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In vitro reconstitution of hnRNP particles

Johannes Schenkel and Peter M. Kloetzel*

University of Heidelberg Medical School, Im Neuenheimer Feld 324, Raum 150 and *Zentrum fiir Molekulare Biologie der
Universitiit Heidelberg (ZMBH ), INF 282, D-6900 Heidelberg, FRG

Received 16 January 1989

The assembly of hnRNP-like particles was studied by in vitro reconstitution, UV-crosslinking and CsCl-equilibrium cen-

trifugation. Using total nuclear protein and RNA extracts from HeLa cells for RNP reconstitution, RNP particles sedi-

menting with the same buoyant density of p=1.4 g/cm?® as ‘native’ 40 S core hnRNPs were obtained. Under the stringent
reconstitution conditions used, hnRNP complexes containing only the C1-core hnRNP protein could be identified.

hnRNP; Ribonucleoprotein; Crosslinking; Density gradient centrifugation

1. INTRODUCTION

The assembly of nuclear RNA/protein com-
plexes is essential for the post-transcriptional
modification of pre-mRNA. Not only are the in-
dividual binding behaviour of the proteins and the
nature of RNA prerequisites to the formation of
the complex of hnRNP but also the sterical struc-
ture of these complexes is responsible for the ac-
tivation of mRNA. hnRNP are usually isolated in
a monomeric form sedimenting at =40 S. They are
composed of nascent RNA and of proteins of
which the ‘core proteins’ predominate [1]. The
nature of the association between core proteins
and RNA has been the subject of previous reports
[1-9]. In those studies, however, the binding
properties of either a mixture of all core proteins
to in vitro synthesized nucleic acids or the binding
of the individual core proteins to exogenous RNA
was investigated. Here, we have studied the
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assembly of hnRNP using nuclear proteins and
native nuclear RNA which participate in vivo in
RNP complex formation. To monitor the com-
plex-forming proteins, covalent links between pro-
teins and RNA were induced by UV crosslinking.
The RNP particles formed were purified by CsCl
density gradient centrifugation and the RNA-
binding proteins examined by SDS-PAGE.

2. MATERIALS AND METHODS

2.1. Cell culture and RNA labelling

HeLa-S-3 cells were grown as described [3]. For RNA label-
ling 10° cells were resuspended in serum-free MEM medium and
1 mCi [5,6'-*H]uridine added for 1 h to label rapidly synthesiz-
ed RNA.

2.2. Isolation of proteins and RNA

Nuclei and hnRNP were isolated as in [3,12]. Purified nuclei
were homogenised in buffer of pH 8, applied to centrifugation
on 4—-6 M CsCl gradients in Tris/EDTA buffer [10 mM Tris
(pH 8.0), 1 mM EDTA] (Beckman SW 60 rotor, o’ = 2 X
10" rad?/s™"). Proteins were collected from the top and RNA
from the bottom of the gradient. Proteins and RNA were
dialysed vs Tris/EDTA and dissolved in Tris/EDTA with 8 M
urea and 2 M NacCl [13,14].

2.3. Reconstitution of RNP-complexes

Dissolved proteins and RNA were combined and dialysed vs
100 m! of 8 M urea, 2 M NaCl in Tris/EDTA buffer. For
reconstitution, the ionic strength was slowly reduced to 0.14 M
NaCl without urea by dialysis.
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2.4. UV crosslinking and density gradient centrifugation;
SDS-PAGE

Reconstituted RNP complexes were UV-irradiated for 6. min
as described in [4] and ethanol precipitated. The RNP pellets
were dissolved in buffer containing 8 M urea, 0.1% G-
mercaptoethanol and Tris/EDTA, incubated for 2 min at 80°C
and diluted to 4 M urea. Non-irradiated RNP material was
dissolved in Tris/EDTA buffer with 2% NP-40 and 0.1% g-
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mercaptoethanol. RNP probes were applied to CsCl or Cs;SO4
gradient centrifugation (as described above).

The gradients were fractionated and the radioactivity deter-
mined by precipitation with trichloroacetic acid.

