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Polyubiquitin chain-dependent protein degradation in
TRIM30 cytoplasmic bodies

Un Yung Choi1,4, Won Young Choi1,4, Ji Yeon Hur2 and Young-Joon Kim1,2,3

Viral infection induces numerous tripartite motif (TRIM) proteins to control antiviral immune signaling and viral replication.

Particularly, SPRY-containing TRIM proteins are found only in vertebrates and they control target protein degradation by their

RING-finger and SPRY domains, and proper cytoplasmic localization. To understand TRIM30 function, we analyzed its

localization pattern and putative roles of its RING-finger and SPRY domains. We found that TRIM30 is located in actin-mediated

cytoplasmic bodies and produces colocalized ubiquitin chains in SPRY domain- and RING-finger domain-dependent ways that

are degraded by autophagy and the proteasome. These results suggest a TRIM protein-dependent degradation mechanism by

cytoplasmic body formation with actin networks.
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INTRODUCTION

Many tripartite motif (TRIM) proteins are highly induced
upon viral infection and are known to be involved in several
pathogen recognition and signaling events during the antiviral
host immune response. TRIM proteins share key common
structural features at the N terminus: a RING-finger domain,
B-box zinc-finger domain(s) and a coiled-coil domain. The
RING-finger domain of some TRIM family members was
shown to have E3 ubiquitin ligase activity,1 whereas the B-box
domain and coiled-coil domain were suggested to mediate
protein–protein interactions, probably being required for the
enzymatic activities of the protein.2 Contrary to the well-
conserved structural organization of TRIM proteins at the N
terminus, TRIM proteins possess various C-terminal domains,
reflecting their versatile functions.3–6 In addition, various
C-terminal domains of individual TRIM proteins may elicit
the distinct function of each TRIM protein in unique sub-
cellular locations. For example, TRIM25 translocates to stress
granules upon virus infection to interact with antiviral pro-
teins;7 however, TRIM27 negatively regulates CD4+ T cells by
ubiquitinating PI3KC2β in recycling endosomes.8

Among the diverse C-terminal domains found in TRIM
proteins, the SPRY domain is found in about half of the TRIM
proteins. The SPRY domain is present only in vertebrates and

is suggested to act as a protein-interaction domain. The SPRY
domain of human TRIM5 was shown to interact with the
surface lattice of viral capsids,9 and its amino-acid sequence
appears to dictate the susceptibility to HIV-1 infection.10,11

Therefore, the SPRY domain appears to have an important
role in the restriction of retrovirus by regulating viral
capsid generation, but the precise mechanism underlying the
TRIM5-dependent antiviral activity is not well understood.

Mouse TRIM30, which has a SPRY domain, is homologous
to primate TRIM5. TRIM30 was suggested to negatively
regulate Toll-like receptor and Nalp3 inflammasome signaling
by targeting TAB1- and TAB2-signaling molecules for degrada-
tion. However, both in vivo and in vitro studies with TRIM30
null mice showed slight defects in T-cell proliferation, but no
obvious defects in Toll-like receptor-signaling pathways in the
absence of TRIM30.12–14 To resolve the contradicting observa-
tions, we aimed to examine the subcellular localization pattern
of TRIM30 along with other cellular components and the
functions associated with each domain of the protein. Using
green fluorescent protein (GFP)-tagged TRIM30, we found that
TRIM30 formed cytoplasmic bodies that overlap with the
unanchored ubiquitin chains produced by TRIM30, and with
an autophagy marker, LC3, but failed to colocalize with
other cellular components involved in cellular signaling.
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We confirmed that the inhibition of autophagy or the protea-
some stabilized TRIM30. Moreover, assembly into the
cytoplasmic body of TRIM30 was dependent on the SPRY
domain through interaction with actin and myosin. Therefore,
TRIM30-dependent ubiquitination can induce the degradation
of target proteins in cytoplasmic bodies similar to the
degradation of retroviral capsid proteins by TRIM5.

MATERIALS AND METHODS

Cell lines and culture
The NIH-3T3 cell line and Atg7+/+ and Atg7− /− mouse embryonic
fibroblast (MEF) cells were used for transfection studies. Cells were
maintained in Dulbecco’s modified Eagle’s medium (Gibco, Grand
Island, NY, USA) supplemented with heat-inactivated 10% fetal
bovine serum (Gibco), 50 Units ml− 1 penicillin and 50 μg ml− 1

streptomycin (Pen Strep; Gibco). The cell line was cultured in 5%
CO2 in a 37 °C cell incubator. Atg7 MEF cells were provided by
Noboru Mizushima (University of Tokyo).

