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E
ukaryotic cells critically depend
on the formation, budding, and
scission of membrane-bounded
vesicles for many key processes:

internalization of cell surface receptors,
delivery of cargo proteins to multivesicular
bodies (MVBs) and lysosomes for degra-
dation, transport of newly synthesized
proteins between intracellular organelles
and their delivery to the plasma mem-
brane, and release of microvesicles that
function as vehicles for intercellular com-
munication. Although distinct families
of proteins and multiprotein complexes
have been described that mediate these
diverse events in the cell, the field of
membrane trafficking remains an active
area of investigation. In PNAS, the work
by Nabhan et al. (1) describes a role for
the arrestin domain-containing protein
ARRDC1 in the generation of micro-
vesicles—termed ARRDC1-mediated mi-
crovesicles (ARMMs)—that bud directly
from the plasma membrane (PM).
Arrestins are well-established regulators

of cell signaling pathways, and they act
to recruit factors that promote the endo-
cytosis of PM receptors (2). Arrestins can
interact directly with ubiquitin ligases,
thereby stimulating the ubiquitination of
PM receptors and in some cases, the ar-
restin itself. For example, the work by
Lin et al. (3) characterized a family of
arrestin-related proteins that recruits the
yeast Nedd4-like ubiquitin ligase, Rsp5, to
down-regulate the expression of amino
acid transporters. Rsp5 was recruited
by a PPxY-related motif in the arrestin
proteins (3).
Several recent studies have uncovered

an intriguing connection between arrestin
domain-containing proteins and compo-
nents of the endosomal sorting complex
required for transport (ESCRT) machin-
ery (3–6). This machinery, which is com-
posed of four multiprotein complexes
(ESCRT-0 to ESCRT-III) (Fig. 1A), is
required for the delivery of ubiquitinated
cargo into vesicles that bud into late en-
dosomes to form MVBs (7). ESCRT ma-
chinery also plays a key role in the budding
of many enveloped viruses, including
HIV-1 and other retroviruses (8). Re-
cruitment of ESCRT machinery by retro-
viral Gag proteins (the viral structural
proteins that drive particle assembly and
release) requires the presence of so-called
late domains in Gag; PTAP, PPxY, and
YPxL late domains recruit the Tsg101
subunit of ESCRT-I, Nedd4 family ubiq-
uitin ligases, and the ESCRT-associated

factor Alix, respectively (9). A direct
interaction was previously identified
between a yeast arrestin-related protein,
Rim8, and the yeast homolog of Tsg101,
Vps23 (4). This interaction was mediated
by binding between monoubiquitinated
Rim8 and the ubiquitin E2 variant (UEV)
domain of Vps23. Rim8 ubiquitination was
dependent on the ubiquitin ligase, Rsp5.
Thus, Rim8 functions as an arrestin-
related trafficking adaptor to recruit the
ESCRT-I complex. Interactions between
arrestin-related proteins and ESCRT
components—specifically Tsg101 and
Alix—have also been described in mam-
malian cells (6). These studies served as
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an impetus for the investigation of other
novel interactions between arrestin-re-
lated proteins and the ESCRT machinery.
To this end, the work by Nabhan et al.

(1) uses the yeast two-hybrid approach to
search for proteins that partner with the
Tsg101 UEV domain. This analysis con-
firms the interaction between ARRDC1
and Tsg101, an interaction that mapped
to a highly conserved PSAP motif in
ARRDC1. Because, as mentioned above,
an equivalent motif (PTAP) in HIV-1
Gag recruits Tsg101 (Fig. 1B), these
observations hint at a functional parallel
between HIV-1 Gag and ARRDC1. Ex-
tending this parallel, the work by Nabhan
et al. (1) shows that ARRDC1 is indeed
packaged into secreted microvesicles,
suggesting that ARRDC1 might be driving
microvesicle formation. Because HIV-1
budding takes place primarily at the PM,
whereas the ESCRT machinery drives
budding events at internal (MVB) mem-
branes, a key question is whether
ARRDC1-containing microvesicles are
a product of budding events taking place
at the PM or in MVBs. The work by
Nabhan et al. (1) shows that tagged
ARRDC1 is localized almost exclusively
to the PM and that overexpression of
ARRDC1 induces a relocalization of
Tsg101 from the cytosol to the surface.
Furthermore, an ARRDC1 mutant de-
ficient in PM localization fails to produce
ARMMs, and unlike MVB-derived

microvesicles, ARMMs lack endosomal
markers. These observations imply that
ARRDC1-mediated budding events take
place at the PM. Another important
question is whether ESCRT machinery is
required for ARMM release. The answer
seems to be affirmative. First, mutation
of the PSAP motif in ARRDC1 blocks
Tsg101 recruitment to the PM and abro-
gates microvesicle production. Second,
Tsg101 depletion reduces the release of
ARRDC1-containing microvesicles. Fi-
nally, a dominant negative mutant of the
Vps4 ATPase, which shuts down ESCRT-
mediated membrane scission, strongly
inhibits ARMM release.
The C-terminal domain of ARRDC1

