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Some retroviruses contain monoubiquitinated Gag and do not bud efficiently from cells treated with
proteasome inhibitors, suggesting an interaction between the ubiquitin-proteasome system and retrovirus
assembly. We examined equine infectious anemia virus (EIAV) particles and found that approximately 2% of
the p9Gag proteins are monoubiquitinated, demonstrating that this Gag protein interacts with an ubiquitinat-
ing activity. Different types of proteasome inhibitors were used to determine if proteasome inactivation affects
EIAV release from chronically infected cells. Pulse-chase immunoprecipitation and time course immunoblot
analyses showed that proteasome inactivation slightly decreased virus release (at most a twofold effect), while
it did not affect Gag processing. These results contrast with those obtained with other viruses which are sen-
sitive to these inhibitors. This suggests that, although its Gag is monoubiquitinated, the requirements for EIAV
release are somewhat different from those for retroviruses that are sensitive to proteasome inhibitors.

Lentiviruses and type C retroviruses assemble in association
with the host plasma membrane, forming a bud that is released
from the cell to produce a virion (46). The late assembly
domain (L) within Gag is crucial for the efficient release of the
budding virus from the plasma membrane (42). Three different
sequences have been shown to possess L domain function:
PPPY, found in Rous sarcoma virus (RSV) (51, 52), murine
leukemia virus (MuLV), (54), and Mason-Pfizer monkey virus
(53); PTAP, found in human immunodeficiency virus type 1
(HIV-1) (presumably P[T/S]AP for HIV-2 and simian immu-
nodeficiency virus [SIV]) (11, 18); and YPDL, found in equine
infectious anemia virus (EIAV) (34). Deletion or replacement
of these sequences causes virions to mostly remain attached to
the plasma membrane by a thin tether and to fail to separate
from the cell. These L domain sequences can interact directly
with cellular proteins (8, 9, 12, 13, 19, 35, 45), suggesting
potential cellular partners for virus budding. Despite these
findings, the pathway(s) used by retroviruses for budding is
mostly unknown, though recent results suggest that compo-
nents of the vacuolar protein sorting pathway might be used by
HIV-1 (9). Experiments with several retroviruses have shown
that Gag interacts with the ubiquitination pathway and that
efficient budding requires active proteasomes (47). Here we
examine EIAV for interactions with the ubiquitin (Ub)-pro-
teasome system.

EIAV particles contain free Ub and Ub-Gag conjugates. For
several retroviruses, the mature protein within Gag that con-
tains the L domain, p6Gag in HIV-1 and SIV and p12Gag in
MuLV, is also monoubiquitinated (27). HIV-1 Pr55Gag can be
monoubiquitinated within the p6Gag region, consistent with
Gag being modified during assembly (26). The significance of

Gag monoubiquitination is not clear. The best-known role for
Ub is as the basic monomer in the formation of polyubiquitin,
where Ub itself is ubiquitinated to form a polymeric chain.
Ubiquitination can be a rapidly reversible process that is reg-
ulated by a complex pathway of ubiquitinating and deubiquiti-
nating enzymes (5, 49, 50). A chain at least four molecules long
is sufficient as a signal for degradation of the conjugated pro-
tein by the 26S proteasome (15, 17, 20, 21, 43). In contrast, it
appears that monoubiquitination is mostly involved in cellular
processes other than degradation, including endocytosis and
histone-mediated transcriptional regulation (16).

To better understand the interaction of lentiviruses with the
ubiquitination system, we examined the proteins inside parti-
cles of EIAV, another member of this genus, for the presence
of free Ub and Ub-Gag conjugates. Since even highly puri-
fied virus preparations can contain microvesicles, i.e., protein-
containing membranous particles (2, 10), we digested a su-
crose density-purified preparation of EIAV (produced from
EIAVWyoming-infected Cf2th cells) with subtilisin as previously
described (29). This protease treatment removes proteins out-
side the virus, including greater than 95% of the contaminating
proteins that are associated with microvesicles. Removal of
these proteins allows for the detection and characterization of
the proteins that are inside the virions (28–30). Immunoblot
detection of proteins was carried out as previously described
(27) with a Ub monoclonal antibody, clone 2C5 (PanVera
Corporation, Madison, Wis.); EIAV p15MA- and p26CA-reac-
tive goat serum (AIDS Vaccine Program, National Cancer
Institute [NCI]-Frederick); or EIAV p9Gag and gp90SU rabbit
antiserum (Advanced Biosciences, Basic Research Program,
NCI-Frederick). A Ub immunoblot of 20 �g (determined by
the Lowry method [24]) of a purified EIAV virus preparation
digested either with or without subtilisin showed that the ma-
jority of the free Ub (present as a 5-kDa band) remained in the
virion samples after subtilisin digestion (Fig. 1A), thus pro-
tected from the protease. Immunoblotting the samples with
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EIAV gp90SU antiserum demonstrated that this exterior pro-
tein was removed by the subtilisin treatment as expected (Fig.
1A), confirming that the proteins on the surface of the virus
were removed. The amounts of p9Gag and p26CA were not
altered by the digestion procedure, as revealed by immunoblot
analysis, showing that the treatment did not digest the interior
virion proteins (Fig. 1A). Together, these results show that free
Ub is present inside EIAV particles.

