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Two clones have been selected from a human fibroblast cDNA bank. By DNA sequencing the clones were
shown to contain Alu elements located near the ends of the cDNA inserts. DNA of the clones was used
for Northern blot hybridization analysis of a number of poly(A)-containing RNAs from normal human
tissues (brain, stomach, uterus, spleen, fibroblasts) and tumors (neurinoma, glioma, neuroblastoma, liposar-
coma, adrenal cortex adenocarcinoma). All RNA samples reveal a heterodisperse distribution of Alu tran-
scripts with discrete bands in the region of 7-12 S RNA. The majority of these small poly(A)* Alu* RNAs
contain Alu sequences only in one (canonical) orientation with functional signals including the split promot-
er for RNA polymerase 1.
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1. INTRODUCTION

In the human genome Alu DNA constitutes the
dominant family of short repetitive sequences [1].
Fach of these sequences is about 300 base pairs
(bp) long, a head-to-tail dimer consisting of ap-
prox. 130 bp monomer units with an additional
31 bp segment located within the right monomer
unit [2]. Alu sequences are efficiently transcribed,
accounting for a significant fraction of hnRNA. In
the course of processing, the majority of Alu
transcripts are degraded. A small part survives and
appears in the cytoplasm. Obviously, it is
necessary to examine the transcription of repeated
sequences in order to evaluate their possible func-
tions. Recently the transcription properties of Alu-
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like elements (B1 and B2 repeat families) in various
mouse cells have been characterized [3].

Here we describe partial sequences of two cloned
human fibroblast cDNAs containing Alu. The Alu
sequence is shown to be located near the 3'-end
corresponding to poly(A)* RNA. We have also in-
vestigated major cytoplasmic poly(A)* transcripts
containing Alu in different human tissues. We
found an asymmetric representation of com-
plementary strands of the Alu element in all cases
studied. Discrete small Alu* poly(A)* RNAs
(7-12 S) were detected in normal human tissues
(brain, stomach, uterus, spleen, fibroblasts) and
tumors (neurinoma, glioma, neuroblastoma,
liposarcoma, adrenal cortex adenocarcinoma).

2. MATERIALS AND METHODS

c¢DNA clones were selected from a cDNA library
prepared with cytoplasmic poly(A)+ RNA of
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human fibroblasts [4]. The DNA of clones was
prepared as described in [5].

Plasmid inserts were sequenced by the method
of Maxam and Gilbert [6]. Fragments to be se-
quenced were 3’-labeled at their PstI ends with ter-
minal deoxynucleotidyl transferase and [e->2P]-
dideoxyadenosine triphosphate. DNA strands were
separated as in [7].

Polyadenylated RNAs were isolated as described
in {8]. All the RNA preparations were purified by
two precipitations with 3 M sodium acetate. Ali-
quots (5 zg) of RNA were fractionated by elec-
trophoresis in a 1% agarose gel containing 6%
formaldehyde. The RNA was transferred to a
nitrocellulose filter and hybridized with 3?P-
labeled DNA strands as in [7].

3. RESULTS

From the cDNA library prepared with
cytoplasmic poly(A)* RNA of human fibroblasts,
we selected several clones hybridizing with total
human DNA and thus representing repetitive
elements in the cDNAs. Three such clones were
purified and grown. DNA was isolated, treated
with restriction enzymes EcoR1 or PstI and analys-
ed by the Southern method using 3*P-labeled total
human DNA for hybridization. The results
presented in fig.1 indicate that the two ¢DNA in-
sertion hybridizing with total DNA (pRHF11 and
pRHF40) are about 400 bp long. The Ps¢I site of
pRHF24 is probably lost and its insertion could
not be cut out.

Fig.2 shows the nucleotide sequences of the
cDNAs from pRHF11 and pRHF40. Both contain
an Alu repetitive sequence, which seems to be
located near the 3'-end of the corresponding RNA
transcript. A full-length copy of Alu (287 bp) was
found in pRHF40 and only a part (148 bp) in
pRHF11. The latter result is probably due to the
loss of the right Alu monomer during cDNA syn-
thesis and cloning. Both Alu sequences are typical
members of the Alu family. They show 12 and
14% divergence from the human Alu consensus se-
quence [9]. This accords with the average
divergence (13%) within the human Alu family.

