E   L                   E                    RL   D    T L    IT Q  VS L Q  V  E     I    E    LNSQL   I   KE  ...Y E EE N    KL  T K NQ EY GLKH  KRFE ETVL     EDA .    I
ggBICD1      171           E   L                   E                    RL   D    T L    IT Q  VS L Q  V  E     I    E    LNSQL   I   KE  ...Y E EE N    KL  T K NQ EY GLKH  KRFE ETVL     EDA .    I
hsBICD2      180           E   L                   E                    RL   D    S L    IS Q  VS L Q  V  E     I    E    LNSQL   I   KE  ...Y E EE N    KQ  V R NQ EF GLKH  KRLE ETEY     EDA .    I
mmBICD2      180           E   L                   E                    RL   D    S L    IS Q  VS L Q  V  E     I    E    LNSQL   I   KE  ...Y E EE N    KQ  V R NQ EF GLKH  KRLE ETEY     EDA .    I
ggBICD2      180           E   L                   E                    RL   D    T L    I  Q  VS L Q  V  E     I    E    LNSQL   I   KE  ...Y E EE N C  KQ  V K NQ EF GLKH  KRLE ETEF     EDA .    I
danreBICD2   180           E   L                   E                    RL   D    T L    IS Q  VS L Q  V  E          E    LNSQL   I   RE  ...Y E EE N    KQ  T K GQ EF GLKH NRRLE EVQY     EDA .    I
xtBICD2      167           E   L                   E                    RL   D    S L    IS    VS L    V  E     L    E    LN NV   M   RD  ...F D EE N   LKQ  I KENQ EF GIKH  KRRA EIDV  G  EEL .    I
xtSpindly    154           E   L                   E                    RL   E      M    LT Q   T L S  A  E     L          N T    L    D  .RVHET SS M    LEK E E AK NL QEVN  QYREQQLLLT G QSRQ E  Q E
hsSpindly    153           E   L                   E                    RL   E      M    L  Q  LT M S           L    E    L TNL   V   KE  .RVQES SS M A  IE  E E MKTTLKEEVN  QYRQ QLEL I   MRQ D    E
mmSpindly    152           E   L                   E                    RL   E    S M    L     LT A             L    E    LNTSL   V   KE  QRVL S SS L A ETE  A EGVKNALKEEVN  QYKQ QLEC     LHQ D    E
ggSpindly    153           E   L                   E                    RL   E      M    LN Q  LT L S  A  E     L    E    INSNL   L       .RVHET SS M    ME  E E VK NV EKLN  QYSK QLEL     RNQ E  QGE

hsBICD1      227       E           R     L   L                                E     AL     L    E  N         IS                          A HQLE   ...ET KNE  QK N RKE SQY  LNDN....HISISVDGLKFAED..GS
mmBICD1      227       E           R     L   L                                E     AL     L    E  N         IN                          A HQLE   ...ET KNE  QK N RKE SQY  LSDS....HISISVDGLKFAED..GS
ggBICD1      227       E           R     L   L                                E     AL     L    E  N         IN                          A HQLE   ...ET KNE  QK N RKE SQY  LNDSMYNNHINISVDGLKFAED..TS
hsBICD2      236       E           R     L   L                                E     AL     L    E  N         MS                          S RQLE   ...ET KTE  QK S RKE SHY  INDSFYTSHLHVSLDGLKFSDD..AA
mmBICD2      236       E           R     L   L                                E     AL     L    E  N         MS                          S RQLE   ...ET KTE  QK N RKE SHY  INDSFYTSHLQVSLDGLKFSDDTVTA
ggBICD2      236       E           R     L   L                                E     AL     L    E  N         MN                          S RQLE   ...ET KTE  QK N RKE SHY  INDSMYNSHLNISLDGLKFSDE..AT
danreBICD2   236       E           R     L   L                                D     AL     V    E            MT                          A RQLT   ...ET KTE  QKAA RKE THH  LGDSL....LASSLDGLKLS....AD
xtBICD2      223       E           R     L   L                                E     AL     L    E            LN                          S RQLE   ...ES KSE  QKKE QRE SAF  YDSVG.......NLHG........NF
xtSpindly    213       E           R     L   L                                E     AV     L    E  Q         LQ                          K DREK   GYFKA EKA  AN D QAQ DIA  Q.......................AQ
hsSpindly    212       E           R     L   L                                E     AV     L       Q         LQ                          K EREK   SYYNA EKA VAN D QVQ DQA  Q.......................AL
mmSpindly    212       E           R     L   L                                E     AV     L       Q         LQ                          K ERER   SYYNA EKA VEN D QVQ GHA  Q.......................AA
ggSpindly    212       E           R     L   L                                E     VV     L    E  Q         VQ                          K EREK   SYCNA EKA  AN E RVQ DHV  Q.......................SL

