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SINPAS

Fig. S1.  ALIXgro1 in complex with the C-terminal CHMP4A helix.  (A) Ribbon diagram showing the complex between ALIXgr01 and the C-terminal helix from
CHMP4A (purple). This figure is oriented so that the CHMP4A helix in Fig. 1 Lower is rotated ~90° toward the viewer. (B) CHMP4A is represented in sticks against
a solid ALIX surface, with the Fo-Fc peptide omit map contoured at 2 X rmsd and displayed over the peptide. To generate the peptide omit map, the peptide
was deleted from the model, random shifts (0.3 A in x, y, x) were applied throughout and the model rerefined without the peptide in REFMAC. The orientation
is the same as in Fig. 3.
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Fig. S2. Stereoviews of ALIXgro1-CHMP4B and ALIXg01-CHMPAC interfaces. (A) ALIXgro1-CHMP4B. (B) ALIXgr01-CHMPAC. Views and designations are the same

as in Fig. 3A, except that CHMP4B is shown in green and CHMP4C is shown in orange.
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Fig. $3. Comparative analyses of the ALIXgr01-CHMP4B interface. (A) Overlay of ALIXgro1-bound CHMP4A-C helices illustrating how hydrophobic residues at
the N-terminal ends of the helices can make nearly equivalent contacts despite displacement of the CHMP4B helix (green). (B) Expanded view of the CHMP4B
C terminus, highlighting the unique ALIXg:o1 contacts made by the C-terminal Met-224 residue.
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- - -MATF- - ISVQLKKTSEVDLAKPLVKF IQQTYPSGG - EEQAQY CRAAEELSKLRRAAVGRPLDKHEGALETLLRY YDQICS IEPKFPFSENQ- I CLTFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLF
- - -MATF- - ISVQLKKTSEVDLAKPLVKF IQQTYPSGG - EEQAQYCRAAEELSKLRRAAVGRPLDKHEGALETLLRYYDQICS IEPKFPFSENQ- I CLTFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLF
- - -MATF- - ISVQLKKTSEVDLAKPLVKF IQQTYPSGG - EEQAQYCRAAEELSKLRRAAVGRPLDKHEGALETLLRYYDQICSIEPEFPFSENQ- I CLTF TWKDAFDKGSLFGGSVKLALASLGYEKSCVLF
-MASF - - ISVQLKKTSEVDLAKPLVKF IQQTYPNGG - EEQAQYCRAAEELSKLRRAALGRPLDKHEGALETLLRYYDQICSTEPKFPFSENQ- I CLTFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLF
-MAAF - - ISVQLKKTSEVDLAKPLVKFIQQTYPSGG - EEQAQYCRAAEELSKLRRAALGRPLDKHEGALETLLRYYDQICSIEPKFPFSENQ- I CLTFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLF
-MATF - - ISVQLKKTSEVDLAKPLVKFIQQTYPSGG - EEQAQYCRAAEELSKLRRAALGRPLDKHEGALETLLRYYDQICSTEPKFPFSENQ - I CLTFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLF
- - -MASF - - INWVQLKKTSEVDLAKPLVKF IQQTYPSGG - EEQAQYCRAAEELSKLRRSALGRPLDKHEGALETLLRYYDQICSIEPKFPFSENQ- I CLTFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLF
- - -MASF- - IWQLKKTSEVDLAKPLVKF IQQTYPSGG - EEQAQYCRAAEELSKLRRSALGRPLDKHEGALETLLRYYDQICSIEPKFPFSENQ- I CLTFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLF
- - -MTNF- - ISVQLKKASEVDLAKPLCKF IQQSYPSG- - DAQAEHCRAAEELSKLRKSALGRPLDKHESALETLLRY YDQLCS I EPKFPFSENQ- VCVTF TWKDAFDKGSLFGGSVKLALASLGYEKTCVLF
77777777777777777777777777777777777777777777777777777777777777777777777777 MRYYDQICSIEPKFPFSENQ- ICLTFTWKDAFDKGSLFGGSVKLALASLGYEKSCVLF
-MATF - - ISVPLKKTSEVDLVKPLSKY THNTYPSG - - EDQTEYCRAVDELNKLRKSAVGRPLDKHETSLETVMRY YDQLCSVEPKFPFTESQ - LCLTFTWKDAFDKGS I FGGSVKLALPSLGYEKTCVLF
-MATF- - ISVPLKKTSEVDLVKPLSKY THNTYPSG- - EDQTEYCRAVEELNKLRKSAVGRPLDKHETSLETVMRY YDQLCSVEPKFPFTESQ - LCLTFTWKDAFDKGS I FGGSVKLALPSLGYEKTCVLF
-MATF - - ISVPLKKSSEVDLVKPLSKFVTATYPPG - - EEQAEYLRAVDELNKLRKSALGRPLDKHESSLEILLRYYDQLCATEPKFPFP - - E- LCLTFTWKDAFDKGSLFGGSVKLALASLGYEKTCVLF
- - - ~ANF- - LAVPPKSSSEVELQRPLQNFIKNTYSDS - - GEGDDFSQQVKEFSKQRTNAVCRKLDKHANSLDMLAKY YDQLEAIDGKLP IMEGQ - I AVNFGWQDAFDKGSFLGGARKQSAPTAAFEKVCVLE
- - -MAEL- - LSVPLKKPSEVDIVTPLKNLIQSRYSTAD- - KPEDCNEAT SELAKLRNTAIWKAFEKYESSLEI I YGY YDQLVSLETKI PAQE - - - LQVPFKWKDAFDKGS TFGNRISLTIPSLGYEKICVLF
- -ATLET- - FGVPQKKASDIEILKPLKNLITSRYQTAE- - -QDSY IGAINELAKLRTNAVAKNLECHESSLDVVYRYYDQIVALESKIPPSE- - - 10T PFKWKDAFDKGS I FGGRISLTVSSLSYEKVCVLF
- - -MAEL- - IAVPLKKPSDVDVIKPLTNVIKSTYNNQ- - - - - KDYTEATADFSKLRNNALWRAFEKYESSLEVIYSYYDQLCALEGKIPAHE - - - LQI PFKWKDAFDR - TTFGGKLSLTISTLSYEKVCVLF
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Fig. S4. (Continued on next page.)
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H. sapiens  FpyvLARKHCIMQANAEYHQSILAKQQKKFGEEIARLQHAAELIKTVASRY - DEYVNV- - KD- - FSDKINRALAAAKKDNDF I YHDRVPDLKDLDPIGKATLVKSTPVNVPISQKF TDLFEKMV

