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Abstract

Ro small ribonucleoprotein complexes (RoRNPs) are thought
to comprise several proteins, including the 60-kD Ro and the
52-kD Ro proteins, and several small RNAs, designated Y
RNAs. Although RoRNPsare fairly ubiquitous in nature, their
precise composition remains unknown, their function has been
elusive, and their intracellular localization has been controver-
sial. Wehave analyzed HeLa cell extracts by glycerol density
gradient fractionation in order to determine the distribution of
the individual protein and RNAcomponents of RoRNPs. We
found that 52-kD Ro was not detectable in an RNPcomplex
with the 60-kD protein under a variety of conditions. Pretreat-
ment of cell extracts with ribonuclease affected gradient migra-
tion of the 60-kD but not the 52-kD protein, suggesting that the
latter is not complexed with RNA. The migration of the hY
RNAs in these gradients closely followed that of 60-kD and not
52-kD Ro. Immunofluorescence analysis of two different cell
lines with monospecific antibodies against 52- and 60-kD pro-
teins strongly suggests that these two proteins are not present
on overlapping sets of structures in vivo. Weconclude that the
52-kD Ro protein is not a detectable component of the RoRNP
complex under these conditions despite its reactivity with Ro
autoimmune antisera. (J. Clin. Invest. 1994. 93:1637-1644.)
Key words: autoantibodies * autoantigens * RNAbinding pro-
teins * ribonucleoproteins * systemic lupus erythematosus

Introduction

Antibodies to ribonucleoproteins (RNPs)' present in patients
with various rheumatic diseases have contributed greatly to our
understanding of ribonucleoprotein structure and function.
Antibodies to RoRNPcomplexes are found primarily in pa-
tients with SLE and Sjogren's syndrome (SS), and appear to be
a dominant feature of the autoimmune response ( 1-3). Al-
though they have been the subject of investigation in a number
of laboratories for many years, their precise molecular defini-
tion, function, and localization have remained unclear.

RoRNPs are considered to be heterogeneous in terms of
their molecular composition. This apparent heterogeneity is
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manifest at both the RNAand the protein level. RoRNPs, in all
mammalian cells examined, comprise one of several different
but closely related RNAmolecules. In most nucleated human
cells there are at least five major RNAs, hY 1, hY2, hY3, hY4,
and hY5, which range from 84 to 1 12 nucleotides in length (4).
Indirect evidence indicates that each RoRNPprobably con-
tains a single hY RNAmolecule (5). Physicochemical studies
on native RoRNPs indicate that the particles segregate into
three discrete subpopulations, one containing hY5, another
containing hY4, and a third containing hY1, hY3, and hY4
(6). Initially, it appeared that the 60-kD Ro polypeptide was
the sole stable protein component in the complex and that the
La protein associated with hY RNAsonly in a transient man-
ner just as it associates with all RNApolymerase III transcripts
(4, 7). However, Wolin and Steitz (5) showed that hY RNAs
in their mature forms were - 30% precipitable by anti-La sera
and, more recently, Boire and Craft (8) were able to distinguish
biochemically certain RoRNPsin which La was a stable com-
ponent. Additionally, anti-Ro antibodies from SLE and SS sera
eluted from Western blots of human cell extracts indicated that
a 52-kD protein, in addition to 60-kD Ro, is associated with hY
RNAin nucleated cells (9). In red blood cells, however, either
a 60- or a 54-kD protein was found complexed with a subset of
the hY RNAs, hY 1 and hY4 ( 10, 1 1). While 60-kD Ro has
been shown to be directly associated with the hY RNAs in
complexes ( 12), 52-kD Ro has not been shown to directly con-
tact any of the hY RNAs. However, 52-kD protein-specific
antibodies affinity purified from SLE and SS patient sera were
able to immunoprecipitate RoRNPs along with the corre-
sponding hY RNAs 1-5 (9). Direct interactions detected be-
tween the 52- and 60-kD proteins have led other investigators
to conclude that association of 52-kD protein with hY RNAis
dependent on the presence of the 60-kD protein ( 13).

