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ABSTRACT U5 small nuclear ribonucleoprotein (snRNP),
purified from HeLa nuclear extracts (splicing extracts), shows
a complex protein composition. In addition to the snRNP
proteins B', B, D, D', E, F, and G, which are present in each
of the major snRNPs Ul, U2, U4/U6, and U5, U5 snRNP
contains a number of unique proteins characterized by appar-
ent molecular masses of 40, 52, 100, 102, 116, and 200 (mostly
a double band) kDa. The latter set of proteins may be regarded
as US-specific for the following reasons. They are not only
eluted specifically, together with snRNP particles, from anti-
2,2,7-trimethylguanosine immunoaffinity columns by 7-
methylguanosine, they also cofractionate with US snRNP dur-
ing chromatography and, most importantly, in glycerol gra-
dient centrifugation. These U5 snRNP particles show a high
sedimentation constant of about 20S. US snRNPs that lack the
US-specific proteins are also found in nuclear extracts but have
(in comparison) a lower sedimentation value of only 8-10S.
Autoimmune sera from patients with systemic lupus erythe-
matosus were identified that, on immunoblots with purified US
snRNP proteins, reacted selectively with the 100- or 200-kDa
proteins. This indicates that at least the high molecular mass
US-specific proteins are structurally distinct and not derived
one from the other by proteolytic degradation. The existence of
s0 many unique proteins in the U5 snRNP suggests that this
snRNP particle may exert its function during splicing mainly by
virtue of its protein components.

U5 small nuclear ribonucleoprotein (snRNP) is one of the
major snRNP particles found in the nucleoplasm of all
eukaryotic cells investigated so far. It is presumed to partic-
ipate in the splicing of nuclear pre-mRNA molecules (re-
viewed in refs. 1-3). In particular, it has been suggested that
U5 snRNP might be involved in the recognition of the 3’ end
of an intron. This was inferred indirectly from nuclease
protection experiments, which revealed the association of an
snRNP-containing particle with the 3’ splice site. This par-
ticle was highly resistant to treatment with nucleases, a
property that, of the abundant snRNPs, is only shown by U5
snRNP (4). Further evidence for the involvement of US
snRNP in the splicing reaction was adduced by the demon-
stration that it is part of the spliceosome (5, 6). It seems most
probable that the U5 snRNP particle does not enter the
spliceosome as such, but instead, in an ATP-requiring pro-
cess, associates with U4/U6 snRNPs. This association re-
sults in the formation of a multi-snRNP complex, which then
becomes integrated in the splicing complex (7, 8). The
interaction of U5 with U4/U6 snRNP appears to be of
dynamic nature, since the multi-snRNP complex dissociates
again as the splicing reaction proceeds. While U4 snRNP is
released during splicing, US snRNP and U6 small nuclear
RNA (snRNA), and probably U2 snRNP, remain associated
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with the excised intron (8, 9). Comparison of mammalian and
yeast in vitro splicing systems reveals apparently similar
behavior of U5 snRNP as part of the spliceosome (10, 11).

In contrast to the detailed information on the sequence of
events leading to the integration of the US snRNP into and its
dissociation from the spliceosome, the structure of the U5
snRNP and in particular its protein composition remain
enigmatic. It is established that US snRNP possesses the set
of seven proteins, B’, B, D, D', E, F, and G, that are also
contained in the other major snRNPs U1, U2,-and U4/U6
(refs. 12-14; reviewed in ref. 15). However, when it comes to
putative mammalian U5-specific proteins, the situation is far
from being clear. Thus, Lelay-Taha et al. (13) identified a
25-kDa protein by methionine-labeling in vivo. This protein
cofractionated with US RNA during various purification
steps, which included CsCl gradient centrifugation. Two
further polypeptides have been described as candidates for
US snRNP proteins; these share the ability to recognize the
3’ end of an intron but differ in their molecular masses—70
kDa (16) and 100 kDa (17). Interestingly, they both associate
with snRNPs at low Mg?* concentrations only (<10 mM) (16,
17), which might explain the fact that they were not discov-
ered in snRNPs prepared at higher Mg?* concentrations (12,
14). The most direct evidence for a U5 snRNA-associated
specific protein has been provided by Lossky et al., working
on yeast (18). These workers were able to demonstrate that
rabbit antibodies raised against the yeast RNA 8 product, a
260-kDa protein, can precipitate the yeast US snRNA equiv-
alents, snR7L and snR7S (19), from nuclear extracts. More-
over, they were able to show that this protein was also
involved in an ATP-dependent association with two other
small nuclear RNAs, snR14 and snRé6 [the counterparts of
mammalian U4 and U6 RNA (20)].

