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            Abstract
HIV-1 Nef, a protein important for the development of AIDS, has well-characterized effects on host membrane trafficking and receptor downregulation. By an unidentified mechanism, Nef increases the intrinsic infectivity of HIV-1 virions in a host-cell-dependent manner. Here we identify the host transmembrane protein SERINC5, and to a lesser extent SERINC3, as a potent inhibitor of HIV-1 particle infectivity that is counteracted by Nef. SERINC5 localizes to the plasma membrane, where it is efficiently incorporated into budding HIV-1 virions and impairs subsequent virion penetration of susceptible target cells. Nef redirects SERINC5 to a Rab7-positive endosomal compartment and thereby excludes it from HIV-1 particles. The ability to counteract SERINC5 was conserved in Nef encoded by diverse primate immunodeficiency viruses, as well as in the structurally unrelated glycosylated Gag from murine leukaemia virus. These examples of functional conservation and convergent evolution emphasize the fundamental importance of SERINC5 as a potent anti-retroviral factor.
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                    Figure 1: Nef counteracts an HIV-1 inhibitor.[image: ]


Figure 2: SERINC5 and SERINC3 inhibit HIV-1.[image: ]


Figure 3: Determinants of Nef activity against SERINC5 and conservation across different retroviruses.[image: ]


Figure 4: Nef and glycoGag promote relocalization of SERINC5 to an endosomal compartment and prevent its incorporation into virions.[image: ]


Figure 5: SERINC5 inhibits an early step of virus infection.[image: ]
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Extended data figures and tables

Extended Data Figure 1 SERINC5 is an inhibitor of HIV-1 infectivity.
a, Mapping of the INDELS in the genomic locus spanning SERINC5 exon 2 in JTAg cell clonal populations from Fig. 2a. b, Infectivity of HIV-1 from JTAg cells stably transduced with lentiCRISPR targeting GFP or SERINC5 in three different exons (n = 4, experiment replicated twice). c, Relative expression of SERINC5 in primary cells and in cell lines measured by qPCR normalized by expression of ACTB (n = 3). d, Infectivity of HIV-1 from the indicated cell lines expressing SERINC5 (n = 4, experiments were replicated twice). Mean Â± s.d., unpaired two-tailed t-test, ***P < 0.001 e, Expression levels of the five SERINC genes in JTAg cells obtained from RNA-seq.


Extended Data Figure 2 Nef and glycoGag expression result in relocalization of SERINC5 to an endosomal compartment and prevent its incorporation into virions.
a, Single round Nef-defective NL4-3 produced by cotransfection of HEK293T cells with plasmids expressing Nef proteins or the empty vector control, and PBJ6-SERINC5â€“HA: immunoblotting of virions and cell lysates from producer cells. b, Immunofluorescence staining of JTAg cells transfected to express SERINC5â€“GFP, Nefâ€“HA from HIV-1 isolate 97ZA012 (clade C), from SIVmac239, HAâ€“glycoGag or an empty vector control. Scale bar, 10 Î¼m.


Extended Data Figure 3 SERINC5 inhibits cytoplasmic delivery of virion content.
a, Immunodetection of Cre-recombinase (38 kDa) and p24 in HIV-1 particles. b, Effect of 1 Î¼M AZT or 100 nM T20 on Cre-delivery and virus infectivity (TU, transducing units). c, Immunoblotting of HIV-1 virus particles produced from HEK293T expressing increasing levels of SERINC5â€“HA. d, Effect of SERINC5 on virus fusion measured with BLAM assay T20 served as a negative control. (n = 4, experiment replicated twice). e, Cre delivery by EBOV-GP pseudotyped HIV-1 particles. f, Inhibition of Cre delivery and counteraction by Nef on HIV-1 from HEK293T expressing SERINC5. Mean Â± s.d., n = 4, unpaired two-tailed t-test, *P < 0.05, **P < 0.01, ***P < 0.001. Scale bar, 100 Î¼m.


Extended Data Figure 4 SERINC3 and SERINC5 expression is not induced by interferon nor LPS treatments.
aâ€“d, Relative gene expression levels of SERINC3, SERINC5 and CXCL10 in response to treatment with IFN-Î² and LPS in Jurkat (a), monocyte-derived dendritic cells from two donors (MDDC, b), CD4+ primary T cells unstimulated (c) or stimulated with PHA (d) from two donors. Expression of the housekeeping gene OAZ1 was used as a normalization control. Mean Â± s.d., n = 3.


Extended Data Table 1 Description of the cells lines used in Fig. 1aFull size table
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        Editorial Summary
SERINC5 is a natural antiretroviral agent
In two separate papers, Massimo Pizzato and colleagues and Heinrich GÃ¶ttlinger and colleagues identify previously unrecognized restriction factors for HIV-1. In the absence of the HIV-1 Nef protein, the multipass transmembrane proteins SERINC3 and SERINC5 become incorporated into assembling virions and profoundly block HIV-1 infection. The Nef protein, which is normally expressed by HIV-1, counteracts this activity by down-regulating SERINC3 and SERINC5 from the cell surface, thereby preventing their incorporation into virions. These findings identify SERINC5, and to a lesser extent SERINC3, as the agents responsible for the long-sought anti-HIV-1 activity that is overcome by Nef. This raises the possibility that SERINC5 might have potential as a basis for anti-HIV-1 therapeutics.
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