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1. Introduction

In the cell nucleus probably all DNA-like RNA is
complexed to proteins thus forming ribonucleoprotein
particles (RNP particles) of different size [1]. Their
protein moiety has been characterized by polyacryl-

amide gel electrophoresis in several laboratories [1-9] .

If subjected to polyacrylamide gel electrophoresis at
pH 4.5 in the presence of 6 M urea, the protein
component of the RNP particles migrates as a slightly
basic protein fraction showing a quite different
pattern of band distribution as compared to ribosomal
proteins, histones or proteins from the nuclear sap
[1, 2,5, 8]. The occurrence of only one main band
[6, 7] or three main bands [1-5, 8] in disc gels sug-
gested a simple structural organization of the protein
moiety with only a few proteins involved.

Recent experiments from Krichevskaya and
Georgiev [10] have indicated that the differe.t
electrophoretic mobilities of the three main bands
observed in polyacrylamide gels are due to the forma-
tion of disulphide bonds between identical protein
subunits. Upon treatment with f-mercaptoethanol
the conversion into one main band is observed. From
this and additional experimental evidence it was con-
cluded by these authors that the protein component
of one 30 S RNP particie consists of 15—20 identical
protein subunits with a molecular weight of about
40,000—45,000.

Here we wish to present evidence that the protein
moiety of the RNP particles is composed of at least
ten different polypeptide chains with molecular
weights ranging from 32,000 to 130,000. The same
proteins, however, migrate as a single band if analysed
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on polyacrylamide gels at pH 4.5 in the presence of
6 M urea.

2. Methods

30 S RNP particles were isolated from purified rat
liver nuclei according to Samarina et al. [1] as pre-
viously described [6] . The RNP particles were sedi-
mented at 360,000 g for 4 hr and dissolvedin 2 M
LiCl—6 M urea. The RNA precipitated was removed
by centrifugation and the supernatant traction
dialysed against the appropriate buffers for electro-
phoresis. Alternatively the RNP particles were col-
lected from the sucrose gradient and concentrated in
60% dextrane 500 T.

Gel electrophoresis of proteins was carried out at
pH 4.5—6 M urea (10% acrylamide) according to
Reisfeld et al. [11] and Leboy et al. [12] with the
modification that the proteins were dialysed against
6 M vrea containing additional 0.14 M g-mercapto-
ethanol [10]. For electrophoresis at pH 11.6 in the
presence of 4 M urea (10% acrylamide) the technique
of Benjamin and Gellhorn [13] was employed. Mole-
cular weight determinations of the polypeptide
chains of the RNP particles by sodium dodeey]
sulphate (SDS)-polyacrylamide gel electrophoresis was
carried out according to Shapiro et al. [14] on gels
containing 10% acrylamide and half the normal
amount of crosslinker as described by Weber and
Osborn [15] . Prior to electrophoresis the proteins
were incubated at 37° for 4 hrin 0.01 M sodium
phosphate pH 7.0 containing 19 SDS and 1% f-mer-
captoethanol. Samples of 100—200 ul (100200 ug
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protein) were applied per gel. The gels were stained \
with Coomassie brilliant blue and destained with a 17| Y
solution containing 875 ml of water, 50 ml methanol
and 75 ml of acetic acid. Proteins were determined
according to Lowry et al. [16].

(>-galactosidase
3. Results

cytochrome c

".o 18‘ phosphorylase a
Polyacrylamide gel electrophoresis of the protein <~ 8 serum albumin
moiety of the 30 S RNP particlesat pH4.5 — 6 M Z 6 catalase
urea yields one band (fig. 1a). This is in accordance Z s
= ovalbumin
4 aldolase
AN
x 3F .
<_x‘ chymotrypsinogen
2
D
—
o
p3

1 L L 1 A J
02 0.4 0.6 08 1.0
MOBILITY

Fig.2. Determination of the molecular weights of the 30 S
RNP particle polypeptide chains. The marker proteins used
were B-galactosidase (130,000), phosphorylase a (94,000),
serum albumin (6 8,000), catalase (60,000), ovalbumin
(43,000), aldolase (40,000), chymotrypsinogen (25,700)
and cytochrome ¢ (11,700). The horizontal lines indicate
the position of the RNP particle polypeptide chains relative
to the marker proteins.

