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Figure legends of supplemental figures S1, S2 and S3: 
 
 
Figure S1, related to Figure 1: shRNA silencing of endogenous syntenin isoforms had 
no effect on virus budding. (A) 293T cells were treated with control shRNA (lanes 1 and 
2) or with shRNA targeting Syn-1 and Syn 2 (lanes 3 and 4). After 6 days of treatment 
with puromycin to select cells expressing syntenin shRNAs, cells were transfected with 
HIV-1 PTAP- alone (lanes 1 and 3) or in combination with WT HA-ALIX--to stimulate 
virus release (lanes 2 and 4). (B) Cellular syntenin proteins are dispensable for EIAV 
release. 293T cells were treated with control shRNA (lane 1), with shRNA against Syn-1 
or Syn-2 individually or together (lanes 2, 3 and 4, respectively). After 6 days puromycin 
treatment, cells were transfected with EIAV proviral DNA and harvested 24-48h post-
transfection. Protein content of cells and virus was analyzed as previously described and 
proteins were detected by western blot using the indicated antibodies. 
 
Figure S2, related to Figure 1: (A) Syn-1, Syn-2 and Syn-2β retain binding to ALIX 
Bro1 and Bro1-V domains. GST (lanes 1, 4 and 7), GST-Bro1 (lanes 2, 5 and 8) and 
GST-Bro1-V fusion proteins (lanes 3, 6 and 9) were captured on Glutathione conjugated 
beads and then incubated with lysates from 293T cells expressing Flag-Syn-1 (lanes 1-3), 
Flag-Syn-2 (lanes 4-6) or Flag-Syn-2β (lanes 6-9). Captured proteins and cell lysates 
were analyzed by western blot using the anti-Flag antibody. GST fusion proteins were 
visualized by Coomassie blue staining. (B) Purified syntenin proteins interact with ALIX 
Bro1. GST (lanes 1, 3 and 5) and GST-Bro1 fusion proteins (lanes 2, 4 and 6) captured 
on beads were incubated with purified strep-tagged version of syntenin proteins. The 
captured complexes were analyzed by western blot using an anti-strep antibody. (C) 
Purified syntenin PDZ domains bind ALIX Bro1. GST (lane 1) or GST-Bro1 fusion 
protein (lane 2) were captured on Glutathione conjugated beads and then incubated with 
strep-tagged version of recombinant Syn-2 PDZ domains purified from E.coli (lane 2). 
Captured proteins were analyzed by western blot using anti-strep antibodies. GST fusion 
proteins were visualized by Coomassie blue staining. 
 
Figure S3, related to Figure 2: The Phe105 loop plays key role(s) in ALIX Bro1-
Syntenin interactions. 293T cells were transfected with Flag-Syn 2 alone (lane 1), in 
combination with wild type HA-Bro1 (lane 2) or the indicated Bro1 mutants (lanes 3 to 
12—see material and methods for description). Cells were lysed in RIPA buffer and clear 
lysates were incubated with anti-HA antibody-conjugated beads. Both input and 
immunoprecipitated complexes were analyzed by SDS-PAGE and western blot using the 
anti-Flag or anti-HA antibodies. Mutants marked with the (*) symbol exhibited low 
expression levels in cells and were therefore excluded from further analysis (lanes 4 and 
6). 
 



Supplemental Experimental Procedures: 

Proviral and expression vectors: Syntenin-1 and Syntenin-2 expression genes were amplified 

by PCR from cDNAs (Open Biosystems). Syntenin-2β cDNA, which lacks the first 255 bp of 

syntenin-2, syntenin-1 and syntenin-2 PDZ domains (amino acids 114 to 271 and 103 to 267, 

respectively) were amplified from full-length cDNA and all sequences were subcloned into 

p3XFLAG-myc-CMV-26 vector (Sigma) between NotI/BglII sites to obtain the N-terminally 

3XFLAG tagged protein expression plasmids. A similar strategy was followed to clone syn-2 

PDZ1 (108-187) or PDZ2 (192-267). PDZ1 and PDZ2 domains of syntenin-1 and syntenin-2 and 

the full-length version of both proteins were also cloned in a modified pET30a(+) vector (EMD) 

between the SalI/NotI sites. The expressed proteins carried a N-terminal GB1 soluble tag, a Strep 

tag, a 6 × Histidine tag followed by a cleavage site for the tobacco etch virus (TEV) protease. The 

