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ABSTRACT The spectrum of cellular targets in the autoim-
mune diseases is both large and varied and includes among the nu-
clear components the so-called Sm and RNP antigens associated
with systemic lupus erythematosus. The use of immunoaffinity
chromatography with dual specificity for the Sm and RNP antigens
has allowed for their substantial purification from rabbit thymus
in parallel and in quantity. In lieu of a functional assay, the use of
a counterimmunoelectrophoresis assay provided a sensitive and
rapid means ofmonitoring the distribution ofthe two antigens dur-
ing purification and ensured the isolation of complexes containing
the components required for antigenicity. The resulting purified
complex consisted of nine polypeptides, having molecular weights
of approximately 9000 to 44,000 and two small RNAs of similar
size. However, .limited proteolysis of the isolated complex sug-
gested that most of these polypeptides were not actually required
for antigenic activity.,Unlike Sm. in crude thymus extracts, purified
Sm was RNase sensitive. Thus, one ofthe major diagnostic criteria
used to distinguish Sm and RNP antigens in crude extracts was
shown to be invalid for purified material, suggesting that both an-
tigens from rabbit thymus are actually ribonucleoprotein com-
plexes.

Autoimmune diseases are characterized by the presence of cir-
culating antibodies that react against components ofthe affected
individual's own tissues (1-3). Isolation of the antigens associ-
ated with specific autoimmune diseases would facilitate the di-
agnosis of these diseases and, perhaps, would help in under-
standing the etiology of these diseases. Among the highly
conserved cell components that can be targets of the autoim-
mune reaction are the so-called Sm and RNP (ribonucleopro-
tein) antigens. The presence of antibodies to Sm is diagnostic of
the disease systemic lupus erythematosus; anti-RNP antibodies
are found in patients suffering from lupus and, more specifi-
cally, mixed connective-tissue disease (4, 5). Sm and RNP are
both located in the nucleus, giving similar speckled immunoflu-
orescent staining patterns (5). They have been reported to have
similar molecular weights (6, 7), to copurify during ion-ex-
change chromatography (7, 8), and to show partial antigenic
identity (6, 9). In practice, they have been distinguished by dif-
ferential sensitivity to RNase (4, 10).

There have been several reports in recent years on attempts
to purify Sm and RNP (8, 11-14). Most recently Lerner and as-
sociates (9, 15), using the technique of immunoprecipitation,
identified both Sm and RNP as ribonucleoprotein complexes.
We report here a large-scale purification ofthe Sm and RNP an-
tigens in quantities sufficient for physical and chemical charac-
terization. Moreover, the isolation protocol allowed for contin-
uous monitoring of antigenicity, thus ensuring that we were
working with antigenically active material. The isolated com-
plexes contained both protein and RNA moieties; and each
moiety was composed of a subset of polypeptides and oligori-

bonucleotides. By using the technique of limited proteolysis,
the protein immunogenic component could be identified with
a limited number of these polypeptides. Both Sm and RNP re-
quired an RNA component for antigenicity; contrary to previous
reports,. Sm became increasingly sensitive to RNase as purifi-
cation proceeded.

MATERIALS AND METHODS

Isolation of Sm/RNP. All operations were carried out at 40C
and all buffers contained 1 mM EDTA and 0.1 mM phenyl-
methylsulfonyl fluoride. Rabbit thymus acetone powder was
obtained from Pel-Freez or Irvine Scientific (Santa Ana, CA).

Step 1: Extraction. Forty grams of rabbit thymus powder was
suspended in phosphate-buffered saline (P1/NaCl) at a concen-
tration of 60 mg of powder per ml of buffer. The suspension
was stirred gently for 4 hr and then centrifuged for 20 min at
16,300 X g. Solid enzyme-grade ammonium sulfate (144 g/li-
ter) was slowly added to the supernatant to 25% saturation. The
solution was stirred for 30 min and then centrifuged for 30 min
at 16,300 X g. Ammonium sulfate (215 g/liter) was added slowly
to the supernatant to 58% saturation. After 30 min, the solution
was centrifuged as before. The precipitate was suspended in 40
ml of 10 mM sodium phosphate, pH 7.3/50 mM NaCl and di-
alyzed overnight against 50 vol of this buffer.