with the results obtained by Krichevskaya and
Georgiev [10]. Upon gel electrophoresis at pH 11.6 —
4 M urea some additional fine bands with lower
electrophoretic mobilities as compared to the main
band can be discerned (fig. 1b). The presence of only
one main electrophoretic band at acid or alkaline pH
favours the view that the protein component of the
nuclear RNP particles consists of one protein or a few
proteins with similar properties. However, electro-
phoresis of the particle protein on SDS-gels, where
resolution strongly depends on the molecular size,
results in a large increase in the number of bands

Fig. 1. Polyacrylamide gel electrophoresis of the protein (fig. 1¢). More than ten polypeptide chains of different
moiety of 30 S RNP particles. (a) gel electrophoresis at pH molecular sizes are observed after SDS-treatment,

4.5 -6 dNi ‘;real’ (lb) gel elllecm.ph?re:{i S7a(t) ?Hﬂil'G —4M of reflecting a considerable heterogeneity of protein
urea and (c) gel electrophoresis at pH 7.0 in the presence . ) -
0.1% SDS. Electrophoresis was carried out for 3.5 hr at 6 mA subunits present in nuclear RNP particles.

per gel (a), for 2 hr at 6 mA per gel (b) and for 12 hr at 8 mA The molecular weights of the main polypeptide
per gel (c). chains shown in fig. 1c were estimated as described by
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Fig. 3. Absorbance profile of a SDS-gel after electropharesis of RNP particle protein subunits {see fig. 1c). The proteins were
stained with Coomassie brilliant blue and their absorbance profile recorded at 550 nm with an automatic Gilford gel scanner,

Weber and Osborn [15]. The electrophoretic mobilities
of 8 marker proteins were determined and plotted
against the logarithm of their polypeptide chain mole-
cular weights (fig. 2). The position of the RNP particle
polypeptide chains relative to the reference proteins
is indicated by horizontal lines, the corresponding
molecular weights were taken from the ordinate in
fig. 2. Due to the lack of commercially available
marker proteins for the high molecular weight region
the calculations for the protein subunits over 150,000
daltons must be considered as rough estimations. In
fig. 3 the ahsorbance profile of the SDS-gel from fig.
1¢ with the molecular weights calculated for each
peak is shown. It can be seen that the protein sub-
units are distributed over the wide range from 32,000
daltons to 400,000 daltons. Until now polypeptide
chains with molecular weights exceeding 200,000
have not been described. We therefore suspected that
the high molecular weight components (see fig. 1c

and fig. 3) either represent proteins which are not
denatured by the SDS-treatment in the presence of
B-mercaptoethanol or complexes of proteins with
DNA, RNA or possibly glyco- or lipoproteins. There-

fare several control experiments were conducted in-
cluding recentrifupation of the 30 S RNP particles

on sucrose gradients, treatment with RNase (30 ug/ml
at 25° for 4 hr), staining of gels specific for DNA with
diphenylamine [17], glycoproteins [18] and lipo-
proteins [19] as well as heating of smalt samples of
proteins in 1% SDS and 1% f-mercaptoethanol at 95°
for 12 min and carboxymethylation of proteins with
iodoacetamide [20]. None of these procedures could
affect the pattern of band distribution shown in fig.
Ic and fig. 3, which in numerous experiments was
found to be highly reproducible. Furthermore there
was no indication that components other than proteins
were present in our preparations.

