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SSA/R052 autoantigen interacts with Dcp2 to enhance its decapping activity
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We identified human decapping enzyme 2 (hDCP2) as a binding protein with Ro52, being colocalized in
processing bodies (p-bodies). We also showed that the N-terminus and C-terminus of Ro52 bound to
hDCP2. Moreover, Ro52 enhanced decapping activity of hDCP2 in a dose-dependent manner. Our data

support the novel notion of the association between Ro52 with hDCP2 protein in cytoplasmic p-bodies,
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A member of TRIM (Tripartite motif family), Ro52 is a compo-
nent of a group of SS-A/Ro autoantigens, which is composed of at
least a 60 kDa (Ro60) protein, a 52 kDa protein (Ro52-a), and a
45 kDa protein (Ro52-B) [1-6] The TRIM proteins including Ro52
appear to play a role in such functions as development and cell
growth, and TRIM proteins show specific localization such as a dis-
crete speckled pattern in the nucleus or cytoplasm [5]. In human,
autoantibodies to the SS-A/Ro autoantigens are commonly found
in the sera of patients with autoimmune diseases such as system-
atic lupus erythematosus (SLE), Sjogren’s syndrome (SjS), neonatal
lupus erythematosus/congenital heart block, and primary biliary
cirrhosis (PBC) [7-9]. We previously demonstrated that anti-
CD28 mAb enhanced IL-2 production of Ro52 Jurkat transfectant
and changed the intracellular localization of Ro52 in a cytoplasmic
discrete speckled pattern [10]. However, the molecular mechanism
involved in Ro52 subcellular translocation is unknown, and pro-
teins interacting with Ro52 in the cytoplasmic discrete speckled
pattern are undefined.

The human autoantigen Gw-182 is located in p-bodies and has
an important role in mRNA decay [11-13], and sera containing
autoantibody to Ro52 from patients with SjS are reported to react
with the p-bodies [13,14]. Furthermore, the proteins involved in
the 5'-3' decay pathway are concentrated in cytoplasmic discrete
speckled patterns named mRNA “processing bodies” (p-bodies)
[15-21]. In p-bodies, human DCP2 (hDCP2) appears to play a cen-
tral role in mRNA decay by its decapping enzyme activity [22], via
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its interaction with human DCP1 (hDCP1), Ge-1/hedls, Dhh1, and
EDC3 [16,23]. In the study using clinical samples, 44% of patients
with anti-p-bodies (Gw-182) had reactivity to Ro52 [14]. This
observation suggests that Ro 52 is one of target in patients with
anti-p-bodies autoantibody. However, it has not yet been con-
firmed whether Ro52 is a functional component of p-bodies, or is
a bystander. Putting together these findings and our previous
observation that Ro52 proteins are localized in p-bodies-like dis-
crete speckled pattern, we hypothesized that Ro52 protein may
be associated with p-bodies and have a functional role in mRNA
decapping.

In the present study, we used biochemical assays to demon-
strate that Ro52 protein is associated with hDCP2. We found
that both the N-terminal and the C-terminal domains of Ro52
protein are required for its binding to hDCP2, while both Box
A and Box B domains of the latter are required for its binding
to Ro52. Furthermore, we showed that Ro52 enhances the
decapping activity of hDCP2 in a dose-dependent manner of
R052. Our results therefore imply that Ro52 is a key regulatory
of mRNA decay via positively regulating the catalytic activity
of hDCP2.

Materials and methods

Constructions of plasmids. The plasmid pEGFP-hDCP2 (kindly provided by Dr.
Bertrand Seraphin at Center National de la Recherche Scientifique) was used.
GST-hDCP2, 6xHis-hDCP2, Azami-hDCP2 were made by inserting hDCP2 cDNA into
mammalian GST expression vector pEBG (28), pCold (TAKARA), Azami (MBL), and
PEGFP (BD Clontech), respectively. GST-Ro52, JRed, and Ro52-GFP were made by
inserting Ro52 cDNA into pEBG, JRed (Evrogen), and pEGFP (BD Clontech). N-termi-
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nally BioEase-tagged hDCP2 was constructed using Invitrogen Gateway technology
(Invitrogen). A series of hDCP2 or Ro52 deletion mutants were made by inserting
cDNA fragments of mutated hDCP2 or Ro52 generated by the polymerase chain
reaction (PCR) into pEBG Vector. All constructs and ¢cDNA were confirmed by
DNA sequencing.

