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Autoantigen Ro52 is an E3 ubiquitin ligase
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Abstract

Anti-Ro/SSA antibodies are classic autoantibodies commonly found in patients with Sjögren�s syndrome, a chronic autoimmune dis-
ease characterized by dryness of the eyes and mouth. The autoantibodies recognize a RING-finger protein, Ro52, whose function is still
unknown. Since many RING-finger proteins have been identified as E3 ubiquitin ligases, this study was designed to determine whether
Ro52 functions as an E3 ubiquitin ligase. For this purpose, recombinant Ro52 was purified from bacterial lysate and used to investigate
its activity of E3 ubiquitin ligase in vitro. Its enzymatic activity was also tested in HEK293T cells using wild-type Ro52 and its
RING-finger mutant. Our results indicated that Ro52 ubiquitinates itself in cooperation with E2 ubiquitin-conjugating enzyme UbcH5B,
thereby validating that Ro52 is a RING-finger-type E3 ubiquitin ligase. Importantly, this ubiquitin modification is predominantly
monoubiquitination, which does not target Ro52 to the proteasome for degradation.
� 2005 Elsevier Inc. All rights reserved.
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Anti-Ro/SS antibodies are antinuclear antibodies most
commonly found in patients with Sjögren�s syndrome.
They play a pathogenic role in a variety of clinical manifes-
tations, including skin lesions and congenital heart block.
Autoantibodies to Ro recognize a ribonucleoprotein com-
plex composed of small, single-stranded RNAs and of
one or more peptides. The Ro autoantigen is found in most
tissues and cells (e.g., erythrocytes, platelets), with differ-
ences in structure and quantity across tissues, species,
and embryonic developmental stages [1]. Recent studies
have shown that the Ro autoantigen is heterogeneous.
There are two isoforms: the 60-kDa form (Ro60) and the
52-kDa form (Ro52) [2]. Although a few groups have
investigated the function of the Ro autoantigen, its precise
function remains unknown.

Ubiquitin, a 76-amino-acid polypeptide, is highly con-
served in evolution, with only 3 amino acid differences
between the human and yeast homologues [3]. The C-ter-
minus of ubiquitin contains a conserved Gly residue, which
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is activated to form a thiol-ester linkage with the Cys resi-
due of E1 ubiquitin-activating enzyme. Activated ubiquitin
is then transferred to E2 ubiquitin-conjugating enzyme to
form another thiol-ester linkage. Subsequently, with the
aid of E3 ubiquitin ligase, ubiquitin becomes covalently
attached to Lys residues of target proteins through the for-
mation of isopeptide bonds [3]. The internal Lys residue of
ubiquitin can also form an isopeptide bond with the
C-terminal Gly residue of another ubiquitin molecule to
create a polyubiquitin chain. This chain serves as a protea-
some-targeting signal [3]. In the proteasome, polyubiquiti-
nated proteins are degraded in an ATP-dependent manner
[3]. By targeting ubiquitinated proteins to the proteasome
for degradation, ubiquitination plays a critical role in many
biological events [3].

As described above, Ro52 is one of the Ro autoantigens.
It is a RING-finger protein that belongs to a RBCC
(RING-finger/B-box/coiled-coil) family (also known as
TRIM (Tripartite motif) family) [4]. Recent results from
several laboratories indicated that the RING-finger pro-
teins recruit E2 ubiquitin-conjugating enzymes and act as
E3 ubiquitin ligase [5,6]. It is possible, therefore, that
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Ro52 functions as an E3 ubiquitin ligase. Indeed, we previ-
ously showed that Ro52 is strongly monoubiquitinated
when overexpressed in COS cells [7], suggesting that
Ro52 ubiquitinates itself (self-ubiquitination). In this
study, we determined whether Ro52 functions as an E3
ubiquitin ligase both in vitro and in vivo.
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Fig. 1. UbcH5B-dependent in vitro self-ubiquitination of Ro52. MBP-
fused Ro52 was purified by using beads and incubated with the reaction
mixture containing RH-tagged ubiquitin, recombinant E1 enzyme, and
poly-His-tagged various recombinant E2 enzymes (UbcH2, UbcH5B,
UbcH7, UbcH10, and hCDC34). After reaction, MBP-Ro52 immobilized
on beads was washed to remove the reaction mixture and solubilized in
SDS solution. MBP-Ro52 was analyzed by Western blotting using
anti-RH antibody to detect ubiquitinated MBP-Ro52 (upper panel) and
anti-MBP antibody to detect both unubiquitinated and ubiquitinated
MBP-Ro52 (lower panel). Molecular size markers are shown on the left in
kilodaltons (kDa).
Materials and methods