However, oxidation of proteins with performic
acid as described by Hirs [21] caused the complete
disappearance of the four bands with the lowest
electrophoretic mobility the molecular weights of
which had been estimated to be in the range between
165,000 and 400,000 (see fig. lc and fig. 3). On the
other hand, no significant changes were observed as
regards the remaining bands located in the molecular
weight region between 32,000 and 130,000.
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4. Discussion

From the electrophoretic pattern of the constituent
proteins of the 30 S RNP particles obtained by gel
electrophoresis at pH 4.5 — 6 M urea (fig. 1a) a
simple protein structure had been deduced [5] with
only a few proteins or a single protein involved [10].
It was the aim of this study to demonstrate a consider-

able molecular heterogeneity of protein subunits present

in 30 S RNP particles. Besides the main components
of polypeptide chains located between 32,000 and
42,000 daltons a number of additional prominent
peaks with molecular weights between 64,000 and
130,000 can be observed (fig. 3). The high molecular
weight component with molecular weights of approxim-
ately 165,000, 190,000, 350,000 and 400,000 have
shown a remarkable stability against various treat-
ments, they probably represent polypeptide chains
linked by disulphide bonds which can be cleaved
by oxidation with performic acid.

In recent experiments we have analysed the protein
moiety of 30 S—400 S RNP particles carrying 5 S—
80 S DNA-like RNA on SDS-polyacrylamide gels [22] :
their electrophoretic pattern was identical to that
presented here for the 30 S RNP particles. Thus,
obviously all size classes of nuclear RNP particles con-
taining DNA-like RNA have the same protein compo-
sition which is characterized by an appreciable mole-
cular heterogeneity. This molecular heterogeneity of
protein subunits might be a reflection of their func-
tional heterogeneity with respect to the preservation
of the particle structure, cleavage of high molecular
DNA-like RNA [6] and selection of mRNA to be
transported to the cytoplasm.

Acknowledgements

We thank Prof. P. Karlson for his continued interest

42

FEBS LETTERS

October 1971

in our work and the Deutsche Forschungsgemeinschaft
for having provided financial aid.

References

[1] O.P. Samarina, E.M. Lukanidin, J. Molnar and G.P.
Georgiev, J. Mol. Biol. 33 (1968) 251.
[2] J.T. Parsons and K.S. McCarty, J. Biol. Chem. 243 (1968)
5377.
[3] A. Schweiger and K. Hannig, Z. Physiol. Chem. 34 (1968)
943.
[4] J. Molnar, Acta Biochim. Biophys. Acad. Sci. Hung. 4
(1969) 1.
[5] A. Sarasin, FEBS Letters 4 (1969) 327.
[6] J. Niessing and C.E. Sekeris, Biochim. Biophys. Acta
209 (1970) 484.
{7] A. Schweiger and K. Hannig, Biochim. Biophys. Acta
204 (1970) 317.
(8] K. Ishikawa, C. Kuroda and K. Ogata, Biochim. Biophys.
Acta 213 (1970) 50S.
[9] S. Olsnes, European J. Biochem. 15 (1970) 464.
[10] A.A. Krichevskaya and G.P. Georgiev, Biochim. Biophys.
Acta 164 (1969) 619.
[11] R.A. Reisfeld, U.J. Lewis and D.E. Williams, Nature
195 (1962) 281.
[12] P.S. Leboy, E.C. Cox and G. Flaks, Proc. Natl. Acad.
Sci. U.S. 52 (1964) 1365.
{13] W. Benjamin and A. Gellhorn, Proc. Natl. Acad. Sci.
U.S. 59 (1968) 262.
{14] A.L.E. Shapiro, E. Vinuela and J.U. Maizel, Biochem.
Biophys. Res. Commun. 28 (1967) 815.
[15] R. Weber and M. Osborn, J. Biol. Chem. 244 (1969)
4406.
[16] O.H. Lowry, N.J. Rosebrough, A.L. Farr and R.J.
Randall, J. Biol. Chem. 193 (1951) 265.
[17] H.R. Maurer, Disk-Electrophorese (Walter de Gruyer
and Co., Berlin, 1968) p. 73.
[18] R.C. Caldwell and W. Pigman, Arch. Biochem. Biophys.
110 (1965) 91.
[19] O. Smithies, Advan. Protein Chem. 14 (1959) 65.
[20] A.L. Shapiro and J.U. Maizel, Anal. Piochem. 29 (1969)
505.
[21) C.H.W. Hirs, J. Biol. Chem. 219 (1956) 611.
[22] 7. Niessing and C.E. Sekeris, submitted for publication.



