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ABSTRACT

Model transcripts containing mammalian pre-rRNA sequences were incu-
bated with a HeLa cell extract, digested with Tl RNase, and immunoprecipi-
tated with anti-(U3)RNP or control antibodies. Two overlapping fragments
derived from the 3’ domain of human 28S rRNA were specifically immunoprecip-
itated although transcripts which spanned the transcription initiation site,
the ETS processing site, the 5' end of 18S, and both termini of 5.8S yielded
no protected fragments. The sequence of these fragments was determined
using a novel technique in which the [“4P]-labeled fragment was co-finger-
printed with [“H]-labeled total transcript serving as an internal marker.
The fragments immunoprecipitated derive from nucleotides 4570-4590 and
4575-4590 of human 28S and are adjacent to the a-sarcin site. Protection
most likely involves the U3 RNA since it is sensitive to pretreatment of the
extract with micrococcal nuclease. Complementarity between U3 and this
rRNA region is phylogenetically conserved in species ranging from human to
S, cerevisiae. The possible significance of this finding is discussed.

INTRODUCTION
Three of the four RNA molecules found in mature ribosomes are synthe-

sized in the nucleolus as a 45-47S precursor (mammalian) of about 13.5 kb,
which undergoes several processing reactions to yield the mature 18S, 5.8S
and 28S rRNAs [see Fig. 1; reviewed by Hadjiolov (1)]. Because of its
nucleolar location (2,3,4,5), U3, a 217 nucleotide [human(6)] small RNA, is
presumed to serve some role in the anabolism of rRNA.

An early theory which postulated that U3 acts in the formation of the
3’ end of 5.85 rRNA (7,8,9) was based on two facts: 1) a conserved region
of rat U3 is complementary to the vertebrate rRNA sequence at this site
(7,8,9); and 2) the U3 RNA can be found associated with 28-35S RNA
(3,10,11), which is the size of the immediate precursor to 5.8S and 28S (1).
This theory now seems unlikely as lower eukaryotes do not maintain this
potential base-pairing (12,13,14,15).

More recent models predict that U3 may function at the extreme 5’ or 3’

end, respectively, of the 45-47S precursor. Stroke and Weiner (personal
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communication) have identified in rat an in vivo psoralen crosslink between
U3 and pre-rBNA within 350 nucleotides of a processing site in the external
transcribed spacer (ETS). This ETS processing site is located about 5 kB
upstream of the 5’ end of 18S, and 415, 650, or 790 nucleotides downstream
of the Pol I initiation site in human (16,17), mouse (18), and rat (Stroke
and Weiner, personal communication), respectively. Maser and Calvet (perso-
nal communication) have likewise identified a crosslink between U3 and pre-
rRNA within 300 nucleotides of the ETS processing site in human. It is as
yet unclear precisely where either crosslink occurs in the precursor and
whether or not they relate to the function of U3. It is also possible that
other base-pairing interactions between U3 and pre-rRNA were not identified
with this assay, as psoralen shows a marked preference for crosslinking
particular sequences.

More recently, we (19) suggested that U3 might function instead in the
maturation of the 3' end of 285 rRNA. This terminus is formed by RNA pro-
cessing (20,21,22,23) rather than transcription termination, as previously
proposed (1l). Experimental determination of bases that are single-stranded
identified an accessible region of U3 in the RNP with complementarity to
conserved pre-rRNA sequences near the 3’ end of 285 (19). To date there are
no experimental data in support of this theory.

To probe further the elusive function of the U3RNP, we have performed
ribonuclease protection-immunoprecipitation experiments. Such analyses
have previously been used to define RNA processing signals [such as the 5’
splice site (24)] based on their protection from digestion by association
with an RNP, followed by immunoprecipitation with antibodies directed
against that RNP. Autoimmune patient (5) and monoclonal (25) antibodies
which can immunoprecipitate the U3RNP via an associated 34 kD protein were
available. When various regions of pre-rRNA were tested, the only region
which interacted specifically with the U3RNP in vitro was surprisingly

found to derive from mature 28S rRNA near the a-sarcin site.