In addition to free Ub, there was a band at 17 kDa. Stripping
and reprobing this blot with p9Gag antiserum also revealed a
band at 17 kDa, suggesting the presence of monoubiquitinated

p9Gag (Fig. 1A). Other prominent bands present in the p9Gag

blot were at 20 kDa, likely p11NC-p9Gag, and at 55 kDa, the
Pr55Gag precursor.

Based on our previous experience, the search for ubiquiti-
nated Gag proteins is complicated by the relatively small
amounts of this species inside virions and the presence of
multiple Ub conjugates (26, 27) (data not shown). To isolate
and quantitate ubiquitinated Gag species and free Ub inside
EIAV virions, 200 mg of a virus preparation (total protein by
the Lowry method) was treated with subtilisin and subjected to
reversed-phase high-pressure liquid chromatography as previ-
ously described (14). Samples of the fractions containing pro-
tein peaks were analyzed by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE) with Coomassie
brilliant blue staining and by immunoblotting. Fractions con-
taining proteins of interest were blotted onto filters, and the
bands were excised and subjected to protein sequence analysis
on an Applied Biosystems (Foster City, Calif.) Procise model
494 microsequencer as previously described (14). The results
showed that fraction 40 contained most of the free Ub in the
preparation (Fig. 1B and data not shown). Based on the rela-
tive absorbance of the free-Ub peak versus those of the p9Gag

and p26CA peaks, we estimate that free Ub is present in the
virion at 10% of the number of Gag molecules, or 200 mole-
cules based on 2,000 Gag proteins per virion (22, 32, 41, 48).

In addition to free Ub, we detected a 17-kDa species that
reacted with both the Ub antibody and p9Gag antiserum in
fractions 43 and 44 (Fig. 1B and data not shown). Protein
sequencing of this isolated band produced an equimolar
sequence of both p9Gag (PIQQKSQHNKSVVQE) and Ub
(MQIFVKTLTGKTITL). The apparent 17-kDa molecular
mass, the immunoreactivity of the protein, and the stoichiom-
etry of the two sequences demonstrate that this band is a
p9Gag-Ub conjugate. Conjugation of Ub to proteins is accom-
plished by the formation of an isopeptide bond between the
C-terminal carboxyl group of Ub and the ε-amino group of a
lysine in the target protein (reviewed in references 3 and 7).
The presence of lysines 5 and 10 in the p9Gag sequence of this
conjugate indicates that these residues are not ubiquitinated,
since modified lysines are not detected by Edman degradation
sequencing (27). Therefore, this protein is monoubiquitinated
on one of the four C-terminal lysines (at positions 30, 31, 36,
and 38) in p9Gag. These residues are too distal to be detected
by N-terminal sequencing, given the small amount of protein
available. Based on the relative absorbance of the peaks con-
taining Ub-p9Gag and other Gag peaks, approximately 2% of
the p9Gag proteins (40 molecules) are monoubiquitinated, sim-
ilar to the numbers of modified Gag proteins found in HIV-1,
SIV, and MuLV (27). Together, these results show that EIAV
Gag interacts with an ubiquitinating activity.

Effect of various proteasome inhibitors on EIAV. Recently,
efficient release of HIV-1 and -2, SIV, and RSV from cells has
been shown to require proteasome activity, i.e., treatment of
virus-producing cells with proteasome inhibitors reduces viral
budding (31, 39, 40). For HIV-1 and -2, proteasome inhibition
also decreased the viral protease-mediated processing of Gag
into its mature proteins (39), a step required for the produc-
tion of an infectious virus (42). However, this decrease in Gag
processing was not a result of a direct inhibition of HIV-1
protease activity by the proteasome inhibitors themselves (39).