The intracellular localization of the RoRNPs has been a
matter of much uncertainty since their original classification as
small cytoplasmic RNPsor scRNPs (4) in part because of the
cooccurrence of La and Ro antibodies in patient sera. In subse-
quent studies, anti-60-kD Ro has been detected in the nucleus
using autoantibodies affinity purified from Western blots ( 14).
It has also been suggested that RoRNPsreside in intermediate
filaments in the cytoplasm ( 15). More recently, Chan et al.
( 16) and Slobbe et al. ( 17), using double immunofluorescence
on HEp2 cells, observed identical nuclear and cytoplasmic
staining patterns with rabbit anti-60 and human anti-52 sera.
They concluded that an intimate physical association existed
between the 60- and 52-kD proteins in RoRNPs.

In this paper we have used glycerol gradient fractionation of
whole cell extracts to separate RoRNPsand to identify individ-
ual subpopulations as a means of understanding their molecu-
lar composition. Wherever possible and relevant, we opted to
use rabbit antisera raised against recombinant 60- and 52-kD
proteins, thus eliminating potential problems of contaminating
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specificities seen in polyclonal patient sera. In addition, we
have also used these antisera and two different human cell lines
to localize the 60- and 52-kD proteins within cells by immuno-
fluorescence microscopy.

Methods

Glycerol gradient fractionation of HeLa cell extracts. HeLa whole cell
extracts were prepared essentially as described by Weil et al. ( 18), and
5-7 X 10' cell equivalents were layered on to a 10-30% preformed
glycerol gradient in 12-ml polyallomer tubes (Beckman Instrs., Inc.,
Fullerton, CA) in buffer containing 10 mMTris (pH 7.5), 1.5 mM
MgC12, and 10 mMKCl. The concentration of MgCl2 was altered in
the buffer from 0 to 10 mMas required during studies to determine the
effect of Mgon the integrity of Ro particles. The tubes were centrifuged
at 38,000 rpm for 24 h in an SW41rotor (Beckman Instrs., Inc.) at 4VC,
after which 14-15 fractions were collected from the top of the gradient
using an Autodensiflow II C fraction collector (Buchler Instruments,
Kansas City, MO)and analyzed for their RNAand protein content.

Antisera. Autoimmune patient antisera So and Gowere gifts from
the Fluorescent Anti-Nuclear Antibody (FANA) Laboratory at the
Duke University Medical Center. Gohas been characterized by immu-
nodiffusion against standard cell extracts to be a Ro/La antiserum
exhibiting strong anti-La activity on Western blots. So has been charac-
terized as an anti-Ro serum by immunodiffusion, however, it recog-
nizes 52-kD Ro almost exclusively on Western blots. The monoclonal
antiserum Y12 has been previously described ( 19 ). The rabbit anti-60-
kD and anti-52-kD sera were produced against partially purified recom-
binant forms of the corresponding proteins overexpressed in vitro. The
characterization of these two antisera will be detailed elsewhere (M. R.
Saitta and J. D. Keene, manuscript in preparation).

Immunoblot of gradient fractions. Aliquots of the glycerol gradient
fractions were separated on either 10 or 15% polyacrylamide gels and
transferred to nitrocellulose using standard methods. The nitrocellu-
lose was then blocked using a solution of O.5X TBS (20 mMTris-HCI,
pH 7.2, 150 mMNaCl), 0.05% Tween-20, 5% dry milk followed by
incubation overnight at 4°C with antiserum diluted 1:1,000 in block-
ing solution. After washing the nitrocellulose with TBS, 0.05% Tween-
20, 2 Murea, 1 UCi [ 125I ] -Staphylococcal protein A (ICN, Costa Mesa,
CA) in TBS was added for 1 h at room temperature. After further
washing in TBS, 0.05% Tween-20, 2 Murea, the nitrocellulose was air
dried and exposed to Kodak XARautoradiography film.