The observations described above make clear the increas-
ing need for a comparative analysis of the protein composi-
tion of US snRNPs isolated from HeLa nuclear extracts
prepared under various salt conditions. We demonstrate that
a fraction of U5 snRNPs purified from splicing extracts by
anti-2,2,7-trimethylguanosine (Me;Gua) affinity chromatog-
raphy exhibits a complex protein composition containing at
least six US5-specific polypeptides in the range of 40-200 kDa.

MATERIALS AND METHODS

Cells and Anti-Sera. HeLa cells (S3) were grown in sus-
pension culture as described (21). Sera from patients diag-
nosed as having systemic lupus erythematosus (SLE) or
mixed connective tissue disease (MCTD) were used as a

Abbreviations: snRNA, small nuclear RNA; snRNP, small nuclear
ribonucleoprotein; MesGua, 2,2,7-trimethylguanosine; SLE, sys-
temic lupus erythematosus; MCTD, mixed connective tissue dis-
ease; mAb, monoclonal antibody.
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source of antibodies reacting with the U5 snRNP-specific
proteins; these were obtained through the help of H. A. Peter
(Freiburg, F.R.G.). Anti-Sm-type monoclonal antibody
(mAb) Y12 (22) was a gift of J. A. Steitz.

Preparation of Nuclear Extracts. For the preparation of
NX-50 extracts, HeLa cells were first fractionated into
cytoplasm and nuclei essentially as described by Zieve and
Penman (23) except that the DNase digestion step was
omitted. Splicing extracts were prepared from HeLa nuclei as
described by Dignam et al. (24).

Anti-Me;Gua Immunoaffinity Chromatography of snRNPs.
Affinity purification of snRNPs U1-U6 from NX-50 extracts
was performed by using mAb H-20 bound covalently to
CNBr-activated Sepharose 4B, essentially as described (25).

When snRNPs were to be isolated from splicing extracts,
the anti-Me;Gua affinity column was equilibrated with a
buffer containing 20 mM Hepes adjusted with KOH to pH
7.9/420 mM NaCl/1.5 mM MgCl,/0.2 mM EDTA adjusted
with NaOH to pH 8/0.5 mM dithiothreitol, 0.5 mM phenyl-
methylsulfonyl fluoride/5% glycerol (buffer C-5). Splicing
extracts from 5 X 10% cells (i.e., about 15 ml) were thawed and
centrifuged at 16,500 X g for 10 min. The supernatant was
diluted by addition of 4 volumes of buffer C (the same as C-5
but lacking glycerol) and then passed over the anti-Me;Gua
affinity column (5-ml bed volume) overnight. Washing of the
column and specific desorption of antibody-bound snRNPs
by elution with 7-methylguanosine were carried out essen-
tially as described (14) except that buffer C-5 was used in all
steps.