P troglodytes  ppyLAAKHCIMQANAEYHQSTLAKQOKKFGEEIARLQHAAELTKTVASRY - DEYVNV - - KD- - FSDKINRALTAAKKDNDF I YHDRVPDLKDLDP IGKATLVKSTPVNVP I SQKF
P pygmaeus  ppyL.AAKHCIMQANAEYHQSTLAKQQKKFGEETARLQHAAELTKTVASRY - DEYVNV - -KD- - FSDKINRALTAAKKDNDF I YHDRVPDLKDLDPTGKATLVKSTPVNVP ISQKF
E. caballus  pp11AAKHCIMOANAEYHQSTLAKQOKKFGEETARLQHAAELTKTVASRY - DEYVNV- - KE - - FSDKTSRALTAAKKDNDF T YHDRVPDLKDLDPIGKATLVKSTPVNVPTSQKF - -
C. familiaris  ppy1,AAKPCIMOAYAEYHOS ILAKQOKKFGEEIARLOHAAEL TKTVASRY -DEYVNV - - KE - - FSDKISRALTAAKKDNDF I YHDRVPDLKDLDPIGKATLVKSTPVNVP I SQKF - -
B. taurus  FPVLAAKHCIMQANAEYHQSILAKQQKKFGEEIARLQHAAELIKTVASRY -DEYVNV- -KD- - FSDKISRALTAAKKDNDF I YHDRVPDLKDLDPIGKATLVKSTPVSVPISQKF - -
R. norvegicus  ppTLARKQCIMQANAEYHQS ILAKQQKKFGEEIARLQHAAEL IKNVASRY - DEYVNV - - KD- - FSDKINRALAAAKKDNDF I YHDRVPDLKDLDPIGKATLVKPTPVNVP I SQKF - -
M. musculus  FpPTLAAKQCIMQANAEYHQSILAKQQKKFGEEIARLQHAAEL IKNVASRY -DEYVNV- - KD~ - FSDKINRALTAAKKDNDF I YHDRVPDLKDLDPIGKATLVKPTPVNVPVSQKF - - - - - - -
G. gallus  Fpyr.ARKHCIMQANAEYHQSTLAKQQKKFGEETGRLQHAADLVKTVASRY -DEYINV- - KD- - LVDKINRALTAAKKDNDFI YHDRVPDLKDLEPTGKASLVKSTPVAVPLSQKF - - - - - - -
O. anathinus  ppy1,AAKHCIMOANAEYHQS I LAKQQKKFGEETGRLOHAAELTKTVTSRY - DEYVNV - - KE - - LSDKINRALTAAKKDNDF I YHDRVPDLKDLDPTGKASLVKSTPVIVPLSQKF - -
X.laevis  ppI1AAKHCIMQOAHAEYHQSVLAKQOKKFGEEIGRLOHASDLVKTVSSRY - DEYVNV- - KD - - LADKTNRALTAAKKDNDF T YHDRVPDLKDLDPVGKASLVKSTPVNVPLSQKY - -
X. tropicalis  gp11,AAKHCTMOAHAAYHQSVLAKQQKKFGEEIGRLOHASDLVKTVSSRY -DEYVNV--KD- LADKINRALTAAKKDNDFIYHDRVPDLKDLDPIGKASLVKPTPINVPLSQKY - - - - - - -
D. rerio  1,pVLAAKHCMMQOATAEMHQSALANQKKKFGEEIARLQHAQELVKTAASRY -DEYVNV- - KD - - LSDKINRALTAAKKDNDF I YHDRVPEVKDLEHIGKASLVKATAVOTPLSQKF - - - - - - -