RNAanalyses. A major portion of each gradient fraction was set
aside for RNAanalyses and the RNAisolated by extensive phenol/
chloroform/isoamyl alcohol extraction followed by ethanol precipita-
tion. 1:10 of the total RNAobtained from each fraction was directly
analyzed using polyacrylamide gel electrophoresis, followed by silver
staining (Bio-Rad Laboratories, Richmond, CA). The remaining RNA
was divided into four fractions and each fraction subjected to RNase
protection analysis using a different antisense RNAprobe. The original
clones for the hY I and hY3 RNAswere a gift from S. Wolin (5), the
hY4 clone was a gift from C. A. O'Brien ( 1), and the hY5 cDNAwas
isolated in our laboratory using the PCRtechnique. All four cDNAs
were subcloned into pGEMtranscription vectors (Promega Biotec,
Madison, WI). 32P-labeled antisense transcripts were produced using
SP6 or T7 polymerases essentially as described in the Promega Biotec
manual. The RNase protection assays were carried out essentially as
described in Zinn et al. (20). The labeled and protected RNA-RNA
hybrids were analyzed by polyacrylamide gel electrophoresis and visual-
ized by autoradiography using Kodak XARfilm.

Immunoprecipitation of labeled cell extracts. 2 x 107 HeLa cells
were labeled with 10 mCi of [32P]orthophosphate for 12 h in phos-
phate-free culture medium and extracts were prepared from these cells
essentially as described in Weil et al. ( 18), except that the cells were
disrupted by sonication rather than by a Dounce homogenizer. 1:50
volume of the labeled extract was set aside for total RNAanalysis and
immunoprecipitation controls, and the remainder gradient fraction-

ated as described earlier. Immunoprecipitations of ribonucleoproteins
were carried out by incubating the fractions on ice with antibodies
immobilized on CNBr-activated protein A-Sepharose, washing several
times in NT-2 buffer (50 mMTris-HCl, pH 7.4, 150 mMNaCl, 0.05%
NP-40), and eluting the antigens with 0.1 Mglycine, HCl (pH 3.0).
The complexes were deproteinized and the labeled RNAsanalyzed by
polyacrylamide gel electrophoresis.

Immunofluorescence of tissue culture cells. Cells were fixed by one
of the following methods. They were either incubated in fixative con-
taining 50% acetone, 50% methanol (21 ), or fixed in PLP ( 10 mM
periodate, 75 mMlysine, and 2%paraformaldehyde) for 15 min (22)
and then permeabilized in 0.1% Triton X-100 for a further 15 min.
After fixation the cells were incubated with the 60- or 52-kD rabbit
antiserum or with the corresponding preimmune sera at a dilution of
1:2,000 for 30 min at room temperature. Samples were washed in anti-
body buffer (1% BSA in PBS, pH 6.5, containing 0.05% Tween-20,
0.005 MEDTA, 1% goat serum) for 30 min, followed by incubation
with donkey anti-rabbit IgG conjugated with Texas red (Jackson Im-
munoresearch) at a dilution of 1:200 for another 30 min at room tem-
perature. The cells were then washed and mounted in 60% glycerol
with 2.5% n-propyl-gallate (Sigma Chemical Co., St. Louis, MO) and
observed under epifluorescence with an X100 objective (Carl-Zeiss,
Inc., Thornwood, NY). Photographs were recorded on Tmax 400 film
by Kodak.

Results

The 60- and 52-kD Ro proteins do not cofractionate in glycerol
gradients. To distinguish individual components of RoRNPs
we separated the particles into subpopulations by gradient frac-
tionation. HeLa cell extracts were prepared and fractionated as
described in Methods. Each gradient fraction was analyzed for
the presence of 60-kD, 52-kD, and La proteins, and for the
distribution of the various hY RNAs. Fig. 1 A, top, shows a
Western blot of gradient fractions probed with anti-60-kD rab-
bit serum and with a human autoantiserum, Go, containing
strong anti-La reactivity. 60-kD-containing complexes banded
between 9S and 12S particle size (lanes 7-9), averaging a mo-
lecular mass of 200 kD. The La protein had a distribution
compatible with both its abundance and the fact that it com-
plexes with a wide variety of RNApolymerase III transcripts.
Fig. 1 A, bottom, shows a Western blot of fractions of the same
gradient probed with Ro-specific human antiserum, So, which
contains both anti-60 and anti-52 reactivity but reacts only
with the 52-kD protein on Western blots (M. R. Saitta and J.
D. Keene, manuscript in preparation). It is evident that 52-kD
peaked with a sedimentation coefficient of 4S to 5S (lanes
3-5), suggesting that it is present either as a free protein or in a
very small complex. A 52-kD-specific rabbit antiserum made
against the partially purified recombinant protein showed a
similar distribution of 52-kD (data not shown). It is clear from
these data that 60-kD Ro and the 52-kD protein exhibit differ-
ent distributions by gradient analysis with little overlap, sug-
gesting strongly that the two proteins are not mutually com-
plexed under these conditions.