Transfection of plasmids
All of the plasmids were transfected into cells using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
protocol. A day before transfection, the cell line was cultured in
24-well plates with a microscope cover glass on the bottom of the well
for 24 h. For 24-well plates, 0.5 μg of DNA was mixed with 50 μl of
Opti-MEM (Gibco), and 1 μl of Lipofectamine was added. This
mixture was incubated for 5 min at room temperature before being
added to the cells.

Plasmid construction
Open reading frame full-length of TRIM30 complementary DNA was
obtained from bone marrow-derived macrophages by PCR amplifica-
tion using appropriate primers. The TRIM30 mutant form (deletion of
RING domain: ΔRING; deletion of SPRY domain: ΔSPRY) was
amplified from the full-length of the TRIM30-coding region using the
following primers: Trim30 forward primer 5′-CCCGAATTCTA
TGGCCTCATCAGTC-3′ and reverse primer 5′-ATAGGATCCTTAG
GAGGGTGGCCCG-3′; Trim30 ΔRING forward primer 5′-CCC
GAATTCAGTTCCTTACCCATTTG-3′ and Trim30 ΔSPRY reverse
primer 5′-CCGGGATCCCCTTGCATGTAGAGT-3′; and Trim30
C35A forward primer 5′-GCTGATTGTAACCACAGCTTCGCTAGA
GCCTGCATCACA-3′ and Trim30 C35A reverse primer 5′-TGTGA
TGCAGGCTCTAGCGAAGCTGTGGTTACAATCAGC-3′. The C35A
mutant was constructed using a site-directed mutagenesis kit
(Stratagene, Palo Alto, CA, USA). All of these inserts were cloned
into the pEGFP-C1 and pCS4-3× Flag plasmids by the available
restriction enzyme sites.

Antibodies and reagents
The following antibodies and reagents were used in the immuno-
fluorescence or immunoblotting experiments: monoclonal anti-multi
ubiquitin (FK2; D058-3; MBL, Nagoya, Japan), monoclonal anti-K48
(05–1307; Millipore, Billerica, MA, USA), monoclonal anti-K63
(05–1308; Millipore), monoclonal anti-Flag (F7425; Sigma-Aldrich,
St Louis, MO, USA), anti-β-Actin (#4967; Cell signaling, Danvers, MA,
USA), Alexa Fluor 488 Phalloidin (A12379; Molecular Probes, Eugene,
OR, USA) and cytochalasin D (Sigma-Aldrich).

Immunofluorescence confocal microscopy imaging
NIH-3T3 cells were seeded on microscope cover glasses in 24-well
plates and were transfected for immunofluorescence. After 24 h of
transfection, the microscope cover glasses were washed with cold
phosphate-buffered saline (PBS), and cells were fixed with 4% (w/v)
paraformaldehyde in PBS for 10min. After fixation, cells were
permeabilized using 10× BD Perm/Wash (BD Bioscience, San Jose,
CA, USA) diluted in distilled H2O. To block non-specific binding of
antibody, cells were treated with blocking solution (TBST (0.1% (v/v)
Tween 20 in PBS) with 10% (v/v) goat serum) for 1 h. Next, cells were
incubated with the primary antibody at 4 °C overnight. Cells were then
washed with PBS and incubated with tetramethylrhodamine-
conjugated anti-rabbit secondary antibody (1:100; Sigma-Aldrich) or
anti-mouse secondary antibody (1:100; Sigma-Aldrich) diluted in
blocking solution. The nucleus was stained with 4′,6-diamidino-2-
phenylindole (Sigma-Aldrich). Microscope cover glasses were
mounted on the slide glasses with mounting medium (Dako, Glostrup,
Denmark). Finally, the samples were analyzed using a confocal
microscope (LSM700; Carl Zeiss, New York, NY, USA).

