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part T

Small Nuclear Ribonucleoproteins

Chapter 1

TNTRODUCTTON

Since the discovery (Tan and Xunkel, 1054; Mattioli and Reichlin,
1971; Sharp, et al., 197?) of human SLFE autoantibodies directed against
RNA-protein complexes in eucaryotic nuclei, a great deal of interest has
been generated regarding both the relationships of antibody specificities
to disease and the biological roles of the recognized antigens. ‘These
antibodies are some of the many autoantibody species which have been
described in systemic lupus erythematosus (SLE) as well as other rheumatic
disease conditions. A common feature of many of these reactivities is the
apparent nuclear localization of antigen. Study of the antibodies as well
as these antigens has 1led to formation of a particularly unique bridge
between clinical medicine and basic science questions in cellular biology
and metabolism.

The spectrum of diseases which present with antibodies directed
against cellular constituents is vast although certain features of these
conditions imply common aspects which may, furthermore, be of some
diagnostic use. Familial clustering and HLA associations (Grumet, et al.,
1971; Nies, et al., 1974; Kissmeyer-Nielsen, et al., 1075; Arnett and
Shulman 1974; Goldberg, et al., 1975; Horn, et al., 197° Schur and

Carpenter 1923) have pointed to genetic factors which may relate to common
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etiologies or distinguish among certain of these diseases (5ibofsky, et
al., 1273). This group of diseases includes SLE, mixed connective tissue
disease (MCTN), scleroderma, Sjogren's syndrome, rheumatoid arthritis,
polymyositis, dermatomyositis, and overlap syndromes.

The observation of antinuclear antibodies was probably first reported
in the description of the LE cell (Hargraves, et al., 104?)., This
phenomenon, thought to reflect phagocytosis of antibody coated nuclei by
polymorphonuclear leukocytes, has historically provided useful diagnostic
information. Three reports in 1957 (Holman and Xunkel, 10%7; Friou, et
al., 1057; HYolborrow, et al., 10987) utilized fluorescent antinucleer
antibody binding to demonstrate the presence of antinuclear components in
serun of patients with a variety of disorders. The report (Barnett 1077)
of low antinuclear antibody titers in a significant proportion of normals
has suggested that the simple presence of such immunoglobulins may not be
pathological (in low titers). With increasingly sophisticated methods df
analysis, more detailed study of these autoantibodies has been carried out
resulting in the elucidation of better defined antigen-antibody systems as
disease markers and prognostic indicators.

Numerous autoantibody-antigen systems have been described in
considerable detail, the majority involving antibodies to nuclear
components. The indirect immunofluorescence technique has had very wide
use in analysis of such antibodies. Microscopic analysis has revealed
several distinguishable patterns of staining which have been shown to
correspond to different antigenic specificities (Tan 1022). The diffuse
nuclear staining which frequently characterizes anti-PDNA antibodies differs
from speckled staining (typical of antibodies to certain saline extractable

nuclear antigens). Other patterns of staining include "rim," nucleolar,
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and centromere/kineticore, each corresponding to distinct antigenic
recognition patterns. Two potential hazards in interpretationl of the
indirect immunofluorescence test are losses of antigen during washing
procedures from the fixed cells and possible denaturation effects capable
of distorting antigen recognition due to the use of certain fixatives (Tan
10%2) .,

Cytoplasmic antigen recognition has also been seen in a variety of
conditions. Antibodies reactive with ribosomes were described in 1057
(Schur, et al., 1957). The two antigen systems Ro and La 1likely reside,
though perhaps not exclusively, in the cytoplasm (Clarke, et al., 19-/0;
Mattioli and Reichlin, 1974).

While antinuclear antibodies are associated with a variety of
rheunatic diseases, certain other conditions may also present with this
category of antibody reactivity. Nuclear autoantibodies have been
described in melanoma, nasopharyngeal carcinoma, and acute and chronic
leukemia patients (Morton, et al., 194%; McBride, et al., 1972; Yoshida, et
al., 1975; Lamelin, et al., 1972; vlein, et al., 1074; Steiner, et 3al.,
1975).  Chronic liver disease (Ziegler, et al., 1075) may also be
associated with such autoantibodies including cytoplasmic microsomal
reactivity (Pavis 1921) and the antimitochondrial antibodies (PDavis 1081)
seen in primary biliary cirrhosis (Ahrens, et al., 105n),