Step 2: DEAE-Cellulose Chromatography. The dialysate was
applied to a Whatman DE-52 column (5 X 20 cm). The column
was washed with dialysis buffer until no further protein was re-
moved. The column was then washed with P1/NaCl until no pro-
tein was removed. The bulk of the antigens of interest was
eluted with 10 mM sodium phosphate, pH 7.3/500 mM NaCl.
This eluate was concentrated by the addition ofammonium sul-
fate to 60% saturation. The pellet was suspended in 20 ml of P,/
NaCl and dialyzed overnight against 60 vol of P1/NaCl.

Step 3: Nonimmunoaffinity and Immunoaffinity Columns.
The dialysate was applied to a 100-ml column (2.5 x 21 cm) of
normal human IgG coupled to Sepharose-4B equilibrated in Pi/
NaCl. The column was washed with P1/NaCl until the A2,,, was
less than 1. The wash fraction was then passed over a similar 100-
ml column (2.5 x 21 cm) of IgG containing anti-Sm and anti-
RNP specificity. The column was washed extensively with Pi/
NaClbefore the bound antigens were eluted with P,/NaCl con-
taining 6 M urea (enzyme-grade). The urea was removed from
the eluate either by passage over a Sephadex G-25 column (1.6
X 66 cm) which had been equilibrated in P1/NaCl containing 1
mM 2-mercaptoethanol and 15% (vol/vol) glycerol or by exten-
sive dialysis against the same buffer.

Abbreviations: RNP, ribonucleoprotein; Pi/NaCl, phosphate-buffered
saline; snRNA, small nuclear RNA; CIE, counterimmunoelectropho-
resis.
* To whom reprint requests should be addressed.
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Protein Determination. Protein was measured by the
method of Lowry et al. (16) with bovine serum albumin as a
standard or by the Bio-Rad assay with human IgG as a standard.

Affinity Chromatography. Plasma obtained from the San
Diego Blood Bank was the source of nonimmune IgG. Pleural
effusion was the source of IgG with anti-Sm and anti-RNP spec-
ificity as determined by the Scripps Clinic Immunology Refer-
ence Laboratory. The IgG fraction from each was obtained by
QAE-Sephadex chromatography and half-saturation ammo-
nium sulfate precipitation. The isolated IgG was dissolved at 3
mg/ml in 0.1 M NaHCO3 (pH 8.0). The IgG was coupled to
cyanogen bromide-activated Sepharose by the procedure of
Wilchek et al. (17). Sepharose-4B was suspended in distilled
water at a concentration of 333 mg/ml and the pH was adjusted
to 11-11.5 with NaOH. Solid cyanogen bromide (33 mg/ml) was
added to the suspension with stirring and the pH was main-
tained at 10.5-11.5. The activated Sepharose was filtered and
washed with an excess of cold water. The Sepharose and IgG
were mixed (30mg of Sepharose per mg of IgG) and the suspen-
sion was stirred overnight at 40C. Greater than 95% of the IgG
was bound to the Sepharose.

Electrophoresis. NaDodSO4/polyacrylamide slab gel elec-
trophoresis was carried out by using the system of Laemmli (18);
the gels were stained by using the procedure of Fairbanks et al.
(19). The following proteins were used as standards to calibrate
the gels: ovalbumin (43,000), carbonic anhydrase (30,000), chy-
motrypsinogen A (25,700), RNase (13,700), and cytochrome c
(11,700).

Phenol-extracted RNA was electrophoresed on 10% poly-
acrylamide gels in Tris/borate buffer containing 7 M urea (9);
xylene cyanole FF (Eastman) was used as a dye marker. Gels
were stained with Stains-all (Eastman) by the method of Dahl-
berg et al. (20). Rat liver nuclear RNA standards were prepared
as follows. Nuclei were prepared from male S/A retired breed-
ers (Simonsen) by the method of Blobel and Potter (21) and
washed with RNA extraction buffer (40mM EDTA/20mM Tris/
0.2 M NaCl, pH 7.4) containing 25 mM KC1, 5 mM MgCl2, and
0.8 M sucrose. The washed nuclei were homogenized in RNA
extraction buffer and extracted twice at room temperature with
distilled phenol saturated with RNA extraction buffer. The
aqueous phase was dialyzed against distilled water, divided into
portions, and lyophilized. The dry portions were stored at
-70°C until used. The individual bands were identified from
their mobilities relative to 4S RNA as reported (9). Methyl mer-
cury/10% polyacrylamide slab gel electrophoresis was carried
out by the system of Chandler et al. (22). The rat liver RNA con-
tained small nuclear (snRNA) species of defined length as fol-
lows: U2, U1, 5S, and 4.5S RNA representing 196, 171, 120,
and 96 nucleotides per molecule (23, 24).

