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U87 RNA, a novel C/D box small nucleolar RNA from mammalian cells
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Abstract
A novel 72 nt small nucleolar RNA (snoRNA) called U87 was found in rat liver cells. This RNA possesses the features of C/D box
snoRNA family: boxes C, D 0 , C 0 , D, and 11 nt antisense element complementary to 28S ribosomal RNA (rRNA). The vast majority of C/D
box snoRNAs direct site-specific 2 0 -O-ribose methylation of rRNAs. U87 RNA is suggested to be involved in 2 0 -O-methylation of a G3468
residue in 28S rRNA. U87 RNA was detected in different mammalian species with slight length variability. Rat and mouse U87 RNA gene
was characterized. Unlike the majority of C/D box snoRNAs U87 RNA lacks the terminal stem required for snoRNA processing. However,
U87 gene is flanked by 7 bp inverted repeats potentially able to form a terminal stem in U87 RNA precursor. q 2002 Elsevier Science B.V.
All rights reserved.
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1. Introduction
Small nucleolar RNAs (snoRNAs) constitute a large class
of RNAs found in eukaryotic cells (reviewed in Maxwell
and Fournier, 1995; Smith and Steitz, 1997). Some of the
snoRNAs are directly required for various cleavages of preribosomal RNA (rRNA), but most of them are involved in
the site-specific modifications of nucleotides of the prerRNA (Tollervey, 1996; Smith and Steitz, 1997). The vast
majority of snoRNAs fall into two families (box C/D and H/
ACA) distinguished by the common sequence boxes (Balakin et al., 1996). Members of the box C/D snoRNA family
are involved in 2 0 -O-methylation of pre-rRNA precursor
(Kiss-Laszlo et al., 1996) while the box H/ACA RNAs are
required for pseudouridylation of pre-rRNA (Ganot et al.,
1997).
The 2 0 -O-methylation guide snoRNAs possess the
conserved C (consensus RUGAUGA) and D (CUGA)
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boxes. Internal regions of box C/D snoRNAs carry imperfect copies of the C and D boxes, called C 0 and D 0 boxes
(Kiss-Laszlo et al., 1998). The D and/or D 0 boxes are
preceded by long (10–21 nt) recognition sequences that
form double helices with rRNA sequences and, thus, position the D or D 0 box of the snoRNA exactly 5 nt from the 2 0 O-methylated ribosomal nucleotide (Bachellerie and
Cavaille, 1997).
Although C and D boxes are generally distant from each
other in the primary snoRNA sequences, they are brought
into proximity in the folded RNAs as a result of base pairing
between the complementary sequences flanking the box
elements. The resulting structure, consisting of box C and
box D as well as one or two adjacent helices, has been
referred to as the stem-box structure (Qu et al., 1995) or
the C/D motif (Samarsky et al., 1998) and is required for
the correct processing, the nucleolar localization (Narayanan et al., 1999) and the metabolic stability (Huang et al.,
1992) of snoRNA. In addition, the motif can be a proteinbinding signal, and the proteins with the affinity to this motif
are believed to protect snoRNA from exonucleolythic
degradation (Lafontaine and Tollervey, 1999; Lyman et
al., 1999). Indeed, the C/D motif is required for binding of
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an essential nucleolar protein, fibrillarin, common for this
family of snoRNAs (Caffarelli et al., 1998).
Genes coding for snoRNAs have been found in diverse
genomic contexts (reviewed by Maxwell and Fournier,
1995; Weinstein and Steitz, 1999). In vertebrates, the vast
majority of C/D box snoRNAs are encoded within introns of
a host gene, which quite often encodes a protein involved in
translation or ribosome biogenesis (Liu and Maxwell,
1990), although several genes with introns containing
snoRNA genes and non-coding exons have been found
(Tycowski et al., 1996).
The starting point for this work was our investigation of
alpha-RNA from alpha-ribonucleoprotein (RNP) particles.
Alpha-RNP was found in mammalian cells as a RNP fraction tightly bound to chromatin (Konstantinova et al., 1984,
1987). Alpha-RNP carries some proteasome antigens and a
set of unidentified low-molecular RNAs (Konstantinova et
al., 1988). In the course of characterization of RNA isolated
from alpha-RNP we surprisingly found a novel small RNA
of the C/D box snoRNA family and named it U87. This
RNA was shown to carry C/D box snoRNA sequence motifs
and was localized in the nucleolus where it can mediate 2 0 O-methylation of G3468 in 28S rRNA.
2. Materials and methods
2.1. Cell fractionation and isolation of RNA
Nuclear alpha-RNP were isolated from rat liver chromatin as an acid-soluble fraction (Konstantinova et al., 1977).
RNA was isolated from alpha-RNP by proteinase K treatment and phenol extraction as described elsewhere
(Konstantinova et al., 1987). Rat liver cells were separated
into cytoplasmic, nucleolar, and nucleoplasmic fractions
(Muramatsu et al., 1974). Total RNA from human HeLa
cells or liver of animals was isolated by guanidine thiocyanate/phenol-chloroform extraction (Chomczynski and
Sacchi, 1987).
2.2. Preparation of cDNA library
Alpha-RNA was polyadenylated using Escherichia coli
poly(A) polymerase. The 32P-labeled cDNA was synthesized with M-MLV reverse transcriptase and XbaI(T)15
primer: 5 0 -GTCGACTCTAGA(T)15. After purification by
electrophoresis in 4% NuSieve agarose gel and electroelution on a diethylaminoethyl cellulose (DEAE) membrane,
the 3 0 -end of cDNA was tailed with poly(dG) using terminal
deoxynucleotidyl transferase. cDNA was then amplified by
30 polymerase chain reaction (PCR) cycles with primers
XbaI(T)15 and EcoRI(C)10: 5 0 -CGGAATTCGT(C)10. The
resulting double-stranded cDNA was digested with XbaI
and EcoRI, purified by electrophoresis in 4% NuSieve agarose gel, and cloned into XbaI-EcoRI sites of pGEM7Z. The
library was screened by hybridization with 32P-labeled first
strand of alpha-cDNA.