Table S4 MAFFT sequence al ignment o f  the indicated BicD2 and Spindly sequences   



  X             X          X         X             X        
hsBICD1      278                                                 c  c        DEEF                                            A  A                                                        L  E        EPNN                                                            DDK....MNGHIHGPLVK.LNGDYRTPTLRKGESLNP....VSD FS LNISEIQK
mmBICD1      278                                                 c  c        KddG                                            B  B                                                        L  E        EPNN                                                            DDK....MNGHIHGPLGK.LNGDYRTPTTRKGESLHP....VSD FS LNISEIQK
ggBICD1      282                                                 c  c        KddG                                            B  B                                                        L  E        EPNN                                                            DDK....MNGHIHGSLVK.LNGDYRTPTSRKGESLHP....VSD FS LNISEIQK
hsBICD2      291                                                 c  c        KddG                                            B  B                                                        L  E        EPNN                                                            DAE..ALVNGFEHGGLAK.LPLDNKTSTPKKEGLAPPSPSLVSD LS LNISEIQK
mmBICD2      293                                                 c  c        KddG                                            B  B                                                        L  E        EPNN                                                            DAE..ALVNGFEHSGLVK.SSLDNKTSTPRKDGLAPPSPSLVSD LS LHISEIQK
ggBICD2      291                                                 c  c        KddG                                            B  B                                                        L  E        EPNN                                                            DEI....MNGFDQNCLSKHSNGKNNTSTPKKNEGFPPAPSLVSD LS LNISEIQK
danreBICD2   285                                                 c  c        KddG                                            B  B                                                        L  E        EPNN                                                            DDAILTLENGFAK..VCEGNDEDNRLSSPKRDENFRPAPSLVDD LT LNISEIQK
xtBICD2      265                                                 c  c        KddG                                            B  B                                                        L  E        E  N                                                         DH EEE...FDSGYNFG.ISK.TNGEILMSTPRNSDIYHPGPKAALN FT LNLPEIQK
xtSpindly    250                                                 c  c        KddG                                            B  B                                                        L  E        DPNS                                                            KGN........................................S FA ........
hsSpindly    249                                                 c  c        KddG                                            B  B                                                        L  E        DPNS                                                            KGN........................................S FA ........
mmSpindly    249                                                 c  c        KddG                                            B  B                                                        L  E        DPNS                                                            KGN........................................S FA ........
ggSpindly    249                                                 c  c        JIIH                                            C  C                                                        L  E        DPTS                                                            KGN........................................S FA ........