One cannot eliminate the possibility that a very small pro-
portion of 52-kD protein did cofractionate with 60-kD Ro.
There is also the possibility that 52/60-containing RoRNP
particles were disrupted during preparation of the cell extract.
However, we think this is unlikely. At least three different pro-
tocols, previously adopted in the study of Ro ribonucleopro-
tein particles (9, 6, 13), were used to prepare extracts that were
examined on gradients, all of which gave comparable results.

Previous studies of UsnRNPs (23) demonstrated that con-
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Figure 1. (A) Immunoblot of gradient fractions. Equivalent volumes
of each gradient fraction were subjected to electrophoresis on 10%
(top) or 15% (bottom) polyacrylamide gels, then immunoblotted with
combined rabbit antiserum recognizing the 60-kD protein and a pa-
tient antiserum recognizing the La protein (top), or a patient anti-
serum recognizing the 52-kD protein (bottom). Lane T contains an
aliquot of the total HeLa extract that was applied to the gradient.
Lanes 1-15 show gradient fractions 1-15, respectively, with fraction
I representing the top of the gradient and fraction 15 the bottom.
The migration position of the bands (arrows) was confirmed using
recombinant 60-kD, La, or 52-kD protein run in adjacent lanes on
the same gel (data not shown). Sedimentation markers are indicated
above. (B) RNase protection analyses of hY RNAsin gradient frac-
tions. RNAprepared from gradient fractions was hybridized with

centrations of magnesium as high as 10 mMincreased the sta-
bility of the RNA-protein interactions. In our experiments,
however, varying the concentrations of magnesium in extrac-
tion and in gradient buffer, from 0 to 10 mM, did not detect-
ably alter the gradient profiles of either the 60- or 52-kD pro-
teins (data not shown).

Distribution of h YRNAsacross the gradient. To determine
whether hY RNAs comigrated with the 52-kD protein-con-
taining fractions in the gradient, we measured the levels of each
of the hY RNAs, both bound and free, across the gradient.
Fractions were deproteinized and the RNAsubjected to RNase
protection analysis using 32P-labeled antisense probes for hYl,
hY3, hY4, and hY5 RNAs. Fig. 1 B shows that the RNAs
sorted into four distinct populations. The hY I and hY3 RNAs
showed similar profiles that peaked in fraction 9, while hY2
and hY3 * peaked in fractions 10 and 11. hY4 and hY5 also
had similar distribution profiles peaking in fraction 8 while
hY3** banded in fraction 5. As depicted in Fig. 1 C, when the
distribution of the RNAsacross the gradient is superimposed
upon the protein profiles, it becomes clear that the hY RNAs
are located in the fractions that contain 60-kD Ro, except for
hY3 **, which is known to bind only the La protein (24).

There still remained the possibility that small amounts of
hY RNAs or other RNAs, which our assays were unable to
detect, were cofractionating with the 52-kD Ro protein. There-
fore, it was important to confirm, by other methods, whether
the 52-kD protein was detectable in association with an hY
RNA-containing particle.