Purification and detection of biotin-hDCP2 binding proteins GST pull-down assay.
To produce BioEase-tagged hDCP2, we used NativePure mammalian Affinity Purifi-
cation kit (Invitrogen) according to the manufacturer’s instructions. Briefly, the
plasmid constructs were transfected into 293 FT cells. Cells were lysed with lysis
buffer and lysates were pulled down by streptavidin agarose beads. To remove
the BioEase Tag, the pulled down beads were cleaved by AcTEV protease, and the
supernatant was concentrated by Microcon YM30.

GST fusion proteins were produced and pull-down assays were performed as
previously described [24,25].

Production of recombinant protein. To produce 6xHis-hDCP2, the plasmid con-
structs were transformed into BL21 (DE3); pT-Trx Escherichia coli [24]. The recom-
binant proteins were purified on a nickel column (QIAGEN) under denaturing
conditions with 8 M urea according to the manufacturer’s instructions. Purified pro-
tein was renatured by refolding CA kit (TAKARA). Renatured protein was dialyzed
with storage buffer (10 mM Tris-HCl, pH 7.9, 100 mM NacCl, 2 mM MG-Ac, 1 mM
DTT, and 10% glycerol).

In vitro decapping assays. A 5™ cap labeled RNA substrate was produced by
incubating 304 nucleotide T7 p-actin RNA transcript with [a->2P]GTP, S-adenosyl-
L-methionine(Ambion) and vaccinia virus capping enzyme. Decapping reactions
were carried out at 30°C for 1h in a total of 20 ul of 50 mM Tris-HCl (pH8.0)-
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30 mM (NH4),S04-1 mM MgCl, containing ~30 nCi of cap labeled RNA and recom-
binant hDCP2. All reactions were terminated by the addition of EDTA to 10 mM, and
5 ul was separated by thin-layer chromatography (TLC).

Results
Interaction of Ro52 with hDCP2

It has been reported that Ro52 localized to “dot-like” structures
in the cytoplasm [26]. We also previously reported that Ro52 was
localized in a “dot-like” cytoplasmic discrete speckled pattern fol-
lowing Jurkat-T cell stimulation [10]. Other investigators have
showed that patient sera with reactivity to p-bodies were identi-
fied as the cytoplasmic discrete speckled pattern observed by indi-
rect immunofluorescence [27], suggesting that Ro52 may be
involved in p-bodies. In p-bodies, hDCP2 is found to be a key sub-
unit of the decapping enzyme complex [28]. Accordingly, to evalu-
ate the possibilities that Ro52 is in p-bodies, we first analyzed the
subcellular localization of an ectopically expressed Green Fluores-
cence Protein, Azami tagged with hDCP2 (Azami-DCP2) and/or Red
Fluorescence Protein, JRed tagged with Ro52 (Ro52-JRed). As
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Fig. 1. Binding of Ro52 to hDCP2. (A) (a) 293FT cells were transfected with Azami hDCP2 (green) and stained with DAPI. (b) 293FT cells were transfected with Ro52-JRed
(red). (c-e) Azami-hDCP2(green) and Ro52-JRed (red) were cotransfected into 293FT cells. The cells were examined for nuclear DNA (DAPI), Azami-hDCP2 and Ro52-JRed.
Bars indicate a 20-um scale. (B) Following transfection of 293 FT cells with GST alone (lanes 1 and 3) or GST-hDCP2 (lanes 2 and 4), cell lysates were prepared as described in
Materials and methods. 10% total cell lysate (lanes 1 and 2), and pulled down GST-beads using total cell lysates (lanes 3 and 4) were separated using 10% SDS-PAGE, and
immunoblotted with anti-Ro52 mAb (upper panel), followed by stripping and reprobing with anti-GST pAb (lower panel). (C) Following transfection of 293 FT cells with
BioEase-tagged hDCP2 (lanes 1, 3, and 5) or Vector alone (lanes 2, 4, and 6), cell lysates were prepared as described in Materials and methods. Lanes 1 and 2: streptavidin
beads pulled down using total cell lysates. Lanes 3 and 4: Concentrated elute of protein complex cleaved by AcTEV Enzyme. Lanes 5 and 6: 10% total cell lysates. The treated
samples were separated using 10% SDS-PAGE, and immunoblotted with anti-Ro52 pAb (upper panel), followed by stripping and reprobing with anti-DCP2 pAb (lower panel).
(For interpretation of color mentioned in this figure the reader is referred to the web version of the article.)
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shown in Fig. 1A, Azami-hDCP2 was observed in cytoplasmic dis-
crete speckled patterns (a), as reported previously [28] and Ro52-
JRed showed several discrete speckled patterns in the cytoplasm
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(b). Following cotransfection of JRed Ro52 and Azami hDCP2, JRed
Ro52 was demonstrated to merge with Azami hDCP2 in a discrete
speckled pattern (c-e of Fig. 1). These results hence suggested that
Ro52 is associated with hDCP2 in p-bodies.