HA-tagged version of ALIX full length, ALIX-105 mutant, the Bro1 (1–367) domain and the 

Bro1-105 mutant as well as all other Bro1 mutants shown in figure S3 were described previously 

in (Sette et al., 2012; Sette et al., 2011a).  To generate GST expression vectors, the ALIX Bro1 

and ALIX Bro1-V (1- 702) domains were subcloned in pGEX-5X-2 (GE) between (Sette et al., 

2011a) EcoRI/NotI sites. We used the wild-type (WT) EIAVUK, the L-Domain singly defective 

HIV-1 mutant PTAP−, or the doubly defective PY-  (where both the PTAP and the LYPXnL were 

mutated; proviral constructs were previously described in (Huang et al., 1995). When 

immunogold labeling was used, viral particles were produced using the HIV-1 proviral vector 

pBruΔenv, or the GagΔp2-NCp1-p6 and GagΔp1-p6 mutants previously described in (Reed et al., 

2012). RKI and RKII mutants were generated following a strategy previously described in 

Dussupt et al., 2011; overlapping PCR was used to substitute a select number of R or K to A 

residues in either NC proximal (RKI) or distal (RKII) zinc finger as depicted in figure 3B.  

Immunoprecipitation assays: Immunoprecipitation assays were conducted as previously 

described (Sette et al., 2011b). Briefly, 293T cells (2 × 106 cells/T25) were seeded into T25 flasks 

and transfected the following day using Lipofectamine 2000. Forty-eight hours post-transfection, 

the cells were lysed in Lysis buffer (1% (v/v) Igepal, 0.1% (w/v) SDS, 0.5% (w/v) Sodium 

deoxycholate and Complete protease inhibitor cocktail [Roche, Indianapolis, IN]). 

Immunoprecipitation complexes and cell lysates (input fractions) were analyzed by SDS-PAGE 

and western blot using anti-HA, anti-Flag M2 (Sigma), anti-syntenin-1 (S-31, Santa Cruz 

Biotechnology) and anti-syntenin-2 (Proteintech) antibodies. 

Protein expression and purification: Syntenin-1, syntenin-2 and syntenin-2β were purified as 

previously described (Sette et al., 2011b). The expression vectors were transformed into E. coli 



BL21 (DE3) cells and protein expression was induced with 0.5 mM isopropyl-β-d-thiogalactoside 

(IPTG) at OD600 = 0.6–0.8 and grew overnight at 18°C. Cells were lysed in a buffer containing 

50 mM Tris-HCl pH8.0, 1% sucrose, 10% Glycerol, 0.1 mM DTT, 500 mM NaCl, 10 mM 

imidazole and protease inhibitor cocktail and lysed by sonication. Cleared cell lysates were 

purified by Ni-NTA Agarose beads and the proteins were eluted with 250 mM of Imidazole.  

GST pull down assays: GST-Bro1 and Bro1-V fusion proteins were expressed in BL21(DE3) 

pLysS E. coli (Stratagene) and their interaction with Flag-syntenin-1, Flag-syntenin-2 and Flag-

syntenin-2β were examined in GST-pull down assays following the protocol previously described 

(Sette et al., 2012). Bacterial pellets were resuspended in Bacteria Lysis Buffer (BLB) [50 mM 

Tris-HCl pH8.0, 1% (w/v) sucrose, 10% Glycerol, 0.1 mM DTT, 300 mM (w/v) NaCl and 

protease inhibitor cocktail]. GST-NC, GST-NC-p6 or mutant counterparts were prepared and pull 

down assays were performed as previously described (Sette et al., 2012). When cells were lysed 

mechanically, a tissue homogenizer (pestle B) was used after cells were swollen in hypotonic 

buffer (20 mM Tris HCL pH 7.4, 25 mM NaCl, 1 mM MgCl2) on ice for 1h. When cells were 

lysed in presence of detergent, 0.5% of Igepal was used. Nuclease treatment was performed 

following the protocol previously described (Sette et al., 2012) with RNAse A (EMD) (100 

µg/ml) or Benzonase (100units) (Novagen) following the manufacturer recommendations at 37C 

for 1h. Captured protein complexes and cell lysates (input fractions) were analyzed by SDS-

PAGE and western blot using the indicated antibodies.  