S. purpuratus 1 pry1,GKQYYMHATSEYHQALVCRASKSYGPEVGRLKHASDLLSEVERKG-GQY IDT - - KD - - FAARVSQELKAVKKDNDF I YHDIVPSVDQLSRPGTAQIAKLVDFSTPLSTES - - - - - - -
T. castaneum  1pr1aAGKOAALHAVAQFYQSLVCRSNKQIGEETARLEHSVSLFQTAQQRS - GKASLE - - QE - - LOHKAQRNLAEVKKDNDEF I YHER T PDIKSLEPTGKAQPAKVLP TAQPMSQGE - - - - - - -
P.monodon  1pRISGKQAGYAGLAEYHQSRVCNSDKSVGEETARLNKGLEMFKAAQARS - GDLTMF - - AD - - NLGRAKNCLDEAVKDNDF I YHERVPDVKSLSATGKAALAKPTPLPEKFSATF - -
A. mellifera  ypL,1AGKQAGYRAMTEFYQSLVCKNNKS IGEEIARLERSVELFKARQORS - NKPHLF - -QD- - YANRAQRNLTEVKKDNDF I YHER I PDIKSLEPVGKACVAKLISMPEIFSSNF - -
N. vectensis  TaAVL,GAKQKYFKAISQYHQATVAMEKGKYGENVARLKLANQLVGEAAKES -MGMFDT - - KT - -WVDR IKRGFVEAEKDNNL I YHDMI PSVDTLAVIGRASLAKSLPLSKPAS INF - -
D. melanogaster  1pT1AGKQAGFHALTQLYQSLVCRAAKKIGEEIARLRNATIDLFKAAQTRS -GNETYL - -DE- - YFSRAKRNLTESTKDNEFIYNET I PELSTLTS PGKAQLAKPLPIAVPLAENF - -
D. pseudoobscura  1pTVAGKQAGFHALTQLYQSLVCRAAKKIGEEIARLRNAIDLFKAAQSRG-GNETYL- - DE - - YFSRAKRHLAESTKDNEF I YNEMI PELSTLASPGKAQLAKSLGIASPMASNF - - - - - - - RDIFTNLV
B. malayi  TNTVKGKALGLSALAQYHKAVDNADSKNIGEQLSRLIESQSLMQQATSYMPHETFNI - -Q- - - YAATEKAYTSAKKDNDFTYHER TADFRSLPHLPKAAVAKIVPTTFPITPRF - KDMFSSLV
A.aegypli  I1STVAGKQAGFHALTMFYHSLVSKSNKAIGEEISRLOKSVELFKIAQSRS-GKPNFL- -EE- - YASKAQRNLIEAKKDNDF I YNEMIPDINSLPGPGKAQLAKYLPIASPMSQNF RDLFADLV
C. briggsae  5sTVNGKTIAYQALAQFHQSEVNGESRQIGEQLSRLAESLKLFETAQKYLPKDITGI - -WD- - IYPTVSKAHTAAKKDNDF I YHERVADFRSLPALQKAVLAKPTPVPNPITPNF RDMFSSLV
A. gambiae  1pQVAGRQAAMHALTMLYHSKVSKANKAFGEETSRLOKAVELFKTAQSRS - SNPTLF - -QE - - YANRAQKSLAEAKKDNDF I YNEV I PDVNNLPS PGKAQLAKVLPLATPLSEDF HDLFGALV
C.elegans  saTVSGKNLAYQALAQYHQSEVCGEARQIGEQLSRLAESLKLFDTAQKYLPRDITGI - -WD- - TYPSVSKAHAAAKKDNDF I YHEKVSDFRTLPTLPKAVLAKPTPMQTPMTPSF - - - - - - - RDMFAVLV