The 52-kD protein was not immunoprecipitable as a com-
plex with h YRNAs. Next we determined the gradient profiles
of the subset of total hY RNAthat was actually complexed
within RoRNPs. Rabbit antisera against recombinant 60- or
52-kD were used to immunoprecipitate the proteins and their
putative complexes from 32P-labeled HeLa cell extracts after
fractionation over a 10-30% glycerol gradient. The immuno-
precipitated extracts were deproteinized and the RNAs ana-
lyzed by polyacrylamide gel electrophoresis. The results from a
representative gradient are shown in Fig. 2. Fig. 2, Cand D, are
controls that show, respectively, the total labeled RNAprofile
across the gradient and RNAs immunoprecipitated by Y12, a
monoclonal Smantiserum (19). Fig. 2 A shows a profile of
RNAs found to be immunoprecipitable with 60-kD Ro using
rabbit Ro6O antiserum, which does not react with the 52-kD
protein (M. R. Saitta and J. D. Keene, manuscript in prepara-
tion). Fig. 2 B shows immunoprecipitated and deproteinized
gradient fractions obtained using 52-kD-specific rabbit anti-
serum, which immunoprecipitates only the 52-kD protein and
not 60-kD from HeLa and HEp-2 cell extracts (M. R. Saitta
and J. D. Keene, manuscript in preparation). Longer expo-
sures of the gel in Fig. 2 B showed only background traces of 5S
and tRNA. In conclusion, the profile of the hY RNAs largely

32P-labeled antisense RNAprobes for hY 1 (top), hY3 (second and
third), hY4 (fourth), and hY5 (fifth). The hybrids were treated with
RNase, deproteinized, and analyzed by gel electrophoresis. Open
arrows show fractions in which the 52-kD protein was detected by
immunoblotting (as in A) and solid arrows point to the 60-kD pro-
tein-containing fractions. (C) Diagrammatic representation of gra-
dient analyses of RoRNPsby Western blotting and RNase protection
analysis (A and B). The distribution of hY RNAsacross the gradients
is depicted by solid bars that are superimposed on Ro52 and Ro6O
distribution profiles (shaded).
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coincides with that of the 60-kD Ro protein and it is highly
unlikely the 52-kD protein is complexed with any hY RNA.

From these data, the 60-kD protein-containing particles
(Fig. 2 A) can be sorted into three'subpopulations, one con-

taining RNAshYl, hY2, hY3, and hY4 (hYl-4, lanes 9-11),
another containing RNAs hY4 and hY5 (lanes 6-8), and a

third of a higher molecular mass containing only RNAhY5
(lanes 11 and 12). The differences in detail between the RNA
profiles in Figs. 1 Band 2 A can be attributed to the fact that the
experiment shown in Fig. 1 B was designed to detect all the hY
RNAsin the extract: free forms as well as those complexed with
La or any other proteins. The experiment in Fig. 2 A, on the
other hand, used immunoprecipitation to detect only the hY
RNAsthat were complexed with 60-kD Ro. In the former (Fig.
1 B), the RNAssegregate as subpopulations that include hY
and hY3, hY2 and hY3 * fractionating together, and hY4 and
hY5 fractionating together. In the latter (Fig. 2 A), however,
hY5 particles also fractionate as a separate subpopulation sug-
gesting they may be complexed with additional proteins. No
hY3 ** was observed with anti-Ro immunoprecipitations be-
cause this RNAlacks the Ro binding site (24). However, we

did detect free hY3 ** cofractionating with the La peaks as

observed in the Western blot (Fig. 1 A, top).
The 52-kD protein was not detected in association with any

RNA. To consider further the possibility that the 52-kD protein
is part of a ribonucleoprotein particle, cell extracts were pre-

treated with RNase A (100 ,ug/ml) for 30 min at 37°C. The

13 1

,-

5

Figure 2. Polyacrylamide gel elec-
trophoretic analysis of 32P-labeled
HeLa cell gradient fractions showing
total RNA(C) or immunoprecipi-
tated and deproteinized fractions (A,
B, and D). RNAswere immunopre-
cipitated using rabbit antiserum for
60-kD Ro (A), rabbit antiserum for
52-kD Ro (B) and an anti-Sm
monoclonal antibody (D). Lane T,
in all panels, depicts total RNAfrom
labeled unfractionated HeLa ex-

tracts, and lane TI, in all panels,
shows the labeled unfractionated ex-

tracts after immunoprecipitation
and deproteinization, except in C,
where it shows total labeled RNA.