2.3. Cloning the full-length cDNA
Total liver RNA (150 mg) was fractionated on 6% denaturing polyacrylamide (PA) gel and the material from the
gel zone containing U87RNA (according to size markers)
was transferred onto a DEAE membrane by semi-dry electroblotting. Then RNA was eluted from the appropriate
piece of the DEAE membrane in 1 M NaCl, 10 mM Tris–
HCl, pH 7.5, and 1 mM ethylenediaminetetra-acetic acid at
608C for 20 min. The isolated RNA was used for cDNA
synthesis followed by cloning as described above for
alpha-RNA. The cDNA library was screened by hybridization to U87-specific probe.
2.4. Preparation of a probe and hybridization
A 55 bp fragment of U87 cDNA was amplified by PCR.
The longest of the originally isolated U87 cDNA clones was
added to the reaction as a template. Oligonucleotides U87
DIR (5 0 -ATGTTTTTGCCGTTTACC) and U87 REV (5 0 GCTCAGTCTTAAGATTCT) were used as primers. The
amplified fragment was isolated from 5% NuSieve agarose
gel after electrophoresis. The isolated DNA fragment
(0.5%) was added to the PCR mixture containing 50 mCi
alpha-[ 32P]dATP. After 17 cycles of PCR the labeled PCR
product was purified by ethanol precipitation. This probe
was used in all hybridization experiments. Hybridization
was carried out in 4 £ 0.15 M NaCl/0.015 M Na3-citrate
as previously described (Serdobova and Kramerov, 1998).
2.5. RNA analyses
For Northern analyses 50–100 mg of total, nuclear,
nucleolar, nucleoplasmic, or cytoplasmic RNA was separated on a 20 cm 6% denaturing PA gel and electroblotted
onto a Hybond-N membrane. U87 RNA size was determined in a similar way except for using a sequencing gel
electrophoresis. Primer-extension analysis (Kingston, 1992)
of the 5 0 -termini of rat U87 RNA was performed using 5 0 end labeled oligonucleotide U87 REV as a primer, and the
sample was fractionated on a 6% sequencing PA gel.
2.6. U87 gene cloning
In order to determine the exact size of the DNA fragment
containing U87 gene, 10 mg of rat or mouse genomic DNA
was digested with HindIII and EcoRI, fractionated on a
0.8% agarose gel, blotted onto a nylon membrane, and
hybridized to U87-specific probe. The genomic DNA fraction enriched in U87 gene was isolated using 0.8% agarose
gel electrophoresis of 100 mg rat or mouse DNA digested
with the same enzymes. The fraction (3.0 and 3.5 kb for rat
and mouse, respectively) was electroeluted from 0.8% agarose gels using DEAE membrane and cloned in pSL1190
plasmid. Screening of 4–5 £ 10 4 clones with U87 probe
yielded two and one positive rat and mouse clones, respectively.
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Fig. 1. Characterization of rat U87 snoRNA. (A) Measuring rat U87 RNA size. Rat liver nuclear RNA was fractionated on a 6% sequencing gel, blotted onto a
membrane, and hybridized to the U87-specific probe (‘RNA’ lane). Sequencing lanes of a known DNA was used as a size marker. (B) Primer extension analysis
of the 5 0 -terminus of U87 RNA. Terminally labeled oligonucleotide (U87 REV) specific for U87 RNA was annealed to rat liver RNA (,12S) and extended
with reverse transcriptase (‘RNA’ lane). Lanes G, A, T, and C represent dideoxy sequencing reaction using the same oligonucleotide as a primer and plasmid
carrying the presumably full-length U87 cDNA as a template.