Computer analysis of the pRHF11 sequence
shows that one of the direct translation frames
contains no stop codons. In the other two frames,
stop codons are found in the middle of the se-
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Fig.1. Southern blot analysis of plasmid DNAs

containing repetitive sequences. Total human DNA was

labeled by nick translation and used as a probe for

hybridization with plasmid DNAs digested with EcoRI

(lanes 1,4,6,7) or Ps¢I (lanes 2,3,5,8). HindIII fragments
of SV40 DNA were used as markers.

quence. In all cases ORFs are spread over the Alu
zone. Similar analysis of the pRHF40 sequence
shows the longest ORF (about 250 bp) in one of
the direct translation frames. This ORF extends
over half of an Alu sequence corresponding to the
size of the Alu zone of clone pRHF11. Alu
elements in pRHF40 and pRHF11 do not contain
the AATAAA polyadenylation signal, which is a
guide for detecting post-transcriptional poly(A)
and the 3’-end of RNA. Therefore, the exact
orientation and location of the Alu sequences in
cloned RNA transcripts remain unknown. Never-
theless, our results demonstrate that the hybridiza-
tion of the Alu sequences with cytoplasmic
poly(A)* RNA described by others [10] may de-
pend on the presence of typical Alu elements in the
RNA.

DNA inserts in pRHF11 and pRHF40 or their
separate strands were further used for hybridiza-
tion analysis in order to examine the distribution
of Alu sequences among mRNAs in different
human tissues (fig.3) and to establish the orienta-
tion of Alu in these RNAs (fig.4). We designated
a strand containing signal sequences (like the RNA
polymerase III promoter) as a ‘plus (+ ) strand’ of
‘canonical strand’ (see fig.2) and the complemen-

209



Volume 212, number 2

a 20 0
v [

TGCAAACAGAGGTCTTATTGCGTTTGOTCCACACTCGTATTTCACATTATCTCAC

60 80 100
¥ ' V

GGAGCAGGGCCLCTGGGTYGGGGGGTCLCTGTGCAGTACTTGGLGGOGCATOTGGC

120 140 160
Ll ] '

CGGGGAAGATGGAGCAGTATAAGCTGGTCGGGLCCAGAAGGGACGAGGGCTCLLGE

* 0 =

ACTCCTTAAAACCTACTGAGGGC TTGGGCACCGTGGCTCACACCTGTAATLTLAG

20 20

CGCTTGGGGALGGCGGAGGCGGGCGGATCACACCTGAGGCTAGHAGTYCGALACCA

280 300 5%
] [

GCTTGGCCAACATGGGGAAACCCCATCTCTACTARAAAATACAAAAARTTAGCCGGGCGT

FEBS LETTERS

b % % &

|
TCGGCAAAGCCGAGCTTAGCAAACGCACCCACCTCCTTGLGACGTTATATTCTATTAGAT

80 1?0 120

) 1
TCATTCCTGTOGTAGACACTOL I CAAGTCTCTGTATGTATTIGAAAGTGTACTACATGGCCAA

140 160 180

1 1 1
GCATGGTFGHCTCACGCGTAATLCCAGCACTTTIGGGAGOLLCAGGLAGGCAAATCATGAGD

290 22]0 040
i
TCAGGAGTTCGAGACCAGCTILGCLAACATGGTAAAACCCCATCTCTACTAAAAATALCAA

20 280 300

' v l
ANAATTAGCTGGGCATAGTGOCAGOTCCTTOTAATCCCAGCTACCTAGGAGGCTGAGGCA

320 34'0 260

1 i
GOGAGAATCGCTTIGAACCGOUGAGGCLLAGOGTTGCAGTCAGCCAAGATGCGCCALTGCACT

380 400

CCACCTITOCGCOACAGAGTGAGACTCCATCTCAAAANARAR

Fig.2. Nucleotide sequences of human DNA inserts in

pRHF11 (a) and pRHF40 (b). Plus (+) strands

corresponding to those present in poly(A)* RNA are

shown in the 5’ to 3’ direction. Alu sequences are
underlined.