Immunoblotting
Whole cells were lysed in radioimmunoprecipitation solution (100mM

Tris, 5 mM EDTA, 50mM NaCl, 50mM beta-glycerol phosphate,
50mM NaF, 0.1 mM sodium orthovanadate, 1 mM phenylmethanesul-
fonylfluoride, 0.5% NP-40, 1% Triton X-100 and 0.5% sodium
deoxycholate) with freshly added protease inhibitor cocktail (Roche,
Indianapolis, IN, USA). To remove cell debris, lysates were centrifuged
at 14 000 g for 10min at 4 °C. The supernatants were quantified using
a BCA protein assay kit (Pierce, Rockford, IL, USA), electrophoresed
on an SDS-polyacrylamide gel and then transferred to nitrocellulose
membranes using a wet transfer system (Bio-Rad, Hercules, CA, USA).
The blots were blocked with 5% w/v skim milk in PBS with 0.1%
Tween-20 for 1 h at room temperature or overnight at 4 °C. After
blocking, membranes were probed with specific antibodies diluted in
blocking buffer, followed by incubation with horseradish peroxidase-
conjugated secondary antibody at 1:5000 dilution. Blots were
developed using the ECL prime kit (GE Healthcare, Little Chalfont,
UK), and images were detected using the LAS 4000 system (GE
Healthcare).

Immunoprecipitation and mass spectrometric analysis
NIH-3T3 cells transiently expressing Trim30 and ÄSPRY with a Flag
and SBP tag at its N terminus were used for immunoprecipitation
analysis. First, transfected cells were lysed and subjected to Anti-Flag
M2 affinity gel (Sigma-Aldrich). Elution fractions were obtained
using Flag peptide. The first eluate was immunoprecipitated with
Streptavidin Sepharose (GE Healthcare) in the second purification.
Immunocomplexes were subjected to SDS-polyacrylamide gel electro-
phoresis, stained with Coomassie blue and the protein bands were
digested with trypsin and subjected to mass spectrometric analysis at
Yonsei Proteome Research Center.

RESULTS

TRIM30 is localized in cytoplasmic bodies with ubiquitin
chains and autophagy markers
TRIM family proteins displayed various subcellular localiza-
tions that are related to their biological functions. To identify
the subcellular localization of TRIM30, GFP-TRIM30 was
transfected into NIH-3T3 cells. Immunofluorescence staining
showed that GFP-TRIM30 formed several large cytoplasmic
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body structures in the cytosol. Double staining with appro-
priate antibodies against various cellular organelle markers
(KDEL, RCAS2, Lamp1 and PMP70) or with Mitotracker
revealed that the TRIM30 cytoplasmic bodies are distinct from
the endoplasmic reticulum (ER), Golgi, lysosomes, peroxi-
somes and mitochondria (Figures 1a–e). Most of the TRIM30
cytoplasmic bodies appeared in the periphery away from the
nucleus and ER area. However, TRIM30 colocalized with an
autophagy marker, LC3 (Figure 1f), indicating a putative
function of TRIM30 in protein degradation. To test the
possibility, we examined the colocalization of TRIM30 with
polyubiquitin chains by FK2 antibody staining of enhanced
GFP–TRIM30-expressing cells. The FK2 antibody, which
recognizes polyubiquitinated proteins, labeled several cyto-
plasmic bodies throughout the cytoplasm, including the
ER-associated areas. TRIM30 appeared to colocalize with
polyubiquitin chains at most of the cytoplasmic bodies
(Figure 1g). To test the types of lysine linkage in the
polyubiquitin chains, the ubiquitin chains were stained with
antibodies that recognize K48- or K63-linked polyubiquitins.

K48-linked ubiquitination is usually associated with pro-
teasomal degradation, whereas K63-linked ubiquitination is
associated with both protein degradation and signaling
pathways. Intriguingly, TRIM30 colocalized with both K48
and K63 ubiquitin chains (Figures 1h and i). These results
suggested that TRIM30 is associated with a ubiquitin-related
protein degradation response.

The RING-finger domain is required for the production of
colocalized ubiquitin chains
Given that TRIM30 localizes with endogenous ubiquitin
chains, we next investigated whether the RING-finger domain
of TRIM30 is responsible for the synthesis of polyubiquitin
chains colocalized with TRIM30 at the cytoplasmic bodies. To
this end, we generated enhanced GFP-tagged TRIM30 with the
RING-finger domain deletion (Trim30ΔRING; Figure 2a),
and examined their localization along with those of K48- and
K63-linked polyubiquitin chains in the NIH-3T3 cells trans-
fected with enhanced GFP-tagged Trim30ΔRING. As shown in
Figure 2b, TRIM30ΔRING showed large cytoplasmic body