contains two highly conserved PPxY motifs
(Fig. 1C) that were previously implicated
in ubiquitination and ESCRT-mediated,
PPxY-dependent retroviral budding (6).
The work by Nabhan et al. (1) also observes
PPxY-dependent ARRDC1 ubiquitination
and thus hypothesizes that ubiquitin mod-
ification might be required for ARMM
release. The authors use a proteomic
analysis to identify the Nedd4 family E3
ligase, WWP2, as an ARRDC1-interacting
protein. Mutation of the PPxY motifs in-
hibits the ARRDC1–WWP2 interaction,
and the requirement for WWP2 in ARMM
budding is confirmed by showing that
WWP2 depletion significantly reduces mi-
crovesicle release. These observations sug-
gest a model where ARRDC1 interaction
with WWP2 through its PPxY motif results
in ubiquitination of ARRDC1 and en-
hanced ARMM release.
The process described in the work by

Nabhan et al. (1) represents a type of
microvesicle release from the PM that is
distinct from exosome release, which origi-
nates in a late endosomal compartment.
These findings also add another key piece
to the puzzle of how evolutionarily con-
served cellular processes are hijacked by
viruses. The parallels between budding
events driven by ARRDC1 and retroviral
Gag proteins are striking in several respects:
PM location, requirement for ESCRT ma-
chinery and Vps4, and involvement of
Nedd4 family ubiquitin ligases. The authors
propose that retroviral Gag proteins
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evolved to mimic ARRDC1 release from
the PM.
As is the case for most groundbreaking

studies, this work raises a number of
interesting questions for additional in-
vestigation. (i) What is the mechanism by
which ARRDC1 is targeted to the PM?
Do phosphoinositides play a role like they
do for the targeting of Gag proteins of
HIV-1 and several other retroviruses (10)?
(ii) What other ESCRT components are
required for ARRDC1-mediated bud-
ding? As depicted in Fig. 1A, ESCRT-

mediated MVB budding requires, in many
cases, ESCRT-I, -II, and -III, whereas
HIV-1 budding is independent of ESCRT-
II (11) and requires only a subset of
ESCRT-III components (12). Does
ARMM budding require ESCRT-II, and
which ESCRT-III components are in-
volved? Alix also plays a role, albeit still
poorly defined, in HIV-1 budding. The
work by Rauch et al. (6) previously showed
an interaction between ARRDC1 and
Alix, raising the question of whether
ARRDC1 interaction with Alix promotes

ARMM release (Fig. 1C). (iii) Finally, and
perhaps most importantly, what is the
physiological function of ARMM release?
Membrane vesicles have been shown
to function in intercellular communication
(13), and Nabhan et al. (1) observe that
ARRDC1 could be transferred between
cells in ARMMs. The transfer of ARMMs
between cells, either as cell-free micro-
vesicles or through a cell–cell route, may
represent yet another parallel between
ARMMs and retroviral particles.
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Fig. 1. Parallels between MVB, HIV-1, and ARMM budding. (A) Sorting of ubiquitinated (Ub) cargo into vesicles that bud into the MVB uses four evolutionarily
conserved, multiprotein ESCRTs. The Hrs subunit of ESCRT-0 initiates the cascade on the early endosomal membrane. Hrs contains a PSAP motif that binds the
UEV domain of Tsg101, thereby recruiting ESCRT-I. ESCRT-I subsequently interacts with ESCRT-II, which in turn, recruits ESCRT-III. The ESCRT-III complex acts in
concert with the vacuolar protein sorting ATPase Vps4 to catalyze the final membrane scission event that releases the cargo-bound vesicle into the lumen of
the MVB. (B) HIV-1 budding requires proper PM targeting mediated by the N-terminal matrix (MA) domain of HIV-1 Gag. Like vesicle budding into MVBs, HIV-1
budding also uses ESCRT machinery. The p6 domain of HIV-1 Gag contains two peptide motifs, PTAP and YPxL, that bind Tsg101 and Alix, respectively. HIV-1
budding requires ESCRT-III and Vps4; however, ESCRT-II is bypassed by an unknown mechanism. Hypothesized mechanisms of recruitment are denoted with
light shading and question marks. Capsid (CA) and nucleocapsid (NC) domains of Gag are also labeled. (C) ARMM budding also requires ESCRT machinery,
particularly ESCRT-I (Tsg101) and Vps4. The N-terminal arrestin domain of ARRDC1 directs PM targeting. Like Hrs and HIV-1 Gag, ARRDC1 contains a PSAP motif
that is required for Tsg101 recruitment. The PPxY motifs of ARRDC1 interact with Nedd4 family ubiquitin ligases (e.g., WWP2). Alix may also be involved in
ARMM budding, and given the requirement for Vps4, it is also likely that ESCRT-III plays an essential role.
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