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Abstract
The RING-finger protein Ro52/TRIM21 is known to be an autoantigen and is recognized by anti-
Ro/SSA antibodies, which are commonly found in patients with Sjögren's syndrome and systemic
lupus erythematosus. We recently showed that Ro52 is an E3 ubiquitin ligase and localizes to
cytoplasmic bodies that are highly motile along the microtubule network. To expand our knowledge
of Ro52, we searched partners co-operating with Ro52. We performed a yeast two-hybrid screening
of a human brain cDNA library with Ro52 as bait. This screening identified several genes encoding
Ro52-interacting proteins, including the apoptosis-related proteins, Daxx and FLASH. Further yeast
two-hybrid assays revealed that Daxx binds to the B30.2 domain of Ro52 and that FLASH binds to
coiled-coil domains of Ro52 through its death-effector domain-recruiting domain. These results
suggest that Ro52, Daxx, and FLASH form heteromeric protein complexes. Indeed, this was
supported by results of immunoprecipitation experiments in which we found that Daxx is co-
immunoprecipitated with Ro52 in the presence of overexpressed FLASH. Importantly, our
fluorescence microscopy revealed that, although Daxx is predominantly located in the nucleus,
overexpression of both Ro52 and FLASH leads to relocation of Daxx into the cytoplasm. Thus, Ro52
seems to co-operate with FLASH to induce cytoplasmic localization of Daxx in cells.
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Introduction
Ro52 (also known as TRIM21) possesses a RING-finger domain, a B-box domain, and two
coiled-coil domains (see Fig. 1A) and belongs to the tripartite motif (TRIM) protein family
(Reymond et al. 2001;Wada and Kamitani 2006a). Ro52 is expressed in most tissues and cells
(Sibilia 1998). Clinically, this protein is well known as an autoantigen that is recognized by
anti-Ro52 autoantibodies found in the sera of patients with several autoimmune diseases,
especially Sjögren's syndrome and systemic lupus erythematosus (Sibilia 1998). Recently,
Ro52 has been shown to localize to distinct structures called cytoplasmic bodies that are
diffusely located in the cytoplasm (Reymond et al. 2001;Rhodes et al. 2002;Wada et al.
2006b;Yamauchi et al. 2008) and transported along the microtubule network (Tanaka et al.
2010).

Previously, we identified Ro52 as an E3 ubiquitin ligase (Wada and Kamitani 2006a). Ro52
has been shown to catalyze ubiquitination of several proteins, including Ro52 itself (Wada and
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Kamitani 2006a), Usp4 (also known as UnpEL or Unph) (Wada and Kamitani 2006b), IRF-3
(Yoshimi et al. 2009), IRF-8 (Kong et al. 2007), TRIM5α (Yamauchi et al. 2008), and IKKβ
(Wada et al. 2009). By ubiquitinating these substrates, Ro52 plays a role in several biological
events, including both innate and acquired immunity and NF-κB-dependent inflammatory
signaling (Espinosa et al. 2009; Niida et al. 2010; Yoshimi et al. 2009). In addition, Ro52 plays
a role in apoptosis because overexpressed Ro52 increases apoptotic cell death in a mouse B
cell line (Espinosa et al. 2006). However, the detailed role of Ro52 in apoptosis has been
unclear.

FLASH is a huge protein that interacts with the death-effector domain of caspase-8. This
protein forms the death-inducing signaling complex (DISC) with the cytoplasmic portion of
Fas and is involved in apoptosis induced by TNFα and Fas ligand (FasL) (Choi et al. 2001;
Imai et al. 1999). Although FLASH was originally found as a component of a cytoplasmic
complex located under the plasma membrane, it has been shown to translocate into the nucleus
in response to certain stimuli (Kino and Chrousos 2003; Milovic-Holm et al. 2007).

Daxx is ubiquitously expressed throughout the body with particularly high expression in the
thymus and testis (Yang et al. 1997). At the cellular level, Daxx is mainly a nuclear protein
that associates with several different subnuclear structures, including the promyelocytic
leukemia (PML) nuclear bodies (Salomoni and Khelifi 2006). Originally, however, Daxx was
cloned as a Fas-interacting protein that modulates Fas-induced apoptotic cell death (Yang et
al. 1997). Thus, Daxx localizes to the cytoplasm as well as the nucleus. In the cytoplasm, Daxx
has been reported to interact with various other proteins involved in cell death regulation
(Salomoni and Khelifi 2006).