Brox  RKYLHILKMCFYTAYAYCYHGETLLASDKCGEATRSLQEAEKLYAKAEALC- - - -KEYG--------- ETKGPGPTVKPSGHLFFRKLG- - - - - N--~-8- LVKNTLEKCQRENGF - - -
HD-PTP  KKLVOMKIYYFAAVAHLHMGKQAEEQQKFGERVAYFQSALDKLNEATKLAKGQPDTVQDALRFTMDVIGGKYNSAKKDNDFIYHEAVPALDTLQPVKGAPLVKPLPVNPTDPAVTG- -

Rim20p INHLKAKKAYFSAVTYYRIALSFNEKKQFGNVVKALQMGLQFINESTLSSQAKFKT---------- VVESSLKEAQRDNEFIYLQEVP-------- SELPSIKPALMVKPSSSATLLPSIKKDETLFKDLI
Bro1p KTTVTCKLHFYKSLSAYYHGLHLEEENRVGEAIAFLDFSMQQLISSLPFKTWLVEFIDFDG- - FKETLEKKQKELIKDNDF IYHESVPAVVQVDSIKALDAIKSPTWEKILEPYMQDVANKCDSLYRGI I
1 1 1 1 1 1 1 1
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Fig. S4 (Continued). Sequence alignments and secondary structures of Bro1 domains. Secondary structures of the Bro1 domain of ALIX (Upper) and Bro1p
(Lower) (PDB entry 1zb1) are shown together with aligned primary sequences of ALIXg,01 domains from 25 representative metazoan species (top sequence block),
Bro1 domains from the human Brox and HD-PTP proteins (middle sequence block), and Bro1 domains from the yeast Rim20p and Bro1p proteins (bottom
sequence block). ALIXgro1 and Bro1p were aligned by least squares overlap of the two structures, and other sequence alignments were performed by using the
ClustalW server http://npsa-pbil.ibcp.fr/NPSA/npsa_clustalw.html [Combet C, Blanchet C, Geourjon C, Deléage (2000) NPS@: Network protein sequence analysis.
Trends Biochem Sci 25:147-150]. Residues highlighted in yellow make contacts with CHMP4A in the ALIXBro1-CHMP4A0s5-222 structure and residues italicized
in bold and red block ALIX binding and HIV-1 budding when mutated to Asp.
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Fig. S5. Selectivity of the CHMP4A and CHMP1B recognition helices for ALIXgro1.v and Vps4A MIT. Biosensor isotherms showing ALIXgro1.v and VPS4A MIT
domain binding to immobilized GST-CHMP4A0s.22; and GST-CHMP1B1gp-196. Estimated dissociation constants for ALIXgo1-v interactions were: GST-CHMP4A 5.
222, 44 = 6 uM, GST-CHMP1B1go.196, > 1 mM. Estimated dissociation constants for VPS4A MIT domain interactions were: GST-CHMP4Ay05.222, > 1 mM,
GST-CHMP1B1g0-196, 18.5 *= 0.6 uM (dissociation constant and error were estimated from a statistical fit of a single binding isotherm derived from duplicate
measurements at six different Vps4A MIT domain concentrations over a range of 0-140 uM). Binding to a control GST surface was negligible in all cases (data
not shown).