2.7. Sequencing and computer analysis
Double-stranded plasmid templates were sequenced
using the dideoxynucleotide method with Sequenase 2.0
(USB-Amersham). The BLAST search in GenBank was
conducted using web-service of NCBI (NIH, USA).

3. Results and discussion
Characterization of a cDNA library of rat alpha-RNP
allowed us to reveal a novel small RNA named U87 RNA
in addition to several known small RNAs (e.g. ID, 4.5 SI, 4.5
SH, and U1A). Length difference of the corresponding
nucleotide sequences in two clones (40 and 59 bp)
suggested that an incomplete sequence of this RNA had
been cloned. To overcome this problem the fraction
enriched in U87 RNA was isolated from total rat liver
RNA by polyacrylamide gel electrophoresis (PAGE) and
subjected to cDNA synthesis and PCR amplification. The
PCR products were cloned, the clones containing U87 RNA
sequence were selected by hybridization and sequenced.
Three such clones carried identical sequences 72 bp long
(GenBank, acc. no. AF272707). The exact size of U87 RNA
was determined by high-resolution PAGE followed by
Northern-blot hybridization, and primer-extension analysis
was performed for this RNA (Fig. 1). Results of these
experiments confirmed that the cloned sequence of U87
RNA was full-sized. Additionally, 3 kb HindIII/EcoRI frag-

ments of rat genomic DNA containing U87 locus were
cloned and sequenced (acc. no. AF396685). Fig. 2 shows
the part of this fragment with the U87 RNA-coding region
bolded. U87 RNA possesses C/D box snoRNA sequence
elements (Fig. 2): the C, C 0 , D 0 and D boxes with single
substitution in box C 0 (this box usually represents a slightly
altered version of the C box) and an 11 nt rRNA recognition
motif perfectly complementary to the rat 28S rRNA (positions 3466–3477). Thus, U87 RNA carries the elements
essential for nucleolar accumulation and function of 2 0 -Omethylation guide snoRNAs. It was shown that a G residue
at position 3468 of 28S rat rRNA is actually 2 0 -O-methylated (Maden, 1988). This G residue could be involved in a
presumptive Watson-Crick helix formed by the antisense
element of U87 RNA and the complementary rRNA
sequence (positions 3466–3477). In this duplex, the G3468
is located exactly 5 bp from the D 0 box (Fig. 2). The same
mutual arrangement is observed for other methylated residues of rRNA and D 0 box of the corresponding snoRNAs
(Bachellerie and Cavaille, 1997).
Intracellular distribution of the U87 RNA was assayed by
Northern analysis of the subcellular fractions isolated from rat
liver. The U87 RNA was abundant in the nucleolar fraction but
was hardly detectable in the nucleoplasmic fraction (data not
shown). Hence, the U87 RNA is a novel C/D box snoRNA that
seems to guide 2 0 -O-methylation of G3468 in rat 28S rRNA.
Northern analysis revealed this RNA in all species tested
(mouse, mole rat, jerboa, cat, hedgehog, and human),
although the signal intensity was different (Fig. 3). These
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Fig. 2. Sequence alignment of the rat, mouse, and human U87 RNA gene locus. U87 RNA gene sequence is given in bold, rRNA-antisense element is
overlined; C, D 0 , C 0 , and D motifs are boxed, inverted repeats flanking U87 RNA gene are marked with arrows, presumptive exons are underlined.