Recently, we performed yeast two-hybrid screening using Ro52 as bait to elucidate the role of
Ro52 in biological events. We found that Ro52 interacts with both FLASH and Daxx. In this
study, we investigated the role of Ro52 and FLASH in the cytoplasmic relocation of Daxx.

Materials and methods
Cell lines and culture conditions

Human cell lines of embryonic kidney (HEK) 293 and lung fibrosarcoma HT1080 were
obtained from the American Type Culture Collection (Manassas, VA) and maintained in
Dulbecco's modified Eagle's medium supplemented with 10% fetal calf serum and antibiotics.

Antibodies
Rabbit anti-FLAG antibody was purchased from Sigma Chemical Company (St. Louis, MO).
Rabbit anti-HA antibody was purchased from Zymed (South San Francisco, CA). Mouse
monoclonal anti-Ro52 (D-12) antibody, rabbit polyclonal anti-Daxx (M-112) antibody, and
rabbit polyclonal anti-FLASH (M-300) antibody were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA).

Yeast two-hybrid assay for screening of the human cDNA library
The full-length cDNA of human Ro52 was subcloned into the Gal4 DNA-binding domain
vector pGBKT7 (Clontech, Palo Alto, CA) and used as bait to screen a human fetal brain cDNA
library in the pACT2 vector (Clontech, Cat. #638804). The yeast two-hybrid screening was
performed in the Saccharomyces cerevisiae strain AH109 (Clontech) with a sequential
transformation procedure using the lithium acetate method as described previously (Akey et
al. 2002; Okura et al. 1996).
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Yeast two-hybrid assay for the interaction of Ro52 with Daxx and FLASH
We performed yeast two-hybrid assays to assess the interaction of Ro52 with Daxx and
FLASH. First, using a polymerase chain reaction (PCR) with appropriate primers, we prepared
cDNAs of full-length and truncated Ro52, Daxx, and FLASH, as described previously (Tanaka
et al. 2003; Tanji et al. 2006). The yeast Matchmaker Two-Hybrid System 3 (Clontech) was
used to examine the in vivo interaction of these wild-type and truncated proteins. For the assays,
the cDNA of Ro52 (full-length or truncated) was subcloned into pGBKT7 (a Gal4 DNA-
binding domain vector for Gal4-BD fusion), and the cDNA of Daxx or FLASH (full-length or
truncated) was subcloned into pGADT7 (a Gal4-activating domain vector for Gal4-AD fusion).
The plasmids of the two fusion constructs were then co-transfected into AH109 yeast cells
using the lithium acetate method (Okura et al. 1996). Transformed yeast cells were grown on
a His−/Trp−/Leu− synthetic agar plate for 3 days at 30°C. The specific protein–protein
interaction was determined by the growth of the yeast cells on the selection plate.

Plasmid construction and transfection
The cDNAs of human Ro52 (Wada and Kamitani 2006a) and Daxx were amplified using PCR
with appropriate primers from human cDNA libraries (Invitrogen, Carlsbad, CA). The FLASH
cDNA subcloned into a mammalian expression plasmid (pME18S/FLASH-EGFP) was kindly
provided by Dr. Tomoshige Kino (National Institute of Child Health and Human Development,
National Institutes of Health, Bethesda, MD). To express proteins tagged with an epitope at
the N terminus in human cells, the Daxx, Ro52, and FLASH cDNAs were inserted into the
plasmid vectors pcDNA3/HA-N (Kamitani et al. 1997), pcDNA3/FLAG-N (Wada and
Kamitani 2006b), and pcDNA3/RH-N (Kamitani et al. 1998), respectively. To express Ro52
fused with enhanced cyan fluorescent protein (ECFP) at the C terminus in human cells, Ro52
cDNA was inserted into pECFP-N1 (Clontech, Palo Alto, CA) and generated pRo52-ECFP.
To express Daxx fused with monomeric red fluorescent protein (mRFP) at the N terminus in
human cells, we first inserted the mRFP cDNA (a kind gift from Dr. Roger Tsien, University
of California San Diego, La Jolla, CA) into pcDNA3 to generate pcDNA3/mRFP-N. Daxx
cDNA was then inserted into pcDNA3/mRFP-N to generate pmRFP-Daxx. To express FLASH
fused with enhanced green fluorescent protein (EGFP) at the C terminus in human cells, we
used pME18S/FLASH-EGFP. These plasmids were transfected into HEK293 or HT1080 cells
using FuGENE6 (Roche Applied Science, Indianapolis, IN) or Lipofectamine 2000
(Invitrogen).