pretreated extracts were then fractionated by glycerol gradient
centrifugation as described earlier and the results are shown in
Fig. 3. Total RNAprofiles across the RNase A-treated gra-
dients showed the RNA to be largely degraded (results not
shown). Immunoblots of La showed that some fraction of the
total protein became redistributed in a manner indicative of its
release from an RNPcomplex. The 60-kD redistribution pro-
file was more difficult to interpret. A proportion of the protein,
as expected, entered the lower molecular mass fractions as a

result of the enzymatic degradation of associated RNAs(Fig. 3,
lanes 4-7). However, the remainder of the 60-kD protein en-

tered a higher molecular mass fraction, of about 14S (lanes
10-12), implying either aggregation or incomplete RNase di-
gestion with the RNase perhaps remaining associated with the
complex. Fig. 3 B shows a similar analysis of the 52-kD protein
after RNase treatment and gradient fractionation. The 52-kD
profile was unaltered by RNase (Fig. 3 B, bottom) consistent
with its not being physically associated with RNA.

60-kD Ro and 52-kD Ro show dissimilar patterns of intra-
cellular localization. Wehave used the rabbit sera specific for
the 60- and 52-kD proteins to localize the two proteins within
human cells. The precise localization of RoRNPshas presented
an ongoing dilemma in the field since the first reports that they
were exclusively cytoplasmic (4). Many laboratories have ob-
served immunofluorescent staining of nuclei (14, 25) and
others report that RoRNPsare cytoplasmic but localized on

intermediate filaments ( 15 ). Recent studies have used double
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compared. Both acetone/methanol and a modified parafor-
maldehyde fixation (described in Methods) gave similar results
for the two proteins. Our observations suggest very strongly
that the 60- and 52-kD Ro proteins localize to different subcel-
lular structures.

Discussion

*--S.w... W.

52kD

4 mA O

Figure 3. Immunoblot of gradient fractions from HeLa cell extracts

pretreated with RNase A. Equivalent volumes of each gradient frac-
tion were subjected to electrophoresis on 10% (A) or 15% (B) poly-
acrylamide gels then immunoblotted with a rabbit antiserum recog-

nizing the 60-kD protein and a patient antiserum Go recognizing the
La protein (A), or a patient antiserum So recognizing the 52-kD pro-

tein (B). The top of each panel shows the results using non-RNase-
treated fractions of HeLa cell extracts and is equivalent to Fig. 1; the
bottom of each panel shows the distribution of 60-kD Ro, La, and
the 52-kD protein using HeLa cell extract incubated with 100 ,ug/ml
of RNase A before gradient fractionation. Lanes are labeled as indi-
cated in Fig. 1.

immunofluorescence microscopy with rabbit antisera against
60-kD Ro in comparison with patient antisera against the 52-
kD protein to localize the particles intracellularly, concluding
that the two proteins are present on overlapping subsets of
structures (17). Fig. 4 shows immunofluorescence microscopy
of two different human cell lines, HEp-2 and HeLa, immunore-
acted with rabbit antisera against the two recombinant proteins
of interest followed by Texas red-conjugated secondary anti-
body. A network of fine filaments was observed in the cyto-
plasm, in addition to bright perinuclear fluorescence and some-

what weaker, but nevertheless detectable, nuclear fluorescence
when HEp-2 cells were reacted with the 60-kD rabbit anti-
serum (Fig. 4 A). The 52-kD antiserum, on the other hand,
stained the nucleus more prominently than the cytoplasm in
these cells, leaving the nucleoli largely unstained, and the over-

all pattern of fluorescence was more diffuse (Fig. 4 B). HeLa
cells (Fig. 4, C and D) exhibited staining pattern differences
with the two antisera generally similar to those of the HEp-2
cells. However, the perinuclear nature of the 60-kD immuno-
fluorescence was slightly less pronounced in the case of HeLa
cells (Fig. 4 C) at the same magnification, and the predomi-
nantly nuclear localization of the 52-kD immunofluorescence
was less discernible in Fig. 4 Ddue to the high nucleus-to-cyto-
plasm ratio in HeLa cells. To eliminate the likelihood of mis-
leading observations resulting from cell fixation protocols, two
different methods of fixation (21, 22) were used and the results

