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A B S T R A C T Antibodies to different components of
the extractable nuclear antigen (ENA) have been
thought to be serological markers for clinical subsets
of rheumatic diseases. However, incomplete charac-
terization and standardization of antigenic compo-
nents such as ribonucleoprotein (RNP), Sm, and SS-B
(Ha), and the multiplicity of autoantibodies produced
by different patients have confounded correlations
between autoantibody specificity and disease subsets.

This study describes the preparative separation of
the antigens Sm, RNP, and SS-B (Ha) by electrofo-
cusing and their use in a rocket electrophoretic assay
that in one step identifies and quantifies the multiple
reactivities of patient sera exhibiting the speckled
FANA pattern. Preparative electrofocusing generates
milligram quantities of these antigens with retention
of their immunologic and biochemical characteristics,
facilitating further study of their biological properties
and relationships to disease subsets.

INTRODUCTION

The production of different antinuclear autoantibodies
by patients with rheumatic disease undergirds the as-
sumption of an autoimmune pathogenesis. Certain of
the antibodies correlate with diagnosis: anti-DNA an-
tibody with systemic lupus erythematosus (SLE),' and
anti-IgG antibody with rheumatoid arthritis. Further-
more, antibodies to a crude nucleoplasm extract, called
the extractable nuclear antigen (ENA), which yield a
speckled pattern on the fluorescent antinuclear anti-
body test (FANA), have been associated with partic-
ular clinical subsets of SLE (1); these include antibod-
ies to Sm with classical systemic lupus erythematosus
(2), to ribonucleoprotein (RNP) with mixed connective

Received for publication 22 July 1981 and in revised form
26 March 1982.

' Abbreviations used in this paper: ENA, extractable nu-
clear antigen; FANA, fluorescent antinuclear antibody test;
RNP, ribonucleoprotein, SLE, systemic lupus erythematosus.

tissue disease (3), and to SS-B (Ha) with the sicca syn-
drome (4).

These associations, however, have been challenged
(5-9). The lack of accord may be due to variation in
preparations of ENA, in the array of autoantibodies
present in the patients' sera, and in assay methods.
Clinical-correlative studies have used impure and
uncharacterized saline nuclear extracts as antigen
source, many components of which react with sera of
rheumatic disease patients. Commonassays (hemag-
glutination, immunodiffusion, or counterimmunoelec-
trophoresis) do not clearly differentiate between spec-
ificities in reactive sera; specificity is inferred from
cross reactivity with "reference" sera or loss of reac-
tivity after enzyme treatment. Understanding the re-
lationships between serological reactivities and their
pathogenic, prognostic, and therapeutic implications
will require (a) sufficient quantities of purified anti-
gens, (b) demonstration of homogeneity of antibody
specificity among sera that react with particular nu-
cleoplasm components, and (c) a quantifiable assay
that distinguishes between the multiple antigenic spec-
ificities that yield the speckled FANA pattern.

This paper describes the preparative separation of
three components of ENA. Weshow that different in-
dividuals with similar antibody specificities react with
an identical set of peptides and we illustrate the use
of these separated antigens in a simple rocket assay
that differentiates anti-ENA specificities and titers in
one step.

METHODS
Preparation of nuclei. Calf thymus nuclei were pre-

pared according to a modification of the method of Allfrey
et al. (10). Rat liver nuclei were obtained according to Teng
et al. (11).

Nuclear fractionation. ENAwas prepared from purified
calf thymus or rat liver nuclei either by a modification of
the method of Sharp et al. (3) or by pooling successive saline/
EDTA-Tris buffer extraction supernates of homogenized
nuclei according to Hwang and Hwang (12). Chromatin
from calf thymus nuclei was prepared according to a mod-
ification of the method of Levy et al. (13).
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Analytical electrofocusing. Analytical electrofocusing in
thin-layer polyacrylamide gels was performed according to
LKB manufacturer's instructions (application note 250, De-
cember 1977. LKB Instruments, Inc., Rockville, MD) with
modification.