Mono Q Chromatography of snRNPs U1-U6. A mixture of
about 10 mg of snRNPs U1-Ué6 isolated from splicing extracts
in =30 ml of the 7-methylguanosine elution buffer used in the
anti-Me;Gua affinity chromatography (containing 420 mM
NaCl; see above) was diluted with 2 volumes of Mono Q 0
buffer [20 mM Tris'HCI (pH 7)/1.5 mM MgCl,/0.5 mM
dithiothreitol/1 mM phenylmethylsulfonyl fluoride/2 ug of
leupeptin per ml] and allowed to adsorb to a Mono Q column
(1-ml bed volume). All steps were carried out at 4°C. The
snRNPs were then fractionated by elution in Mono Q-O
buffer containing added KCl at a concentration that rose
stepwise from 50 mM to 1 M (see the profile in Figs. 2 and 3)
at a flow rate of 1 ml/min. The fractionation of snRNPs
U1-U6 isolated by anti-Me;Gua affinity chromatography
from NX-50 followed the same protocol except that the Mono
Q buffer contained 15 mM MgCl, instead of 1.5 mM. The
RNA and protein contact of fractions containing snRNPs was
determined as described (21).

Glycerol Gradient Centrifugation. Mono Q fractions con-
taining US snRNPs prepared as described above were layered
onto a linear 5-20% (vol/vol) glycerol gradient in a buffer
containing 20 mM Tris"HCI (pH 7.0) (or Hepes adjusted with
KOH to pH 7.9), 150 mM KCl, 1.5 mM MgCl,, 0.5 mM
phenylmethylsulfonyl fluoride, 0.5 mM dithiothreitol, and 2
ug of leupeptin per ml. The gradients were centrifuged in a
Beckman SW 60 Ti rotor at 84,000 x g for 20 hr.

Immunoblot. Total protein of 20S US snRNPs purified by
glycerol gradient centrifugation was separated on a sodium
dodecyl sulfate (SDS)/polyacrylamide gradient (4-20%) gel
and transferred electrophoretically onto nitrocellulose (26).
Probing of snRNP proteins with anti-Sm or anti-RNP au-
toimmune sera or with mAbs was carried out essentially as
described (27).

RESULTS

Protein Composition of snRNPs U1-U6 Isolated from Splic-
ing Extracts Versus Extracts Prepared at High Mg?* Concen-
trations. Two kinds of nuclear extracts from HeLa cells were
used as starting material for affinity chromatography of U
snRNPs with immobilized anti-Me;Gua antibodies. In the
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first procedure, nuclei from HeLa cells were extracted with
a buffer containing 0.5 M NaCl and 50 mM MgCl,. This
extract will be termed NX-50 (for nuclear extract with 50 mM
MgCl,). In the second procedure, nuclear extracts capable of
splicing pre-mRNA molecules in vitro were prepared
(splicing extracts).

An example of the RNA and polypeptide composition of
the mixture of snRNPs U1-U6 obtained by anti-Me;Gua
affinity chromatography from both extracts is shown in Fig.
1. The most striking difference between the two snRNP
preparations becomes apparent when their protein composi-
tions are compared. Although the snRNP polypeptides 70-
kDa, A, A’, B’,B,B",C,D, D', E, F, and G are present in
both snRNP preparations, several proteins characterized by
molecular masses of about 100, 102, 116, and 200 kDa were
found only in the snRNPs isolated from splicing extracts (Fig.
1B, lanes 1 and 2). It should be noted that the 200-kDa protein
sometimes migrates as a broad band (as in Fig. 1B) or
separates into two bands of similar masses (e.g., see Fig. 5).
Owing to the lack of appropriate markers, the molecular mass
estimation of the latter protein(s) must be regarded as rather
tentative.