Next, we conducted GST pull-down assay using GST-fused
hDCP2 protein (GST-hDCP2) expressed in mammalian cells. As
shown in Fig. 1B, endogenous Ro52 was coprecipitated with GST-
hDCP2 (lane 4 of upper panel), but not with GST alone (lane 3 of
upper panel). This association between endogenous Ro52 and
hDCP2 was confirmed by using BioEase-tagged hDCP2 (bio-hDCP2)
as another conjugated hDCP2 protein in a biotin pull-down system
with avidin beads (Fig. 1C). Meanwhile, Ro52 was coprecipitated
with bio-hDCP2 (lane 1 in upper panel of Fig. 1C) but not with Bio-
Ease mock alone (lane 2 of upper panel of Fig. 1C). Furthermore, to
exclude the possibility of nonspecific binding of Ro52 to the avidin
beads, hDCP2 protein complex was eluted with cleavage by AcTEV
enzyme. Ro52 was detected in the complex of hDCP2 elutes (lane 3
of upper panel of Fig. 1C), but not in the elutes of mock transfected
cells (lane 4 in upper panel of Fig. 1C). These data suggested that
Ro52 binds to hDCP2 in in vivo and in vitro conditions.

Identification of binding domain of Ro52 with hDCP2

We next determined the binding domains involved in the
R052-hDCP2 interaction through a series of GST-fused Ro52 or
hDCP2 and their deletion mutants (Fig. 2A). A series of GST-
fused Ro52 and its deletion mutants were cotransfected with
Flag-tagged hDCP2 WT. As shown in the right panel of Fig. 2B,
coprecipitation assay with glutathione beads showed that Flag-
tagged hDCP2 was coprecipitated with GST Ro WT (lane 9 of
upper panel), Ro-N terminal region (RoN) (lane 6 of upper pa-
nel), or Ro-C terminal region (RoC) (lane 8 of upper panel) but
not with GST Ro-Coiled Coil region (RoCC) (lane 7 of upper pa-
nel) or GST alone (lane 10 of upper panel). These results sug-
gested that N- and CT-terminal regions of Ro52 were required
for its binding to hDCP2.

The binding domain of hDCP2 to Ro52 was then determined
using a series of GST-fused hDCP2 and its deletion mutant. As
shown in the right panel of Fig. 2C, Ro52 was coprecipitated
with GST-hDCP2 WT (lane 6 of upper panel), hDCP2N (lane 7
of upper panel), and hDCP2 C (lane 9 of upper panel) but not
with GST-hDCP2 94-259 AAs (lane 8 of upper panel) and GST
alone (lane 10 of upper panel), data implying that 1-93 amino
acids and C-terminal region of hDCP2 were required for binding
to Ro52.