Protein staining and preservation followed LKB applica-
tion note RB423 and nucleic acid staining used the procedure
of McMaster and Carmichael (14). Electrofocused acryl-
amide strips were frozen by rapid immersion in liquid ni-
trogen using the support tray of the LKB staining kit and
were stored at -20°C in an airtight container with dessicant.
A typical run produced 24 identical electrofocused strips,
one of which was stained for protein, another stained for
nucleic acid, and the remaining 22 snap frozen for subse-
quent crossed immunoelectrophoresis.

Crossed immunoelectrophoresis. Crossed immunoelec-
trophoresis used frozen Pagplate strips according to LKB
application note 269 with modifications (15). The resulting
precipitin patterns were visualized by dehydration and stain-
ing according to the procedure of Weeke (16).

Preparative electrofocusing. Preparative flat bed elec-
trofocusing using granulated gel was performed according
to the LKB application note 198. The antigenic specificity
contained in each separate fraction was determined by
rocket immunoelectrophoresis.

Immunological determinations. Rocket immunoelectro-
phoresis and counterimmunoelectrophoresis were performed
according to Weeke (16) and Kurata and Tan (17) using
whole patient antiserum.

The Ouchterlony immunodiffusion technique was per-
formed according to Campbell et al. (18)

The passive hemagglutination technique of Stavisky (19)
was used as modified by Sharp et al. (20). Fluorescent an-
tinuclear antibody assays were performed according to Tan
(21) using mouse liver as substrate.

Whole unfractionated serum from patients with systemic
lupus erythematosus, mixed connective tissue disease, or Sjo-
gren's syndrome obtained from the Immunology Serum
Bank were used as reference standards. Samples were in-
activated at 56°C 30 min and stored at -20°C. Serums used
as anti-ENA standards in this study were negative for DNA
antibody by radioimmunoassay and for rheumatoid factor
by latex fixation reaction. FANA-negative control sera were
obtained from healthy laboratory volunteers.

RESULTS

Quantitation of ENAantibody titer in patient sera
by rocket immunoelectrophoresis. A direct linear re-
lationship between immunoprecipitate (rocket) height
and antigen concentration has been documented for
various antigen-antibody systems with rocket immu-
noelectrophoresis when antibody concentration in the
gel is held constant (16, 22). This linear relationship
has previously formed the basis for quantitation of
antigens using specific antibody as detecting reagent
in this technique. In this study, however, we were seek-
ing to identify the specificities and concentrations of
unknown patient antibodies dispersed in the gel that
react with known quantities of purified antigen. At
constant antigen concentration, immunoprecipitate
height is known to be inversely proportional to anti-
body concentration in the gel, but this relationship has

not been quantitated. In the ENA system, we found
an exponential decrease in the height of the immu-
noprecipitate as the antibody concentration in the gel
was increased linearly (Fig. 1). This semilogarithmic
relationship is not unique for the ENA system; recal-
culation of the data of Weeke (16) and Laurell (22)
reveals an identical inverse semilogarithmic relation-
ship between antiserum concentration in agarose gel
and rocket height when antigen concentration is held
constant.

This relationship is represented graphically in the
insert of Fig. 1. Semilogarithmic expression of serum
concentration in agarose gel plotted against peak
height results in linearity. This relationship has been
found to hold for all anti-Sm, anti-RNP, and anti-Ha
specificities tested. Thus a standard curve can be con-
structed with reference antisera and antigen, and the
antibody concentration of unknown serum samples
measured by comparison to the immunoprecipitate
heights for known dilutions of the reference sera. Al-
though this technique could quantitate ENAantibody
using crude nucleoplasm as antigen, we sought to re-
fine its use by isolating the individual antigenic com-
ponents, which could then be tested individually in
separate wells on the same plate to determine both
antigenic specificity and antibody concentration in one
step.