The RoRNPhas been redefined several times with respect to its
molecular composition. Initially, only the 60-kD Ro and La
were considered to be the protein components of RoRNPs,
although it was assumed that La associated with the complex in
a transient manner (4). However, hY5 RoRNPshave been
isolated that carry La as a stable component (8). La and 60-kD
Ro cDNAswere cloned several years ago (26-30) and found to
harbor single copies of an RNA recognition motif (RRM),
which is characteristic of many known RNAbinding proteins
(31, reviewed in reference 32). Both La and 60-kD Ro have
been shown to interact directly with RNA(12, 28, 30). The
60-kD Ro protein also contains a potential zinc-binding finger
motif in its peptide sequence (30). The conformation of 60-kD
Ro is vital to its association with hY RNAssince small dele-
tions at either the amino or carboxy terminus of the protein
abolished binding (12, S. Deutscher and J. D. Keene, unpub-
lished results, reviewed in reference 32). The 52-kD cDNAhas
also been cloned (16,33) and found to share significant homol-
ogy with rpt-1, a mouse T cell downregulatory protein, and
with a human transforming protein, rfp (9, 16, 34). It harbors
in its amino-terminal region a number of potential zinc fingers,
within which is located a newly identified cysteine-rich motif
found in a number of proteins thought to be DNAbinding
proteins (35). The 52-kD protein does not contain any RRMs
and shares no homology with 60-kD Ro. It has not been shown
to contact any of the hY RNAsdirectly, although anti-52-kD
antibodies affinity purified from autoimmune sera were shown
to immunoprecipitate RoRNPsalong with the corresponding
hY RNAs 1-5 (9). Interactions between the 52- and 60-kD
proteins have been observed leading to the suggestion that asso-

ciation of 52-kD with hY RNAs is dependent on 60-kD Ro
(13). However, a limitation of most of these studies has been
the reliance on patient antisera, particularly with respect to the
52-kD protein.

Wehave used glycerol gradient fractionation of HeLa cell
extracts to separate individual RoRNPparticles in order to
address uncertainties about the RNAand protein components
of these particles. In HeLa cell extracts, the 52-kD protein was

not detected in association with the 60-kD protein. Based upon
its sedimentation coefficient, it appeared to exist as a free pro-
tein. Pretreating the extract with RNase A before gradient frac-
tionation altered the behavior of both La and most of 60-kD in
a manner that reflected the release of protein from an RNP, but
did not affect the distribution of the 52-kD protein. This sug-
gests that very little, if any, of the 52-kD protein is associated
with either hY or any other detectable RNAat the time of
extract preparation. 60-kD-containing particles appeared to be
stable under the experimental conditions used and retained
their integrity in the presence of varying concentrations of mag-
nesium. Salt concentrations were maintained < 200 mMbe-
cause of earlier reports that 60-kD complexes containing hY3
and hY4 RNAs begin to dissociate at salt concentrations of
> 200 mM(8). Rabbit anti-52 and anti-60 sera prepared
against recombinant proteins were used in the immunoprecipi-
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tation and most of the immunoblotting experiments. Of the
two rabbit antisera, only the anti-60-kD was able to immuno-
precipitate hY RNAs from 32P-labeled HeLa cell (Fig. 3) or
HEp2 cell extracts (M. R. Saitta and J. D. Keene, manuscript
in preparation). Based upon these data, we conclude that
RoRNPsdo not contain any detectable 52-kD protein. How-
ever, although we consider it very unlikely, we cannot entirely
rule out the possibility that a very small proportion of the total
60- and 52-kD Ro proteins interact in vivo.

Wehave also studied the gradient distribution of the hY
RNAs, by RNase protection analyses to detect the total hY
RNA, and by direct immunoprecipitation using rabbit antisera
to detect the hY RNAcomplexed with protein in RoRNPs. In
general, the hY RNAscould be detected in the same gradient
fractions that contained 60-kD Ro. Our observations from
both these approaches also confirm earlier reports that there is
considerable heterogeneity among RoRNPsat the level of their
RNAcomponents (6).