 X         X         X         X         X         X        
hsBICD1      329          c                                c                 A    A DEF  A A A  A  A A   DF  DF  A  A  A      DF  A   A           R                                L                 L    M VE   A L A  Q  Q Q   TK  LT  H  V         MR  Q   E   KQQL Q   EK I L NL ES T LEH  GA  EQ ER HR TEHVNA  GL SSK LK
mmBICD1      329          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 L    I VE   A L A  Q  Q Q   TK  LT  H  V         MR  Q   E   KQQL Q   EK I L NL ES T LEH  GA  EQ ER HR TEHVNA  GL NSK IK
ggBICD1      333          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 L    M VE   A L A  Q  Q Q   TK  LT  H  V         MR  Q   E   KQQL Q   EK I L NL ES T LEH  GA  EQ ER HR TEHVNA  GL SNK MK
hsBICD2      348          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 L    M ME   A L A  Q  Q Q   TR  LS     V         LR  Q   E   KQQL Q   EK G L TL DT K LEH  GS  EQQEK TR TENLSA  RL ASK RQ
mmBICD2      350          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 L    V ME   V L A  Q  Q Q    R  LS  H  V         LR  Q   E   KQQL Q   EK G L TL DT K LEQA GT  EQ EK NR TENLSA  RL AGK RQ
ggBICD2      347          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 L    V ME   V L    Q  Q Q   TR  LS  H  V         MK  Q   E   KQQL Q   EK N LTTL ES K LEN  GA  EQ EK GR TENLNA  KL VSK RQ
danreBICD2   343          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 L    L VE   V L    Q  Q Q    R  L      M         MR  Q   E   KQQL Q   EK A LTTL DS K LEHA GA AEQQEA TR SDDLGA  RL AGK RQ
xtBICD2      320          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 L    L VD   A V A       N       LS               LK          QQQL Q   EK S M DLEGLKN LDVATEA  KEQKQNGE LEQINA  EDLDNSGRK
xtSpindly    262          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 V    A ME   I M V  Q  Q Q   SR  M   K  I         LK  Q   E   EDRR E   QL S K QF SL K HAF  QQ HRM VQ AT LQ....  GS SDP QL
hsSpindly    261          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 V    A ME   I M V  Q    Q   NR  MQ  K  I         MK  Q   E   EDRR A   QL S K KY SLKK NVF  EQ  RM LQ AT LQ....  GS TEF QQ
mmSpindly    261          c                                c                 B    B KdG  B B B  B  B B   KG  KG  B  B  B      KG  B   B           R                                L                 V    V ME     M    Q    Q   TR  MN  K  I         MR  Q   E   EDRR A   QLNL KDKY SLKK NAF  DQ  KM LQ ST LR....  GS TEF QQ
ggSpindly    261          c                                c                 C    C JIH  C C C  C  C C   JH  JH  C  C  C      JH  C   C           R                                L                 V    A ME   I V I  Q  Q Q   TR  LQ  K  M         MK  Q   E   EDRR E   QL S K KY SL K HAF  EQ  RM LQ AT LQ....  GS AEF QL

 X         X           X         X         X         X      
hsBICD1      389                            c           c   c      c                                    A A         DF  A   DF A                                    E           E   L      L                                      L          V      IK           AELDGEKGRDSGEEA..HDYEVDINGL I ECKYRVAVT  ID KAE  A KEKYNKSVE
mmBICD1      389                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                      L          V      IK           AELDCEKGRNSAEEA..HDYEVDINGL I ECKYRVAVT  ID KAE  A KEKYNKSVE
ggBICD1      393                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                      L          V      IK           TEHDCEKGRDPSEEA..HDYEVDINGL I ECKYKVAVT  ID KAE  A KEKYNNYVE
hsBICD2      408                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                      L          A      LK           TALDNEKDRDSHEDG..DYYEVDINGP I ACKYHVAVA  GE REQ  A RSTHEAREA
mmBICD2      410                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                      L          A      LK           TSLDNEKDRDSHEDG..DYYEVDINGP I ACKYHVAVA  GE REQ  A RSTHEAREA
ggBICD2      407                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                      L          I      LK           SALDNEKDRDSHEDG..DYYEVDINGP I ECKYKVAVA  TD KEE  N KAKYKECES
danreBICD2   403                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                      L          A      LK           SALDSERERDSREDNDVDYYELDINGP I RCKYEVAIA  GE REE  G KSEHDEMKT
xtBICD2      380                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                                 A      LK           C........................ET VFKCQCKQENT  SR KKE  E LQQYQDLKK
xtSpindly    318                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                      L                 VR           ........................... R QAMVAQKNS FET VMK  Q .EKSQQICE
hsSpindly    317                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                      L          I      IR           ........................... R LAMLEQKNG  KH LGE  N .EKFKNLYD
mmSpindly    317                            c           c   c      c                                    B B         KG  B   KG B                                    E           E   L      L                                      L          I      I            ........................... R FAMIEQKNG  KH LGE NK .EKFKNLYE
ggSpindly    317                            c           c   c      c                                    C C         JH  C   JH C                                    E           E   L      L                                      L          I      VR           ........................... R QSMLEQKNG  EN LVK  Q .EKFKTLYE