Identification of antigens in electrofocused nu-
cleoplasm by crossed immunoelectrophoresis. Crossed
immunoelectrophoresis of electrofocused nucleoplasm
defined the pH range of each antigen system and as-
sessed the uniformity of antibody specificities among
antisera of different individuals. Fig. 2 shows the re-
sults of crossed immunoelectrophoresis of electrofo-
cused nucleoplasm on agarose plates containing whole
antiserum from four different patients. Fig. 2A dis-
plays the immunoprecipitate resulting from the elec-
trophoresis of electrofocused nucleoplasm into agarose
containing 25 ,l/ml of serum with anti-RNP specific-
ity. The immunoprecipitate is localized to a broad
range between pH 5.1 and 6.0 (large dark arrow). The
small peak at the application site (open arrow) is pre-
sumably an aggregate of denatured antigenic material
too large to enter the acrylamide gel; its position al-
ways corresponds to the application site and does not
reflect the pl of antigenically active material. Fig. 2B
displays the immunoprecipitate resulting from a serum
with anti-Sm specificity at a concentration of 100,l/
ml. The immunoprecipitate (large arrow) occupies a
pH range of 5.2 to 6.8, considerably overlapping the
pH range of the RNPantigen but extending farther
toward neutrality.

Fig. 2C displays the pattern resulting from patient
serum with specificities for Sm, RNP, and Ha antigens.
The Sm/RNPimmunoprecipitate extends from pH 5.4
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FIGURE 1 Quantitation of patient antibody concentration by rocket immunoelectrophoresis.
Tracks A-E contain, respectively, 4.5, 9.0, 18.0, 37.0, and 75.0 pu of monospecific RNPantiserum
per milliliter of agarose. In each track, well 1 contains 25 Il of nucleoplasm at a concentration
of 50 mg/ml digested by ribonuclease (which destroys RNPantigenicity); well 2 contains an
identical amount of nucleoplasm not exposed to ribonuclease. Rocket immunoprecipitate height
decreases as antiserum concentration in agarose is increased. The insert presents these data in
graphic form and shows the relationship between peak height and serum concentration to be
semilogarithmic.

to 6.8, and the Ha immunoprecipitate is located be-
tween pH 4.3 and 4.6 (dark arrows). Fig. 2D shows
the precipitate resulting from a patient with only anti-
Ha specificity. One peak appears at pH 4.4-4.7 (large
arrow). These pH ranges of antigen activity were iden-
tical with sera from six patients with anti-RNP spec-
ificity, four with anti-Ha specificity, and five with anti-
Sm specificity. This technique thus identified the pH
range of antigenically active components of nucleo-
plasm (ENA) and demonstrated uniformity of anti-
body specificities among these individuals. Negative
controls included electrofocused ENArun against nor-
mal serum, and strips electrofocused without antigen
run against reference anti-Sm and anti-RNP serum.