At approximately the same time as the first reports of nuclear-
reactive serum components, came the observations of DNA-reactive antibodies
(Robbins, et al., 1957; Cepellini, et al., 1957; Seligmann, 1957). Use of
immunodiffusion analysis (Tan, et al., 1945) allowed for the distinction of
two differing specificities of DNA reactive antibodies. Sera were described

which reacted with both native (double stranded) and heat denatured N3,
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while others reacted with only heat denatured ™A, Tn addition to these
specificities, a third reactivity specific only for native ™2 has been
described to occur at low frequency (Arana and Seligmann, 1947; Tan and
Natali 197n; Koffler, et al., 1971; and Gilliam, et al., 1280). While
antibodies reactive with native ™2 appear generally to recognize
determinants on the sugar-phosphate backbone (Stollar 1070; Picazo and Tan
1075; Samaha and Trwin 1075; Steimnman, et al., 1975) single strand DNA
specific antibodies appear to recognize the nitrogen bases (Tan 10%2), An
intriguing distinction between these two anti DNA reactivities 1is the
relative ease with which antibodies to single stranded ™MNA are induced by
immunization in animals as compared with a corresponding difficulty for
dsPNA (Tan 19%2), although certain animal models of SLE contain such native
™NA antibodies.

Clinical correlations with anti-DNA antibodies have been numerous,
both in suggesting possible etiology of tissue injury in SLE and as a
diagnostic marker. The importance of immune complexes in generation of
glomerulonephritis and wvasculitis was demonstrated both for exogenous
antigen administration in models of serum sickness (Dixon, et al.,, 1058R,
1051) and by direct injection of preformed immune complexes (McCluskey, et
al., 194n). Vasculitic and glomerular lesions were shown by
immunofluorescence to contain antibody deposits as well as associated C?,
further implicating such immune complexes in a pathogenic role in SLE
(vasquez and Dixon, 1957; Mellors, et al., 1057; Paronetto and Xoffler,
1955; Lachmann, et al., 1952). The sequential appearance of DNA reactive
antibodies followed by a rise in free serum ™A antigen with loss of serum
DNA antibody during a SLE flare was highly suggestive that the ™NA antigen

antibody system was functionally important in SLE tissue damage (Tan, et






al., 1955). Immunofluorescence and elution techniques demonstrated both
DNA antigen and ™A reactive antibodies in affected renal glomeruli. Wwhile
the involvement of ™NA antigen antibody complexes in glomerular and
vasculitic lesions appears firmly established, correlations of disease
activity with DNA antibody titers cannot exclude consideration of antigen
load since these two parameters must likely occur within certain
stoichiometric constraints to form pathogenic immune cqmplexes (Tan 1Q89%),
Antibody to native DNA 1is most frequently associated with SLE, although
titers (usually low) have been observed in other of the rheumatologic and
connective tissue diseases (Tan 1982; Davis 19R1)., Single stranded ™A
reactive antibodies have much wider disease distribution including
rheumatoid arthritis, chronic active hepatitis, and infectious
mononucleosis (Koffler, et al., 1971).

Histone reactive antibodies (Kunkel et al., 1959; Stollar 1©71) have
been detected in lupus (both idiopathic and drug induced) and in rheumatoid
arthritis (Tan 1932). Lupus induced by pharmacologic agents (e.g.
procainamide, hydralazine, and isoniazid) is very freguently associated
with histone reactive antibodies (Fritzler and Tan, 1978) while such
reactivity 1is less frequently observed in idiopathic SLE. The possibility
that certain purified rheumatoid factors may contain anti DNA-histone
reactivity suggests intriguing relationships between these otherwise
distinct classes of autoantibodies (Alspaugh, et al., 1978; Agnello, et
al., 1978%; Hannestad and Stollar 1978).