Virus release analysis: 293T cells were maintained and transfected as previously described 

(Sette et al., 2011b). Twenty-four hours after transfection, cells and culture media were harvested 

and their protein content was analyzed by SDS-PAGE and Western blot using the indicated 

antibodies. HIV-1 proteins were detected using an anti-HIV-1 p24 monoclonal antibody (clone 

183-H12-5C) or NEA-9306 (PerkinElmer). EIAV proteins were detected using a horse anti-EIAV 

serum.  

RNAi knockdown: 293T cells (2.5 × 106 cells/T25) were transfected with 400 pmol or with 100 

pmol of Stealth siRNA duplexes against cellular syntenin-1 and cellular syntenin -2, respectively 

(Sigma and Invitrogen life technologies). After 36 h, cells were cotransfected with the same 

amount of siRNA duplexes and 500 ng of EIAVUK or 1 mg of HIV-1 PTAP- proviral DNA. Cells 

and virus were harvested and processed as described above. When shRNA technique was used to 

deplete gene expression, lentiviruses were produced by transfecting 293T cells with a mixture of 

p8.91, pMD.G and pGIPZ lentiviral vector (Open Biosystems) containing the shRNA sequence. 

Viruses were harvested 48h post-transfection, filtered and titrated using the GFP reporter. For 

establishment of stable lines, 293T cells were transduced at M.O.I. ranging from 10 to 20 and 



selected in 2µg/ml puromycin for 6 days. All knockdowns were assessed by western blot analysis 

of cell extracts by probing for endogenous proteins. 

Bro1 and NC binding to LUVs:  1-palmitoyl-2-oleoyl phosphatidylethanolamine (POPE), 1 -

palmitoyl-2-oleoylphosphatidylserine (POPS),1-palmitoyl-2-oleoylphosphatidylcholine 

(POPC), cholest-5-en-3ß-ol (cholesterol) and 1,2-dihexanoyl-sn-glycero-3-phospho-(1'-myo-

inositol-3',5'-bisphosphate) were purchased from Avanti Polar Lipids (Alabaster, AL). Large 

unilamellar vesicles (100 nm) composed of POPE: POPS: POPC (1:1:1) or POPE: POPS: POPC: 

Cholesterol (28:34:28:10) were prepared as previously described (Philip and Scarlata, 2006). For 

membranes containing 5% PI(4,5)P2, PI(4,5)P2 solubilized in chloroform was placed in a round 

bottom flask and dried to a thin film using a stream of nitrogen. After, freshly extruded LUVs 

were added and the flask was subjected to extensive vortex or low power sonication. The GST-

tagged proteins were labeled with 7-diethylamino-3- (4′-maleimidylphenyl)-4-methylcoumarin 

(CPM, Invitrogen) to yield proteins with an ~1:1 probe:protein ratio as described in (Philip and 

Scarlata, 2006). RNAse was then added to the labeled protein to a final concentration of 0.1 μg/μ

l. Binding measurements were performed on an ISS spectrofluorometer (Urbana, IL) using a 3 

mm cuvette.  Binding affinity was determined by the increase in fluorescence intensity of a 130 

nM CPM-labeled purified protein solution, as freshly extruded LUVs were incrementally added. 

The sample spectra were corrected by subtracting identical spectra in control cuvettes that 

substituted the protein domains for the free GST tag similarly labeled with CPM. The area under 

the emission peaks of the corrected spectra was calculated using ISS Vinci software. These values 

were then plotted as a function of concentration of added lipid, and the resulting curves were fit 

using Sigma Plot (Jandel, Inc.). 

Immunogold labeling and transmission electron microscopy: Methods for virus infection 

followed by double immunolabeling have been described previously in detail (Reed et al., 2012). 

For immunogold labeling, grids were double labeled with a murine mAb directed against HIV-1 

Gag p24 (AIDS Reagents hybridoma 183-H12-5C) and an antiserum directed against ALIX.  