tary strand as a ‘minus (—) strand’. We observed
(fig.3) a heterogeneous distribution of Alu se-
quences in all the cytoplasmic poly(A)* RNAs
studied (from spleen, adrenal cortex adenocar-
cinoma, stomach, neurinoma, brain). A prominent
hybridization band was observed in the zone of 7 S
RNA for every sample except spleen RNA, where
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Fig.3. Northern blot hybridization of Alu-containing
DNA insert from clone pRHF11 with poly(A)* RNA
from several types of human tissues. Lanes: 1,
cytoplasmic poly(A)* RNA from spleen; 2, adrenal
cortex adenocarcinoma; 3, stomach; 4, neurinoma; 5,

brain.
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Fig.4. Northern blot hybridization of separated cDNA

strands from clone pRHF11 with poly(A)* RNA from

several types of human tissues. (A) Hybridization with

the minus chain (—). (B) Hybridization with the plus

chain (+). Lanes: 1, cytoplasmic poly(A)* RNA from

neuroblastoma; 2, uterus; 3, fibroblasts; 4, stomach; 5,
brain.
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the main hybridization material was situated in a
higher-M; RNA fraction. In the brain, one can see
two hybridization bands: at 7 S and 12 S RNAs. In
a situation of higher hybridization efficiency (e.g.
higher specific radioactivity of labeled DNA) it is
possible to detect additional bands of Alu* RNA
(fig.4). Hybridization experiments with separated
strands of the Alu element (fig.4) showed
cytoplasmic poly(A)" RNA to be bound mainly to
the (—) strand: it contained almost exclusively Alu
sequences in the canonical (+) orientation. Three
distinct zones of hybridization with the (—) strand
of Alu were visible in all tissues. The same results
were obtained with RNA from glioma and liposar-
coma (not shown). Hybridization bands are most
prominent in the brain. Similar hybridization pat-
terns were obtained with the clones pRHF11 and
PRHF40 or their parts containing only the Alu se-
quence. This means that all hybridization RNAs
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Fig.5. Blot hybridization analysis of Alu-containing
RNA after melting and subsequent rechromatography
on poly(U)-Sepharose. Hybridization of the cDNA
insert from clone pRHF11 was performed with poly(A)*
RNA from adrenal cortex adenocarcinoma. Lanes: 1,
hybridization with poly(A)* RNA before melting; 2,3,
after melting and rechromatography on poly(U)-
Sepharose; hybridization with nonadsorbed RNA (2);
hybridization with adsorbed RNA (3).
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contain at least a part of Alu in the canonical
orientation. To exclude the possibility that low-M;
Alu™ RNA was not polyadenylated but bound to
another polyadenylated RNA, the following con-
trol experiment was carried out. Poly(A)* RNA
from human adrenal cortex adenocarcinoma was
denatured in 100% formamide at 75°C, diluted
100-fold with cold buffer (10 mM Tris-HCl, pH
7.5, 100 mM NaCl, 1 mM EDTA, 0.2% SDS) and
repeatedly  chromatographed on  poly(U)-
Sepharose. Northern filters with RNA samples
thus fractionated were hybridized with Alu DNA.
One can see (fig.5) that only the material repeated-
ly bound on poly(U)-Sepharose contained small
RNAs hybridizing with Alu DNA. Therefore, we
can conclude that these low-M; Alu* RNAs are
polyadenylated.

4. DISCUSSION

Previous studies have demonstrated in vivo and
in vitro transcription of human Alu and different
rodent family members [3,10-12]. A portion of
the RNA component of the signal recognition par-
ticle (7 S L RNA) shares homology with the Alu se-
quence [13]. The presence of Alu elements in the
intervening sequences and untranslated regions of
a number of structural genes also contributes to
the observed expression of the Alu family [14—16].
Jelinek et al. [2] and Tashima et al. [17] have
shown a high concentration of Alu sequences in
nuclear RNA and a much lower concentration in
total cytoplasmic poly(A)* RNA. However,
among the heterogeneous distribution of Alu*
RNA, the authors did not detect any discrete frac-
tion of small Alu* RNA,

Here, we have demonstrated the existence of
distinct small Alu* poly(A)* RNAs in several
human tissues. Like 7 S L RNA, these transcripts
are homologous to the canonical (+) strand of
Alu, but, in contrast to the 7S L RNA, they are
polyadenylated.

The origin of small Alu* poly(A)* RNAs is not
clear. They can be primary transcripts of Alu
elements which are synthesized with the aid of
RNA polymerase III. For example, this way was
proved for small mouse B2* poly(A)* RNAs [18].
Alternatively, they can be transcribed by RNA
polymerase Il as parts of long transcripts from
which they are later excised in the course of pro-
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cessing. These small RNAs may be involved in the
regulation of gene expression or the retroposition
of Alu sequences to new sites in the genome,
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