Other groups of autoantibody-antigen systems include the Ro and La
antigens which are RNA containing nucleoprotein complexes. These antibody
reactivities are generally thought to be confined to SLE and Sjogren's

syndrome (Alspaugh, et al., 1975; Kassan, et al., 1077; Akizuki, et al.,






1077; Provost 1079). Antibodies to proliferating cell nuclear antigen
(PCNA) described by Myachi, et al. (1978) are seen in a small proportion of
SLE patients. Other autoantibodies include centromere/kinetichore (Moroi,
et al., 1080; Brenner, et al., 1921), a 70 kd antigen reactive with certain
scleroderma sera (Nouvas, et al., 1979b), and a nuclear antigen recognized
by antibodies in & significant proportion of rheumatoid arthritis sera
(Alspaugh, et al., 1907A; Alspaugh and Tan 1975), Several additional
systems have been described in dermato/polymyositis and overlap syndromes.
Among these are the PM-1 (Wolfe, et al., 1977), Mi-1 (Nishikai and Reichlin
108na), Jo-1 (Nishikai and Reichlin 19°nb), and ®¥u (Mimori, et al., 1091)
antigen systems,

Many of the nuclear antigens recognized by these numerous categories
of autoantibodies are easily removed from nuclei by isotonic extraction.
The Sm/RNP antigen antibody system was first described in 1056 (Tan and
¥unkel 19A6) as a saline extractable nuclear antigen. While other antigens
are also saline extractable, the Sm and RNP systems contain several
distinguishing features which have facilitated identification of these
reactivities., Analysis of precipitin patterns has distinguished these
reactivities (Northway and Tan 197?). Use of a hemagglutination assay
aided in differentiating between Sm and RNP, and is used as a clinical test
for these antigens (Tan and Peebles 1976). Sm and RNP reactive antibodies
generally reveal a speckled pattern of nuclear staining by indirect
immunofluorescence,

Initial investigations regarding the molecular composition of the
Sm/RNP  antigens and reactivities revealed RNP sensitivity to RNase
digestion while Sm recognition displayed no such sensitivity (Northway and

Tan 197?). The anti-Sm antibodies are highly specific for SLE while anti-
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RNP antibodies show wider distribution and have helped in defining the
mixed connective tissue disease syndrome (Sharp, et al., 1972)., This
disease was described in rheumatologic patients with features of SLE,
scleroderma, and dermato/polymyositis whose sera contained antibodies
directed against an RNase sensitive nuclear component. The freguent
occurance of Raynaud's phenomenon and the absence of renal disease also
characterized this disorder. At nearly the same time, Mattioli and
Reichlin (1971) reported the occurance of an RNase sensitive extractable
nuclear antigen called Mo. Reactivity with this antigen was seen in 30 to
5ng of SLE patients, and it was subsequently shown to be identical to RNP
(Tan, et al., 1977). So while Sm reactivity shows high specificity for SLE
(although seen 1in only 20-4n% of patients), RNP reactivity can be seen in
SLE or MCTD, as well as discoid lupus, scleroderma, rheumatoid arthritis,
and Sjogren's syndrome (Tan 1982),

Notman, et al., (1975) tested numerous patients for RNP reactivity and
observed uniformly high titers in MCTD patients and lower frequency of high
titer in SLF as well as other syndromes. There has been some uncertainty
over the <classification of MCTD as a distinct disease syndrome.
Distinguishing MCTD from dermato/polymyositis and scleroderma may be of
particular importance because of the good response to steroid therapy of
the former, but not the latter disease (Tan 10%7), MCTD appears to be
distinguishable from other related syndromes by the presence of high titers
exclusively to RNP- other conditions more likely reveal additional antibody
reactivities (Tan and pPeebles 1973), Thus, Sm antigen reactivity is seen
in 30-40% of SLE patients and represents a specific disease marker; RNP
reactivity, while seen in a variety of disorders, may contribute

significantly to the diagnosis of MCTD (in the absence of other antibody






reactivities) and is associated with favorable prognosis in those cases.