MATERIALS AND METHODS
Plasmid Constructs

All plasmid constructs were obtained by standard cloning techniques
(26) and are depicted in Fig. 1. The 1.2 kb EcoRI/Sall fragment containing
the initiation site and 700 nucleotides of ETS sequence (and thus the ETS
processing site), and the 2.3 kb Sall/EcoRI fragment containing 1.2 kb of
the ETS and 1.1 kb of the 5’ end of 18S were obtained from the 18 kb human
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EcoRI fragment (27) cloned into A-phage, which was generously provided by N.
Arnheim. These fragments were cloned into the EcoRI and Sall sites of pGEM4
to generate, respectively, pES-ETS and pSE-185. A 5.3 kb DrallI/EcoRI frag-
ment containing 36 nucleotides of ITS-I, all of 5.8S and ITS-II, and 4.5 kb
of 28S was obtained from the rat clone ChR-B4 (28), which was kindly
provided by L. Rothblum. This was cloned into the EcoRI and Smal sites of
pGEM4 to generate pDE-5.85. A 950 nucleotide EcoRI/Sall fragment contain-
ing 590 nucleotides of the 3’ end of 28S and 360 nucleotides of downstream
sequence was obtained from the human clone pADgpg (29), which was kindly
donated by R. Schmickel. It was cloned into the EcoRI and Sall sites of
PGEM4 to create pES-28S. pNS-28S was generated from pES-28S by cleaving
with EcoRI and Ncol, filling in, and religating.

Synthesis of Positive Sense rRNAs

To generate positive sense model rRNA precursors, pES-ETS was cut with
Sall and transcribed with SP6 polymerase to generate an RNA of 1200 nucleo-
tides. pSE-18S was cut with EcoRI and pDE-5.8S was cut with Bgll (which cuts
at position 389 of ITS-II); then each was transcribed with T7 polymerase to
generate a 2.3 kb and a 580 nucleotide RNA, respectively. pES-28S and
pNS-28S were cut with Sall, TthlllI, or Ava II (see Fig. 1B) and tran-
scribed with SP6 polymerase.

For transcription of the RNAs, the protocol of Melton et al. (30) was
followed except that 1 mCi of a-[32P)GTP at specific activity 4000 Ci/mmole
(New England Nuclear) was added without unlabeled GTP to a 20 pl reaction
with 0.5 mM GpppG cap to generate RNAs of a specific activity of 3.3 x 109
cpm/pg.

To synthesize [3H]-1abe1ed transcripts which served as internal stan-
dards for fingerprint analyses, 0.25 mCi of [8-3H]GTP at 11 Ci/mmole
(Amersham) was added to a 100 pl reaction volume (scaled up proportionately)
in the presence of 1,000 ¢pm of a-[32P]GTP. The trace amount of [32P]
enabled the [3H]-1abe1ed RNA to be identified by autoradiography after gel
purification. The transcript was eluted from the gel, precipitated with
ethanol, resuspended in 100 ul of water and stored at -20°C; 5 ul of this
solution was used for each RNA fingerprint.

Antibodies

Mouse monoclonal anti-(U3)RNP antibody 72B9 (25) was generously pro-
vided by Eng Tan of the Scripps Foundation. Patient anti-(Ul)RNP antibody
(AG) was kindly provided by John Hardin and Joe Craft of Yale University,
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and the mouse monoclonal anti-Sm antibody Y12 was obtained from ascites
fluid as described (31).
Protection-immunoprecipitation reaction

Nuclear extract was prepared from human derived HelLa cells according to
the method of Dignam et al. (32) using a 0.6M KCl nuclear extraction buffer
and the extract was dialyzed into buffer D (20 mM HEPES, pH 7.9, 100 mM KCl,
0.2 mM EDTA, 0.5 mM dithiothreitol (DTT), and 20% (v/v) glycerol). Anti-
bodies (20 ul of antiserum or 20 ul of monoclonal antibody ascites fluid
per reaction) were pre-bound to 4 mg of protein A sepharose (PAS; Pharmacia)
in NET-2 buffer (150 mM NaCl, 40 mM Tris-HC1l pH 7.5, .05% Nonidet P-40) as
described previously (19), washed, and resuspended in 100 pl of NET-2.