Figure 1 Subcellular localization of TRIM30. NIH-3T3 cells expressing GFP-TRIM30 were stained with the antibodies against (a) KDEL,
(b) RCAS1, (c) Mitotracker, (d) LAMP1, (e) PMP70, (f) LC3, (g) FK2, (h) K48-linked ubiquitin and (i) K63-linked ubiquitin (red), as well
as 4′,6-diamidino-2-phenylindole staining (blue). Bars, 10 μm.
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formations that were similar to those of TRIM30 wild type, but
the cytoplasmic bodies were larger than those of TRIM30 wild
type (Figure 2b). However, the number of ubiquitin-containing
cytoplasmic bodies diminished greatly in the TRIM30ΔRING-
expressing cells, and even the small number of areas showing
polyubiquitin signals did not colocalize with the TRIM30ΔR-
ING-containing cytoplasmic bodies (Figure 2b). Therefore, the

E3 ligase activity of the TRIM30 RING domain appears
responsible for the production of the ubiquitin chains. To
confirm the idea, we examined the localization patterns of
TRIM30 protein and ubiquitin chains using a mutant version
of TRIM30 protein that harbors an inactivating point mutation
(substitution of the 35th cysteine with alanine) at the
RING-finger domain of TRIM30 (Trim30C35A). Confocal

Figure 2 Trim30 is degraded by the proteasome and autophagy. (a) The construct diagram of wild-type TRIM30 and mutant forms
(Δ RING: deletion of RING domain, Δ SPRY: deletion of SPRY domain and C35A: substitution 35th cysteine for alanine). (b) NIH-3T3
cells were transfected with the TRIM30 Δ RING construct. After 24 h, cells were stained with antibodies to specific ubiquitin markers
(K48 and K63 ubiquitin). Bars, 10 μm. (c) After transfection of TRIM30- and TRIM30ΔRING-encoding plasmids into NIH-3T3 cells and
treatment with MG132 (10 μM) for 6 h. Cells were harvested at 96 h post transfection and at analysis. Each experiment was repeated at
least three times. (d) After transfection of TRIM30- and TRIM30ΔRING-encoding plasmid into Atg7+/+ and Atg7− /− MEF cells, followed by
treatment with MG132 (10 μM) for 6 h. Cells were harvested at 72 h post transfection and at analysis. Each experiment was repeated at
least three times.
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microscopy analysis revealed that TRIM30C35A formed cyto-
plasmic bodies that are devoid of polyubiquitin chains similar
to those observed in TRIM30ΔRING-transfected cells (Supple-
mentary Figure 1). From these findings, we confirmed that the
TRIM30 RING-finger domain has potential E3 ligase activity
required for polyubiquitin chain production at the cytoplasmic
bodies.

TRIM30 is degraded by proteasome and autophagy in an
ubiquitin-dependent way
The E3 ligase activity of TRIM30 and its colocalization with
polyubiquitin chains indicate that TRIM30 may be degraded
rapidly by auto-ubiquitination similar to most other TRIM
proteins.15 To test the idea, we observed the TRIM30 protein
levels after blocking proteasome activity with MG132. We
found that the expression level of the mutant version of
TRIM30 was several fold higher than that of wild type, which
was increased up to the mutant level upon MG132 treatment.
However, the level of TRIM30ΔRING protein was not affected
by the addition of MG132, indicating that proteasomal
degradation of TRIM30 is dependent on its own E3 ligase
activity (Figure 2c). In addition to proteasomal degradation,
autophagy also promotes the removal of ubiquitinated protein
aggregates.16 Indeed, as indicated from the colocalization of
TRIM30 with LC3 (Figure 1f), the total amount of TRIM30
derivatives were also increased in Atg7− /− MEF cells, which
lack functional autophagy (Figure 2d). Although we cannot
exclude the possibility of different levels of Trim30 derivatives
as a result of different expression levels, the fact that the level of
TRIM30 protein was further increased by treatment with
MG132 (Supplementary Figures 2a and b) indicates otherwise.
These results suggest that TRIM30 protein interacts with
ubiquitin chains and is degraded by both ubiquitin–proteasome
and ubiquitin-autophagy pathways.

SPRY domain is required for TRIM30 cytoplasmic body
formation
Generally, the SPRY domain is implicated in protein–protein
interactions, and that of TRIM5 is shown to bind viral capsid
protein as the target substrate of its E3 ligase activity. However,
the exact role of the SPRY domain in most TRIM protein
remains unclear.17 To study the function of the SPRY domain
of TRIM30, we made a SPRY domain deletion TRIM30
construct (Trim30ΔSPRY; Figure 2a), and examined defects
in the localization pattern and production of polyubiquitin
chains. Intriguingly, TRIM30ΔSPRY showed a localization
pattern markedly different from that of wild type.
TRIM30ΔSPRY did not localize to cytoplasmic bodies but
formed a ribbon-like structure in the cytosol (Figure 3).
Although cytoplasmic body formation was destroyed, most of
TRIM30ΔSPRY maintained colocalization with ubiquitin
chains. Both K48- and K63-linked ubiquitination were pre-
sented along with the ribbon-like structure of TRIM30ΔSPRY.
From these results, we assumed that the SPRY domain is
required for cytoplasmic body formation of TRIM30,
probably through the interaction with unknown cytosolic
proteins.