   X              X         X         X         X         X 
hsBICD1      447                                                            cA  A A   A        A     A  A   A       DF A  A DF  A  DF   A                                                           LN  D K   E        Q     V  L   T       AH E  L KM  I  EN     YT E AKY SKI..... MYDEQ TS EKT KESGEKM  M KE Q  TS AN  HST 
mmBICD1      447                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           LN  E K   E        Q     V  L   S       AH E  L KM  I  EN     YT E TKY SKI..... MYDEQ TN EKT KESGEKM  M KE Q  TG AN  HNT 
ggBICD1      451                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           LN  E K   E        Q     V  L   T       VH E  L RM  I  EN     YT E AKY SRI..... TYNEQ TS EKS KESQEKM  M KE Q  TS AN  HNT 
hsBICD2      466                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           LQ  E K   E        Q     V  L   S       AR E  L KV  V  ET     HA E GRY AEG..... ALTEK SL EKA RQDRELL  L KE K  SD AG  QGS 
mmBICD2      468                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           LQ  E K   E        Q     I  L   S       AH E  L KV  V  ET     HA E GRY AEG..... ALTEK SL EKA HQDRELL  L KE K  SD AG  QGS 
ggBICD2      465                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           L   E K   E        Q     I  L   S       AR E  L KV  V  ET    KYE E SRY TES..... ALTEK AS EKS RHDREQV  L KE K  SD AG  QGS 
danreBICD2   463                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           L   E R   E              V  L   S       AK E  L  V  V  ET    EHE V TRL GHV.....RDLSIQ SQ EYS RTDRDKV  L KE KE SA AG  EGS 
xtBICD2      416                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           LQ  D K   E        Q     L                    L  L     D      YK E AEW ASM..... EVTER SLYMKCERSDQGLLGELQED KT RRSYC VQSK 
xtSpindly    350                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           LN                       L  M   N       IK E  L RM  L  ES     G...PVANSSDGLGQGDETYYVD LK KLV SSKEIEK  D LS Q  KA A.  QRV 
hsSpindly    349                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           LS                 N     L  M   N        K E  I RM  L  ES     MESKPSVDSG...TLED TYYTD LQ KLD LNKEIEST G LS Q  KA F.  QRA 
mmSpindly    349                                                            cB  B B   B        B     B  B   B       KG B  B KG  B  KG   B                                                           LS        D        S     L  L            K E  I RM  L  ES     MESRPSTS TAC.VLED TYYSD LQ KLDKLNKENEST D LS Q  KA F.  QRA 
ggSpindly    349                                                            cC  C C   C        C     C  C   C       JH C  C JH  C  JH   C                                                           LN  E R                  L  M   N       LK E  L RM  L  ES     ME C ASTSSKG.GESEDGYYAD LQ KLD SNKETET  N LS Q  KA Y.  QRV 