Anti-FLAG immunoprecipitation
To immunoprecipitate FLAG-tagged Ro52, HEK293 cells were transfected to express FLAG-
Ro52 and other proteins using Lipofectamine 2000 reagent. Twenty hours after transfection,
cells were lysed for 30 min at room temperature in 1 ml of lysis buVer (50 mM Tris–HCl [pH
7.5], 100 mM NaCl, 10 mM NaF, 0.05% SDS) containing a protease inhibitor cocktail (Roche
Applied Science). After centrifugation at 14,000 rpm for 15 min, the supernatant of the cell
lysate was incubated with 40 μl of anti-FLAG M2-agarose beads (Sigma) for 2 h at room
temperature. The FLAG M2-agarose beads were washed three times with 750 μl of lysis buffer
and incubated for 30 min at 50°C in a sample-treating solution containing 3% SDS and 5% β-
mercaptoethanol. After centrifugation, the solubilized proteins in the supernatant were
analyzed by western blotting.

Western blotting
Protein samples were treated at 50°C for 1 h in a sample-treating solution containing 3% SDS
and 5% β-mercaptoethanol. After SDS-PAGE, western blotting was performed using the
protocol provided with the ECL detection system (Amersham Pharmacia Biotech, Piscataway,
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NJ). As a secondary antibody, horseradish peroxidase (HRP)-conjugated anti-rabbit IgG
antibody (Santa Cruz Biotechnology) was used.

Immunostaining of endogenous Ro52, Daxx, and FLASH in HT1080 cells
HT1080 cells were cultured on a coverslip in a 3.5-cm dish. After 24 h, the cells were Wxed
in a 4% paraformaldehyde solution for 30 min, stained with 0.1 μg/ml of 4′,6-diami-dine-2′-
phenylindole dihydrochloride (DAPI; Roche Diagnostics) for 10 min, and permeabilized with
0.1% Triton X-100 for 15 min at room temperature. The cells were first labeled with one of
the following primary antibodies overnight at 10°C: mouse monoclonal anti-Ro52 (1:1,000),
rabbit polyclonal anti-Daxx (1:1,000), or rabbit polyclonal anti-FLASH (1:1,000). After
washing, the cells were labeled with Alexa Fluor 594-conjugated goat anti-mouse IgG or anti-
rabbit IgG antibody (Molecular Probes, Eugene, OR) at a dilution of 1:2,000 for 1 h at room
temperature. Finally, the cells were analyzed by an Axio Imager M1 fluorescence microscope
(Zeiss). The localization of endogenous Ro52, Daxx, and FLASH was shown by the red
fluorescence of Alexa Fluor 594.

Results
Interaction of Ro52 with Daxx and FLASH in yeast two-hybrid system

We have previously identiWed Ro52 as an E3 ubiquitin ligase. To investigate the molecular
function of Ro52, we searched Ro52-interacting proteins by yeast two-hybrid screening using
Ro52 as bait. Because the mRNA of Ro52 was shown to be highly enriched in the microvascular
compartment of brain (Shusta et al. 2003), a human fetal brain cDNA library was used for the
screening. Approximately 2 × 106 primary library transformants were inoculated onto selection
plates. More than 50 colonies grew on the selection plates, 27 of which stained positive when
tested for β-galactosidase expression. Subsequent DNA sequencing of the positive clones
showed that four clones encoded Daxx (the shortest fragment consisted of amino acid residues
39–740) (Fig. 1B) and one clone encoded FLASH (amino acid residues 1302–1982) (Fig. 1C).