FIG. 1. Analysis of EIAV virions. (A) Immunoblots of EIAV viri-
ons digested in the absence (�) or presence (�) of subtilisin. The
antibody or antiserum used is indicated above each blot. Molecular
mass markers are indicated at the left, and bands are identified at the
right. (B) High-pressure liquid chromatography chromatogram of the
region containing Ub and Ub-p9Gag proteins. Fractions are identified
under the A206 tracing, with the identities of the sequenced proteins
indicated next to their respective peaks.
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The mechanism for the effects of proteasome inhibitors on
lentiviruses has not been determined.

Proteasome inhibitors can affect many cellular processes,
potentially making experimental results difficult to interpret.
We have previously optimized the treatment of cells with pro-
teasome inhibitors (10 �M zLLL [N-carbobenzoxyl-L-leucinyl-
L-leucinyl-leucinal] and lactacystin) to avoid unwanted effects
on translation and maintain their integrity during these exper-
iments while completely inhibiting proteasome activity in dif-
ferent cell types from different species (37, 38; U. Schubert,
unpublished data). Therefore, we chose these established con-
ditions to examine the effect of proteasome inhibition on
EIAV budding and Gag processing by using the same pulse-
chase procedure as before (38, 39) with various types of inhib-
itors that block proteasome activity by different mechanisms:
lactacystin (Calbiochem-Novabiochem Corp, San Diego, Cal-
if.), PS-341 (Millennium Pharmaceuticals, Cambridge, Mass.),
epoxomicin (Affiniti Research Products Ltd., Mamhead, Ex-
eter, Devon, United Kingdom), and zLLL (MG-132; Calbio-
chem-Novabiochem Corp.). Lactacystin is a highly specific and
potent inhibitor, as its metabolic product, �-lactone, irrevers-
ibly alkylates the catalytic threonine of the 26S proteasome �
subunit (4, 6). PS-341, a dipeptide boronic acid derivative, is a
reversible inhibitor that tightly interacts with the hydroxyl thre-
onine in position 1 of the catalytic � subunit of the proteasome
(Ki � 0.6 nM) (1). We also tested epoxomicin, a natural epoxy-
ketone-containing peptoid that is a specific, irreversible inhib-
itor of the chymotrypsin-like activity of the proteasome in
various cell types with a molar efficiency comparable to that of
lactacystin (25, 33) and that has been shown to block HIV-1
assembly (39). The least-specific proteasome inhibitor used
was zLLL, which reversibly inhibits proteasomes (23). Whereas
this compound forms a transient hemiacetal with the catalytic
threonine of the proteasome, it also inhibits other cellular
enzymes. As a negative control for this nonspecific inhibitor,
we also used zLL, a dipeptide analogue of zLLL that inhibits a
similar spectrum of thiol proteases but that affects neither the
proteasome (44) nor HIV assembly (39).

Pulse-chase experiments were carried out as follows. Parallel
inhibitor-treated and untreated cultures of EIAV-infected
Cf2th cells were methionine starved for 30 min before being
metabolically labeled during a 30-min pulse of [35S]methionine
(2 mCi/ml; Du Pont Inc., Boston, Mass.), which was followed
by up to an 8-h chase with an excess of methionine. The chase
started with the removal of the labeling medium followed by a
single wash with Dulbecco’s phosphate-buffered saline (PBS;
Life Technologies Inc., Gaithersburg, Md.); then the cells were
divided into equal aliquots with 1 ml of prewarmed RPMI 1640
with fetal bovine serum containing 1 mM methionine. Protea-
some inhibitors were added during the methionine starvation
period, and this treatment was continued throughout the ex-
periment. Cells were lysed in a buffer containing 50 mM Tris-
hydrochloride (pH 8.0), 5 mM EDTA, 100 mM NaCl, 0.5%
(wt/vol) CHAPS {[3-(3-cholamidopropyl)-dimethylammonio]-
1-propanesulfonate}, and 0.2% (wt/vol) deoxycholate. At var-
ious times during the chase, samples of these cells, virus frac-
tions (material pelleted from cell-free supernatants in a
refrigerated Eppendorf Microfuge [4°C, 100 min, 16,000 � g]
and lysed in a buffer containing 300 mM NaCl, 50 mM Tris-
hydrochloride [pH 7.4], and 0.1% [vol/vol] Triton X-100 by

shaking at room temperature for 20 min), and clarified super-
natant fractions were subjected to immunoprecipitation with
EIAV-specific antisera (a cocktail of goat 15MA and p26CA

antisera and rabbit p9Gag antiserum preadsorbed to protein
G-Sepharose) and analyzed by SDS-PAGE and fluorography.