Cofractionation of High Molecular Mass Proteins with US
snRNP on Mono Q Columns. Next, we investigated whether
the high molecular mass proteins partitioned among the
various snRNP species or whether they were associated with
only one of them. For this purpose the mixture of snRNPs
U1-U6 isolated from splicing extracts was first subjected to
ion-exchange fast protein liquid chromatography on a Mono
Q column. The fractionation conditions were similar to those
described by Krimer et al. (28) for total nuclear extracts. The
analysis of protein and RNA composition of the main frac-
tions from the various RNP peaks obtained along the salt
gradient is displayed in Fig. 2. The greater part of the high
molecular mass proteins is contained in the first major RNP
peak, fractions 18-22 (eluted with 0.37 M salt; Fig. 2C, lane
1). This peak contains predominantly Ul snRNPs and a
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FiG. 1. Purification of snRNPs U1-U6 from NX-50 and splicing
extracts by anti-Me;Gua immunoaffinity chromatography. (4) Sil-
ver-stained RNAs after fractionation in denaturing polyacrylamide
gels extracted from 7-methylguanosine eluate from splicing extracts
(lane 1) and from NX-50 (lane 2). The two RNA preparations were
separated on distinct polyacrylamide gels. (B) Coomassie brilliant
blue-stained proteins extracted from purified snRNPs isolated from
splicing extracts (lane 1) or NX-50 (lane 2) after separation on
SDS/polyacrylamide gradient (4—20%) gels. Lane M shows marker
proteins (200, 116.25, 92.5, 66.2, and 45 kDa from top to bottom).
Arrows in lane 1 indicate the position of the 40- and 52-kDa U5
snRNP proteins.
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FiG. 2. Fractionation by Mono Q chromatography of snRNPs
U1-Ué6 isolated from splicing extracts by anti-Me;Gua affinity chro-
matography. (A) ‘B’ is the Mono Q-1000 buffer with a KCl
concentration rising from zero to 1 M. - - -, Salt gradient profile; —,
absorbance at 280 nm. (B) RNA corresponding to 15 ug of the protein
mass of the fractions indicated at the top of the lanes was extracted,
run on a denaturing 10% polyacrylamide gel, and stained with silver.
(C) Proteins were extracted from corresponding fractions as in B,
separated on a SDS/polyacrylamide gradient (4-20%) gel, and
stained with Coomassie brilliant blue. Lanes: M, marker proteins
(see Fig. 1); I, RNA (B) and protein (C) composition of the snRNPs
subjected to the fractionation by Mono Q chromatography.

fraction of the U5 snRNPs originally applied to the column
(Fig. 2B, lane 1). The major part of the US snRNPs was eluted
together with the U2 snRNPs from the Mono Q column at
about 0.48 M salt (fractions 33 and 34). Interestingly, the
latter fractions were largely devoid of the high molecular
mass proteins (Fig. 2 B and C, lanes 2). These data suggest
that the high molecular mass proteins are associated either
with U1 or with a certain population of US snRNPs in splicing
extracts and that the presence of these proteins in the U5
snRNP causes elution of the particles from the Mono Q
column at lower salt concentrations.

The latter contention is supported indirectly by the follow-
ing findings. When snRNPs U1-U6 isolated from NX-50
extracts (which lack the high molecular mass proteins) were
fractionated on the Mono Q column under the same condi-
tions as described above, U5 snRNPs were completely
absent from the Ul snRNP-containing peak, which is eluted
at 0.29 M salt. In this case, all U5 snRNP particles fractionate
together with U2 snRNP in 0.4 M salt (Fig. 3, lanes 2 and 3,
respectively).

Cosedimentation of High Molecular Mass Proteins with US
snRNPs on Glycerol Gradients. More direct experimental
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F1G. 3. Fractionation by Mono Q chromatography of snRNPs
U1-U6 isolated by anti-Me3Gua affinity chromatography from NX-
50 extracts. (A) “B’’ is the Mono Q-1000 buffer with a KCl concen-
tration rising from zero to 1 M. ---, Salt gradient profile; —,
absorbance at 280 nm. (B) RNA corresponding to 15 ug of the protein
mass of the fractions from the Mono Q gradient as indicated at the
top of the lanes was extracted, run on a denaturing 10% polyacryl-
amide gel, and stained with silver. (C) Proteins were extracted from
corresponding fractions as in B, separated on a SDS/polyacrylamide
gradient (4-20%) gel, and stained with Coomassie brilliant blue.
Arrows show the position of the molecular weight markers (see Fig.
1). Lanes 1 show the RNA (B) and protein (C) composition of the
mixture of snRNPs U1-U6 subjected to Mono Q chromatography.