Identification of Ro52-binding site on FLASH
We precisely identiWed the Ro52-binding site on FLASH using deletion mutants of FLASH
in a yeast two-hybrid interaction assay. As shown in Fig. 2A, we generated six mutants of
FLASH, M1–M6, to examine the interaction with Ro52 (full length). Each mutant has a C-
terminal deletion and/or an N-terminal deletion. For example, M1 has an N-terminal deletion
from Met-1 to Thr-1301, resulting in the loss of a CED4 domain. M5 has an N-terminal deletion
from Met-1 to Thr-1301 and a C-terminal deletion from Glu-1702 to Arg-1982, resulting in
the loss of a CED4 domain and a C-terminal half of death-effector domain-recruiting domain
(DRD). Using these mutants, we then examined the interaction with Ro52 in yeast cells. In the
yeast two-hybrid assay, Ro52 fused to the Gal4 DNA-binding domain was used for the
interaction with a panel of FLASH mutants fused to the Gal4-activating domain. As shown in
Fig. 2B, Ro52 interacted with FLASH(1302–1982) (M1), FLASH(1599–1982) (M2),
FLASH(1302–1806) (M4), and FLASH(1599–1806) (M6), but not with FLASH(1605–1982) (M3)
and FLASH(1302–1701) (M5). These results indicate that the Ro52-binding site is located at the
C-terminal region of FLASH between amino acid residues 1599 and 1806. Importantly, this
region is a DRD domain (see Figs. 1C, D, 2A).

IdentiWcation of FLASH-binding site on Ro52
We next identiWed the FLASH-binding site on Ro52 using deletion mutants of Ro52 in a yeast
two-hybrid interaction assay. As shown in Fig. 3A, we used wild-type Ro52 and four mutants,
Ro52(1–259), Ro52(124–259), Ro52(145–259) and Ro52(124–209). In addition, we used an
alternative splicing product Ro52β, which is identical to Ro52 but lacks 77 amino acids (amino

Tanaka and Kamitani Page 4

Histochem Cell Biol. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



acid residues 169–245) inclusive of the second coiled-coil domain with the leucine zipper
(Wada et al. 2006a). In the yeast two-hybrid assay, FLASH fused to the Gal4-activating domain
was used for the interaction with a panel of Ro52 mutants fused to the Gal4 DNA-binding
domain. As shown in Fig. 3B, FLASH interacted with wild-type Ro52, Ro52(1–259), and
Ro52(124–259), but not with Ro52(145–259), Ro52(124–209), and Ro52β. These results indicate
that the FLASH-binding site is located at the coiled-coil domains of Ro52 between amino acid
residues 124 and 259 (see Figs. 1A, D, 3A).

IdentiWcation of Daxx-binding site on Ro52
Using the yeast two-hybrid system, we identiWed the Daxx-binding site on Ro52 using deletion
mutants of Ro52. As shown in Fig. 4A, we generated two deletion mutants of Ro52.
Ro52(260–475) lacks the N-terminal region but possesses a B30.2 domain. Ro52(1–259) lacks the
C-terminal B30.2 domain but possesses the N-terminal domains including the RING Wnger,
B box, and coiled coils. Using wild-type Ro52 and these mutants, we examined the interaction
with Daxx in yeast cells. In the yeast two-hybrid assay, Daxx fused to the Gal4-activating
domain was used for the interaction with a panel of Ro52 (wild-type and mutants) fused to the
Gal4 DNA-binding domain. As shown in Fig. 4B, Daxx interacted with wild-type Ro52 and
Ro52(260–475) but not with Ro52(1–259). These results indicate that the Daxx-binding site is
located at the C terminus of Ro52 between amino acid residues 260 and 475. Thus, Daxx binds
to the B30.2 domain of Ro52 (see Figs. 1A, D, 4A).

Interaction between Ro52 and Daxx in HEK293 cells
Ro52 interacted with Daxx in yeast cells. Using immunoprecipitation, we examined this
interaction in human cells. In brief, FLAG-tagged Ro52 was co-expressed with HA-tagged
Daxx and/or RH-tagged FLASH in HEK293 cells by plasmid transfection. FLAG-Ro52 was
then immunoprecipitated by anti-FLAG antibody, followed by western blotting using anti-HA
antibody to detect the co-immunoprecipitated HA-Daxx. As shown in Fig. 5, HA-Daxx was
not co-precipitated with FLAG-Ro52 in the absence of RH-FLASH (lane 6, upper panel). In
contrast, HA-Daxx was co-precipitated with FLAG-Ro52 in the presence of RH-FLASH (lane
7, upper panel). This result suggests that FLASH is required for the interaction between Ro52
and Daxx in HEK293 cells.