<

Fig. 2. Determination of the binding domains involved in the interaction between
Ro52 and hDCP2. (A) Schematic representation of GST-Ro52 or hDCP2 and their
deletion mutants. In Ro52, Residues 16-54 comprised the Ring Finger Domain (R)
(Vertically striped square), residues 92-127 comprised the B Box Domain (B) (H-
orizontal striped square), residues 128-245 comprised the Coiled Coil Domain (CC)
(Black square), residues 246-475 comprised the Rfp Domain (Striped square). In
hDCP2, residues 12-48 comprised the BoxA Domain (BoxA) (Vertically striped sq-
uare), residues 98-206 comprised the Nudix Fold Domain (Nudix Fold) (Striped
square) with the central residues 129-151 being the Nudix motif (Nudix Motif)
(Blacked square), residues 223-242 comprised the BoxB Domain (BoxB) (Horizontal
striped square). (B) Following transfection of 293 FT cells with Flag-hDCP2 and GST-
Ro052 or its deletion mutants, cell lysates were prepared as described in Materials
and methods and pulled down by glutathione beads. One percent of total cell lys-
ates (lanes 1-5) and the pulled down beads (lanes 6-10) were separated using 10%
SDS-PAGE, and immunoblotted with anti-GFP mAb (upper panel), followed by st-
ripping and reprobing with anti-GST pAb (lower panel). ‘Nonspecific bands. (C)
Determination of binding domain of hDCP2 to Ro52. 293 FT cells were transfected
with GFP-Ro52 and GST-hDCP2 or its deletion mutants. One percent of total cell
lysates (lanes 1-5) and the pulled down beads (lanes 6-10) were separated using
10% SDS-PAGE, and immunoblotted with anti-Flag mAb (upper panel), followed by
stripping and reprobing with anti-GST mAb (lower panel). ‘Nonspecific bands.
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Decapping activity of hDCP2 is enhanced by its interaction with Ro52

It has been reported that hDCP2 plays a central role in mRNA
decay by its decapping enzyme activity [22]. We therefore exam-
ined the potential effect of Ro52 on hDCP2 decapping activity
through in vitro decapping assay. Native form of hDCP2 was con-
structed and purified as described in Materials and methods. As
shown in Fig. 3A, purified recombinant hDCP2 protein was capable
of decapping the capped RNA and releasing m’GDP product in a
dose-dependent manner (lanes 2 and 3). Of note was that this
decapping activity of purified hDCP2 was inhibited by the addition
of EDTA (lane 4), implying that hDCP2 may be appropriate for use
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Fig. 3. Decapping assay by recombinant hDCP2 with Ro52 or deletion mutants of
Ro52. (A) The assay was carried out using 0, 30 or 100 ng of bacterially expressed
6xHis-tagged hDCP2 with cap labeled B-actin mRNA substrate in the absence (lanes
1-3) or presence of EDTA (lanes 4). The reaction products were resolved by TLC.
Migration of standard was shown at right. (B) Schematic representation of Flag-
tagged Ro52. Each region or domain is described in Fig. 2A. (C) The assay was
carried out using 10 ng of bacterially expressed 6xHis-tagged hDCP2 with cap la-
beled B-actin mRNA substrate and immunopurified Flag-tagged Ro52 WT (lanes 1-
3 corresponding to 0, 0.5 x 106, 2 x 10° cell-worth of proteins, respectively) or its
deletion mutants, Ro52 ACC (lanes 4-6 corresponding to 0, 0.5 x 106, 2 x 106 cell-
worth of proteins, respectively) or Ro52 CC (lanes 7-9 corresponding to 0, 0.5 x 10°,
2 x 10° cell-worth of proteins, respectively). The reaction products were resolved
by TLC. Migration of standard was shown at right.