differences could be due to both divergence of U87 RNA
sequence and variations in its gene expression. Note slightly
different mobility of U87 RNA in some species indicating
size difference by just a few nucleotides. A total of 3.5 kb
HindIII/EcoRI fragment of mouse genomic DNA containing U87 locus was cloned and sequenced (acc. No.
AF396686). In addition, a presumed human homolog of
U87 RNA gene was found on chr. 8. Fig. 2 shows sequence
alignment of the rat, mouse, and human U87 RNA gene
locus. The presence of a two and four additional nucleotides
in the mouse and human gene, respectively, can easily

Fig. 3. Detection of the U87 RNA in different mammals. Total RNA from
animal liver and human HeLa cells was fractionated on 6% PA gel, transferred onto a membrane, and hybridized to U87- and U3-specific probes.
The latter hybridization was used as a control for the amount of nucleolar
RNA. Rodent species: family Muridae: rat (Rattus norvegicus), mouse
(Mus musculus); fam. Spalacidae: mole rat (Spalax microphtalmus); and
fam. Dipodidae: jerboa (Allactaga jaculus); non-rodent species: cat (Felis
catus), hedgehog (Erinaceus europaeus), and human.

explain the small length variability for U87 RNAs of
these three species revealed by Northern hybridization
(Fig. 3). Boxes C, D 0 , C 0 , D, and antisense rRNA stretch
are conserved in rat, mouse, and human U87 RNA (Fig. 2)
which confirms their essential function in snoRNA.
So-called C/D motif is a conservative structural element
of C/D box snoRNAs. It includes boxes C, D, and a terminal
stem. The motif is bound by core snoRNP proteins (Caffarelli et al., 1998) and is required for the processing and
nucleolar localization of snoRNAs (Narayanan et al.,
1999). Several laboratories (Samarsky et al., 1998; Narayanan et al., 1999) have demonstrated the necessity of a terminal stem for both accumulation and nucleolar localization
of snoRNAs.
U87 RNA possesses boxes C and D but lacks a terminal
stem. However, we found that the rat, mouse, and human
U87 genes are flanked with a 7 bp inverted repeat (IR,
underlined in Fig. 2). To date about 15 C/D snoRNAs lacking a terminal stem in mature state are known and all of
them carry upstream and downstream IRs in the precursor
sequences which are able to form short stem structures.
Recently the necessity of such flanking sequences for
processing of this class of snoRNAs was shown (Darzacq
and Kiss, 2000). Hence, the sequences flanking the U87
gene within presumable primary transcript can form a
stem required for U87 RNA processing.
It remains unclear whether the terminal stem of C/D box
snoRNAs is essential for their transport into nucleolus.
Several laboratories have demonstrated that snoRNAs
with substitution mutations disrupting the terminal stem
cannot reach nucleolus and are accumulated in so-called
coiled bodies (Narayanan et al., 1999); according to alternative data such RNAs are able to reach the nucleolus
(Lange et al., 1998). Naturally occurring snoRNAs lacking
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the terminal stem in mature state are probably transferred
into nucleolus as a longer IR-containing precursors. A specific pathway may exist for snoRNAs of this type. Interestingly, we originally found a stemless U87 snoRNA in alphaRNP particles rather than in nucleolus. Probably, the lack of
the terminal stem allows a small fraction of U87 RNA to be
within alpha-RNP (out of nucleolus). Alternatively, a fraction of nucleolar alpha-RNP may exist.
Sequence analysis of U87 RNA indicates that this gene is
not an independent transcription unit; rather it is located
within an intron of another gene like most genes coding
for C/D box snoRNAs (Weinstein and Steitz, 1999). Search
through the GenBank expressed sequence tag (EST) database revealed a number of relatively short cDNA fragments
highly similar to the cloned sequences (e.g. nos. AI232081,
W35693, and AA316590). Each of the rat, mouse, or human
EST was similar to two to four regions of the U87 gene
locus. The two EST-homologous regions nearest to the
U87 gene are underlined in Fig. 2. These regions seem to
be the exons of an unknown gene and the U87 RNA gene is
located within its intron. This is also supported by the
presence of canonical splice sites at the presumptive
exons/intron junction sites. EST found in this locus do not
contain long open reading frames. Thus these exons are the
part of either an untranslated region of mRNA or correspond
to a protein non-coding gene. Identification of this host gene
is a goal of our current research.

4. Note added in proof
Recently Huttenhofer et al. (2001) cloned incomplete
cDNA derived from the mouse homologue of U87 RNA
named MBII-276.
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