It should be noted that Ro52 has been shown to bind to the Fc portion of IgG (Rhodes and
Trowsdale 2007), which is a potential problem in immunoprecipitation experiments. In our
experiments, we immunoprecipitated FLAG-Ro52 with anti-FLAG-immobilized beads. Since
anti-FLAG M2 antibody is mouse IgG1, the anti-FLAG-immobilized beads also bind to
endogenous Ro52 as well as FLAG-Ro52. However, this is not a problem for our
immunoprecipitation, because Ro52-interacting proteins can be co-precipitated with both
FLAG-Ro52 and endogenous Ro52.

Subcellular localization of Ro52, Daxx, and FLASH in HT1080 cells
Since immunoprecipitation revealed that Ro52 interacts with Daxx in the presence of FLASH,
we hypothesized that these proteins colocalize when co-expressed in human cells. To test this,
we Wrst determined subcellular localization of each protein. SpeciWcally, endogenous Ro52,
Daxx, and FLASH were immunostained in Xat extended HT1080 cells. As shown in Fig. 6A,
endogenous Ro52 localized to cytoplasmic bodies in the cells (Fig. 6A-a, b), which was
previously reported by us and several groups (Reymond et al. 2001;Rhodes et al. 2002;Tanaka
et al. 2010;Wada et al. 2006a,b;Yamauchi et al. 2008). Endogenous Daxx was detected mainly
in the nucleus and weakly in the cytoplasm as small dots (Fig. 6A-c, d), which was consistent
with previous reports (Salomoni and Khelifi 2006;Yang et al. 1997). Endogenous FLASH was
predominantly located in the cytoplasm, although a small fraction of immunoXuorescence was
also detected in the nucleus as reported previously (Kino and Chrousos 2003) (Fig. 6A-e, f).
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Next, we determined subcellular localization of three proteins fused with Xuorescent proteins,
such as ECFP, mRFP, and EGFP. We expressed ECFP-fused Ro52, mRFP-fused Daxx, and
EGFP-fused FLASH in HT1080 cells, followed by Xuorescence microscopy. As shown in Fig.
6B, Ro52-ECFP was localized to cytoplasmic bodies (Fig. 6B-a). However, the cytoplasmic
bodies of Ro52-ECFP were larger than those of endogenous Ro52. The number of cytoplasmic
bodies of Ro52-ECFP was less than that of endogenous Ro52 (Fig. 6B-a vs. A-b). Interestingly,
the cytoplasmic bodies of Ro52-ECFP showed a rod-like shape, while the shape of the
cytoplasmic bodies of endogenous Ro52 was round or irregular as described previously
(Tanaka et al. 2010;Wada et al. 2006a,b). mRFP-Daxx was exclusively localized to the nucleus
(Fig. 6B-b). FLASH-EGFP was also localized to the nucleus. Specifically, it was detected in
the nucleoplasm and nuclear bodies (Milovic-Holm et al. 2007) (Fig. 6B-c). Since endogenous
FLASH was predominantly located in the cytoplasm (Fig. 6A-e, f), this result showed the
deference between endogenous FLASH and exogenously expressed FLASH-EGFP. The
discrepancy of FLASH cytoplasmic versus nuclear localization in the two methods employed
may indicate that FLASH shuttles between the cytoplasm and the nucleus as discussed
previously (Kino and Chrousos 2003).

Relocation of mRFP-Daxx in HT1080 cells overexpressing Ro52 and FLASH
To investigate the effect of overexpression of FLASH and Ro52 on subcellular localization of
Daxx, mRFP-Daxx was co-expressed with FLASH-EGFP and/or Ro52-ECFP in HT1080 cells.
As shown in Fig. 7, mRFP-Daxx localized to the nucleus when co-expressed with FLASH-
EGFP (Fig. 7A-b) or Ro52-ECFP (Fig. 7B-b). This nuclear localization was the same as that
observed when mRFP-Daxx alone was expressed (see Fig. 6B-b). These results suggest that
co-expression with FLASH or Ro52 has no effect on subcellular localization of mRFP-Daxx.
However, when mRFP-Daxx was co-expressed with both FLASH-EGFP and Ro52-ECFP in
HT1080 cells, mRFP-Daxx strongly localized to the cytoplasm as well as the nucleus (Fig. 7C-
c). Importantly, Ro52-positive nuclear bodies almost disappeared and Ro52-ECFP and
FLASH-EGFP showed the same localization as that of mRFP-Daxx (Fig. 7C-a to c). The
merged images revealed that mRFP-Daxx colocalizes to the cytoplasm and nucleus with Ro52-
ECFP and FLASH-EGFP (Fig. 7C-d, e). These results suggest that interactions of three
molecules lead to dramatic changes in subcellular location of each molecule.