Isolation of Sm, RNP, and Ha antigens from nu-
cleoplasm. With the pH range of antigen activity
defined by analytical electrofocusing and crossed im-
munoelectrophoresis, gram quantities of nucleoplasm
were then electrofocused in granulated gel. Prepara-
tive electrofocusing of 500 mgof nucleoplasm resulted
in recoveries of 15 mg of Sm antigen, 30 mg of Sm/
RNPcomplex, and 10 mg of Ha antigen. The stained
paper print of a typical preparative electrofocusing
run for 500 mg of nucleoplasm is displayed in Fig. 3.
The pH gradient is linear in the pH range, 4.0 to 8.5.
Each fraction was assayed for antigen activity using
reference antisera in the rocket technique. Appearing
in Fig. 3 are the composite results: Ha activity found
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FIGURE 2 Crossed immunoelectrophoretic patterns obtained with patient reference antisera.
A. Whole, unfractionated patient antiserum with RNPspecificity was applied to a glass plate
at a concentration of 25 ul/ml agarose and allowed to congeal. Nucleoplasm at a concentration
of 50 mg/ml applied in a total volume of 20 ,l was electrofocused in acrylamide and then
electrophoresed into the antiserum-containing agarose. Two immunoprecipitate peaks resulted.
One peak (denoted by the open arrow) occurred at the application point, and its position was
independent of pH. The second immunoprecipitate (large arrow) repeatedly occurred between
the range of 5.1 to 6.0. The pH profile of the electrofocused strip is depicted by the graph. B.
Nucleoplasm was electrofocused under conditions identical to those in A, and electrophoresed
into agarose containing 100 ,ul/ml of whole unfractionated patient antiserum with Sm speci-
ficity. Again, note the artifact peak occurring at the application point (open arrow). The second
immunoprecipitate (large arrow) occurred in the pH range of 5.2-6.8. This pH range for
antigen activity was reproducible for different antisera exhibiting Sm specificity. C. Electro-
focused nucleoplasm was electrophoresed into agarose containing 50 Ml/ml of whole, unfrac-
tionated patient serum with anti-Sm, anti-RNP, and anti-Ha specificities. Note the nonspecific
immunoprecipitate (open arrow) at the application site. The broad immunoprecipitate (large
arrow) representing Smand RNPactivity was again found in the range of 5.4 to 6.8. A third
peak occurred at a pH of 4.3-4.6 and identified Ha activity. D. Electrofocused nucleoplasm
was electrophoresed into agarose-containing patient antiserum monospecific for Ha. Electro-
focusing conditions were identical to those for Figs. A-C. A single immunoprecipitate peak
can be seen in the pH range of 4.4 to 4.7. Note the absence of the artifact immunoprecipitate
at the point of application. It was repeatedly found that application point immunoprecipitates
occurred only with antisera with specificity for either Smor RNP. It was therefore concluded
that the application precipitate included aggregates with Sm and RNP activity. Neither the
application artifact peaks nor the antigen-antibody precipitates were seen using normal serum
or pathological sera nonreactive with nucleoplasm.

only in fractions 22 and 23 with a pH range of 4.5 to
4.9, RNPactivity in fractions 15-21 with a pH range
of 5.0 to 6.1, and Smactivity in fractions 11-21 with
a pH range of 5.0 to 6.8. These values are in close
agreement with those obtained using analytical elec-
trofocusing and crossed immunoelectrophoresis (Fig.

2 A-D). Ouchterlony analysis using anti-RNP and anti-
Sm sera confirmed the presence of Sm without RNP
in fractions 11-14 of nucleoplasm and both Sm and
RNP in fractions 15-21.

To verify antigen specificities, fractions 11-21 were
each subjected to ribonuclease digestion and retested
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FIGURE 3 Preparative electrofocusing of nucleoplasm. Preparative electrofocusing was per-
formed in granulated gel. A paper print of the electrofocused protein bands appears at the top
of the figure. The gel was divided into 30 fractions and material was eluted in disposable
columns, dialyzed, lyophilized, and analyzed for antigen activity by rocket immunoelectro-
phoresis. The pH gradient is shown below the paper print and the fractions active for RNP,
Sm, and Ha antigen activity are shown by the bars. The pH range for antigen specificities
obtained in the preparative mode are in good agreement with the pH ranges obtained in
analytical crossed immunoelectrophoresis (not shown). The application of 500 mg of nucleo-
plasm to the granulated gel resulted in a yield of 15 mg of Sm antigen, 30 mg of Sm/RNP
complex, and 10 mg of Ha antigen.

by rocket immunoelectrophoresis. The result was com-
plete loss of reactivity with the RNPantisera but no
loss with antibody to Sm. When500 mgof nucleoplasm
was digested with ribonuclease before preparative
electrofocusing none of the 30 fractions was active
against anti-RNP sera, but fractions within the pH
range of 5.1 to 6.4 again reacted with antibody to Sm.

Thus, the preparative and analytical electrofocusing
data both demonstrated (a) that Smactivity is present
without RNPactivity in the pH range of 6.0 to 6.8,
(b) that both antigens occur together in the pH range
of 5.0 to 6.0, and (c) that SS-B (Ha) antigen can be
separated from both Smand RNPat pH 4.5-4.9.