Since the discovery of Sm antigen reactivity in 945 (Tan and <Xunkel,
1054) and RNP in the early 1970's (Mattioli and Reichlin '071; Sharp, et
al., 1972; Northway and Tan 1077) numerous studies have been carried out,
aimed at defining the biochemical composition of these nuclear antigens.
Northway and Tan (197?) wused DFEAF chromatography, gel filtration, and
sucrose density centrifugation to show that while some Sm reactivity could
be isolated separate from RNP, the rest always copurified with RNP-reactive
antigen. This finding was confirmed by Mattioli and Reichlin (107?),
Numerous reports have been made regarding the putative protein constituents
of snRNPs., While 1little agreement appeared at first, a consensus is
beginning to emerge from reports of recent years. Douvas, et al. (10703)
used anti RNP affinity columns to describe two proteins of 12 and 2N kd.
Takano et al. (1981) described RNP antigens of 30 kd, 13 kd, and 455 kd
while Sm antigen appeared to be several peptides in the 12 kd weight range.
Agelli, et al.. (198n) described a <5 kd protein thought to be Sm. Waelti
and Hess (1920) identified putative Sm antigens of 110 and ?° kd. Barque,
et al. (1921) described 4 Sm and RNP polypeptides in the 10-20 kd weight
range. White and Hoch (1081) described several Sm and RNP peptides using
immunoblots. Lerner and Steitz (1979) reported 7 peptides in the weight
range of 172-35 kd, immunoprecipitable from ?Ss—methionine labeled Ehrlich
ascites mouse cells. This pattern of peptides ranging from 32,000 d to
9,0 d and named A through G, has been recognized by a number of
independant investigators in recent years (Conner, et al., 1082; Matter, et
al., 1982; Xinlaw, et al., 19%3; Wieben, et al., 1083),

Lerner and Steitz (1979) demonstrated that immunoprecipitates from

nuclear extracts using Sm and RNP sera contained U series small nuclear RNA
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species. While Sm sera precipitated U7, U2, U4, US, and U5, RNP sera
precipitated Ul RNA only. These observations both assigned a biochemical
niche to these previously described RNA's and provided the suggestion that
gm and RNP antibodies may be of great use in further analysis of structural
and functional properties of the U RNA containing complexes.

The U series small nuclear RNAs comprise 0,1-1% of total cellular RNA,
They were named (Hodnett and Busch 104°) for their uridylic acid-rich
nucleotide composition. Gmall nuclear RNAs have been identified in normal
and malignant cells, vertebrates, invertebrates, dinoflagellates, and
plants (Reddy and Busch, 19%3). Numerous small RNA species have been
identified in addition to these U RNAs. The 7S species (Bishop, et 3l.,
107n) is one which has been demonstrated (Walter and BRlobel 19%7) to
participate in a known biological activity. 1In association with several
peptides, this RVA forms the signal recognition particle shown to be
critical in polysome-endoplasmic reticulum interactions during translation
of membrane and secretory proteins (Walter and Blobel 19”1a,b; Walter, et
al., 1921). PAnother small RNA with known functional importance is the
species contained in the e. coli RNase P complex, a particle involved in
tRNA maturation (Kole and Altman 1979), These two small RNAs (7S and RNase
P) differ from U series RNA in lacking 5' caps. The 1J RNAs all contain
methylated caps at their 5' ends and are RNA polymerase TI transcripts, as
demonstrated by alpha-amanitin sensitive transcription. Trimethylguanosine
(Saponara and Enger 1959) was identified in U', U2, and !J? RNAs (Reddy, et
al., 1972)- present in a ='-5' triphosphate linkage (Rottman, et al., 1074;
Ro-Choi, et al., 1975; Reddy, et al., 1975). Following the discovery of
these caps on U RNAs, similar such caps were discovered in viral and

eukaryotic mRNAs (Rottman, et al., 1974; Shatkin, et al., 1975) containing
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7-methylguanosine.

Ul RNA was identified as a nuclear species by cell fractionation
(Weinberg and Penman 1052; Hodnett and Busch 104%), Sequence analysis hes
led to postulated models which predict a secobdary structure involving
formation of £ hydrogen bonded stems (see Figure 1) (¥rol, et al., 19%1a).
Enzymatic digestion followed by immunoprecipitation (Epstein, et al., 10°1)
suggests 2 regions of susceptibility: the 7 most 5' nucleotides, and the
region near nucleotide 1n7. These regions (particularly the 5' end which
undergoes  less 2° folding, see Figure 1) are good candidates for
participation in the formation of transient base pairs with splice
junctions. After Ul RNA the next most abundant small nuclear RNA species
is U2. This species contains ?'-0-methylated nucleotides and an unusual
number of pseudouridine residues at its 5' end. A U?-like species has been
found in wheat and differs only slightly from rat U?, U? RNA is a
nucleolar species, capable of hydrogen bonding to 255 and 2% RNAs
(Prestayko, et al., 1971) and is not precipitated by Sm or RNP sera. Tt
resides as a ribonucleoprotein complex in nucleoli (Prestayko, et al.,
1971) . U is another nucleoplasmic species containing the
trimethylguanosine cap (Xrol, et al., 19%1a; Reddy, et al., 1921), Tt
bears extensive homology to Ul and is highly conserved (as is the case with
the other U RNAs) (Krol, et al., 19%1). US RNA is the most uridine rich U
RNA (Krol, et al., 1981b). Tt also contains the trimethylguanosine cap
(Krol, et al., 1981a). In contrast to the other U RNAs, the U5 RNA species
lacks trimethylqguanosine in its cap and contains numerous methylated
nucleotides 1in its central sequences. Other U species are methylated on
nucleotides towards the 5' end of the molecule. The suggestion that UA may