Since we previously have shown that the budding and pro-
cessing of HIV-1 and HIV-2 are efficiently blocked by a com-
bination of zLLL and lactacystin in various cell types (38, 39),
we examined the effect of this treatment on EIAV produced
from chronically infected Cf2th by pulse-chase analysis (Fig.
2A). Comparable amounts of radiolabeled Pr55Gag were re-
covered from treated-cell and control cell lysates at the end of
pulse-labeling (the zero time point in Fig. 2A), confirming that
the 60-min zLLL-lactacystin treatment during the starvation
and pulse-labeling steps did not affect protein synthesis in the
EIAV-expressing cells, similar to our previous results with
other viruses and cell lines (37–39). The relative amounts of
Gag precursor Pr55Gag and its major processing product p26CA

were quantitated with a PhosphorImager and used to calculate
the percentage of particle-associated Gag proteins (i.e., virus
released) in the total number of Gag proteins (i.e., that in the
cell, virus, and supernatant fractions) at the various time points
during the chase (Fig. 2B). We observed a subtle, approxi-
mately twofold reduction of EIAV release in the presence of
zLLL-lactacystin during the 8-h chase. Most strikingly, this
treatment nearly eliminated the processing of Pr55Gag into
p26CA as evidenced by an up-to-32-fold-lower ratio of p26CA to
Pr55Gag observed in virions released from treated culture at
the end of the chase period (Fig. 2A). Partial Gag processing
did occur, as a 46-kDa processing intermediate accumulated in
virion samples from the treated cells. This severe inhibition of
Gag processing and the subtle decrease in virus release for
EIAV are quite different from the effect of proteasome inhi-
bition on HIV-1 and -2, where we observed a three- to sixfold
decrease in both virus release and Gag processing under nearly
identical experimental conditions.

To investigate this effect further, parallel pulse-chase exper-
iments were conducted with EIAV-infected cells that were
treated individually with various proteasome inhibitors. The
pulse-chase experiments and PhosphorImager analysis re-
vealed that treatment of EIAV-infected cells with 5 �M PS-
341 (a highly specific inhibitor) had a subtle, approximately
twofold effect on particle release (Fig. 2B). Similar release
kinetics, a decrease of at most twofold in virus release, were
produced in parallel experiments with 10 �M epoxomicin and
20 �M lactacystin (Fig. 2B and data not shown). For these
inhibitors, no processing defect was observed, unlike our pre-
vious results with HIV-1 and -2 (39) and the strong processing
block of EIAV Pr55Gag with the zLLL-lactacystin combination
(Fig. 2B). In contrast, the presence of 20 �M zLLL strongly
inhibited Pr55Gag processing and resulted in the accumulation
of Pr55Gag (data not shown) and the absence of p26CA in both
the cell and virus samples (Fig. 2B), similar to the data from
the zLLL-lactacystin combination experiments (Fig. 2A).
Therefore, only treatments that contained zLLL blocked Gag
processing, suggesting that zLLL itself, and not proteasome
inactivation per se, is responsible for this decrease in EAIV
Gag processing. However, treatment with zLLL still produced
the same subtle effect on virus release (data not shown) as that
observed for the other single proteasome inhibitors and for the
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zLLL-lactacystin combination (Fig. 2A). Treatment with the
control inhibitor, zLL, had little if any effect on virus release
and processing (Fig. 2B and data not shown), showing that the
effect on virus processing is specific for zLLL.

To confirm these pulse-chase results, we used time course
immunoblots as an alternate method of examining virus re-
lease and Gag processing. For time course immunoblot anal-
ysis, identical flasks of EIAV-infected cells were washed three
times with PBS and then the experimental medium was added.
Proteasome inhibitors were used at the following concentra-
tions: 20 �M zLLL and lactacystin (both from Biomol, Ply-
mouth Meeting, Pa.), 1 �M PS-341, and 5 �M epoxomicin. At
various time points, supernatants and cell samples were re-
moved, prepared, and analyzed by immunoblotting. Virions
were isolated by pelleting cell-free supernatant through 20%
(wt/vol) sucrose in PBS in an SW41Ti rotor (Beckman-Coulter,
Inc., Fullerton, Calif.) at 37,000 rpm and at 4°C for 1 h. Cyto-
plasmic extracts were prepared by lysing cells in 1% (vol/vol)
Triton X-100 in 10 mM Tris, pH 7.5–100 mM NaCl, and the
nuclei were removed by centrifugation at 2,500 � g for 5 min
at 4°C.