Cell culture. HEK293T human embryonic kidney cells were obtained
from American Type Culture Collection (Manassas, VA) and were
maintained in Dulbecco�s modified Eagle�s medium supplemented with
10% fetal calf serum and antibiotics.

Antibodies. Mouse anti-HA antibody (16B12) was purchased from
Covance (Richmond, CA). Mouse anti-RH antibody (specific for the
amino acid sequences RGSHHHH and GGSHHHH) was purchased from
Qiagen (Santa Clara, CA). Rabbit anti-MBP antibody was purchased
from New England Biolabs (Beverly, MA).

Preparation of cDNAs. The cDNAs of ubiquitin, Ro52 [8], N-terminal
fragment of HIF1a (HIF1a(DC)) [9], and E2 ubiquitin-conjugating
enzymes, such as UbcH2, UbcH5B, UbcH7, UbcH10, and hCDC34, were
amplified by polymerase chain reaction (PCR) using appropriate primers
from a human testis or heart cDNA library (Life Technologies).

Site-directed mutagenesis. Cys-to-Ala substitution was generated in
Ro52 at Cys-16. The cDNA of wild-type Ro52 was mutated by PCR-
based site-directed mutagenesis as described previously [10]. The mutated
cDNA was subcloned into pMAL-c2 or pcDNA3/RH-C (see below).

In vitro ubiquitination assay. For the assay, we first expressed several
recombinant proteins in bacteria, using eukaryotic expression vectors
pMAL-c2 (New England BioLab) and pTrcHisB (Invitrogen, Carlsbad,
CA). These proteins included MBP (maltose-binding protein)-fused Ro52
(MBP-Ro52), RH-tagged ubiquitin (RH-Ub), and poly-His-tagged E2
ubiquitin-conjugating enzymes. Next, bead-immobilized MBP-Ro52 was
incubated with RH-Ub, E1 ubiquitin-activating enzyme (Boston Biochem,
Cambridge, MA), and poly-His-tagged E2 ubiquitin-conjugating enzyme
in reaction buffer [50 mM Tris–HCl (pH 7.5), 2 mM ATP, 4 mM MgCl2,
and 2 mM DTT] for 30 min at 37 �C. After reaction, the beads were
washed by washing buffer [25 mM Tris–HCl (pH 7.5), 100 mM NaCl, and
0.5% NP-40] and treated for 1 h at 50 �C in a sample treating solution
containing 2% SDS and 5% b-mercaptoethanol. Finally, the solubilized
MBP-Ro52 was analyzed by Western blotting using anti-RH antibody to
detect ubiquitinated Ro52 and anti-MBP antibody to detect both
unubiquitinated and ubiquitinated Ro52.

Plasmid construction and transfection. To express full-length Ro52 or
N-terminal fragment (amino acids 1–330) of HIF1a [9] tagged with RH-
epitope (RGSHHHHHH) at the C-terminus in HEK293T cells, the cDNA
was ligated into pcDNA3/RH-C [11]. To express ubiquitin tagged with
HA at the N-terminus, pcDNA3/HA-N was used [12]. The plasmids were
transfected into HEK293T cells using FuGENE6 (Roche Applied Science,
Indianapolis, IN). The transfected cells were harvested for TALON-bead
precipitation 20 h after transfection.

Treatment with proteasome inhibitor. MG132 was purchased from
Calbiochem (San Diego, CA) to treat cells as described previously [13]. In
brief, 1 · 106 HEK293T cells were transfected by FuGENE 6. After
overnight culture, the culture medium was replaced with fresh medium
containing proteasome inhibitor MG132 (20 lM). The cells were further
cultured at 37 �C with MG132 for 6 h. Then the cells were harvested, and
the total cell lysates were prepared for TALON-bead precipitation.