Counterimmunoelectrophoresis (CIE) was carried out on
projector slides layered with 1.75 ml of 1% agarose (Marine Col-
loids) in 25 mM barbital buffer (pH 8.4), followed by 13 ml of
0.6% agarose in the same buffer. The electrophoresis was car-
ried out in 50 mM barbital buffer (pH 8.4) at 12 mA for 30 min
at room temperature. An ammonium sulfate concentrated ex-
tract of rabbit thymus (10 mg/ml) was used as the control.
RNase sensitivity was assayed as follows. A 30-,ul sample to be
tested and 10 Al of RNase (300 ,ug/ml) were incubated at 37°C
for 30 min prior to CIE. Reference antisera for Sm and RNP
were obtained from the Scripps Clinic Immunology Reference
Laboratory and were used at the following dilutions: anti-Sm,
1:200; anti-RNP, 1:20; anti-Sm/RNP, 1:20. Sm reactivity was
verified with anti-Sm antiserum supplied by Morris Reichlin.

Limited Proteolysis. An aliquot ofthe immune eluate was di-
alyzed overnight against 100 vol of Pi/NaCl (pH 7.5) containing
10% (vol/vol) glycerol. Trypsin free of chymotrypsin activity

(Worthington, type TPCK) was prepared at a concentra-
tion of 1 mg/ml in P1/NaCl. The Sm/RNP dialysate was made
0.4% in trypsin (weight of trypsin/weight of total protein) and
incubated at 370C. At appropriate times, 50-Atl aliquots were re-
moved and mixed with 1.6 ,ul of phenylmethylsulfonyl fluoride
(100 mM in isopropyl alcohol) to inhibit further trypsin activity.
Samples to be analyzed by NaDodSO4/15% polyacrylamide slab
gel electrophoresis were immediately lyophilized. Samples
were assayed for activity by CIE.

RESULTS

Isolation of Sm/RNP Antigens. Because of the reported la-
bility of the Sm antigen under various conditions, it was essen-
tial to determine first which conditions could be varied without
loss of antigenicity during the purification, particularly relative
to the affinity columns. By using parallel aliquots of a crude thy-
mus extract, it was determined that both Sm and RNP were sen-
sitive to low pH (0.1 M glycine HCl, pH 2.6); RNP was resistant
to 3.5 M NaSCN but Sm was not; both were resistant to rela-
tively high salt [3 M (NH4)2SO4]; both were resistant to 6 M
urea. Thus, the immunoaffinity columns were routinely eluted
with 6 M urea. Urea was then quickly removed in the presence
of buffer containing 1 mM 2-mercaptoethanol. No cellular role
has been definitely assigned to Sm and RNP, precluding a func-
tional assay to monitor these two antigens during purification.
However, the CIE assay provided a sensitive and rapid means
of monitoring the distribution of the two antigens, thus ensuring
that we were isolating antigenically active complexes. Begin-
ning with the immunoaffinity columns the protein profiles were
also followed by using NaDodSO4/polyacrylamide slab gel elec-
trophoresis.
We have arrived at a substantial purification of these two au-

toimmune-associated antigens from rabbit thymus in essentially
three steps: ammonium sulfate fractionation, ion exchange
chromatography, and immunoaffinity chromatography. The iso-
lation protocol was deliberately designed on a scale sufficiently
large to allow for the recovery of the antigens in quantities nec-
essary for physical analyses. The use of an immunoabsorbant
column with dual specificity for the Sm and RNP antigens also
allowed for the parallel isolation of these antigens. Thus, to this
stage of purification there was no need to consider potential
problems of an Sm-RNP complex when trying to isolate just one
ofthe two antigens. Less than 1% ofthe protein starting material
was retained in the urea eluate of the immunoaffinity column.
A summary of this isolation is shown in Table 1. Throughout the
purification, all fractions were tested for antigenic activity by
using CIE. Thus, this isolation protocol did not result in com-
plete recovery of activity. Rather, side fractions containing ac-
tivity were generally recycled separately through the immune
column. At this stage of the Sm/RNP characterization, we
chose not to maximize recovery yields in order to obtain more
easily an antigenically active preparation with a limited number
of components.
The protein could be further fractionated by the use of phos-