Relocation of endogenous Daxx in HT1080 cells overexpressing Ro52 and FLASH
Next, we immunostained endogenous Daxx to investigate the effect of overexpression of
FLASH and Ro52 on subcellular localization of endogenous Daxx. HT1080 cells were
transfected for expression of FLASH-EGFP and/or Ro52-ECFP and immunostained with anti-
Daxx antibody. As shown in Fig. 8, endogenous Daxx was predominantly localized to the
nucleus, when FLASH-EGFP (Fig. 8A-b) or Ro52-ECFP (Fig. 8B-b) was expressed. The
nuclear localization was the same as that of endogenous Daxx without transfection (see Fig.
6A-c). These results suggest that expression with FLASH or Ro52 alone has no effect on
subcellular localization of endogenous Daxx. However, when both Ro52-ECFP and FLASH-
EGFP were expressed in HT1080 cells, endogenous Daxx strongly localized to the cytoplasm
as well as the nucleus (Fig. 8C-c). Thus, exogenously co-expressed Ro52 and FLASH caused
cytoplasmic relocation of endogenous Daxx (Fig. 8C) as well as mRFP-Daxx (Fig. 7C).
Importantly, Ro52-positive nuclear bodies almost disappeared and Ro52-ECFP and FLASH-
EGFP showed the same localization as that of endogenous Daxx (Fig. 8C-a, b). The merged
images revealed that endogenous Daxx colocalizes to the cytoplasm and nucleus with Ro52-
ECFP and FLASH-EGFP (Fig. 8C-d, e). Thus, as described above, the dramatic changes in
subcellular location of each molecule appear to be triggered by interactions of three molecules.
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Discussion
Ro52 is an E3 ubiquitin ligase that ubiquitinates substrates to modify their function or to change
their subcellular location (Kong et al. 2007; Wada and Kamitani 2006a, b; Yamauchi et al.
2008; Yoshimi et al. 2009). For instance, Ro52 interacts with active IKKβ and conjugates a
single ubiquitin molecule (monoubiquitin) for translocation of active IKKβ to
autophagosomes, resulting in downregulation of NF-κB signaling (Niida et al. 2010; Wada et
al. 2009). In this study, using yeast two-hybrid cDNA screening, we found that Ro52 interacts
with Daxx and FLASH through its coiled-coil domains and B30.2 domain, respectively. Using
immunoprecipitation, we confirmed the interaction between Ro52 and Daxx. Interestingly,
Daxx was co-immunoprecipitated with Ro52 in the presence of, but not in the absence of,
overexpressed FLASH, suggesting that the interaction between Ro52 and Daxx depends on
FLASH. With regard to the interaction between Ro52 and FLASH, in spite of repeated
immunoprecipitation experiments, we could not confirm it probably due to very low expression
of FLASH (data not shown). Collectively, results of yeast two-hybrid and immunoprecipitation
assays suggest that Daxx forms a protein complex with Ro52 in cells, depending on the
expression of FLASH.

What is the biological relevance of the interaction of Ro52 with Daxx and FLASH? In general,
Ro52 interacts with its substrates and then ubiquitinates them as an E3 ubiquitin ligase (Di
Donato et al. 2001; Kong et al. 2007; Wada and Kamitani 2006b; Wada et al. 2009). Because
of this enzymatic activity, we initially expected that Ro52 ubiquitinates Daxx and FLASH to
regulate apoptosis. In other words, the apoptosis-related proteins, Daxx and FLASH, may be
substrates of Ro52. Unexpectedly, however, our ubiquitination assays revealed that Ro52 does
not ubiquitinate either of these proteins (data not shown). Ro52 may ubiquitinate unidentified
protein(s) in the protein complex containing Daxx and FLASH.