Ro52 CC
05 2.0 X10°cells

in in vitro decapping assay as reported previously [29]. Using this
recombinant hDCP2 proteins, we next examined the effect of
Ro52 on hDCP2 activity with the use of Flag-tagged Ro52 and
two other deletion mutants involving Ro52 ACC and Ro52 CC
(Fig. 3B). As shown in Fig. 3C, the addition of Ro52WT enhanced
hDCP2 decapping activity in a dose-dependent manner (lanes 1-
3). Similarly, the addition of Ro52 ACC, capable of binding to hDCP2
(as shown in Fig. 2B), also enhanced decapping activities (lanes 4-6
in Fig. 3C). However, the addition of Ro52 CC, which did not bind to
hDCP2 (as shown in Fig. 2B), did not result in enhanced decapping
activity as compared with Ro52 WT (lanes 7-9 in Fig. 3C). Likewise,
decapping activity was not observed with purified Ro52 proteins
alone, in the absence of hDCP2 (data not shown). These results sug-
gested that the interaction between Ro52 and hDCP2 can affect
decapping activity of hDCP2 in vitro, and that Ro52 has a potential
role in mRNA decay.

Discussion

In the present study, we showed that the autoantigen SSA/R052
protein is associated with mRNA-decapping enzyme hDCP2, with
the N-terminal and C-terminal domains of Ro52 being required
for its binding to hDCP2, and the N-terminal and C-terminal do-
mains of hDCP2 being required for its binding to Ro52. Further-
more, hDCP2 enzymatic activity is enhanced by its interaction
with Ro52.

To examine the biochemical interactions between the two pro-
teins, we initially tried to demonstrate endogenous association
with the use of coimmunoprecipitation assay. However, Western
blotting with commercially available anti-hDCP2 antibodies did
not detect endogenous hDCP2 in 1 mg of total cell lysates of 293
FT or Hela cell lines (data not shown), although these were re-
ported to contain endogenous hDCP2 protein [16,17]. Moreover,
we observed that Ro52 bound to immunoglobulin G (data not
shown), as described previously [30]. These data implied that the
presently available anti-hDCP2 antibody was inadequate for
detecting endogenous hDCP2 protein in coimmunoprecipitation
assay, and that the binding of Ro52 to hDCP2 may be observed in
a nonspecific manner by immunoprecipitation assay. We therefore
conducted GST pull-down assay using GST-hDCP2 protein ex-
pressed in mammalian cells. Moreover, to exclude nonspecific
binding in GST-glutathione beads system, we further confirmed
the biochemical interaction by using a biotin pull-down system
with avidin beads. These biochemical assays demonstrated binding
of Ro52 to hDCP2 and determined the binding domains involved in
the specific Ro52-hDCP2 interaction. However, we could not for-
mally exclude the possibility that other components involved in
p-bodies, such as hDCP1 and GW182, were associated directly or
indirectly with the Ro52-hDCP2 interaction. Moreover, since
Ro52 and hDCP2 contain binding domains for nucleic acids
[31,32], it is also possible that RNA itself mediates the association
of Ro52 and hDCP2 in p-bodies.

The above data that Ro52 interaction with hDCP2 lead the no-
tion that the decapping activity of hDCP2 may be affected by asso-
ciation with Ro52. As shown in Fig. 3, our in vitro decapping assay
system to directly examine Ro52-associated decapping activity of
hDCP2 revealed that Ro52 enhanced decapping activity in a
dose-dependent manner. We also found that the interaction be-
tween Ro52 and hDCP2 played an important role in enhancing
Ro52-induced hDCP2 decapping activity (Fig. 3). These results
therefore suggested that Ro52 is involved in mRNA metabolism
in a given circumstance. Translocation of Ro52 was observed in
p-bodies-like perinuclear discrete speckled patterns, and was asso-
ciated with enhanced IL-2 production following CD28 stimulation
[10]. In addition, expression of inflammatory cytokines such as
TNFa was regulated by the mRNA-decapping protein Tristetrapro-
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lin (TTP) [16], which may interact with hDCP1 and hDCP2 in T cells
to enhance decapping activity. We therefore speculate that Ro52 in
T cell may be associated with production of such cytokines as IL-2
by regulating decapping activity in response to CD28 stimulation.
Our data have thus identified the major autoantigen Ro52 as a
protein capable of interacting with and regulating the activity of
hDCP2 in p-bodies, providing a novel evidence demonstrating an
association between mRNA decay and autoimmune diseases.
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