        X         X         X          X         X         X
hsBICD1      502      c   c                     c  cc                         A   A   DF A     DEF A DEEF A DEEEF  A                          E   F                     R  LD                                  S E     HHV L NNET N  VM    R                     NTAQD LVT  E LAQLY   C C    P .     YY QSRVTRSGSLKGPDDPRGLLS
mmBICD1      502      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                                  S E     HHV L NNET N  VM    R                     NTAQD LVT  E LAQLY   C C    P .     YY QSRVTRSGSLKGPDDPRGLLS
ggBICD1      506      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                                  S E     HHV L NNET N  VM    R                     NTAQD LVT  E LAQLY   C C    P .     YY QSRVTRSGSLKGPDDPRGLLS
hsBICD2      521      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                         V        S E     HHV M NNET N  VM    R                     S AQD LVT  E LANLY   C C    P .     YY EG........QGGAG......
mmBICD2      523      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                         V        S E     HHV M NNET N  VM    R                     N AQD LVT  E LANLY   C C    P .     YY EG........QGKA.......
ggBICD2      520      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                         V        S E     HHV M NNET N  VM    K                     S AQD LVT  E LANLY   C C    P .     YY EG........KG.........
danreBICD2   518      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                         V        S E     HHV M NNET N  VM    K                     S AQD LVA  E LANLY   C C    P .     FY EG........KG.........
xtBICD2      471      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                         L        T E     HHV M NS T N  VM    R                     N AQD LMS  E LAHLY   C R  L P .     YY DG........KG.........
xtSpindly    406      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                         L          D     RHL L Q EN    V     K                     D ... RKL AN .....   K S G  MKL  N  EM .....................
hsSpindly    405      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                         I          E     R L L  SEN    A     K                     D ... RKL AN ..... C Q SE   MKL  K  EL .....................
mmSpindly    407      c   c                     c  cc                         B   B   KG B     KdG B KddG B KdddG  B                          E   F                     R  LD                         I        T E     RHL L  SEN    A     K                     D ... RKL  N .....   Q SE   MKL  K  EL .....................
ggSpindly    407      c   c                     c  cc                         C   C   JH C     JIH C JIIH C JIIIH  C                          E   F                     R  LD                         V        T E     RHL A QSEN N  VM    K                     E ... RKL  N .....   Q C    M L     EL .....................



         X          X         X         X         X         
hsBICD1      561                                                            A                                                           RPRLARRGVSSP.VETRTSSEPVAKESTEASKEPSPTKTPTISPVITAPPSSPVLDTSDI 
mmBICD1      561                                                            B                                                           RPRLSRRGVSSP.VESRTSSEPVSKENTETSKEPSPTKTPTISPVITAPPSSPVLDTSDI 
ggBICD1      565                                                            B                                                           RPRLARRGMASP.VEARTPTEQVTKEAAEPGKEQSPTKTPTISPVITAPPSSPVSDSSDI 
hsBICD2      566                                                            B                                                           R.RTSPGGRTSPEARGRRSPILLPKGLLAPEAGRADGGTGDSSP...SPGSSLPSPLSDP 
mmBICD2      567                                                            B                                                           R......GRTSPEGRGRRSPVLLPKGLLATEVGRADGGTGDNSP...SPSSSLPSPLSDP 
ggBICD2      562                                                            B                                                           R......GRSSPEAKGRRSPILLSKGLLTIDLGKAENGSGDSSP...SPVSSLPSPVSDP 
danreBICD2   560                                                            B                                                           R........SKTETKDRQSTL..........TQTNESKAQT......SRSNSIPVDREEP 
xtBICD2      513                                                            B........SKLHFRKRKSSDFFGKLLVSPDMEITEIHSGECSP.LSSPASSIGSDCGDSS
xtSpindly    437                                                            B                                                           K..........................................................M 
hsSpindly    436                                                            B                                                           K..........................................................L 
mmSpindly    438                                                            B                                                           K..........................................................L 
ggSpindly    438                                                            C                                                           K..........................................................M 