McCullough et al.[www.pnas.org/cgi/content/short/0801567105| 6 of 8



http://www.pnas.org/cgi/content/short/0801567105

SINPAS

Table S1. Data collection and refinement statistics for ALIXgro1—~CHMP4 complexes

Statistic CHMP4A CHMP4B CHMP4C
Data collection
Space group (@ (@) 2

Cell dimensions
a b c A
b, deg.
Resolution, A

Rsym
o (l)
Completeness, %
Redundancy
Refinement
Resolution, A

Reflections, no.

Rwork

Rfree

Number of atoms
Protein
Ligand/ion
Water

(B)-factors
Protein
Ligand/ion
Water

rmsd
Bond lengths, A
Bond angles, deg.

Ramachandran plot, %

Most favored
Additionally allowed
Generously allowed
Disallowed

120.7, 62.7, 76.1
122.1
50.0-2.15 (2.23-2.15)

0.063 (0.334)
19 (1.8)
94.9 (75.1)
9.5(3.8)

50.0-2.15 (2.21-2.15)

25,024
0.214 (0.305)
0.284 (0.344)

2911
6
127

33.2
82.5
49.9

0.019
1.710

89.7
9.7
0.3 (Q27)
0.3 (Q88)

120.5, 62.6, 76.1
121.5
50.0-2.1 (2.18-2.10)

0.067 (0.413)
14(1.7)
92.3 (67.6)
7.2 (4.6)

50.0-2.10 (2.154-2.10)

26,458
0.228 (0.326)
0.290 (0.386)

2953
6
90

353
78.9
55.0

0.017
1.653

88.0
10.8

1.2 (K207,Q27,531,C40)
0.0

120.9, 62.4,76.4
121.6
50.0-2.02 (2.09-2.02)

0.066 (0.596)
9(1.5)
95.5 (81.0)
6.6 (4.4)

50.0-2.02 (2.07-2.02)

30,381
0.243 (0.333)
0.291 (0.411)

2905
6
56

34.0
85.8
51.3

0.016
1.542

90.6
8.6
0.3 (K207)
0.6 (Y29, E34)

Diffraction data from one crystal were used to determine each structure. This includes the CHMP4A complex, for which data were collected in two separate
sweeps from different beamlines. Values in parentheses refer to the high-resolution shell.
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Table S2. Thirty-four different CHMP4 protein sequences from 19 different metazoan species grouped together with the human
CHMP4 isoform with which they show the greatest pair-wise identity throughout the entire protein