Grids were blocked with 5% BSA in PBS, and labeled with ALIX antiserum diluted 1:1 with 

antibody buffer (phosphate buffered saline containing 0.1% BSA-C), followed by labeling with 

anti-Gag (0.125 mg/ml in phosphate buffered saline containing 0.1% BSA-C).  Antibody to ALIX 

was detected using a-rabbit F(ab)2’, conjugated to 15nm gold particles (EMS); antibody to Gag 

was detected with a-mouse F(ab)2’, conjugated to 6nm gold particles (EMS).  Sections were then 

fixed and post-stained as described previously (Reed et al., 2012).  Stained sections were 

examined using a JEOL-1400 transmission electron microscope.  Images were acquired using a 

Gatan UltraScan 1000XP (2K x 2K) camera and Gatan Digital Micrograph software.  Two 



independent immunolabeling experiments were performed, each containing 2 sections from each 

group. Counting of ~ 300 particle assembly events at the membrane in 30 distinct fields has been 

performed as previously described (Reed et al., 2012) to quantify Gag-ALIX colocalization at the 

membrane. TEM of 293T cells expressing HIV-1 or the indicated mutant was performed as 

previously described in Dussupt et al., 2011.  

	
  



References: 
Aldovini, A., and Young, R.A. (1990). Mutations of RNA and protein sequences involved in 
human immunodeficiency virus type 1 packaging result in production of noninfectious virus. J 
Virol 64, 1920-1926. 
Baietti, M.F., Zhang, Z., Mortier, E., Melchior, A., Degeest, G., Geeraerts, A., Ivarsson, Y., 
Depoortere, F., Coomans, C., Vermeiren, E., et al. (2012). Syndecan-syntenin-ALIX regulates the 
biogenesis of exosomes. Nat Cell Biol 14, 677-685. 
Beekman, J.M., and Coffer, P.J. (2008). The ins and outs of syntenin, a multifunctional 
intracellular adaptor protein. J Cell Sci 121, 1349-1355. 
Bello, N.F., Dussupt, V., Sette, P., Rudd, V., Nagashima, K., Bibollet-Ruche, F., Chen, C., 
Montelaro, R.C., Hahn, B.H., and Bouamr, F. (2012). Budding of retroviruses utilizing divergent 
L domains requires nucleocapsid. J Virol 86, 4182-4193. 
Bissig, C., Lenoir, M., Velluz, M.C., Kufareva, I., Abagyan, R., Overduin, M., and Gruenberg, J. 
(2013). Viral infection controlled by a calcium-dependent lipid-binding module in ALIX. Dev 
Cell 25, 364-373. 
Burniston, M.T., Cimarelli, A., Colgan, J., Curtis, S.P., and Luban, J. (1999). Human 
immunodeficiency virus type 1 Gag polyprotein multimerization requires the nucleocapsid 
domain and RNA and is promoted by the capsid-dimer interface and the basic region of matrix 
protein. J Virol 73, 8527-8540. 
Chatellard-Causse, C., Blot, B., Cristina, N., Torch, S., Missotten, M., and Sadoul, R. (2002). 
Alix (ALG-2-interacting protein X), a protein involved in apoptosis, binds to endophilins and 
induces cytoplasmic vacuolization. J Biol Chem 277, 29108-29115. 
Chukkapalli, V., Oh, S.J., and Ono, A. (2010). Opposing mechanisms involving RNA and lipids 
regulate HIV-1 Gag membrane binding through the highly basic region of the matrix domain. 
Proc Natl Acad Sci U S A 107, 1600-1605. 
Cimarelli, A., Sandin, S., Hoglund, S., and Luban, J. (2000). Basic residues in human 
immunodeficiency virus type 1 nucleocapsid promote virion assembly via interaction with RNA. 
J Virol 74, 3046-3057. 
Darlix, J.L., Lapadat-Tapolsky, M., de Rocquigny, H., and Roques, B.P. (1995). First glimpses at 
structure-function relationships of the nucleocapsid protein of retroviruses. J Mol Biol 254, 523-
537. 
Dick, R.A., Goh, S.L., Feigenson, G.W., and Vogt, V.M. (2012). HIV-1 Gag protein can sense 
the cholesterol and acyl chain environment in model membranes. Proc Natl Acad Sci U S A 109, 
18761-18766. 
Dussupt, V., Javid, M.P., Abou-Jaoude, G., Jadwin, J.A., de La Cruz, J., Nagashima, K., and 
Bouamr, F. (2009). The nucleocapsid region of HIV-1 Gag cooperates with the PTAP and 
LYPXnL late domains to recruit the cellular machinery necessary for viral budding. PLoS Pathog 
5, e1000339. 
Dussupt, V., Sette, P., Bello, N.F., Javid, M.P., Nagashima, K., and Bouamr, F. (2011). Basic 
residues in the nucleocapsid domain of Gag are critical for late events of HIV-1 budding. J Virol 
85, 2304-2315. 
Fisher, R.D., Chung, H.Y., Zhai, Q., Robinson, H., Sundquist, W.I., and Hill, C.P. (2007). 
Structural and biochemical studies of ALIX/AIP1 and its role in retrovirus budding. Cell 128, 
841-852. 
Friand, V., David, G., and Zimmermann, P. (2015). Syntenin and syndecan in the biogenesis of 
exosomes. Biol Cell. 
Garrus, J.E., von Schwedler, U.K., Pornillos, O.W., Morham, S.G., Zavitz, K.H., Wang, H.E., 
Wettstein, D.A., Stray, K.M., Cote, M., Rich, R.L., et al. (2001). Tsg101 and the vacuolar protein 
sorting pathway are essential for HIV-1 budding. Cell 107, 55-65. 