phocellulose chromatography (Fig. 1). The polypeptide pattern
was very similar to that found bv Lerner and Steitz (9) using the
technique of immunoprecipitation, with the addition of two
higher molecular weight bands at 44,000 and 38,000. However,
the results of other such columns suggested that all these pro-
tein species were not necessarily required for antigenic activity.

In using the CIE, fractions to be tested were assayed in the
presence and absence of RNase with the intent to differentiate
the Sm and RNP reactivities. As the purification proceeded, the
antigen detected by the anti-Sm antiserum became progres-
sively more RNase sensitive (Table 1). This progressive RNase
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Table 1. Isolation ofRNP and Sm antigens by affinity
chromatography

Protein

Step mg/ml mg % RNP* Sm
Rabbit thymus

extract 11.3 6203 100 + +
25-58% sat. ammo-
nium sulfate pre-
cipitate 58.6 3986 64 + +

DEAE-cellulose
conc. 500mM
NaCl eluate 23.4 808 13 + +t

Nonimmune IgG af-
finity chromatog-
raphy, wash 4.5 642 10 + + t

Immune IgG affinity
chromatography,
6 M urea eluate 0.27-1.31 33.7 0.5 + +*

* RNase sensitive.
t Partially RNase sensitive.

sensitivity was highly reproducible and was not dependent on
the particular anti-Sm antiserum used in the CIE or on the par-
ticular purification procedure used to isolate the antigen. In a
separate experiment under RNase-free conditions, Sm purified
from a crude extract by ammonium sulfate fractionation and gel
filtration on Sepharose-6B was as RNase-sensitive as the RNP.
Thus, the Sm antigen being isolated did not meet the accepted
classical criteria for this antigen-namely, RNase resistance.

As is obvious from the purification protocol, the isolation was
not normally performed under RNase-free conditions. Al-
though the product ofthe immune column was antigenically ac-
tive, the RNA profile upon gel electrophoresis did not allow for
the assignment of definite RNA species (Fig. 2). However,
when diethylpyrocarbonate was added directly to the rabbit
thymus powder during extraction and to all subsequent buffers,
a more distinct profile was seen. The RNA bands present in the
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FIG. 1. NaDodSO4/12.5%
polyacrylamide slab gel electro-
phoresis of Sm/RNP-associated
protein. Lanes: A, urea eluate
(25 dig) of immunoaffinity col-
umn (anti-Sm/RNP); B, urea
eluate (49 jg) of phosphocellu-
lose column loaded with sample
A. The phosphocellulose col-
umn was equilibrated in 10mM
sodium phosphate, pH 7.3/50
mM NaCl/1 mM EDTA/1 mM
2-mercaptoethanol/0.1 mM
phenylmethylsulfonyl fluoride/
15% (vol/vol) glycerol. The col-
umn was eluted in succession
with buffer containing 600 mM
NaCl and 6 M urea. Molecular
weights are shown x 10-3.
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FIG. 2. Urea/polyacrylamide slab gel electrophoresis of Sm/RNP-
associated RNA. The gel concentration was 10%. Lanes: 1, urea eluate
of immunoaffinity column (anti-Sm/RNP); 2, urea eluate of immu-
noaffinity column under RNase-free conditions; 3, rat liver nuclear
RNA standards.

immune eluate but not in the immune wash were a doublet of
the mobility of the Ul species of snRNA. A corresponding pro-
tein profile was not available because the crosslinking engen-
dered by the diethylpyrocarbonate precluded much of the pro-
tein from entering the NaDodSO4 gels.