X         X         X         X         X         X         
hsBICD1      620  cc                                                  c       DF                                                 DEEEEEEF EP                                                  E                                                          E ILKLKSK  MNIYNLNAIIRDQIKHLQKAVDRSLQLSRQRAAARELAPMIDKDKEALM        
mmBICD1      620  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          E ILKLKSK  MNIYNLNAIIRDQIKHLQKAVDRSLQLSRQRAAARELAPMIDKDKEALM        
ggBICD1      624  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          E ILKLKSK  MNIYNLNAIIRDQIKHLQKAVDRSLQLSRQRAAARELAPMIDKDKEALM        
hsBICD2      622  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          E ILKLKSR  MNIYNLIAIIRDQIKHLQAAVDRTTELSRQRIASQELGPAVDKDKEALM        
mmBICD2      618  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          E ILKLKSR  MNIYNLIAIIRDQIKHLQAAVDRTTELSRQRIASQELGPAVDKDKEALM        
ggBICD2      613  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          E ILKLKSK  MNIYNLIAIIRDQIKHLQAAVDRTTELSRQRVATQELGPVVDKDKEALM        
danreBICD2   596  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          E ILKLKSP  MDVYNLVAIIRDQIRHLQKAVDRTTELSRQRVASLELAAVADKDQAACM        
xtBICD2      564  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          D IMKLKSR  LSITHLIAIVKDQIKHLQGAI....VVSWQHTSLESIASEMDKDKEVLV        
xtSpindly    439  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          D IAKIRTY  .................................................        
hsSpindly    438  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          E  V V  Y  .................................................  T E PV
mmSpindly    440  cc                                                  c       KG                                                 KddddddG EP                                                  E                                                          E  I V  Y  .................................................  R E PV
ggSpindly    440  cc                                                  c       JH                                                 JIIIIIIH EP                                                  E                                                          E LLKV  Y  .................................................      TK

X         X         X           X             X         X   
hsBICD1      680       c                                                      A  DEEEF     DEEEF DEF DEEF   A     A    A A DF DEEF  A A        E                                                      L  KR QI     VLKAN QTA VALA   L     E    E A VT TM K  N L  L ST     ATLRA     K   E    N.. KNK.Y N... K M  E  T LR E KA
mmBICD1      680       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                      L  KR QI     VLKAN QTA VALA   L     E    E A VT TM K  N L  L ST     ATLRA     K   E    N.. KNK.Y N... K M  E  T LR E KA
ggBICD1      684       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                      L  KR QI     VLKAN QTA VALA   L     E    E A VT TM K  N L  L ST     ATLRA     K   E    N.. KNK.Y N... K M  E  T LR E KA
hsBICD2      682       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                      L  KR QI     VLKAN QTA VALA   L     E    E A VT TMMK  N L  L ST     TTLRT     K   E    N.. KSK.Y N... K M  E    LR E KA
mmBICD2      678       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                      L  KR QI     VLKAN QTA VALA   L     E    E A VT TMMK  N L  L ST     TTLRT     K   E    N.. KSK.Y N... K M  E    LR E KA
ggBICD2      673       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                      L  KR QI     VLKAN QTA VALA   L     E    E A VT TMMK  N L  L ST     ATLRT     K   E    N.. KSK.Y N... K M  E    LR E KA
danreBICD2   656       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                      L  KR QI     VLKAN QTA VALA   L     E    E A VT TMMK  N L  L ST     ATLRT     K   E    N.. KSK.Y N... K M  E    LR E KA
xtBICD2      620       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                      L  KR QI     VLKAN QTA VAM    L     E    E A VS TMVK    L  L ST     ATLRT     K   E   SN.. KSK.Y N... K L  D    LRHE KA
xtSpindly    450       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                         RK QL     I   S T      A   L     E        V  NLLK  S L  .QKR     PLDCA DNT A VTSGSQ H.G SDAIP DMCPAEST HR    ED S .S
hsSpindly    449       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                      L  RR  L      AK    N  AL     V          E      N L   N L  . KK   V PVDITT  DACV NS  GGE.. YRLPPQK... ETQSCP S E.D N .Q
mmSpindly    451       c                                                      B  KdddG     KdddG KdG KddG   B     B    B B KG KddG  B B        E                                                      L  RR  L         T  TA A A    V          E      N LK  N V  . KR   V PLNITTPEE EE  A S TEDG SRLPPHR... E.ESCL S  .D T .Q
ggSpindly    451       c                                                      C  JIIIH     JIIIH JIH JIIH   C     C    C C JH JIIH  C C        E                                                      I  RR  I        L   N  V  A   L          E A MT N L        . KK   K PVDATCEY DSK TS DE P.. THL.PSK... E K  S N EQIDSS.S