Gorelick, R.J., Henderson, L.E., Hanser, J.P., and Rein, A. (1988). Point mutants of Moloney 
murine leukemia virus that fail to package viral RNA: evidence for specific RNA recognition by 
a "zinc finger-like" protein sequence. Proc Natl Acad Sci U S A 85, 8420-8424. 
Gottlinger, H.G., Dorfman, T., Sodroski, J.G., and Haseltine, W.A. (1991). Effect of mutations 
affecting the p6 gag protein on human immunodeficiency virus particle release. Proc Natl Acad 
Sci U S A 88, 3195-3199. 
Grootjans, J.J., Zimmermann, P., Reekmans, G., Smets, A., Degeest, G., Durr, J., and David, G. 
(1997). Syntenin, a PDZ protein that binds syndecan cytoplasmic domains. Proc Natl Acad Sci U 
S A 94, 13683-13688. 
Huang, M., Orenstein, J.M., Martin, M.A., and Freed, E.O. (1995). p6Gag is required for particle 
production from full-length human immunodeficiency virus type 1 molecular clones expressing 
protease. J Virol 69, 6810-6818. 
Hubner, W., McNerney, G.P., Chen, P., Dale, B.M., Gordon, R.E., Chuang, F.Y., Li, X.D., 
Asmuth, D.M., Huser, T., and Chen, B.K. (2009). Quantitative 3D video microscopy of HIV 
transfer across T cell virological synapses. Science 323, 1743-1747. 
Jin, J., Li, F., and Mothes, W. (2011). Viral determinants of polarized assembly for the murine 
leukemia virus. J Virol 85, 7672-7682. 
Jolly, C., and Sattentau, Q.J. (2005). Human immunodeficiency virus type 1 virological synapse 
formation in T cells requires lipid raft integrity. J Virol 79, 12088-12094. 
Jolly, C., and Sattentau, Q.J. (2007). Human immunodeficiency virus type 1 assembly, budding, 
and cell-cell spread in T cells take place in tetraspanin-enriched plasma membrane domains. J 
Virol 81, 7873-7884. 
Jouvenet, N., Neil, S.J., Bess, C., Johnson, M.C., Virgen, C.A., Simon, S.M., and Bieniasz, P.D. 
(2006). Plasma membrane is the site of productive HIV-1 particle assembly. PLoS Biol 4, e435. 
Kang, B.S., Cooper, D.R., Jelen, F., Devedjiev, Y., Derewenda, U., Dauter, Z., Otlewski, J., and 
Derewenda, Z.S. (2003). PDZ tandem of human syntenin: crystal structure and functional 
properties. Structure 11, 459-468. 
Kempf, N., Postupalenko, V., Bora, S., Didier, P., Arntz, Y., de Rocquigny, H., and Mely, Y. 
(2015). The HIV-1 nucleocapsid protein recruits negatively charged lipids to ensure its optimal 
binding to lipid membranes. J Virol 89, 1756-1767. 
Kim, E., and Sheng, M. (2004). PDZ domain proteins of synapses. Nat Rev Neurosci 5, 771-781. 
Kim, J., Sitaraman, S., Hierro, A., Beach, B.M., Odorizzi, G., and Hurley, J.H. (2005). Structural 
basis for endosomal targeting by the Bro1 domain. Dev Cell 8, 937-947. 
Kutluay, S.B., Zang, T., Blanco-Melo, D., Powell, C., Jannain, D., Errando, M., and Bieniasz, 
P.D. (2014). Global changes in the RNA binding specificity of HIV-1 gag regulate virion genesis. 
Cell 159, 1096-1109. 
Lee, S., Joshi, A., Nagashima, K., Freed, E.O., and Hurley, J.H. (2007). Structural basis for viral 
late-domain binding to Alix. Nat Struct Mol Biol 14, 194-199. 
Llewellyn, G.N., Hogue, I.B., Grover, J.R., and Ono, A. (2010). Nucleocapsid promotes 
localization of HIV-1 gag to uropods that participate in virological synapses between T cells. 
PLoS Pathog 6, e1001167. 
Martin-Serrano, J., Yarovoy, A., Perez-Caballero, D., and Bieniasz, P.D. (2003). Divergent 
retroviral late-budding domains recruit vacuolar protein sorting factors by using alternative 
adaptor proteins. Proc Natl Acad Sci U S A 100, 12414-12419. 
Martin-Serrano, J., Zang, T., and Bieniasz, P.D. (2001). HIV-1 and Ebola virus encode small 
peptide motifs that recruit Tsg101 to sites of particle assembly to facilitate egress. Nat Med 7, 
1313-1319. 
Morita, E., Sandrin, V., McCullough, J., Katsuyama, A., Baci Hamilton, I., and Sundquist, W.I. 
(2011). ESCRT-III protein requirements for HIV-1 budding. Cell Host Microbe 9, 235-242. 