The results of these time course experiments on EIAV-
infected cells were consistent with our pulse-chase results (Fig.
3A): lactacystin, PS-341, and epoxomicin treatment of cells had
little discernible effect on virus release, and virions produced
from treated cells showed no defect in Pr55Gag processing. As
seen before, treatment of cells with zLLL alone interfered with

Gag processing (Fig. 3A); similar results were observed with
the zLLL-lactacystin combination (data not shown).

The efficacy of proteasome treatment was determined by
observing the status of Ub inside the cells during the time
course experiments presented above using our monoclonal an-
tibody (the same 2C5 clones used previously) that readily de-
tects free and conjugated Ub (26). Immunoblots of cell lysates
(from equal numbers of cells) demonstrated that high-molec-
ular-weight Ub complexes, readily detectable after 1 h of treat-
ment, accumulated rapidly for all of the proteasome inhibi-
tors tested (Fig. 3B), indicating that the inhibitors efficiently
blocked proteasome function. However, the levels of free Ub
were not dramatically decreased for any of the inhibitors. Ex-
periments with the zLLL-lactacystin combination on these cells
and other cell types have shown that proteasome inhibition
decreased free-Ub levels by approximately twofold after 8 h
(data not shown), reproducing the results presented in Fig. 3B.

EIAV and the Ub-proteasome pathway. Our data demon-
strate that EIAV Gag interacts with the ubiquitination system
since it is monoubiquitinated, similar to HIV-1. However, un-
like the findings for HIV-1, proteasome inhibition has only a
small effect on budding and produces no detectable decrease in
Gag processing. The accompanying paper by Patnaik et al.
(31a) also notes a similar insensitivity of EIAV budding and
Gag processing to proteasome inhibitors in cell types different
from ours. Therefore, this particular interaction between
EIAV Gag and the ubiquitinating machinery is not reflected in

FIG. 2. Effect of proteasome inhibitors on EIAV release and Gag processing. (A) (Left) Fluorograms of SDS-PAGE gels of immunoprecipi-
tates from cell or virus lysates produced from EIAV-infected cells cultured in the absence or presence of zLLL and lactacystin (LC) (10 �M each).
The treatments used and sample identities are indicated. Sample time points: 0, 1, 2, 4, and 8 h. (Right) Graph of virus released in the presence
or absence of zLLL and lactacystin. (B) (Left) Fluorograms of SDS-PAGE gels of immunoprecipitates from cell and virus lysates from
EIAV-infected cells cultured in the absence or presence of PS-341 (5 �M), epoxomicin (10 �M), lactacystin (20 �M), zLL (20 �M), and zLLL
(20 �M). Labeling is as in panel A. (Right) Graph of virus released in the presence or absence of PS-341.
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a marked reduction in virus budding by proteasome inhibitors,
implying that monoubiquitination of p9Gag is not required for
virus release. This is consistent with our previous results dem-
onstrating that the ubiquitination of HIV-1 p6Gag and MuLV
p12Gag is not required for replication in cell culture (26). How-
ever, those data could not exclude a necessary and reversible
ubiquitination in another region of Gag. The finding that RSV
uses Ub as part of its budding machinery provides a clear
example of a link between the Ub-proteasome pathway and
RSV budding (31). However, a requirement for the monou-
biquitination of EIAV, HIV-1, SIV, and MuLV Gag in the
viral life cycle remains to be elucidated. An alternative expla-
nation is that, for these four viruses, the monoubiquitinated
Gag found inside the virions is simply a consequence of Gag
interacting with a protein or protein complex that has a ubiq-
uitinating activity during the assembly and budding process
(26).