Daxx mainly localizes to the nucleus, but this protein enhances death receptor-induced
apoptosis in the cytoplasm. How does the nuclear protein function in the cytoplasm? Previous
reports indicate that Daxx relocates from the nucleus to the cytoplasm upon specific stimuli
such as crosslinking of Fas (Charette and Landry 2000) and overexpression of the apoptosis
signal-regulating kinase 1 (Ask1) (Ko et al. 2001). This cytoplasmic relocation is essential for
Daxx to induce apoptotic signaling, because Daxx needs to interact with apoptosis regulators
(such as Ask1) in the cytoplasm (Yang et al. 1997). How does the relocation of Daxx occur
and how is it regulated? In the studies presented here, we showed that wild-type Ro52 leads
to this cytoplasmic relocation of Daxx in the presence of FLASH. Interestingly, however, the
inactive mutant Ro52-C16A, which has no ligase activity (Wada and Kamitani 2006a), did not
lead to the cytoplasmic relocation of Daxx even in the presence of FLASH (data not shown).
These results indicate that although Daxx itself is not ubiquitinated by Ro52, the ligase activity
of Ro52 is involved in the cytoplasmic relocation of Daxx. Based on our observations, we
hypothesize that Ro52 ubiquitinates unidentified protein(s) in the protein complex containing
Daxx and FLASH, leading to the cytoplasmic relocation of Daxx. Further studies are needed
to elucidate the role of Ro52-mediated ubiquitination in the cytoplasmic relocation of Daxx
and in the receptor-induced apoptosis.
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TRIM Tripartite motif

Tanaka and Kamitani Page 7

Histochem Cell Biol. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



HEK Human embryonic kidney

HRP Horseradish peroxidase

EGFP Enhanced green fluorescent protein

ECFP Enhanced cyan fluorescent protein

mRFP Monomeric red fluorescent protein

PCR Polymerase chain reaction

DAPI 4′,6-Diamidine-2′-phenylindole dihydrochloride

CED4 Cell-death-protein 4

DRD Death-effector domain-recruiting domain
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Fig. 1.
Domain structure and possible complex formation of human Ro52, Daxx, and FLASH. A
Domain structure of human Ro52. Ro52 possesses a RING finger (R) and a B box (B) at the
N-terminal region, two coiled coils (C) at the central region, and a B30.2 domain at the C
terminus. B Domain structure of human Daxx. Daxx possesses two paired amphipathic helix
(PAH) domains at the N-terminal region, an Asp/Glu-rich (D/E) domain at the central region,
and a Ser/Pro/Thr-rich (S/P/T) domain at the C terminus. C Domain structure of human
FLASH. FLASH possesses a cell-death-protein 4 (CED4) domain at the central region and a
death-effector domain-recruiting domain (DRD) at the C-terminal region. The numbered
bars indicate positions of amino acid residue. Mutual interacting regions of each protein are
shown by arrows with the name of interacting partner. D Possible protein complex formed by
Daxx, Ro52, and FLASH
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Fig. 2.
Mapping for Ro52-binding site on FLASH using a yeast two-hybrid system. A Summary of
interaction between full-length Ro52 and truncated FLASH (M1–M6). B Primary data of
interaction between full-length Ro52 and truncated FLASH (M1–M6). The yeast strain AH109
was transformed with pGBKT7/Ro52 and the pGADT7 construct encoding truncated FLASH
(M1–M6). Transformed yeast cells were grown on a selection plate to determine the specific
protein–protein interaction
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Fig. 3.
Mapping for FLASH-binding site on Ro52 using a yeast two-hybrid system. A Summary of
interaction between C-terminal FLASH (1302–1982) and truncated Ro52. B Primary data of
interaction between C-terminal FLASH and truncated Ro52. The yeast strain AH109 was
transformed with pACT2/FLASH (1302–1982) and the pGBKT7 construct encoding wild-type
Ro52 (1–475) and its deletion mutants (1–259, 124–259, 145–259, 124–209, and Ro52 β).
Transformed yeast cells were grown on a selection plate to determine the specific protein–
protein interaction
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Fig. 4.
Mapping for Daxx-binding site on Ro52 using a yeast two-hybrid system. A Summary of
interaction between Daxx (39–740) and truncated Ro52. B Primary data of interaction between
Daxx (39–740) and truncated Ro52. The yeast strain AH109 was transformed with pACT2/
Daxx (39–740) and the pGBKT7 construct encoding wild-type Ro52 (1–475) and its truncated
mutants (260–475 and 1–250). Transformed yeast cells were grown on a selection plate to
determine the specific protein–protein interaction
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Fig. 5.
Co-immunoprecipitation of Daxx with Ro52 in HEK293 cells. FLAG-tagged Ro52 was co-
expressed with HA-tagged Daxx and RH-tagged FLASH in HEK293 cells as indicated. FLAG-
Ro52 in the cell lysates was immunoprecipitated by agarose beads conjugated with mouse anti-
FLAG antibody. Co-immunoprecipitated HA-Daxx was detected by western blotting using
rabbit anti-HA antibody (upper panel). Immunoprecipitated FLAG-Ro52 was also detected by
western blotting using rabbit anti-FLAG antibody (lower panel)
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Fig. 6.
Subcellular localization of Ro52, Daxx, and FLASH in HT1080 cells. A Subcellular
localization of endogenous Ro52, Daxx, and FLASH. HT1080 cells were fixed in a 4%
paraformaldehyde solution, permeabilized with 0.1% Triton X-100, and immunostained with
mouse monoclonal anti-Ro52 antibody (D-12), rabbit polyclonal anti-Daxx antibody (M-112),
and rabbit polyclonal anti-FLASH antibody (M-300). After washing, cells were labeled with
Alexa Fluor 594-conjugated goat anti-mouse IgG or anti-rabbit IgG antibody. The cells were
then analyzed by fluorescence microscopy. The localization of endogenous Ro52, Daxx, and
FLASH is shown by the red fluorescence of Alexa Fluor 594. Nuclear counterstaining is shown
by the blue fluorescence of DAPI (b, d and f). A scale bar indicates 10 μm. B Subcellular
localization of Xuorescent protein-fused Ro52, Daxx, and FLASH. HT1080 cells were
transfected to express ECFP-fused Ro52, mRFP-fused Daxx, or EGFP-fused FLASH. Cells
were fixed in a 4% paraformaldehyde solution. After washing, the cells were then analyzed by
fluorescence microscopy. The localization of Ro52-ECFP is shown by the cyan fluorescence
of ECFP. The localization of mRFP-Daxx is shown by the red fluorescence of mRFP. The
localization of FLASH-EGFP is shown by the green fluorescence of EGFP. A scale bar
indicates 10 μm