      X         X         X         X                      X
hsBICD1      734 DEF DEEEEEEF A   A     DEEF   A A DEEEF  A              DEF LKE AATFSSLR M   R     TQLD   R L AAEDE  T              NTL    D        A FAT CDEYV    EMQ Q A     KK .............L   L
mmBICD1      734 KdG KddddddG B   B     KddG   B B KdddG  B              KdG LKE AATFSSLR M   R     TQLD   R L AAEDE  T              NTL    D        A FAT CDEYV    EMQ Q A     KK .............L   L
ggBICD1      738 KdG KddddddG B   B     KddG   B B KdddG  B              KdG LKE AATFSSLR M   R     TQLD   R L AAEDE  T              NSL    D        A FAT CDEYV    EMQ Q A     KK .............L   L
hsBICD2      736 KdG KddddddG B   B     KddG   B B KdddG  B              KdG LKE AATFSSLR M   R     TQLD   R L AAEDE  T              NSL    D        A FAT CDEYI    EMQ Q A     KK .............L   L
mmBICD2      732 KdG KddddddG B   B     KddG   B B KdddG  B              KdG LKE AATFSSLR M   R     TQLD   R L AAEDE  T              NSL    D        A FAT CDEYI    EMQ Q A     KK .............L   L
ggBICD2      727 KdG KddddddG B   B     KddG   B B KdddG  B              KdG LKE AATFSSLR M   R     TQLD   R L AAEDE  T              NSL    D        A FAT CDEYV    EMQ Q A     KK .............L   L
danreBICD2   710 KdG KddddddG B   B     KddG   B B KdddG  B              KdG LKE AATFSSLR M   R     TQLD   R L AAEDE  T              NSL    D        A FAT CDEYV    DMQ Q A     KK .............L   L
xtBICD2      674 KdG KddddddG B   B     KddG   B B KdddG  B              KdG LKE AATFSSLR L   R     TQLE   R L AAEDE  T              NSL    D        S FAS CDQYV    EMQ Q A     KK .............L   L
xtSpindly    507 KdG KddddddG B   B     KddG   B B KdddG  B              KdG  KE  LS   VK I          Q     K V IVE E  N              ST  T  QD  SVA  P EPAN.....G PPKER R R   N ND QDINKRNTNNCSVT  SP
hsSpindly    501 KdG KddddddG B   B     KddG   B B KdddG  B              KdG L   V  YT V  L   K      QL    K V LI                     N   EKS SI  P VS SPH NLPVDM  KKEK C K  GVPADAEALSERSGN....TP SP
mmSpindly    504 KdG KddddddG B   B     KddG   B B KdddG  B              KdG  K  A S  Q   L   K     TQ     K V LVD                    N  W QP S CV PAS SPH NLHLD  PKKEK C K   SPANIEVLHEQSGN....TP SP
ggSpindly    503 JIH JIIIIIIH C   C     JIIH   C C JIIIH  C              JIH  K  L        L            E   K V   DD   T              SSA R QA EASPINIA QSMDKV...VEP RER R KTK  SVD CASYSRGGSN.FLT   P