Quantitation of antibody concentration and iden-
tification of antigenic specificity of patient sera by
rocket immunoelectrophoresis using purified anti-
gens. Having established that rocket immunoelectro-
phoresis can quantitate antibody concentration using

crude ENA as antigen, we then sought to extend its
utility toward the assignment of antigenic specificity
by substituting antigens isolated by preparative elec-
trofocusing.

Fig. 4 illustrates the immunoprecipitate patterns
obtained with a representative antiserum to RNP(4A)
and a serum reactive with all three antigens (Fig. 4B).
Both sera gave 1:640 speckled FANA patterns and
were negative for anti-DNA by hemagglutination and
radioimmunoassay. However, they came from patients
with very different clinical manifestations (mixed con-
nective tissue disease in Fig. 4A; SLE with nephritis
and malignant hypertension in Fig. 4B). The technique
reveals differences between patient sera inapparent by
the FANA reaction. The single immunoprecipitate
above the native ENA well in Fig. 4A corresponds to
RNPantibody as fractions containing only Ha or Sm
do not react. Three immunoprecipitates above the na-
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tive ENAwell in Fig. 4B correspond to antibodies to
(a) Sm, (b) RNP, and (c) Ha antigens. The Sm/RNP
fraction gives two precipitates. The Sm and Ha frac-
tions give one each. The increased peak height of the
precipitates above the purified antigen wells relative
to the peak height above the native ENAwells in Fig.
4A and B indicates increased concentration (purifi-
cation) of Sm and RNP antigens in those fractions
(identical protein loads were applied to each well).
The anti-Sm immunoprecipitate decreased in height
from the Sm/RNPwell to the Sm well in Fig. 4B be-
cause of a relatively decreased Smantigen concentra-
tion in that fraction of the granulated gel containing
Sm without RNP. The very short Ha immunoprecip-
itate reflects the extremely high concentration of Ha
antibody relative to Smand RNPantibodies. Dilution
of the latter antiserum to a concentration within the
linear portion of the standard curve would be required
for quantitation of this antibody.

Three to five serum samples obtained from the
Serum Bank for each of 10 patients with speckled
FANA patterns drawn at different times over 18 mo
were analyzed by this technique using purified anti-
gens. Two patients had Sjogren's syndrome, three had
SLE, and five overlap syndromes. Antibody concen-
tration varied from 10- to 200-fold between samples
from the same patient. No relationship was found be-
tween antibody concentration and disease activity. No
variation in antibody specificity was detected over the
18-mo period in any patient despite fluctuations in
disease activity, changes in drug therapy, and in two
cases, progressive renal involvement in association
with high-titered antibody to RNP.

DISCUSSION

Clinical correlative studies in the rheumatic diseases
often test the hypothesis that the presence or absence

NP
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FIGURE 4 Differentiation of speckled FANA antisera by
rocket immunoelectrophoresis using antigens purified by
preparative electrofocusing. A. Nuclear antigens separated
by electrofocusing were electrophoresed into agarose con-
taining 50 Ml/ml of antiserum with specificity for the RNP
antigen with a speckled FANA titer of 1:640. Wells contain
(left to right): nucleoplasm (ENA) before preparative elec-
trofocusing; Ha antigen (fraction 22 of Fig. 3); Smantigen
(fraction 14 of Fig. 3); both Smand RNP(fraction 15 of Fig.
3). All antigens were applied at 1 mg/ml in a total volume
of 25 ul. A single rocket precipitate is seen above the nu-
cleoplasm and Sm/RNPwells only, indicating specificity for
RNP. Peak height is increased above the Sm/RNP well be-
cause of purification by electrofocusing. Antibody concen-
tration can be derived from a standard curve of antibody