The reaction conditions were based on those of Black et al. (33). For
each reaction, a 50 gl volume containing 30 gl of extract with (all final
concentrations) 0.4 mM ATP, 10 mM creatine phosphate, 5 mM DTT, 5 mM MgClop,
100 mM KC1l, and 2-5 x 107 cpm of a-[32P]-1abe1ed transcript was incubated
for 15 min. at 30°C. The sample was placed on ice and 20 pl of freshly
diluted RNase Tl (Calbiochem, specific activity 3000 unit/mg) at 30,000
units/ml was added. After 5 min., antibody:PAS conjugate (present in 100 ul
of NET-2) was added and the samples nutated at 4°C for 60 min., then the
pellets precipitated by spinning for 10 seconds in a microfuge and washed 6
times with 1 ml of cold NET-2. The RNA was phenol:chloroform:isoamylalcohol
(50:49:1) extracted, ethanol precipitated, then electrophoresed on a 20%
polyacrylamide 8M urea gel with 1/2 X TBE (45 mM Tris base, 45 mM boric
acid, 1.25 mM EDTA).

Analysis of RNA Fragments

After electrophoresis, RNA fragments were eluted from the gel in 0.3 M
sodium acetate, 1 mM EDTA, 50 mM Tris-HCl pH 7.5, and 0.1% SDS. After eth-
anol precipitation with 20 ug of yeast RNA as carrier, each [32P]-1abe1ed
fragment was mixed with 5 ul of [3H]-1abe1ed total transcript synthesized as
described above, dried down, and the sample digested with 2 ul of Tl RNase
present at 3,500 units/ml and fingerprinted according to the method of
Barrell (34). After the [32P]-labe1ed spots were visualized by autoradio-
graphy, plates were sprayed 3 times with Enhance Spray (New England
Nuclear) and the [3H]-spots visualized by a second autoradiography at -70°C.
Micrococal Nuclease Degradation of Nuclear RNA Prior to Incubation

A reaction was prepared as above except that radiolabeled precursor was
not added. 1 ul of CaCly at 30 mM and/or 1 xl of micrococcal nuclease at
50,000 units/ml were added and incubated for 5 minutes at 30°C. 1 gl of
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ethylene glycoltetraacetic acid (EGTA) at 0.1 M was then added to chelate
the calcium, and the radiolabeled transcript added and the samples treated
as above. One control reaction received calcium and EGTA first, and then
micrococcal nuclease for 5 min, and then the radiolabeled RNA. For the
add-back experiments, CaCl, and micrococcal nuclease were added for 5 min.,
then EGTA added and the samples mixed well. 5 ul of yeast RNA at 10 mg/ml,
5 pl of 165 rRNA (provided by P. Moore, Yale University) at 10 mg/ml, or 5
#l of human nuclear RNA at 1 mg/ml were added and incubated for 5 min. at
30°C, then the radiolabeled RNA added and the reaction performed as

described above.

RESULTS

Protection of mature 28S rRNA sequences and immunoprecipitation with anti-

(U3)RNP antibodies.

Transcripts corresponding to various regions of the rDNA repeat (Fig.

1) were incubated with a nuclear extract of HeLa cells, digested with RNase
Tl, then immunoprecipitated. A 1.2 kb RNA that included the human tran-
scription initiation site and ETS processing site, a 2.3 kb RNA that
included the 5’ end of human 18S, and a 580 nucleotide RNA that included
both the 5’ and 3’ end of rat 5.8S all gave negative results in that no
fragments were precipitated more efficiently by an anti-(U3)RNP antibody
than an anti-(Ul)RNP control (data not shown). In contrast, specific
immunoprecipitation of fragments was observed with RNAs transcribed from
Sall cut pES-28S, which contained the 3'-most 590 nucleotides of human 28S
and 360 nucleotides of downstream sequence. These fragments were mapped by
testing progressive deletions of the original pES-28S clone and by RNA
fingerprinting. Protection-immunoprecipitation was maintained with a 5’
deletion to the Ncol site but lost when extended to the Nael site (see Fig.
1B). On the 3'-side, protection-immunoprecipitation was maintained when the
transcription templates pES-28S or pNS-28S were cleaved with either Tthllll
or Avall.

Fig. 2 shows the results of a protection-immunoprecipitation experiment
using a radiolabeled transcript derived from pNS-28S cut with Avall. Two
major fragments of approximately 23 (fragment A) and 18 (fragment B) nucleo-
tides were precipitated by the anti-(U3)RNP antibody (lane 3). The same
result was obtained with autoimmune patient antibodies LS and JH, which
also immunoprecipitate the U3RNP (19) (data not shown). The anti-(Ul)RNP

control (lane 4) did not show bands even after a much longer exposure, nor
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