associate with newly transcribed RNA (Reddy and Busch, 1023) may implicate






this species in some aspect of RNA processing.

The synthesis and metabolism of U RNAs is of considerable interest in
relation to snRNPs. Larger than mature precursors of U! and U? have been
identified in the cytosol following ?H-uridine pulse labeling (Rlcieri
1974; Fredericksen and Hellung-Larsen 1975; Zieve and Perman 1075),
Salditt-seorgieff, et él., (1¢3n) have identified snRNA precursors by
virtue of their methylated cap structures. UV irradiation (to which snRrnA
transcription is sensitive) has suggested transcription units for U1 and U?
as large as 5 kb (Elcieri 1979), Transcription thus appears to be followed
by very rapid (<10 minutes) transport of precursor species to the cytoplasm
where further methylation (processing) may occur.. Within 15 minutes,
mature forms of these U RNAs appear in the nucleus- these nuclear forms
being quite stable as would perhaps be expected if the RNAs were associated
with proteins. Two additional sets of experiments have been carried out
which bear on cellular location of these RNAs., Microinjection of the RNAs
in the cytoplasm is followed by transport into the nucleus, where they are
associated with snRNP proteins (DeRobertis, et al., 198?). Nuclear
transplantation in ameba (Goldstein, et al., 1977) has suggested that U
RNAs shuttle between the nucleus and cytoplasm. A considerable proportion
of snRNPs have been suggested to associate with the nuclear matrix
(Vogelstein and Hunt 1932). Deng, et al. (1981) have shown an intriguing
change in location of Sm antigen related to the cell cycle. Sm reactivity
can be seen in the nucleus during G and S. However, Sm antigen appears to
be located outside the nucleus during 72 and away from the chromatin during
mitosis. Several unique features of the genes encoding !) RNAs have been
described. The genes appear to be dispersed throughout the genome although

with similar immediate surroundings (Roop, et al, 1081; Manser and
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Gesteland 1981; Denison, et al., 10%1; Manser and Gesteland 1027), These
genes lack intervening sequences and polyadenylation signals (AATAAA near
the 3' end of the RNA) (Reddy and Busch 10R3; Roop, et al., 19%1; Manser
and Gesteland 1082). As many as 1M fold more pseudogenes exist for U1-2
RNAs than true genes (Denison, et al., 10°1),

Based on various structural features of the U7 RNA,  the suggestions
have been made (Lerner, et al., 19°0; Rogers and Wall 1020) that this
species may participate in RNA:RNA splicing. U RNAs have been seen to
associate with hnRNPs (Sekeris and Niessing 1078) and to be capable of
hydrogen bonding to hnRNA (Northemann, et al., 1977; Northemann, et al.,
1979). Crosslinking studies have also identified 1" and U? RNAs in
association with hnRNA (Calvet and Pederson '081; Calvet, et al., 1082), A
consensus sequence found near the 5' end of U RNA bears homology with
known splice junctions. This 5' end sequence is identical in all known ™M
species. Ul RNA containing snRNPs appear to be capable of binding to &'
splice junctions in vitro (Mount, et al., 1982), Several experiments have
demonstrated selective blocking of splicing events when anti-!J1 snRNP
antibodies were added to isolated nuclear (Yang, et al., 19”1) or in vitro
(Padgett, et al., 1922) transcription/splicing systems. ‘The splicing
activity of another in vitro transcription/splicing system has been shown
to reside in a fraction containing snRNPs (Hernandez and ¥eller 1083),
Perhaps argueing against this role for Ul RNA in splicing is the
observation of Weissman, et al. (198?). The splicing efficiency of globin
precursor RNAs which contained changes in the Ul homologous consensus
sequence was high, despite lost complementarity to Ul. Other roles for
which U RNAs have been postulated include transport (Reddy and Busch, 108%;

Hellung-Larsen and Fredericksen 1977), control of transcription (Britten






- L

and Davidson '030; Prestayko, et al., 197)1; Hellung-Larsen and Fredericksen
1977; Light and Molin 1923?), and chromatin structure (Pederson and BRhorjee
1979).