Regardless of whether Ub is directly involved in virus release
or is a simple bystander, the monoubiquitination of p9Gag,
along with the previously observed modification of HIV-1 and
SIV p6Gag and MuLV p12Gag, links all three L domain se-
quences (YPDL, PTAP, and PPPY, respectively) with a cellu-
lar ubiquitinating activity. This is also supported by in vitro and
in vivo studies where PPPY has been shown to bind to Ub
ligases, especially Nedd 4 (8, 12, 13, 19). The PTAP sequence
recently has been shown to bind to Tsg101, a catalytically
inactive homologue of a Ub-conjugating enzyme that is in-

volved in the vacuolar protein sorting pathway (9, 45). Exper-
iments with a minimal Gag construct have determined that the
different L domain and L domain-like sequences that provide
a release function also induce ubiquitination of this small Gag
protein, demonstrating that L domains functionally interact
with ubiquitinating machinery (40).

In addition to monoubiquitinated p9Gag, we have found free
Ub inside the virion. Ub was first found inside avian leukosis
virus (36) and was later found inside HIV-1, SIV, and MuLV
(27). The amounts of Ub inside these virions are similar for all
viruses examined, between 10 to 15% of the molar level of the
Gag protein. The mechanism for and significance of Ub incor-
poration is not known. For HIV-1, the ubiquitination of p6Gag

is not required for the presence of free Ub in virions (26).
Our findings, along with the accompanying paper by Patnaik

et al. (31a), show that EIAV release is relatively resistant to
proteasome inhibitors while Gag processing is completely un-
affected, except by zLLL treatment. The effect of zLLL on
EIAV Gag processing is likely due to a direct inhibition of
zLLL on EIAV protease (L. V. Coren and D. E. Ott, unpub-
lished results). Since this compound also inhibits other cellular
enzymes due to its chemical reactivity with threonine residues
(23), great care should be exercised when using this rather
nonspecific inhibitor. The insensitivity of EIAV release is mark-
edly different from the reduction of virus budding in the pres-
ence of proteasome inhibitors observed for HIV-1, HIV-2,
SIV, and RSV. The accumulation of high-molecular-weight Ub

FIG. 3. Time course analysis of virus release and cellular Ub levels. (A) Immunoblots of virion samples produced by EIAV-infected cells that
were untreated or treated with 20 �M lactacystin, 20 �M zLLL, 1 �M PS-341, or 10 �M epoxomicin. (B) Ub immunoblots of the cell lysates that
correspond to the virion samples. The antiserum and antibody used are indicated above each blot, and the samples are labeled above the respective
lanes.
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complexes in treated cells demonstrated that our conditions
clearly inhibited proteasomes as expected. Thus, the insensi-
tivity of EIAV to proteasome inhibitors was not due to a fail-
ure to effectively perturb proteasome activity.

The twofold decrease in EIAV budding could be consequent
to the accumulation of misfolded Gag proteins that are poly-
ubiquitinated. These defective ribosomal product (DRiP)
forms have been previously observed for HIV-1 Gag immedi-
ately following proteasome inhibition (38). Although prelimi-
nary evidence supports the notion that HIV-1 Gag DRiPs can
interfere with the folding and processing of viral structural
proteins (U. Schubert and D. E. Ott, unpublished results), it
remains to be established if a similar mechanism acts on EIAV
Gag.

Overall, the relative insensitivity of EIAV to proteasome
inhibition suggests that it may use an assembly and budding
strategy somewhat different from that of other retroviruses.
One difference is described in the accompanying report by
Patnaik et al. (31a), which reports that a region of p9Gag, when
fused to the C terminus of RSV Gag, can overcome the effect
of proteasome inhibitors on RSV Gag release. Perhaps it is this
activity that causes EIAV budding to resist the effects of these
inhibitors.

Proteasome activity is required for many different cellular
processes. The ability of EIAV to release and process Gag in
the absence of active proteasomes demonstrates that inhibitor
treatment does not necessarily block retrovirus budding.
Therefore, the reduction in budding and, in some cases, Gag
processing, seen for inhibitor-sensitive retroviruses is specific
and not simply due to the pleiotropic effects of the compounds
themselves. The understanding of the differing interactions
between retroviruses and the ubiquitin-proteasome pathway
should help unravel the mystery of retrovirus budding.
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ADDENDUM IN PROOF

While this article was in press, Martin-Serrano et al. (J.
Martin-Serrano, T. Zang, and P. D. Bieniasz, Nat. Med.
7:1313–1319, 2001) reported that peptides of HIV-1 and Ebola
virus that contain the PTAP sequence functionally interact
with Tsg101 during budding.
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