Mortier, E., Wuytens, G., Leenaerts, I., Hannes, F., Heung, M.Y., Degeest, G., David, G., and 
Zimmermann, P. (2005). Nuclear speckles and nucleoli targeting by PIP2-PDZ domain 
interactions. EMBO J 24, 2556-2565. 
Muriaux, D., Mirro, J., Harvin, D., and Rein, A. (2001). RNA is a structural element in retrovirus 
particles. Proc Natl Acad Sci U S A 98, 5246-5251. 
Ono, A., Ablan, S.D., Lockett, S.J., Nagashima, K., and Freed, E.O. (2004). Phosphatidylinositol 
(4,5) bisphosphate regulates HIV-1 Gag targeting to the plasma membrane. Proc Natl Acad Sci U 
S A 101, 14889-14894. 
Ono, A., and Freed, E.O. (2001). Plasma membrane rafts play a critical role in HIV-1 assembly 
and release. Proc Natl Acad Sci U S A 98, 13925-13930. 
Ono, A., and Freed, E.O. (2005). Role of lipid rafts in virus replication. Adv Virus Res 64, 311-
358. 
Ono, A., Waheed, A.A., and Freed, E.O. (2007). Depletion of cellular cholesterol inhibits 
membrane binding and higher-order multimerization of human immunodeficiency virus type 1 
Gag. Virology 360, 27-35. 
Philley, J., Kannan, A., and Dasgupta, S. (2015). MDA-9/Syntenin Control. J Cell Physiol. 
Pike, L.J. (2003). Lipid rafts: bringing order to chaos. J Lipid Res 44, 655-667. 
Pike, L.J. (2004). Lipid rafts: heterogeneity on the high seas. Biochem J 378, 281-292. 
Pires, R., Hartlieb, B., Signor, L., Schoehn, G., Lata, S., Roessle, M., Moriscot, C., Popov, S., 
Hinz, A., Jamin, M., et al. (2009). A crescent-shaped ALIX dimer targets ESCRT-III CHMP4 
filaments. Structure 17, 843-856. 
Popov, S., Popova, E., Inoue, M., and Gottlinger, H.G. (2008). Human immunodeficiency virus 
type 1 Gag engages the Bro1 domain of ALIX/AIP1 through the nucleocapsid. J Virol 82, 1389-
1398. 
Reed, J.C., Molter, B., Geary, C.D., McNevin, J., McElrath, J., Giri, S., Klein, K.C., and 
Lingappa, J.R. (2012). HIV-1 Gag co-opts a cellular complex containing DDX6, a helicase that 
facilitates capsid assembly. J Cell Biol 198, 439-456. 
Saad, J.S., and Muriaux, D.M. (2015). Editorial: Role of lipids in virus assembly. Front Microbiol 
6, 410. 
Sette, P., Dussupt, V., and Bouamr, F. (2012). Identification of the HIV-1 NC binding interface in 
Alix Bro1 reveals a role for RNA. J Virol 86, 11608-11615. 
Sette, P., Mu, R., Dussupt, V., Jiang, J., Snyder, G., Smith, P., Xiao, T.S., and Bouamr, F. 
(2011b). The Phe105 loop of Alix Bro1 domain plays a key role in HIV-1 release. Structure 19, 
1485-1495. 
Sheng, M., and Sala, C. (2001). PDZ domains and the organization of supramolecular complexes. 
Annu Rev Neurosci 24, 1-29. 
Strack, B., Calistri, A., Craig, S., Popova, E., and Gottlinger, H.G. (2003). AIP1/ALIX is a 
binding partner for HIV-1 p6 and EIAV p9 functioning in virus budding. Cell 114, 689-699. 
Summers, M.F., South, T.L., Kim, B., and Hare, D.R. (1990). High-resolution structure of an 
HIV zinc fingerlike domain via a new NMR-based distance geometry approach. Biochemistry 29, 
329-340. 
Thomas, A., Mariani-Floderer, C., Lopez-Huertas, M.R., Gros, N., Hamard-Peron, E., Favard, C., 
Ohlmann, T., Alcami, J., and Muriaux, D. (2015). Involvement of the Rac1-IRSp53-Wave2-
Arp2/3 Signaling Pathway in HIV-1 Gag Particle Release in CD4 T Cells. J Virol 89, 8162-8181. 
Usami, Y., Popov, S., and Gottlinger, H.G. (2007). Potent rescue of human immunodeficiency 
virus type 1 late domain mutants by ALIX/AIP1 depends on its CHMP4 binding site. J Virol 81, 
6614-6622. 
VerPlank, L., Bouamr, F., LaGrassa, T.J., Agresta, B., Kikonyogo, A., Leis, J., and Carter, C.A. 
(2001). Tsg101, a homologue of ubiquitin-conjugating (E2) enzymes, binds the L domain in HIV 
type 1 Pr55(Gag). Proc Natl Acad Sci U S A 98, 7724-7729. 