In an early protocol for the isolation of RNP containing the
metabolically stable RNA molecules referred to as snRNAs, nu-
clei from Novikoff ascites cells were solubilized in 10 mM
Tris-HCI (pH 8.0) and passed over a Sepharose-6B column (25).
Using rabbit thymus powder as the starting material, we re-
peated this experiment as an alternative method of monitoring
the probable association of Ul RNA with the Sm/RNP activity.
The Sm and RNP activities overlapped, and the intensity of this
activity paralleled the fractions containing the Ul RNA doublet,
in particular the slower migrating of the two species (Fig. 3).
Although in this experiment a faster migrating doublet also co-
incided with Sm/RNP activity, the U 1-size doublet was the only
one consistently found associated with the antigens (e.g., see
Fig. 2). These two RNAs were examined on a methyl mercury!
10% polyacrylamide gel (22). The two bands were calculated to
have 170 and 159 nucleotides per molecule relative to the rat
liver snRNA standards including the Ul band of 171 nucleotide
length.

Limited Proteolysis of Sm/RNP. Protein from the urea
eluate of the immunoaffinity column was subjected to limited
proteolysis with trypsin to determine if certain polypeptides
could be selectively digested to leave a protein composite simi-
lar to that seen after phosphocellulose chromatography. The
time course of a mild proteolytic digestion of Sm/RNP by tryp-
sin is shown in Fig. 4. At each time point the samples were ex-
amined as to their protein profile and were assayed for activity
by using the ciE. At each point a significant amount ofboth Sm
and RNP activities was detectable. The protein profile indicated
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FIG. 3. Sepharose filtration of rabbit thymus extract. Rabbit thy-
mus powder (15 g) was extracted with 225 ml of 10 mM Tris-HCl, pH
8.0/0.1 mM phenylmethylsulfonyl fluoride/heparin (0.5 mg/ml). The
soluble extract was concentrated by ammonium sulfate precipitation
and passed through a Sepharose-6B column (1.5 x 78 cm) equilibrated
with 10 mM Tris HCl, pH 8.0/140 mM NaCl/1 mM MgCl2. Fractions
containing Sm and RNP antigenic activity are indicated by +. (Inset)
RNA (50 ug) was extracted from selected pooled fractions and dis-
played on a 7 M urea/10% polyacrylamide slab gel. Numbered lanes re-
fer to Sepharose-6B fractions; Std, rat liver nuclear RNA. The arrow
designates the RNA doublet consistently associated with the Sm/RNP
antigens.

an approximately 50% decrease in Coomassie blue-stainable
material by the first point at 15 min as determined by a scanning
densitometer. The profile would suggest that only the three low
molecular weight species seen after phosphocellulose chroma-
tography were required for antigenic activity for Sm/RNP. The
weights ofthe three distinct low molecular weight species were
calculated to be 10,800, 9800, and 8800.
The NaDodSO4/polyacrylamide gel profile in Fig. 4, how-

ever, represented the total trypsin digest. To determine if all of
these low molecular weight species were associated with Sm/
RNP activity, a trypsin digest was subjected to gel filtration
chromatography on Sephadex G-150. The Sm and RNP activity
peaks partially overlapped in the region of the IgG marker
(150,000). The nondenatured molecular weight ranges seen for
the two antigens on the calibrated column were remarkably sim-
ilar to those reported for the native antigens in crude extracts (6,
7). When aliquots from these column fractions were subjected
to NaDodSO4/polyacrylamide slab gel electrophoresis, a com-
parison could be made of the number and size of the polypep-
tides represented in the region containing both Sm and RNP ac-
tivity and the region containing Sm activity alone. There was no
obvious difference in the protein profiles. All three low molec-
ular weight species were represented in these patterns and
there was, in addition, a fourth band at molecular weight 7500
which was now distinguishable and was obviously a product of
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FIG. 4. Time course of limited trypsinization of Sm/RNP. (A)
NaDodSO4/15% polyacrylamide slab gel electrophoresis of samples at
0, 15,30,45,60,75, and 90 min (0 is time ofintroduction ofthe trypsin).
(B) CIE ofsamples at the same times. (Left) Samples assayed with anti-
sera with anti-Sm specificity; (Right) anti-RNP specificity.

trypsin digestion. To characterize the antigenically active spe-
cies further, a protein sample from the Sephadex G-150 column
containing both Sm and RNP activity was passed back over an
immunoaffinity column (anti-Sm/RNP). The protein profile in
the adsorbed fraction did not change.