TALON-bead precipitation. Because the sequence of the RH tag is
RGSHHHHHH, the Ro52-RH or HIF1a(DC)-RH expressed in
HEK293T cells was precipitated from the total cell lysate by using cobalt-
ion-charged TALON beads (Clontech, Palo Alto, CA) under denaturing
condition as described previously [14].

Western blotting. Protein samples were treated at 50 �C for 1 h in a
sample treating solution containing 2% SDS and 5% b-mercaptoethanol.
After SDS–PAGE, Western blotting was performed using the protocol
provided with the ECL detection system (Amersham Pharmacia Biotech,
Piscataway, NJ). As a secondary antibody, horseradish peroxidase (HRP)-
conjugated anti-mouse IgG antibody or anti-rabbit IgG antibody (Santa
Cruz Biotechnology, Santa Cruz, CA) was used.

Results

E2 enzyme-dependent in vitro self-ubiquitination of Ro52

Ro52 possesses a RING-finger domain at its N-terminal
region. Since many RING-finger proteins have been identi-
fied as E3 ubiquitin ligase [5,6], we hypothesized that Ro52
functions as an E3 enzyme. However, this hypothesis raised
the question as to what the substrate of the Ro52-mediated
ubiquitination is. Previously, we found that Ro52 is strong-
ly ubiquitinated when overexpressed in COS cells [7].
Because several groups demonstrated that E3 enzymes also
catalyze their own ubiquitination [15,16], our previous
finding suggested that Ro52 acts as an E3 enzyme and
ubiquitinates itself. To test this possibility, we performed
an in vitro ubiquitination assay.

In the assay, MBP-Ro52 was expressed in bacteria and
purified by using beads. MBP-Ro52 immobilized on the
beads was then incubated with recombinant E1 enzyme
and different recombinant E2 enzymes (UbcH2, UbcH5B,
UbcH7, UbcH10, and hCDC34 produced in bacteria) in
the presence of RH-tagged ubiquitin. In this in vitro sys-
tem, MBP-Ro52 served as both a potential substrate and
a potential E3 enzyme for its self-ubiquitination. After
the incubation, MBP-Ro52 was solubilized and analyzed
by Western blotting using anti-RH antibody and anti-
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MBP antibody. As shown in Fig. 1, incubation of MBP-
Ro52 in the reaction mixture containing UbcH2, UbcH7,
UbcH10, or hCDC34 did not result in the ubiquitination
of MBP-Ro52, whereas incubation of MBP-Ro52 in the
reaction mixture containing UbcH5B yielded strong mono-
ubiquitination and weak polyubiquitination of MBP-
Ro52. These results indicated that Ro52 is ubiquitinated
in vitro, and that this ubiquitination is catalyzed by
UbcH5B but not by other E2 enzymes.