Our explanation for the observations of other researchers
who have reported coimmunoprecipitation of 60-kD when us-
ing affinity-purified 52-kD antibodies from patient antisera (9,
17) is that certain autoimmune patient sera may not react
against a protein immobilized on a membrane while they
would recognize it in solution. In other words, patient Ro anti-
sera determined to be monospecific for 52-kD Ro by Western
blotting may contain antibodies to discontinuous epitopes on
60-kD Ro that escape detection with this technique. In our
hands, several "monospecific" anti-52-kD sera that did not
detect 60-kD Roby Western blotting were still able to immuno-
precipitate in vitro translated 60-kD Ro protein (M. R. Saitta
and J. D. Keene, manuscript in preparation). Another recent
study (36) showed that, in the case of the 52-kD protein,
largely sequential or linear epitopes not expressed on the sur-
face of the native protein were recognized by anti-Ro sera. How-
ever, most of these antisera recognized only conformational
epitopes on the 60-kD protein. Therefore, studies using affin-
ity-purified 52-kD Ro antibodies may have been compromised
by the presence of trace amounts of 60-kD antibodies that went
undetected by Western blotting.

The results of our immunofluorescence studies using rabbit
antisera prepared against recombinant proteins point to two
important facts. First, RoRNPsmay not be exclusively small
cytoplasmic RNPs (scRNPs). Based on reports from several
groups, including this study, RoRNPparticles have been local-
ized to different subcellular compartments including the cyto-
plasm, the nucleus, and intermediate filaments (4, 9, 14, 15,
25). In this study, we have provided results of immunofluores-
cence microscopy using two different cell lines commonly used
in the study of RoRNPs, which suggest that 60-kD-containing
particles can be localized both to the nucleus and to the cyto-
plasm. It is possible that individual 60-kD-containing RoRNP
subpopulations perform different functions and localize differ-
ently within cells. This is an important question and one that
may not be resolved until we develop more sophisticated meth-
ods to identify and biochemically separate these individual
subpopulations.

Our observations also suggest that 52- and 60-kD Ro do not
reside on similar or overlapping sets of structures. In both cell
lines examined, the 52-kD rabbit antiserum resulted in a punc-
tate nuclear fluorescence that has been reported earlier (9, 17)
with some diffuse cytoplasmic staining. On the other hand, the
60-kD rabbit antiserum localized the 60-kD protein quite dis-

tinctly on filaments in the cytoplasm, as well as around the
nuclear membrane. A similar filamentous pattern of staining
has been previously observed and shown, by double immuno-
fluorescence, to be almost identical to the staining pattern ex-
hibited by cytokeratin ( 15). A nuclear component also reacted
with this antiserum in both HEp-2 and HeLa cells, albeit more
weakly. Weconclude from the above observations, taken to-
gether with the results from gradient fractionations, that the
52- and the 60-kD Ro proteins are not present on common
particles in cultured human cells under standard growth condi-
tions.

The cooccurrence of 60- and 52-kD antibodies in a large
number of SLE autoimmune sera (37) is intriguing. Our re-
sults suggest that although cooccurrence of autoimmune reac-
tivities is typically observed for antigenic polypeptides found
on the same RNP, this may not necessarily be true in every
case. Itoh et al. (38) have provided evidence that suggests that
the reactivity of denatured 52-kD Ro represents little more
than a cross-reaction with autoantibodies directed against con-
formational epitopes on the 60-kD Ro antigen. The 52-kD pro-
tein does not resemble 60-kD Ro or any known RNA-binding
polypeptide component of RNPsin its amino acid sequence. In
fact, based upon sequence analysis, it can be predicted that the
52-kD protein is more likely to bind DNA(35). At present
very little is known about the function of either the 52-kD
protein or 60-kD-containing RoRNPs, but it is tempting to
speculate that the 52-kD protein may be involved in regulating
RoRNPfunction, and that the regulation may be manifest at
the level of protein-DNA interaction.
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