To identify the role of the SPRY domain in the formation of
cytoplasmic body complexes through the identification of its
binding partner, we tried tandem affinity purification of
TRIM30- and TRIM30ΔSPRY-associated proteins. Flag- and
SBP-double-tagged TRIM30-derivative-expressing cell extracts
were subjected to immunoprecipitation with anti-Flag followed
by streptavidin sepharose affinity purification; next, the purified
eluates were separated by SDS-polyacrylamide gel electrophor-
esis for mass spectrometer analysis of differentially purified
peptides (Supplementary Figures 3a and b). Wild-type TRIM30
was co-purified with two major additional proteins of ~ 48 kD
and larger than 100 kD in molecular-weight (Supplementary

Figure 3 Cytoplasmic formation is dependent on SPRY domain. Representative images depicting transiently transfected NIH-3T3 cells
with TRIM30ΔSPRY construct. After 24 h, cells were stained with antibodies to specific ubiquitin markers (K48 and K63 ubiquitin).
Bars, 10 μm.
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Figures 3a and b)—actin and myosin, respectively (Figures 4a
and b). The band intensities corresponding to these peptides
were significantly decreased in the affinity-purified fractions of
TRIM30ΔSPRY. To examine whether TRIM30 interacts with
endogenous actin, we performed co-immunoprecipitation
experiments with TRIM30 wild-type and SPRY deletion
mutant proteins and confirmed that β-actin indeed binds only
to wild-type TRIM30 (Figure 4c). These data indicate that
TRIM30 associates with myosin and the actin cytoskeleton
through the SPRY domain, which induces distinct cytoplasmic
body formation. Taken together, these results suggest that the
cytoplasmic body of TRIM30 contributes to the ubiquitin-
dependent degradation of target proteins, such as viral capsids,
using the proteasome and autophagy.

DISCUSSION

Primate TRIM5 is a restriction factor that inhibits retrovirus
infection via capsid recognition by the SPRY domain.18,19

Species-specific differences in the SPRY domain regulates the
efficiency of retrovirus restriction.18 Recent studies have shown
that TRIM5 synthesizes K63-linked ubiquitin chains to pro-
mote immune signaling,20 and E3 ubiquitin ligase activity is
actually required for the restriction of virus infection.21

TRIM30, a close homolog of human TRIM5, has a SPRY
domain in the C terminus along with active E3 ligase activity,
indicating a TRIM5-related function in mice. In addition,
cytoplasmic body formation was also observed in HIV-1-
infected cells with primate TRIM5, extending the functional
similarities between these homologs.22,23 The relationship

Figure 4 Actin and myosin are associated with the cytoplasmic body of Trim30. The amino-acid sequence of beta-actin (a) and myosin (b).
Red and underlining show peptides identified by mass spectrometry. (c) NIH-3T3 cells transfected with Flag_SBP-TRIM30 or Flag_SBP-
TRIM30ΔSPRY were used for immunoprecipitation and immunoblotting. Left panel: input lysate, right panel: eluted fraction.
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between TRIM30 and retrovirus has not been revealed yet, but
another TRIM30 homolog was shown to facilitate lysosome-
mediated degradation of viral RNA polymerase and restricts
tick-borne encephalitis virus.

Although TRIM5 is a well-known restriction factor that
prevents retrovirus infection, the exact mechanism by which
TRIM5 limits retroviral infection after capsid recognition is
not identified.24 Particularly, the requirement of proteasomal
activity for blocking retroviral infection remains con-
troversial.25–27 Although we could not present the substrate
of TRIM30 in this study, identification of a TRIM30 degrada-
tion mechanism suggests that TRIM5-mediated destruction of
capsid protein may require proteasome and autophagy activ-
ities. Because MG132 also inhibits various cysteine proteases
and cathepsins, we cannot rule out the involvement of
proteases in Trim30 degradation completely. In addition, the
binding of SPRY to actin and myosin indicates the involvement
of intracellular trafficking in the TRIM30-mediated antiviral
function.
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