Role of Ro52 in its in vitro self-ubiquitination

In general, ubiquitin conjugates to the substrate in the
presence of E1 enzyme, E2 enzyme, and E3 enzyme. These
proteins are the minimum requirements for a ubiquitina-
tion reaction. To confirm whether these proteins are essen-
tial for the ubiquitination detected in Fig. 1, we performed
another in vitro ubiquitination assay (Fig. 2). As a positive
control, MBP-Ro52 was incubated in the complete reaction
mixture containing RH-ubiquitin, recombinant E1 enzyme,
and recombinant UbcH5B (E2 enzyme). In the other reac-
tions, MBP-Ro52 was incubated in the incomplete reaction
mixture lacking one of these components. After the incuba-
tion, MBP-Ro52 was solubilized and analyzed by Western
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Fig. 2. Minimum requirements for the in vitro self-ubiquitination of
Ro52. In the in vitro ubiquitination, the complete reaction mixture (lane 4)
contained RH-ubiquitin, MBP-Ro52 both as a substrate and an E3
enzyme, recombinant E1 enzyme, and UbcH5B as an E2 enzyme. To
confirm minimum requirements for the self-ubiquitination of Ro52, the
incomplete reaction mixture lacking one of these components was
prepared and used for the in vitro ubiquitination assay. After reaction,
MBP-Ro52 immobilized on beads was solubilized and analyzed by
Western blotting using anti-RH antibody to detect ubiquitinated MBP-
Ro52 (upper panel) and anti-MBP antibody to detect both unubiquiti-
nated and ubiquitinated MBP-Ro52 (lower panel). The incomplete
reaction mixture shown in lanes 1–3 and 5 lacked RH-ubiquitin,
recombinant E1, UbcH5B, and MBP-Ro52, respectively.
blotting using anti-RH antibody and anti-MBP antibody.
As shown in Fig. 2, incubation of MBP-Ro52 in the com-
plete reaction mixture resulted in the ubiquitination of
MBP-Ro52 (lane 4), whereas incubation of MBP-Ro52 in
the incomplete reaction mixture lacking one component
did not yield ubiquitination of MBP-Ro52 (lanes 1–3 and
5). These results indicated that ubiquitin, E1 enzyme, and
UbcH5B (E2 enzyme) are minimum requirements for the
in vitro ubiquitination of Ro52. Because reaction mixtures
used in this assay did not contain any E3 enzymes other
than Ro52, these results also indicated that Ro52 functions
as an E3 enzyme and ubiquitinates itself.

RING-motif-dependent in vitro self-ubiquitination of Ro52

Ro52 possesses a RING-consensus sequence (Cys-X2-
Cys-X9–39-Cys-X1–3-His-X2–3-Cys-X2-Cys-X4–48-Cys-X2-
Cys) between amino acid residues 16 and 54 [17] (Fig. 3A).
This sequence coordinates two Zn ions in a ‘‘cross-braced’’
fashion [17,18]. Recent results from several laboratories
indicated that RING-finger proteins recruit E2 enzymes
through their RING domain and act as E3 enzyme [5]. This
E3 activity of RING-finger proteins has been shown to be
abolished by a mutation of the conserved Cys or His resi-
due described above [19,20]. To determine whether the
E3 activity of Ro52 is dependent on its RING-finger
domain, we substituted the conserved Cys-16 to Ala in
the RING-finger domain to generate a Ro52 mutant
(C16A) (Fig. 3A). Then, we tested whether this mutation
abolishes the E3 activity of Ro52, using an in vitro ubiqui-
tination assay.

In the assay, MBP-fused wild-type Ro52 or its C16A
mutant was expressed in bacteria and purified by using
beads. MBP-Ro52 immobilized on the beads was then
incubated with RH-ubiquitin, recombinant E1 enzyme,
and recombinant E2 enzyme (UbcH5B). After the incuba-
tion, MBP-Ro52 was solubilized and analyzed by Western
blotting using anti-RH antibody and anti-MBP antibody.
As shown in Fig. 3B, the wild-type Ro52 ubiquitinated
itself (lanes 1 and 3), whereas the C16A mutant did not
ubiquitinate itself at all (lanes 2 and 4). These results indi-
cated that the in vitro self-ubiquitination of Ro52 is depen-
dent on its RING-finger domain. Thus, we confirmed that
Ro52 is a RING-motif-dependent E3 enzyme.

In vivo self-ubiquitination of Ro52 in HEK293T cells

The E3 activity of Ro52 was determined by in vitro
assays described in the preceding sections. Therefore, this
raised the question whether Ro52 functions as an E3
enzyme in human cells. Although we previously detected
the ubiquitination of Ro52 in COS cells [7], it might be cat-
alyzed by the other E3 enzymes. To investigate this, we per-
formed an in vivo ubiquitination assay, using the wild-type
Ro52 and its RING-finger mutant (C16A). In brief, RH-
tagged wild-type Ro52 or its C16A mutant was expressed
with or without HA-tagged ubiquitin in HEK293T cells.
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The cells were then harvested and lysed under denaturing
condition. Afterwards, Ro52-RH (wild-type or C16A) in
the lysate was precipitated by TALON beads, solubilized,
and then analyzed by Western blotting using anti-HA anti-
body to detect ubiquitinated Ro52-RH and anti-RH anti-
body to detect both unubiquitinated and ubiquitinated
Ro52-RH. As shown in Fig. 4, the wild-type Ro52 was
strongly monoubiquitinated and weakly polyubiquitinated
when overexpressed with HA-ubiquitin in HEK293T cells
(lane 3). In contrast, the C16A mutant was faintly ubiqui-
tinated when overexpressed with HA-ubiquitin in
HEK293T cells (lane 4). This faint ubiquitination of
Ro52 (C16A) might be catalyzed by wild-type Ro52, which
was endogenously expressed in HEK293T cells. These
results indicated that Ro52 ubiquitinates itself through
the function of its RING-finger domain in HEK293T cells.