evidence for the association of the high molecular mass
proteins with U5 snRNPs was obtained by sedimentation
analysis in glycerol gradients of the mixture of US and Ul
snRNPs eluted from the Mono Q column in 0.37 M salt
(fraction 19 from Fig. 2). A major fraction of the US snRNP
sediments with a high sedimentation coefficient of about 20
S (Fig. 4A). Most important, the high molecular mass proteins
cosediment with this fraction of U5 snRNP (Fig. 4B). The
200-kDa protein appeared to migrate in a bimodal fashion.
The second peak at fraction 12 (Fig. 4B) may possibly
represent free 200-kDa protein. U5 snRNP particles isolated
from NX-50, when centrifuged under the same conditions,
sedimented at an S value of 8-10 only (Fig. 4C), which is in
agreement with our previous observations (29). Taken to-
gether, these data indicate that there is a physical association
of the high molecular mass proteins with US snRNPs from
splicing extracts that causes a dramatic shift of the sedimen-
tation constant of the US snRNPs from 8-10S to about 20S.

The residual amounts of Ul snRNPs contained in the U5
snRNP fraction appear to peak at an S value of 8-10. The
decreased S value is most probably because these Ul sn-
RNPs represent a fraction of Ul snRNP particles that have
lost all of the Ul-specific proteins 70 kDa, A, and C (see Fig.
3C). Ul snRNPs from NX-50, which are composed of a full
complement of Ul snRNPs (e.g., Fig. 3 B and C, lane 2)
sediment at 10-12S (29).
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FiG. 4. Sedimentation in glycerol gradients of U5 snRNP particles isolated by Mono Q chromatography from splicing extracts or NX-50
extracts. The RNP particles present in 300 ul of fraction 19 of the Mono Q chromatography of snRNPs U1-U6 from splicing extracts (Fig. 2)
and of fraction 18 of the Mono Q chromatography of snRNPs U1-U6 from NX-50 (Fig. 3), were subjected to glycerol gradient centrifugation.
(A) Gel fractionated RNAs obtained by phenol extraction of RNPs contained in the glycerol gradient of the fraction 19. Staining of RNAs was
performed with silver. (B) Proteins extracted from the same fractions of the glycerol gradient (corresponding to 70 ul of the glycerol gradient
fraction) as in A after separation on a SDS/polyacrylamide gradient (4-20%) gel. Arrows in lane 4 indicate the position of the 40- and 52-kDa
US snRNP proteins. Staining of proteins was with Coomassie brilliant blue. Lanes 1’ in A and B correspond to 70 ul of pooled fractions 1-3
from the gradient. (C) Experiment identical with that of A with purified US snRNP from NX-50 extracts (fraction 18, Fig. 3). S values for 5S,
16S, and 23S Escherichia coli rRNAs, respectively, used as standards are indicated in A and C.

Apart from the common proteins B'-G and the high
molecular mass proteins, two further polypeptides of appar-
ent molecular masses of 40 and 52 kDa were also found in the
20S US snRNP particles (Fig. 4B). Therefore, they may be
considered as further candidates for US snRNP-specific
proteins.

Differential Reactivity of U5 snRNP-Specific Proteins with
Autoimmune Sera. It has been demonstrated during recent
years that patients suffering from connective tissue diseases
such as SLE or MCTD can produce autoantibodies against
every snRNP protein described so far (for review, see ref.
30). Therefore, we investigated whether these sera might also
contain antibodies reacting with the high molecular mass US
snRNPs.