Considerably more is known at the structural and biochemical level
about the U RNA species than the proteins with which they associate in
snRNPs. Since these proteins undoubtedly underly a significant role in the
structure and perhaps function of snRNPS, further study of these species
may be useful in improving the understanding of snRNP particles. The four
following chapters describe experiments carried out with that purpose,
making use of the naturally ocurring antibodies reactive with snRNPS, those

of the Sm and RNP specificities seen in SLE and allied autoimmune diseases.






Figure 1

proposed secondary structure for rat =1 RNA,
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Chapter 2

Protein Constituents of snRNPs

ABSTRACT

The protein constituents of small nuclear ribonucleoproteins (snRNPs)

*s-methionine internal labeling followed by

have been analyzed by
immunoprecipitation with SLE sera. The eight peptides termed A-5 were
identified and further studied by in vitro translation analysis. Fach
protein was synthesized by the wheat germ cell free extract in the presence
of appropriate RNA. Furthermore, protease digestion studies and RNA
fractionation coupled to in vitro translation have revealed that these

eight snRNP proteins are encoded by separate mRNAs and are not related by

post-translational cleavage.
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Chapter 2

RESULTS

Endogennus Labeled SnRNP Proteins

Considerable controversy has historicaly surroun”ed questions of the
identity of protein constituents in small nuclear ribonucleoproteins.
Immunoprecipitation studies were carried out to analyze this question,
utilizing human autoimmune sera shown to be reactive with these particles.
Metabolic labeling was carried out on the human myeloid cell 1line X542

using 35

S-methionine and incubating for 15 hours in RPMT 1640 medium made
deficient in methionine. Immunoprecipitation was carried out using serum
from a patient with SLE, dispiaying anti Sm serology as determined by
passive hemagglutination. QSS-methionine labeled cells were lysed
hypotonically and nuclei extracted using 0.2 M NaCl. Post nuclear
supernatent was immunoprecipitated by anti Sm antibodies followed by
Protein A Sepharose 4B, washing, elution, and SnS-polyacrylamide gel
electrophoretic analysis,

Figure 2 shows the pattern of precipitated wss—labeled peptides when

anti Sm (lane 1) or normal human serum (lane ?) are used. The eight

peptides labeled A-G migrate with mobility corresponding approximately to:

A- 32,000 4
B- 25,000 d
B'- 25,0n0 d
C- 19,000 4
D- 15,000 4
E- 12,000 4
F- 11,000 4
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G- 8,000 d.

Since the snRNP proteins reside in particles in vivo, it was felt to be
likely that any nonantigenic snRNP peptides should be visualized following
immunoprecipitation by virtue of coprecipitation phenomena (discussed
further for the anti RNP serology in Chapter ). The possibility that
other snRNP peptides may show sensitivity, particularly to divalent cation
concentrations has been tested under conditions of 5 mM MgCl, and 25 mM
EDTA revealing no apparent sensitivity of snRNP components to these agents
(data not shown).

In vitro Translation g{ SnRNP Proteins

Further analysis of snRNP peptides was carried out by in vitro
translation. RNA was extracted from X542 cells and the poly A+ fraction
was translated using wheat germ cell-free extract. Tmmunoprecipitation of
translation products is shown in Figure 3. All eight peptides were clearly
seen from precipitates of poly A+ RNA translation products. The poly A-
fraction (defined only by repeated passage over oligo dT cellulose)
appeared to contain mRNAs for most of the peptides, although the
possibility certainly exists that residual A+ RNA was present in this
fraction. Relative decreases in A, B, and B' are seen as well, in products
of total RNA translation. While it is difficult to accurately compare
quantitative aspects of these different fractions, the presence of all R
SNRNP peptides in the poly A+ translation is firmly evident., Furthermore,
no gross changes in mobility are seen for any of the peptides relative to
in vivo labeled snRNPs, an observation which has been made by running in