von Schwedler, U.K., Stuchell, M., Muller, B., Ward, D.M., Chung, H.Y., Morita, E., Wang, 
H.E., Davis, T., He, G.P., Cimbora, D.M., et al. (2003). The protein network of HIV budding. 
Cell 114, 701-713. 
Votteler, J., and Sundquist, W.I. (2013). Virus budding and the ESCRT pathway. Cell Host 
Microbe 14, 232-241. 
Wawrzyniak, A.M., Kashyap, R., and Zimmermann, P. (2013). Phosphoinositides and PDZ 
domain scaffolds. Adv Exp Med Biol 991, 41-57. 
Yandrapalli, N., Muriaux, D., and Favard, C. (2014). Lipid domains in HIV-1 assembly. Front 
Microbiol 5, 220. 
Zhai, Q., Fisher, R.D., Chung, H.Y., Myszka, D.G., Sundquist, W.I., and Hill, C.P. (2008). 
Structural and functional studies of ALIX interactions with YPX(n)L late domains of HIV-1 and 
EIAV. Nat Struct Mol Biol 15, 43-49. 
Zhai, Q., Landesman, M.B., Chung, H.Y., Dierkers, A., Jeffries, C.M., Trewhella, J., Hill, C.P., 
and Sundquist, W.I. (2011a). Activation of the retroviral budding factor ALIX. J Virol 85, 9222-
9226. 
Zhai, Q., Landesman, M.B., Robinson, H., Sundquist, W.I., and Hill, C.P. (2011b). Structure of 
the Bro1 domain protein BROX and functional analyses of the ALIX Bro1 domain in HIV-1 
budding. PLoS One 6, e27466. 
Zimmermann, P., Meerschaert, K., Reekmans, G., Leenaerts, I., Small, J.V., Vandekerckhove, J., 
David, G., and Gettemans, J. (2002). PIP(2)-PDZ domain binding controls the association of 
syntenin with the plasma membrane. Mol Cell 9, 1215-1225. 
Zimmermann, P., Tomatis, D., Rosas, M., Grootjans, J., Leenaerts, I., Degeest, G., Reekmans, G., 
Coomans, C., and David, G. (2001). Characterization of syntenin, a syndecan-binding PDZ 
protein, as a component of cell adhesion sites and microfilaments. Mol Biol Cell 12, 339-350. 

 

	
  


	S1-s
	S2-s
	S3-s
	Figlegends-supplement figures-Sette et al
	Supplemental Experimental procedures-Sette et al, 2016-CHM
	References-Sette et al, 2016