In vivo self-ubiquitination of Ro52 unrelated to proteasomal

degradation

In the previous sections, we demonstrated that Ro52
ubiquitinated itself mainly with a single ubiquitin in vitro
and in vivo. Although Ro52 also ubiquitinated itself with
a polyubiquitin chain in vitro and in vivo, the polyubiquiti-
nation was faint. Generally, a polyubiquitin chain is assem-
bled through the formation of isopeptide bonds involving
specific Lys residues in ubiquitin. Substrates with a poly-
ubiquitin chain, linked via Lys-48 or Lys-29, are targeted
for degradation by the proteasome [21]. In contrast, the
conjugation of a single ubiquitin, or the ligation of a
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K63-linked polyubiquitin chain, does not target the sub-
strates for proteasomal degradation [22,23]. To determine
whether the self-ubiquitination of Ro52 leads to its degra-
dation by the proteasome, we performed an in vivo ubiqui-
tination assay. Specifically, using the proteasome inhibitor
MG132, we inhibited the proteasomal degradation in
HEK293T cells to test whether the ubiquitinated Ro52
was accumulated. Briefly, Ro52-RH was coexpressed with
HA-ubiquitin in HEK293T cells in the presence or absence
of proteasome inhibitor MG132. The cells were then har-
vested and lysed under denaturing condition. Afterwards,
Ro52-RH in the lysate was precipitated by TALON beads,
solubilized, and then analyzed by Western blotting using
anti-HA antibody to detect ubiquitinated Ro52-RH and
anti-RH antibody to detect both unubiquitinated and ubiq-
uitinated Ro52-RH. As positive control for the effect of
MG132 on proteasomal degradation of ubiquitinated pro-
teins, we used HIF1a(DC), which is an N-terminal frag-
ment (amino acids 1–330) of HIF1a. This is because we
had previously detected the clear effect of MG132 on the
proteasomal degradation of HIF1a(DC) [9]. As shown in
Fig. 5A, the treatment with MG132 did not increase the
expression of either ubiquitinated Ro52-RH or unubiquiti-
nated Ro52-RH (lane 3 vs. lane 6). These results suggested
that the self-ubiquitination of Ro52 does not lead to its
proteasomal degradation. In contrast, a positive control
HIF1a(DC) was stabilized by the treatment with MG132.
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As shown in Fig. 5B, the treatment with MG132 increased
the expression of HIF1a(DC)-RH approximately threefold
(lane 3 vs. lane 6, lower panel). Furthermore, the treatment
increased the polyubiquitinated HIF1a(DC)-RH (lane 3 vs.
lane 6, upper panel), because MG132 inhibited the protea-
somal degradation of the polyubiquitinated HIF1a(DC)-
RH, resulting in its accumulation. These results suggested
that the polyubiquitination of HIF1a(DC) targets it to pro-
teasomal degradation.

Discussion

Anti-Ro52 autoantibody has been clinically well investi-
gated. Although the autoantigen Ro52 is classic, its func-
tion has been reported by only a few groups. Sibilia [1]
proposed that the function of the Ro autoantigen is associ-
ated with RNA transcription processes, because the Ro
autoantigen shares homologies with gene-regulation pro-
teins and binds to nucleic acids. Ishii et al. [24] reported
that Ro52 promotes CD28-mediated IL-2 production in
Jurkat T cells. Despite these reports, the precise molecular
function of Ro52 is still unclear.