DISCUSSION
We present here a large-scale procedure for isolation of the Sm
and RNP antigens. The protocol consists of extraction of rabbit
thymus acetone-insoluble residue with phosphate-buffered sa-
line followed by ammonium sulfate fractionation, ion-exchange
and immunoaffinity chromatography, and, finally, chromatog-
raphy on phosphocellulose. The resulting purified complex
consists of nine proteins having molecular weights of approxi-
mately 9000 to 44,000 and two small RNAs of similar size. We
also observe that, unlike Sm in crude extracts (4, 10), the puri-
fied Sm antigen is RNase sensitive. Thus, one of the major cri-
teria used to distinguish Sm and RNP in crude extracts is shown
not to be valid for purified material.

There is substantial agreement between the work reported
here and that of Lerner and associates (9, 15) as to the protein
and RNA composition ofthe Sm and RNP antigens. Those work-
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ers examined immunoprecipitates formed in reactions between
Ehrlich ascites cell nuclear extracts and anti-Sm or anti-RNP
antiserum. The precipitates consistently showed protein bands,
on one-dimensional gels, whose molecular weights were similar
to those of the seven smallest proteins in our phosphocellulose
eluates (Fig. 1). It is impossible to say whether all ofthe proteins
we observed were part ofthe Sm/RNP complex or whether they
merely copurified with the antigenically active polypeptides.
The fact that the six largest could be destroyed by trypsin with-
out seriously affecting reactivity in the CIE assay (Fig. 4) or ap-
parent molecular size suggests that they in fact are not part of
the Sm/RNP antigenic complex. However, we cannot rule out
the possibility that Sm and RNP are heterogeneous with respect
to protein composition and that reactivity with other anti-Sm or
anti-RNP antisera would require that some of these proteins re-
main intact. These results also do not rule out the possibility that
these small antigenically active polypeptides were generated
from a much larger protein during extraction and processing of
the thymus source material. Regardless, these results suggest a
limited number and defined size for the polypeptides actually
required for Sm and RNP antigenic activity. Our immunoaffin-
ity eluates contained two prominent small RNAs of similar size.
Their mobilities were similar to those ofthe Ul snRNA. We did
not see any other RNAs consistently associated with Sm/RNP
activity but this may be dependent on the particular IgG used
for the affinity column.

That both RNA and polypeptide material are required for Sm
and RNP antigenicity is shown by the fact that either RNase or
autodigested Pronase rapidly destroyed antigenic activity and
also by the fact that isolated protein and RNA moieties were not
antigenic (unpublished data). However, in preliminary experi-
ments, both Sm and RNP antigenic activity have been reconsti-
tuted from the isolated moieties. Reconstitutions were success-
ful only with preparations relatively enriched for the low
molecular weight polypeptide species. Protein derived from an
immune eluate, such as that shown in Fig. 1A, was not suitable;
however, a trypsin-treated eluate was reconstituted. New re-
sults suggest the possibility of fractionating the protein moiety
and recombining individual fractions with purified RNA to re-
constitute antigenic activity, a procedure which would charac-
terize more completely the components required for antigenic-
ity.
The pathogenesis of autoimmune disease is undoubtedly

complex, possibly involving a number of genetic, immunolog-
ical, viral, and environmental factors (26). One critical aspect
of any understanding of this chain of events is determination
of the specific targets of the autoimmune response. One target
area includes the nonhistone nuclear proteins, but it remains
to be determined how many of these proteins are synonymous
with autoimmune antigens, what property or properties of
each of these proteins give it this unique role as an autoimmune
antigen, and why each of these antigens is associated with a lim-
ited array of autoimmune diseases and not all. To answer these
and other questions requires, first, the availability of antigens
in a purified form. And having defined their basic structure,
and possibly their cellular function, one can begin to extrapolate
the role of these proteins in the sequence of events that is the

autoimmune response. The target proteins appear to be func-
tionally important for the most part as judged by their nuclear
conservation. As such, there seems to be a natural correlation
between the efforts of those studying the nuclear components
as they relate to normal cell function and those studying the
same components as they relate to the autoimmune phenomena.
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