Tanaka and Kamitani Page 15

Histochem Cell Biol. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 7.
Subcellular localization of mRFP-Daxx in HT1080 cells expressing Ro52-ECFP and/or
FLASH-EGFP. HT1080 cells were transfected to express: A FLASH-EGFP and mRFP-Daxx,
B Ro52-ECFP and mRFP-Daxx, C Ro52-ECFP, FLASH-EGFP, and mRFPDaxx. The cells
were fixed in a 4% paraformaldehyde solution and analyzed by fluorescence microscopy. The
localization of Ro52-ECFP is shown by the cyan fluorescence of ECFP. The localization of
FLASH-EGFP is shown by the green fluorescence of EGFP. The localization of mRFP-Daxx
is shown by the red fluorescence of mRFP. The merged images are shown in A-c, B-c, C-d,
and e as indicated. A scale bar indicates 10 μm

Tanaka and Kamitani Page 16

Histochem Cell Biol. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 8.
Subcellular localization of endogenous Daxx in HT1080 cells expressing Ro52-ECFP and/or
FLASH-EGFP. HT1080 cells were transfected to express: A FLASH-EGFP, B Ro52-ECFP,
C Ro52-ECFP and FLASH-EGFP. The cells were fixed in a 4% paraformaldehyde solution,
permeabilized with 0.1% Triton X-100, and immunostained with rabbit polyclonal anti-Daxx
antibody (M-112). After washing, cells were labeled with Alexa Fluor 594-conjugated goat
anti-rabbit IgG antibody. The cells were then analyzed by fluorescence microscopy. The
localization of Ro52-ECFP is shown by the cyan fluorescence of ECFP. The localization of
FLASH-EGFP is shown by the green fluorescence of EGFP. The localization of endogenous
Daxx is shown by the red fluorescence of Alexa Fluor 594. The merged images are shown in
A-c, B-c, C-d, e as indicated. A scale bar indicates 10 μm
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