         X         X         X           X         X        
hsBICD1      781 c                                                           DEEF DEF DF A A  A    A DF   A      A  A                    R                                                            MAI QKL LT R E  E    Q RR   K      K  S                        Q   A  Q L DL FDHE S  SKG L..GKS IG PKVSGEASVTVPTIDTYLLH
mmBICD1      781 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                            MAI QKL LT R E  E    Q RR   K      K  S                        Q   A  Q L DL FDHE S  SKG L..GKS IG PK..................
ggBICD1      785 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                            MAI QKL LT R E  E    Q RR   K      K  S                        Q   A  Q L DL FDHE S  SKG L..GKS IG PKVSEEASATVPTIDTFLLH
hsBICD2      783 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                            MAI QKL LT R E  E    Q RR   K      K  T                        Q   A  Q L LL LDHE T  GRA AA.PKT PA PSVSHTCA............
mmBICD2      779 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                            MAI QKL LT R E  E    Q RR   K      K  S                        Q   A  Q L LL LDHE T  GRS AA.SKA PA PSVSHTCA............
ggBICD2      774 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                            MAI QKL LT R E  E    Q KR   K      K  N                        Q   A  Q L HL LDHE S  VRT SA.SKA SS PTVSHIRS............
danreBICD2   757 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                            MAI QKL LT R E  E    Q RR          K  S                        Q   A  Q L DL FDNE S  GSGAGPGGRG AP GRGRGPLSFSSPHV......
xtBICD2      721 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                            MAI QKL LT R E  E      K           K  S                        Q   A  Q L GR GAHNAS SHSKSS..TKG TH AK..................
xtSpindly    562 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                             A       S R D       Q RK   R      H  S                     S SEESTSE K F EEQEKRK E  SRL AP.PVL VP KP..................
hsSpindly    557 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                            LAA SKL  T   E  E      K    K         S                        E   Q. EVK GK TSSKLE ETCK LH.PILYVS KS..................
mmSpindly    560 c                                                           KddG KdG KG B B  B    B KG   B      B  B                    R                                                            L A SKL  T   E  E      K    K         S                      T E   P. EVK RI TTSKLG GACK SH.NIIYVS KS..................
ggSpindly    559 c                                                           JIIH JIH JH C C  C    C JH   C      C  C                    R                                                            L   SR  AT   D  E    T KK   K         S                      TTE  FE  EIE KK NVIT K  TQK KY.TTLYVS KP..................



 X         X         X         X         X         X        
hsBICD1      839 SQGPQTPNIRVSSGTQRKRQFSPSLCDQSRPRTSGASYLQNLLRVPPDPTSTESFLLKGP
mmBICD1   ............................................................
ggBICD1      843 SQGPQQPNLLVSSGTQRKRLFSPSLCDQSHPRTSG.TYLQKLLRAPPHPASTESYLLRGP
hsBICD2      830 .........................CASDRAEGTG.......L..ANQVFCSEKHSIY..
mmBICD2      826 .........................CASERAEGAG.......L..ANQVFCSEKHSIY..
ggBICD2      821 .........................C.GDRPEGSV.......L..NNQVFCSEKYKIY..
danreBICD2   811 ..SPRLP..................C.KNRPQPHG.......LIGSPAVFCSEKYKIL..
xtBICD2      761 ....................................................SKYI....
xtSpindly    603 .............................................AATTQCPQQ......
hsSpindly    597 .............................................TPETQCPQQ......
mmSpindly    600 .............................................APETQCSQQ......
ggSpindly    600 .............................................TPETQCAQQ......

 X         X         X                X         X         X 
hsBICD1      899 PSMSEFIQGHRLSKEKRLTVAPP.......DCQQPAASVPPQCSQLAGRQDCPTVSPDTA
mmBICD1      821 .......SGH.........................................CPQ......
ggBICD1      902 PSMSEFIHGHRLSKEKRLTVATPVLVLFQKSSHIPALSVPLSTVSLSLLL.TPNLHMQRK
hsBICD2      854 ...................................................CD.......
mmBICD2      850 ...................................................CD.......
ggBICD2      844 ...................................................CD.......
danreBICD2   841 ...................................................CDTGSD...
xtBICD2   ............................................................
xtSpindly ............................................................
hsSpindly ............................................................
mmSpindly ............................................................
ggSpindly ............................................................

          X          X                                      
hsBICD1      952 LPEEQP..HSSS.QCAPLHCLSKP...PHP                              
mmBICD1   ..............................                              
ggBICD1      961 RKRKQSGVHATKVRVVPSERVDNPALLPHR                              
hsBICD2   ..............................                              
mmBICD2   ..............................                              
ggBICD2   ..............................                              
danreBICD2 ..............................                              
xtBICD2   ..............................                              
xtSpindly ..............................                              
hsSpindly ..............................                              
mmSpindly ..............................                              
ggSpindly ..............................                              

 