Overall identity

NCBI protein to most homologous C-terminal
CHMP4 protein Organism accession no. human CHMP4, % sequence
4A Homo sapiens Q9BY43 100 PKVDEDEEALKQLAEWVS
4A Pan troglodytes XP_001169270 99(A) PKVDEDEEALKQLAEWVS
4A Canis familiaris XP_537387 91(A) PEADEDEAALKQLAEWVS
4A Bos taurus AAI33472 91(A) PKADEDEAELKQLAEWVS
4A Monodelphis domestica XP_001380207 81(A) ASKTDEEKEMKQLVDWVS
4B Homo sapiens NP_789782 100 KKKEEEDDDMKELENWAGSM
4B Mus musculus NP_083638 99(B) KKKEEEDDDMKELENWAGSM
4B Macaca mulatta XP_001105255 99(B) KKKEEEDDDMKELENWAGSM
4B familiaris XP_542966 97(B) KKKEEEEDDMKELENWAGSM
4B Bos taurus AAI23448 97(B) KKKEEEDEDMKELETWAGTI
4B Rattus norvegicus XP_001073409 97(B) KKKEEEDDDMKELENWAGSM
4B Monodelphis domestica XP_001381361 96(B) KKKEEEDDDMKELENWAGSM
4B Ornithorhynchus anatinus XP_001518785 94(B) KKKEEEDDDMKELENWAGSM
4B Equus caballus XP_001499057 94(B) KKKEEEDDDMKELENWAGT I
4B Gallus gallus NP_001006286 91(B) KKEEEEDDDMKELEAWAGNM
4B Xenopus laevis Q5XGW6 87(B) KKQEEDDDDMRELENWATA
4B Xenopus tropicalis Q6GL11 87(B) KKQEEDDDDMRELENWATA
4B Danio rerio Q7ZVvCa 86(B) KKEEEDEDDMKDLEAWAAN
4B Nematostella vectensis XP_001639344 67(B) AKKKTEDDDLAELEAWAS
4B Ornithodoros moubata AAS59855 66 (B) SKAVMEDPDMIELAQWAS
4B Anopheles gambiae XP_315330 64(B) AVAEEDDPDMKELMSWAN
4B Caenorhabditis elegans AAA68771 61(B) PRAKEADKDLEDLESWAN
4B Drosophila melanogaster NP_610462 57(B) AVEDDDDPDMKQLLSWSN
4C Homo sapiens Q96CF2 100 QRAEEEDDDIKQLAAWAT
4C Pan troglodytes XP_528179 99(Q) RRAEEEDDDIKQLAAWAT
4C Macaca mulatta XP_001093735 98(C) RRAEEEDDDIKQLAAWAT
4C Canis familiaris XP_535115 88(Q) SKRTEEVDDIKQLAAWAP
4C Bos taurus AAI13332 88(Q) RRTEGEDDDIQHLAAWAT
4C Monodelphis domestica XP_001367000 88(Q) SRRKEDEDDIKQLAAWAS
4C Equus caballus XP_001489156 87(Q) RRAEEDDDDIKKLSAWAT
4C Mus musculus Q9D7F7 84(Q) SRRAEEDDDFKQLAAWAT
4c Rattus norvegicus Q569C1 84(Q) SRRAEEDDDFKQLAAWAT
4C Gallus gallus XP_418312 72(Q) RRRVEDEDDMKQLAAWAS
4c Xenopus laevis Q6GNN8 69(C) SKKVEDDDDMQOMLAAWAT

Conserved hydrophobic, Leu, and Trp positions in the terminal recognition helix are in bold. For reference, pairwise identities between the three human
CHMP4 isoforms are 62% (A vs. B), 52% (A vs. C), and 61% (B vs. C), whereas the nearest identity between a human CHMP4 protein and another human CHMP
proteinis 30% (CHMP4A vs. CHMPS5). Note that our current nomenclature for CHMP4A (NCBI protein accession locus Q9BY43), CHMP4B (NP_789782), and CHMP4C
(Q96CF2) matches the current NCBI database annotations (www.ncbi.nIm.nih.gov/sites/entrez) but that the designations of CHMP4A and CHMP4B are reversed
from those used in several previous publications.
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