" Among 15 sera that had been selected from our serum
collection by reason of their high titer in anti-Sm or anti-RNP,
we indeed found a number that reacted in an immunoblotting
test (see Fig. S for selected examples). Total proteins from
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Fig. 5. Reactivity of US snRNP-specific polypeptides with anti-
Sm and anti-RNP sera. (A) Immobilized proteins from 20S US
snRNPs (purified by glycerol gradient centrifugation as described in
Fig. 4) probed with normal human control serum (lane 1) and with
sera from patients suffering from SLE and MCTD (lanes 2-6). Sera
used in lanes 2, 3, 4, and 6 were characterized as being anti-Sm by
the criteria that they precipitated all snRNPs U1-U6 from nuclear
extracts and contained antibodies against the common snRNP pro-
teins B’/B (lanes 2, 3, and 6) or B’/B and D (lane 4). In lane 5 an
anti-RNP antiserum was used that precipitated U1 snRNP only and
contained antibodies against the U1 snRNP-specific proteins 70 kDa
and A. (B) The same immobilized proteins probed with a mAb not
related to snRNP proteins (lane 1) and with mAb Y12 (lane 2).

20S US snRNP particles purified by glycerol gradient cen-
trifugation were used as antigenic material. Most of the sera
that contained antibodies against a specific US snRNP re-
acted with the 100-kDa protein. Sera with high titers against
this protein frequently showed a reaction with the 102-kDa
protein as well (e.g., Fig. 5A, lane 3). We have found so far
two sera that react (albeit weakly) with the proteins in the
200-kDa region (Fig. 5A, lanes 5 and 6). In contrast, none of
the sera tested until now have reacted with the 116-kDa or the
40- and 52-kDa proteins.

Most of the sera that react with the 100-kDa protein show
at the same time a reaction with proteins B and B’. This could
indicate the presence of Sm epitopes on the 100-kDa protein,
a hypothesis that is supported by our observation that the
monoclonal anti-Sm antibody Y12 also reacts with the 100-
kDa protein (Fig. 5B, lane 2). Depending on the concentration
of the 200-kDa proteins on the nitrocellulose, Y12 also
weakly reacts with these proteins, a result that could be
confirmed by ELISA (not shown). Thus, the 200-kDa pro-
teins may also bear Sm-related epitopes. It is interesting to
notice that the 100-kDa protein shows not only Sm-related
epitopes but also specific autoreactive epitopes. In Fig. 54,
lane S shows an anti-RNP antiserum that reacts with the
100-kDa protein but has no anti-Sm titer.

DISCUSSION

In this paper we have described several proteins with appar-
ent molecular masses of 200 (usually seen on the gel as a
double band), 116, 102, 100, 52, and 40 kDa. The following
evidence supports their consideration as candidates for US-
specific proteins.

(i) The proteins are not only eluted specifically, together
with the snRNP particles, from anti-Me;Gua columns by the
use of 7-methylguanosine, but also they cofractionate with
U5 snRNP in successive chromatographic steps on Mono Q
and in glycerol gradient centrifugation.

(ii) The physical properties of US snRNP particles (con-
taining these proteins) differ from those of US snRNPs
containing only the common proteins B'-G. The former are
eluted from Mono Q columns by a lower salt concentration
(0.37 M instead of 0.48 M) and have a markedly higher S value
in glycerol gradient centrifugation (20S instead of 8-10S). A
sedimentation constant at about 20S has been reported pre-
viously for US snRNPs in experiments where nuclear ex-
tracts from HeLa cells were subjected to centrifugation in
glycerol or sucrose gradients (8, 31). The precise reason for
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the dissociation of the US-specific proteins from US snRNPs
in the NX-50 extraction is not clear.

(iif) The physical association of the high molecular mass
proteins with U5 snRNPs is supported further by compara-
tive investigation of the 20S and the 8-10S US snRNPs under
the electron microscope. The former have an elongated,
tripartite structure, while the latter are smaller, with a rather
more round shape (B. Kastner, private communication).