dilutions vs. peak height for any purified antigen fraction.
B. Nuclear antigens separated by electrofocusing were elec-
trophoresed into agarose containing 50 gl/ml of antiserum
with specificities for the RNP, Sm, and Ha antigens that also
gave a speckled FANA titer of 1:640, identical to that in A.
Wells contain (left to right): nucleoplasm (ENA) before pre-
parative electrofocusing, both Smand RNP, Sm alone, and
Ha antigen. All antigens were applied at 1 mg/ml in a total
volume of 25 Ml. Three rocket immunoprecipitates are seen
above the nucleoplasm well, two above the Sm/RNP well
and one each above the Sm and Ha wells, indicating spec-
ificity for all three antigen systems. The Sm rocket ("a"
above the Sm/RNPwell) decreased in height from the Sm/
RNPwell to the Sm well because of a relative decrease in
Smconcentration in that fraction of the granulated gel con-
taining Smwithout RNP. The anti-Ha concentration is high
relative to anti-Sm and anti-RNP, and this serum would have
to be diluted further for quantitation of anti-Ha concentra-
tion.
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of antibodies to certain "self" antigens predicts patient
outcome. The relationship between complement fix-
ing, antidouble-stranded DNA antibodies, and ne-
phritis is well recognized and the DNA-anti-DNA im-
mune complex may play an etiologic role in lupus
nephritis. These relationships were developed after the
DNAantigen was available in large quantities in pu-
rified form. Until recently, however (23-27), there has
been little quantitative information on the nature of
the ENA antigen, either in relation to its biological
function or role in disease pathogenesis. The literature
is conflicting on the relationship between antibodies
to ENA components and disease outcome (1-9); the
use of uncharacterized nuclear extracts as antigen
sources and multispecific patient antisera certainly
contribute to this controversy.

This paper describes the use of ENA antigens par-
tially purified by preparative electrofocusing in a
rocket immunoelectrophoretic assay using whole un-
fractionated patient antisera. Crossed immunoelectro-
phoresis results in distinctive immunoprecipitate pat-
terns when analytically electrofocused antigens are
electrophoresed directly into agarose containing dif-
ferent patient antisera. The patterns were reproduc-
ible for the multiple sera from 10 different patients
and served to identify the pH range of each antigen.
The discriminatory capacity of the technique was ver-
ified by Ouchterlony analysis, counterimmunoelectro-
phoresis using enzyme-treated antigens, and hemag-
glutination. Cell extracts inactive by the latter methods
were nonreactive, as were FANA-negative sera. These
data suggest that anti-Sm, anti-Ha, and anti-RNP an-
tisera from different individuals consistently react
with the same group of proteins and/or RNAspecies.
Uniformity of antibody specificities between individ-
uals with similar anti-ENA reactivities validates the
use of purified antigens for clinical correlative studies.

Antigens separated by preparative electrofocusing
retain their immunologic activity and can be gener-
ated in milligram quantities for use in clinical correl-
ative studies. Rocket immunoelectrophoresis is based
upon the electrophoretic migration of antigens through
a gel impregnated with antiserum at a pH that min-
imizes the charge (migration) of the detecting anti-
body. As the antigens are driven through the gel they
form soluble immune complexes that migrate more
slowly than the free antigen. When the complexes ag-
gregate and precipitate, a "rocket" is formed, and its
height no longer changes with continued application
of current. Unique precipitates are formed for each
antigen-antibody system that facilitates the identifi-
cation of antisera with multiple specificities. Rocket
immunoelectrophoresis offers greater resolution and
precision than other methods, yet demands technical
expertise and standardized antigens for quantitation.

The rocket technique is 100-1,000 times as sensitive
as Ouchterlony immunodiffusion but less sensitive than
hemagglutination or counterimmunoelectrophoresis.
The assay requires 20-50 ug of antigen per well with
0.25-0.5 ml whole serum per 10 ml of agarose.

The prospective application of this technique to
more precise clinical correlative studies may clarify
the relationship between anti-ENA antibodies and dis-
ease attributes. Our retrospective analysis did not sup-
port an association between disease activity and anti-
Sm, anti-RNP, or anti-Ha titer. Wefound no evidence
for a relationship between antibody specificity and
either disease severity, response to therapy, or partic-
ular end-organ involvement.