vivo and in vitro generated snRNPs in adjacent lanes of the same gel (data

not shown).
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Proteolytic Cleavage Patterns

pPreliminary experiments were carried out to study relatedness of the
various snRNP peptides. Protease cleavage was carried out with
chymotrypsin and protease V2 to search for possible precursor-product
relationships among the proteins. A typical experiment with such analysis

is illustrated in Figure 4, In vivo 5

S-methionine labeled,
immunoprecipitated sn?NP peptides A, B, B', and D were cut out of an SPS
polyacrylamide gel (as in Figures ? and 3) and subjected to proteolysis
with chymotrypsin according to the method of Cleveland, (1977)Fnzyme
concentrations of 10, 1, and 9.1 ug per lane were used, as indicated. The
untreated peptides are seen to migrate essentially the same as in Figures 1
and 2, with some differences due to the 20% polyacrylamide concentration
used in the proteolysis gel (vs. 15% in other experiments). Comparison of
the cleavage patterns for these four peptides reveals no striking
similarities. While occasional proteolytic fragments comigrate for
different peptides, the vast majority of 1lytic products form migration
patterns which appear to be unique for each protein.

Fractionation of RNA Encoding SnRNP Proteins

To further study the possibility that precursor-product relationships
exist among the Sm-precipitated snRNP proteins, size fractionation of poly
A+ RNA was carried out prior to in vitro translation. Tf any two of the
SNnRNP proteins are encoded by the same mRNA, but differ by post-
translational cleavage or processing, then their mRNAs should not be
separable by size fractionation. K552 poly A+ RNA was fractionated on a
10-30% sucrose gradient, each fraction was translated, and the products
were immunoprecipitated with Sm serum. Figure S5 shows such a fractionation

experiment. 1Tn 5a, 3 ul of total translation products were analyzed
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(without immunoprecipitation). Clear evidence appears for different sized
proteins derived from the RNA gradient fractions. Figure 5b shows
translation products immunoprecipitated using an Sm serum. The eight Sm-
precipitable proteins are seen to be resolved into seven fractions. The
mRNAs for proteins A-G appear to migrate separately in the sucrose
gradient. Tt is noteworthy that the peak fractions of mRNA for proteins B
and B' are reversed relative to the sizes of the two proteins. These data
suggest that the eight snRNP proteins are translated from separate mRNAs.
Furthermore, it was observed that the Sm serum was able to precipitate the

eight labeled snRNP proteins in the absence of one another.

NISCUSSTON

Immunoprecipitation coupled to cell free translation studies have been
carried out to analyze the biochemical identity of snRNP proteins. The
results have demonstrated that all 28 snRNP proteins defined by

precipitation from 3

S-methionine labeled cells, can be translated in vitro
and recognized by SLE sera. SDS-polyacrylamide gel electrophoretic
migration revealed no apparent differences in mobility of the snRNP
proteins generated in vitro and in vivo (Fig. 3) suggesting that major
post-translational processing events either to not occur or have occured to
completion in the translation system. The observation that the RNA's
encoding the R proteins were separable discounts the possibility that these
proteins are related as precursor-product. The data suggest that eight
separate mMRNA's encode snRNP proteins A-G. Furthermore, the relative RNA

sizes correspond to the protein molecular weights (as judged by sucrose

gradient migration). The only exception is the mRNA for protein B' which
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migrates as a larger RNA than that encoding B. In light of the very
similar sizes of proteins B and B' as well as the appearance of only one
"B" band following immunoprecipitation of rodent sn”NP's (Lerner and Steitz
1979), it 1is of significance that they are translated from separate
messages and are not variants of the same primary translation product.
Chymotryptic peptides also clearly distinguish the proteins from one
another (Figure 4). The reports (Conner, et al., 19%?; Petterson, et al.,
1984) that a monoclonal antibody is capable of recognizing proteins B and »
is of related interest. While the possibility that these proteins are
related as precursor-product appears unlikely, the sharing of antigenic
determinants suggests the possibility of some relationship among these
proteins at either the ™NA or mRNA processing levels although no obvious
shared proteolytic fragments were observed for these proteins (Figure 4).
Shared determinants could suggest that a limited idiotype repertoire may be
sufficient for recognition of the many snRNP proteins by autoimmune sera.
Several groups have described an antigenic peptide of approximately 6%,0Nnd
thought to be contained in certain snRNP particles (Hinterberger, et al.,
1983; Kinlaw, et al., 1982; White and Hoch 1981). While larger peptides
appear in immunoprecipitates and immunoblots with certain sera, screening
in this laboratory of numerous MCTD and SLE sera has not revealed
correlation of any particular high molecular weight band with either Sm or
RNP serology (Conner, et al., 1982). Antibodies against a nuclear matrix
protein of approximately the same molecular weight have been described in
many MCTD sera Habets, et al. (1983). Further studies regarding the
identity and immunogenicity of these larger peptides are currently in
progress, utilizing several recently generated monoclonal antibodies (W.