Before analysis of the proteins by SDS-PAGE, free RNA was
digested with 500 U micrococcal nuclease and 25 ug RNase A
for 1 h at 37°C. After electrophoresis, the gels were stained,
treated with 3H-enhancer (NEN), dried and exposed for 5-10
days [15].
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Fig.1. Isopycnic equilibrium centrifugation of hnRNP. (e) Radioactivity of acid-precipitable material; (O) salt density. The arrow

indicates the buoyant density expected for hnRNP. (a) CsCl equilibrium centrifugation of UV-treated native 40 S core hnRNP. (b)

Cs,S04 equilibrium centrifugation of dissociated 40 S hnRNP. (c) CsCl equilibrium centrifugation of hnRNP reconstituted from 40 S

hnRNP RNA and 40 S hnRNP protein after UV crosslinking. (d) CsCl equilibrium centrifugation of UV-treated hnRNP reconstituted
from the total nuclear protein and RNA extract.
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3. RESULTS

[5,6'-*H]Uridine-labelled 40 S core hnRNP was
isolated and UV crosslinked. After CsCl gradient
centrifugation 3H-labelled hnRNP bands were
observed at a buoyant density of ¢ = 1.4 g/cm?,
reflecting an RNA/protein ratio of 1:4 (fig.1a)
[16,17]. For initial reconstitution experiments and
control 3H-labelled 40 S core hnRNP complexes
were dissociated into protein and RNA. To test for
complete dissociation, an aliquot was subjected to
Cs,S04 density gradient centrifugation (fig.1b).
hnRNP complexes were reconstituted from
dissociated RNP material by dialysis, subjected to
UV crosslinking and applied to CsCl gradients. As
shown in fig.1c, the reconstituted labelled hnRNP
gave bands at a buoyant density of ¢ = 1.4 g/ cm?,
which is identical to that observed for native
hnRNP core particles. An identical result was ob-
tained when hnRNP was reconstituted from total
nuclear protein and RNA extracts, i.e. at molar
protein/RNA ratios close to those in isolated
nuclei (fig.1d). Without UV irradiation of
reconstituted hnRNP, no significant amounts of
PHluridine activity were detected at a buoyant
density of ¢ = 1.40 g/cm® (not shown). To identify
proteins bound to the rapidly labelled RNA in
reconstituted hnRNP, proteins were marked by
residual 3H-labelled nucleotides still covalently
bound to the RNP-proteins after nuclease and
RNase treatment. Under the stringent conditions
used, core protein C; was found to be the only pro-
tein bound to labelled RNA in hnRNP complexes
reconstituted from either total nuclear protein and
RNA extracts (fig.2, lane C), hnRNP reconstituted
from separated protein and RNA components of
40 S core hnRNP particles (lane B) and in 40 S
core hnRNP complexes (lane D).

4. DISCUSSION

To avoid artificial RNA-protein interaction due
to unphysiological RNA/protein ratios, hnRNP
complexes were reconstituted from total nuclear
protein and RNA extracts under conditions which
closely resemble the molar RNA/protein ratios in
vivo. This is in contrast to other reports [6,9,10]
employing isolated protein and in vitro synthesized
RNA. In order to detect only those proteins which
interact strongly with nascent RNA, hnRNP com-
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Fig.2. SDS-PAGE of hnRNP proteins: (lane A) Coomassie

blue-stained hnRNP core proteins. Radioactivity fluorescence

of RNA-binding proteins after UV crosslinking: hnRNP

reconstituted from 40 S hnRNA and 40 S hnRNP proteins (B),

hnRNP reconstituted from nuclear extracts (C) and from
‘native’ 40 S core hnRNP (D).

plexes were reconstituted and analysed under
stringent experimental conditions. The par-
ticipating proteins were then detected after induc-
tion of covalent links between the protein moiety
and the RNA by UV crosslinking [3,4]. Depending
on the amount of energy applied during UV ir-
radiation, different members of RNP proteins can
be crosslinked to RNA. Thus, under the low UV
energy conditions employed in the present ex-
periments, only those RNA-binding proteins are
detected which bind most readily and tightly to
nascent RNA. Our data show that under low-
energy conditions and independently of the nuclear
RNA-protein extracts, the C; core protein is the
only hnRNP protein found to be tightly associated
with nascent RNA. Interestingly, the reconstituted
hnRNP complexes possess a buoyant density of
¢ = 1.4 g/cm?, i.e. an RNA/protein ratio of 1:4,
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which is identical to that of native hnRNP. Thus,
a single hnRNP core protein can form RNP com-
plexes which, with respect to their overall
RNA/protein ratio, are indistinguishable from
RNP complexes containing the whole set of core
proteins. This is in accord with previous data
showing that a 60 kDa nuclear RNP protein of
Xenopus laevis which may function as a core pro-
tein in the amphibian, can form RNP complexes of
normal buoyant density [20].

The finding that the C, core protein on its own
can form stabile hnRNP complexes with an
RNA/protein ratio of 1:4 appears to be most in-
teresting, since the protein is known to play an im-
portant role in the splicing process [2]. Since
ribosomal RNA does not form hnRNA-like com-
plexes with these proteins [20] (not shown), the
formation of hnRNP complexes at molar
RNA/protein ratios of 1:4 appears to be an intrin-
sic property of hnRNA-binding proteins and a
result of specific, thus far unknown, structural
features of the nascent hnRNA.
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