Furthermore, preparative electrofocusing tech-
niques also open avenues for accurate characterization
of the antigens, study of their biological and patho-
logical roles, and exploration of their potential in-
volvement in eukaryotic gene expression. The RNA
components of Sm and RNP antigens (small nuclear
RNA-Sn RNA) bear sequence homology to nucleotide
sequences across splice junction boundaries of primary
RNA transcripts (28). Isolation of these Sn RNAs and
their associated peptides in undenatured form would
facilitate direct testing of their putative role in RNA
processing. Wehave used these techniques to isolate
and characterize the Sn RNP from growth hormone-
producing rat pituitary cells in vitro and will show
elsewhere2 that these Sn RNPs specifically recognize
intervening sequences of the cloned growth hormone
gene.

ACKNOWLEDGMENTS
This work was supported in part by National Institutes of
Health grant AM05425 and an Arthritis Foundation fellow-
ship awarded to Dr. Okarma.

REFERENCES
1. Nakamura, R. M., and E. M. Tan. 1978. Recent progress

in the study of autoantibodies to nuclear antigens. Hum.
Pathol. 9: 85-91.

2. Notman, D. D., N. Kurata, and E. M. Tan. 1975. Profiles
of antinuclear antibodies in systemic rheumatic diseases.
Ann. Intern. Med. 83: 464-469.

3. Sharp, G. C., W. S. Irvin, E. M. Tan, R. G. Gould, and
H. R. Holman. 1972. Mixed connective tissue disease:
an apparently distinct rheumatic disease syndrome as-
sociated with a specific antibody to an extractable nu-
clear antigen. Am. J. Med. 52: 148-159.

4. Akizuki, M., R. Powers, and H. R. Holman. 1977. A
soluble acidic protein of the cell nucleus which reacts
with serum from patients with systemic lupus erythe-
matosus and Sjogren's syndrome. J. Clin. Invest. 59:
264-272.

2 Okarma, T. B., L. K. Johnson, M. Serra, and M. Mooney.
Submitted for publication.

302 T. B. Okarma, J. A. Krueger, and H. R. Holman



5. Barland, P., M. Hamburger, and S. Hodes. 1975. The
clinical significance of anti-Sm and anti-RNP antibodies
(Abstr.). Arthritis Rheum. 18: 384.

6. Farber, S. J., and G. G. Bole. 1976. Antibodies to com-
ponents of extractable nuclear antigen. Arch. Intern.
Med. 136: 425-431.

7. Bresnihan, G., R. Griegor, and G. R. V. Hughes. 1977.
Prospective analysis of anti-ribonucleoprotein antibodies
in systemic lupus erythematosus. Ann. Rheum. Dis. 36:
557-559.

8. Gaudreau, A., D. Amor, M. Kahn, A. Ryckewaert, J.
Sany, and A. P. Pelitier. 1978. Clinical significance of
antibodies to soluble extractable nuclear antigens. Ann.
Rheum. Dis. 37: 321-327.

9. Nimelstein, S. H., S. Brody, D. McShane, and H. R.
Holman. 1980. Mixed connective tissue disease: a sub-
sequent evaluation of the original 25 patients. Medicine
(Baltimore). 59: 239-248.

10. Allfrey, V. G., V. C. Littau, and A. E. Mirsky. 1964.
Methods for the purification of thymus nuclei and their
application to studies of nucleoprotein synthesis. J. Cell.
Biol. 21: 213-231.

11. Teng, C. S., C. T. Teng, and V. G. Allfrey. 1971. Studies
of nuclear acidic proteins. J. Biol. Chem. 246: 3597-
3609.

12. Huang, R. C. C., and P. C. Huang. 1969. Effect of pro-
tein-bound RNA associated with chick embryo chro-
matin on template specificity of chromatin. J. Mol. Biol.
39: 365-378.