Reeves, personal communication)., Experiments in this laboratory have not






demonstrated the presence of any additional sn®NP peptides in the range of
15,000-33,00nd (other than A-G), as reported by several other groups
(Hinterberger, et al., 1982; Kinlaw, et al., 1983)., Wwhile occasional
immunoprecipitates have revealed such additional bands, comparison of total
lysate proteins has generally revealed those species to correspond to very
abundant cellular proteins. Lack of these bands in immunoprecipitates of
in vitro translation products from size fractionated poly A+ RNA (Figure

5b) supports this notion.



Figure 2

Small Nuclear ribonucleoproteins recognized by Sm serum, ?Ss-methionine

labeled K542 cells were lysed and immunoprecipitated using normal human

serum (NHS) or Sm autoimmune serum (Sm). SnRNP peptides A-G are labeled.
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Fi_g_ure ?

In vitro translation of sSnRNP proteins. RNA from the ¥552 cell 1line was

"extracted, and either translated directly (tot.) or fractionated into poly
A+ (A+) and poly A~ (A") fractions prior to translation using wheat gemm
cell free extract. Translation products were immuno precipitated with Sm

serum,












Figure 4

Peptide mapping of 4 SnRNP peptides. peptides A, B, B', and N were excised

from a resolving S gel as gel slices, which were placed into wells of a
2n% SpS-polyacrylamide gel and overlaid with chymotrypsin in loading buffer
(either 0.1, 1, or 10 ug enzyme per lane as indicated). Samples receiving
no enzyme are labeled "uncut." Peptides were run intc the stacking gel,
allowed to digest at room temperature, and then resolved as described
(Cleveland, et al., 1977)., The cleavage patterns do not resemble patterns

predicted for post-translationally modified forms of the same peptide.
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Figure S

Sucrose gradient fractionation of mRNAs encoding SnRNP proteins. K562 poly

A+ RNA was fractionated on a 10-30% sucrose gradient and precipitated with
ethanol, and each fraction was translated in a cell-free system. Figure 52
shows 3 ul aliquots of total translatiog products from each fraction.
Figure Sb shows Sm immunoprecipitates of translation products from the

fractions. Lane 1 represents the top of the gradient.
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Chapter 3

Specificities of the snRNP reactive human autoantibodies, anti-Sm and anti-RNP

ABSTRACT

Antibodies directed against small nuclear ribonucleoprotein (snPNP)
particles are found in the Sm anmd RNP autoimmune sera from numerous
patients with systemic 1lupus erythematosus (SLE) and mixed connective
tissue disease (MCTD). While these autoimmune sera contain snRNP reactive
antibodies, distinctions in antigen binding specificity have been difficult
to define because of the particulate nature of the snRNP antigen. To
overcome this problem, while obtaining the antigen in a native state,
cell-free translation of poly A+ RNA was carried out., 7Tn addition, cells
were pulse labeled with *Ss_methionine for 8 minutes to generate
radioactive snRNP proteins in forms reflecting incomplete de novo particle
assembly. Immunoprecipitation of snRNP antigen prepared in these manners
revealed clearly distinct patterns of Sm and RNP immunorecognition. Wwhile
Sn sera precipitated all 8 1labeled snRNP proteins, RNP antibodies
precipitated only 2 of the eight. One of the proteins (the A protein) of
32,000d was seen to lose antigenicity upon RNase treatment either ‘when
extracted from cells or when generated in vitro. RNase treatment of
immunoprecipitated snRNP's released the A protein in an electrophoretically
pure form. Analysis of in vitro translated snRNP's has revealed the

presence of both unassembled and assembled particles as determined by
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