Ro52 is a RING-finger protein that belongs to the
RBCC/TRIM family [4]. Many RING-finger proteins have
been reported to recruit E2 ubiquitin-conjugating enzymes
and act as E3 ubiquitin ligase [5,6]. Furthermore, some
groups recently reported that RBCC/TRIM family mem-
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bers, such as TRIM5d [25], ARD1 [26], and TRIM37 [27],
function as E3 ubiquitin ligase. Based on these reports, we
hypothesized that Ro52 is also an E3 ubiquitin ligase. In
the study presented here, we tested this hypothesis using
both in vitro and in vivo ubiquitination assays. As expect-
ed, Ro52 ubiquitinates itself in vitro and in vivo in the pres-
ence of E1 enzyme and E2 enzyme UbcH5B, indicating
that Ro52 functions as E3 enzyme for its self-ubiquitina-
tion. These results, however, raised two questions: what
role does the self-ubiquitination play in the function of
Ro52? And what are the substrates, other than Ro52 itself,
in the Ro52-mediated ubiquitination?

To answer the first question, we determined whether the
ubiquitination of Ro52 targets it to the proteasome for
degradation. This is because the proteasomal degradation
is one of the well-known roles of ubiquitination. Using
an in vivo ubiquitination assay, we found that the ubiqui-
tination of Ro52 does not lead to the proteasomal degrada-
tion, probably because of the type of ubiquitination. In the
ubiquitination of Ro52, the predominant type was mono-
ubiquitination, not polyubiquitination. Because mono-
ubiquitination does not target the substrates for
proteasomal degradation and is thought to be involved in
non-proteasomal events, including endocytosis, trafficking,
or lysosomal degradation [23], the monoubiquitination of
Ro52 might play a role in these non-proteasomal events.

As described above, the polyubiquitination of Ro52 was
also detected in this study by using anti-HA antibody and
anti-RH antibody. The polyubiquitination was clearly
detected by anti-HA antibody (see upper panels in Figs. 4
and 5), whereas it was almost undetectable by anti-RH
antibody (lower panels in Figs. 4 and 5). Why did the use
of these two antibodies produce such discrepant results in
the detection of polyubiquitination? A polyubiquitin chain
on Ro52-RH consists of multiple molecules of HA-ubiqui-
tin. Because each of these molecules reacts with an anti-HA
antibody, the polyubiquitin chain is labeled with multiple
molecules of anti-HA antibody. This is the reason why
anti-HA antibody detects the polyubiquitin chain much
more strongly than actual. In contrast, detection of the
polyubiquitinated Ro52-RH by anti-RH antibody reflects
the actual level of expression because the anti-RH antibody
reacts only with a single RH-epitope of the polyubiquitina-
ted Ro52-RH. Based on this, the actual population of
polyubiquitinated Ro52 is very small in comparison with
that of monoubiquitinated Ro52. Despite the minor
population, the polyubiquitination, as well as the mono-
ubiquitination, might play a role in the function of Ro52.
Interestingly, the polyubiquitinated Ro52 was not accumu-
lated in HEK293T cells treated with the proteasome inhib-
itor, suggesting that these polyubiquitin chains do not
target Ro52 for proteasomal degradation. This is probably
because the polyubiquitin chains are assembled with
linkage through Lys residues other than Lys-48 and are
independent from proteasomal degradation.

Although we identified Ro52 as an E3 ubiquitin ligase,
we could not determine its substrates other than itself. So
far, several proteins have been reported to interact with
Ro52. These include a multifunctional calcium-binding
protein Calreticulin [28], an oncogenic protein UnpEL
(also known as Usp4) [29,30], and a molecular chaperone
Grp78 (also known as BiP) [31]. These Ro52-interacting
proteins are thought to be candidates for the substrates
ubiquitinated by Ro52. To elucidate Ro52-mediated bio-
logical events, such as RNA transcription processes [1]
and IL-2 production in Jurkat T cells [24], the identification
of substrates in the Ro52-mediated ubiquitination is
important. This is because Ro52 seems to modify the func-
tion or stability of its substrates through ubiquitination,
and this modification might result in the Ro52-mediated
biological events.
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