Our finding that sera from patients with SLE or MCTD
react to different extents with the 100- and 200-kDa proteins
suggests strongly that the 100-kDa protein is not related to the
116- or 200-kDa proteins. The structural distinctiveness of
these proteins is supported further by a preliminary compar-
ative protease digestion experiment carried out with the 200-,
116-, and 100-kDa proteins (not shown). As yet, we have no
direct experimental evidence to extend this notion to the 40-
and 52-kDa proteins that comigrate with the 20S US snRNPs,
except that their abundance in US particles does not depend
on the use of protease inhibitors during the purification of the
snRNPs.

How do our data relate to other published results on
putative US snRNP-specific proteins (see the Introduction)?
The 25-kDa protein observed by Lelay-Taha et al. (13) was
not found in the 20S US snRNPs, whose purification is in this
paper. A further polypeptide has been detected by the same
group and proposed as a candidate for a US-specific protein;
it was characterized by a molecular weight of about 100-kDa,
reactivity with anti-Sm antibodies, and the ability to recog-
nize the polypyrimidine-rich 3’ end of an intron (17). The first
two criteria apply also to the 100-kDa protein detected in our
U5 snRNP preparation, which could indicate structural ho-
mology between the two proteins. While the 100-kDa protein
recognizes intron-containing pre-mRNA substrates in RNA
immunoblots, we have as yet no evidence that the 20S US
snRNP particle by itself interacts directly with the 3’ end of
an intron.

A protein that also recognized specifically the 3’ end of an
intron and showed anti-Sm antigenicity but has a molecular
weight of 70 kDa was described as a possible US-specific
polypeptide by Gerke and Steitz (16). While we failed to
detect such a protein in our 20S U5 snRNPs purified by
glycerol gradient centrifugation (see Figs. 4 and 5), we
sometimes have observed a 70-kDa protein in the mixture of
snRNPs U1-U6 obtained from splicing extracts by anti-
Me;Gua affinity chromatography. This protein reacts on
immunoblots with monoclonal anti-Sm antibody Y12 (unpub-
lished observation). Apparently, this protein is lost from the
snRNPs upon further fractionation on Mono Q columns. It
remains to be seen whether there is a structural relationship
between this protein and any of the US-specific high molec-
ular mass proteins described in this paper.

The most intriguing question concerns the possible struc-
tural and functional relationships between the 200-kDa pro-
tein(s) found in the HeLa 20S US snRNP preparation and the
yeast RNA 8 product, a protein of 260 kDa that is found in
close association with the US RNA equivalent snR7 and
snR7S (Lossky et al., ref. 18). Our preliminary investigations
indicate at least an immunological relationship between the
HeLa 200-kDa protein(s) and the yeast RNA 8 product (G. J.
Anderson, J. Beggs, M.B., and R.L., unpublished data).
Since the 260-kDa protein in yeast is also involved in an
ATP-dependent association with snRNAs snR14 and snR6
(the counterparts of mammalian snRNAs U4 and U6), there
should be an investigation into whether the U5-specific high
molecular weight proteins detected in the 20S U5 snRNP in
this paper are also involved in the interaction of this particle
with purified snRNPs U4/U6 in vitro, and whether additional
factors present in nuclear extracts are needed that might
interact only transiently with the two snRNPs.
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A final question concerns our finding that the US snRNP-
specific proteins are reproducibly found associated with only
a minor fraction (about 15-20%) of the total US snRNPs
isolated from splicing extracts. This heterogeneity may sim-
ply be due to artifacts caused by the manipulations in vitro
(high salt concentrations in the extracts, etc.). Alternatively,
it may be imagined that, as the splicing reaction proceeds, not
only the multi-snRNP particle U4/U5/U6 falls apart, but also
the US-specific proteins may dissociate from the core U5
snRNP particle—i.e., they cycle on and off US snRNPs
during excision of each intron.
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