13. Levy, S., R. T. Simpson, and H. A. Sober. 1972. Frac-
tionation of chromatin components. Biochemistry. 11:
1547-1554.

14. McMaster, G. K., and G. G. Carmichael. 1977. Analysis
of single- and double-stranded nucleic acids on poly-
acrilamide and agarose gels by using glyoxal and acri-
dine orange. Proc. Natl. Acad. Sci. USA. 74: 4835-4838.

15. Soderholm, J., C. J. Smyth, and T. Wadstrom. 1975. A
simple and reproducible method for crossed immuno-
electrofocusing. Comparative studies on microhetero-
geneity of diptheria toxin from different preparations.
Scand. J. Immunol. 4(Suppl. 2): 107-113.

16. Weeke, B. 1973. Rocket immunoelectrophoresis. Scand.
J. Immunol. 2(Suppl. 1): 37-46.

17. Kurata, N., and E. M. Tan. 1976. Identification of an-
tibodies to nuclear acidic antigens by counterimmuno-
electrophoresis. Arthritis Rheum. 19: 574-579.

18. Campbell, D. H., J. S. Garvey, N. E. Kremer, and D. H.
Sussdorf. 1970. Gel diffusion. In Methods of Immunol-
ogy. 2nd edition. W. A. Benjamin, Inc., Menlo Park, CA.
250.

19. Stavitsky, A. B. 1954. Micro methods for the study of
protein and antibodies. I. Procedure and general appli-
cations of hemagglutination and hemagglutination-in-
hibition reactions with tannic acid and protein treated
red blood cells. J. Immunol. 72: 360-367.

20. Sharp, G. C., W. S. Irvin, R. L. LaRoque, C. Velez, V.
Daly, A. D. Kaiser, and H. R. Holman. 1971. Association
of autoantibodies to different nuclear antigens with clin-
ical patterns of rheumatic disease and responsiveness to
therapy. J. Clin. Invest. 50: 350-359.

21. Tan, E. M. 1967. Relationship of nuclear staining pat-
terns with precipitating antibodies in systemic lupus
erythematosus. J. Lab. Clin. Med. 70: 800-812.

22. Laurell, C. B. 1966. Quantitative estimation of proteins
by electrophoresis in agarose gel containing antibodies.
Anal. Biochem. 15: 45-52.

23. Douvas, A. S., W. E. Stumph, P. Reyes, and E. M. Tan.
1979. Isolation and characterization of nuclear ribonu-
cleo-protein complexes using human anti-nuclear ribo-
nucleoprotein antibodies. J. Biol. Chem. 254: 3608-
3616.

24. Lerner, M. R., and J. A. Steitz. 1979. Antibodies to small
nuclear RNAscomplexed with proteins are produced by
patients with systemic lupus erythematosus. Proc. Natl.
Acad. Sci. USA. 76: 5495-5499.

25. Waelti, E. R., and M. W. Hess. 1980. Nuclear antigens:
characterization of the acidic nuclear ribonucleoprotein
Sm antigen complex by analytical and preparative is-
oeletric focusing. J. Immunol. Methods. 32: 177-184.

26. Lerner, M. R., J. A. Boyle, J. A. Hardin, and J. A. Steitz.
1981. Two novel classes of small ribonucleoproteins de-
tected by antibodies associated with lupus erythemato-
sus. Science (Wash., DC). 211: 400-402.

27. Takano, M., P. F. Agris, and G. C. Sharp. 1980. Puri-
fication and biochemical characterization of nuclear ri-
bonucleoprotein antigen using purified antibody from
serum of a patient with mixed connective tissue disease.
J. Clin. Invest. 65: 1449-1456.

28. Lerner, M. R., J. A. Boyle, S. M. Mount, S. L. Wolin,
and J. A. Steitz. 1980. Are Sn RNPs involved in splicing?
Nature (Lond.). 283: 220-224.

Analysis of Speckled FANAAntisera 303


