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ABSTRACT
A cDNA library in pBR322 was prepared with cytoplasmic

poly(A)YRNA from mouse liver cells. From I to 1.5% of clones
hybridized to either B1 or B2 ubiquitous repetitive sequences.
Several clones hybridizing to a B2 repeat were partially se-
quenced. The full-length B2 sequence was foun; at the 3'-end
of abundant 20S poly(A) RNA (4esignated as B2 mRNA3d within
the non-coding part of it. B2 mRNA, is concentrated in mouse
liver polysomes and absent from cytoplasm of Ehrlich carci-
noma cells. The B2 sequence seems to be located at the 3'-end
of some other mRNAs as well. To determine the orientation of
the B2 sequence in different RNAs, its two strands were la-
beled, electrophoretically separated, and used for hybridi-
zation with Northern blotts containing nuclear, cytoplasmic
and polysomal RNAs. In nuclear RNA, the B2 sequence is pre-
sent in both orientations; in polysomal and cytoplasmic
poly(A)'BNAs, only one ("canoni-cal") strand of it can be de-
tected. Low molecular weight poly(A)+B2 BRA /1/ also contains
the same strand of the B2 element. The conclusion has been
drawn that only one its strand can survive the processing.
This strand contains promoter-like sequences and AATAA
blocks. The latter can be used in some cases by the cell as
mRNA polyadenylation signals.

INTRODUCTION
Mouse genome contain two dominating short repetitive

sequences designated as BI and B2 /2/. These two sequences are
very abundant (ca. 105 copies of each) and efficiently trans-
cribed. About 2% of total hnRNA is represented by BI and B2
transcripts. In particular, almost all double-stranded se-
quences of B-tpe (100-200 bp long bairpin-like sequences)
are transcribed from B1 and B2 /2/. Like other repetitive se-
quences, most of B1 and 32 transcripts are degradea within
the nucleus in the course of processing /1/.

However, since dsRNA-B partly hybridizes to polysomal
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poly(A)+RNA, short repeats my be included in the mRNA struc-.
ture /3-5/. Later, cloned BI and B2 sequences were shown to
hybridize to polysomal poly(A)+RNA immobilized on Northern
filters /1/. However, hybridization may be explained by the
existence of partial homolog between B-tpe repeats and mRNA.
We decided therefore to clone cDNA sequences complementary to
=RNA, to select those hybridizing with B1 and B2 repeats, and
to deter%mine their structure and organization.

In this paper, we describe the results of such selection
and sequecing of cDNA clones derived from polysomal poly(A)+
RNA abundant in mouse liver which contains the B2 element
and was designated as B2+ mRNAx. The full-length B2 sequence
was found at its 3'-end. Moreover, all cytoplasmic RNAs of
mouse liver and Ehrlich carcinoma cells were found to have
their B2 sequence oriented in the same way, which makes it
possible to use AATAA. blocks as sig s for polyadenylation.
The oppositely oriented B2 sequences present in nuclear RNA
are eliminated during processing. This observation explains
wby cytoplasmic RNA does not contain dsRA-B /6/ in spite of
the presence of B3 and B2 sequences.

MATEIRIAT AND MdETHODS

o DL cDNA was synthesized in a
200-pl volume containing 50 mM tris-HXl, pH 8.1, 50 aM KCl,
5 mM MgC12, 10 mM dithiothreitol, 0.5 mM dATP, TTP, dGTP and
dCTP, 50-100,Ci of [32PJdCTP (350 Ci/amole, The Radioactive
Centre, Amersham), 10 jig of poly(A)+RNA, 3 jug of oligo(dT)12.--
0.4 mg of RlAase inhibitor from human placenta /7/, and 20
units of reverse transcriptase. Synthesis of the second DNA
strand was performed with the aid of reverse transcriptase
or DNA-polymerase as described earlier /8/. Double-stranded
DNA was treated with nuclease 81 /8/. Synthesis of oligo(dC)
at the 3'-ends of cDNA and of oligo(dG) at the 3'-ends of
plasmid pS322 DNA linearized with restriction endonuclease
PstI was performed in 20-50 jal volumes conta g 200 mM po-
tassium cacodylate, 30 am tris-HCl, pH 7.6, 0.2 mM dithio-
threitol, 1 am CoC12, 0.1 mM dOTP (or dGTP), I jig of DNA and
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10-20 units of terainal nucleotidyl transferase for 15-30
min at 37C. The length of hamopolyzeric tracts was found to
vary from 10 to 20 nucleotides. DNlA was deproteinized with
chloroform and purified by Sephadex G-50 chromatograpby.

For transformatiu, 10 ng of cDNA was mixed with 50 ng
of vector DNA in 15Opl. WNaCl, tris-HC1, pH 7.5, and EDTA
were added to 200 mM, 50 mM and 1 mM,, respectively, and the
sample was incubated for 3 min at 6500, for 3 hours at 420C,
and then cooled slowly (during 4 hours) to 2000. The resul-
tant chimeric plasmid DNA was used to transform E.coli EBIOI
to tetracycline resistance. The yield of rec&abinant colonies
was 6s1o4 per pg of cDNA, more than about 90% of them being
of the AmpS, Tet3 phenotype. Bacterial colonies containing
recombinant plasmids were gro and fixed on nitrocellulose
filters essentially as described by Grunstein and Hogness /9/.
Duplicate filters were bybridized with 32P-labeled cDNIA syn-
thesized from mouse liver cytoplasmic poly(A)+RNA or 5I-
labeled double-stranded RNA-B /2/. In some cases, the bybri-
dizatimn was also performed with purified fragments of clone
54.

DNA analysis. The DNA of clones was prepared as describ-
ed in /2/. After restriction with PstI, the DUA was fractio-
nated electrophoretically and transferred to nitrocellulose
filters according to Southern /10/.

The DNA was sequenced using the method of Maxam and
Gilbert /11/ in the modified protocol of Dobrynin et al.
/12/. The 3'-end labelng was carried out according to the
instructions supplied by the maufacturer (New Engad Nuc-
lear) utilizing oa -32p/ cordycepin triphosphate and terminal
nucleotidyl transferase. In some experiments, [32PJdCTP and
the Klenow enzyae were used for 3'-end labeling /11/.

DNA strand seORation. DNA strands were separated accor-
ding to /11/. The labeled DNA fragment was denatured by
heating to 85-900 for 10 min in 60% (w/v) 0ESO, 0.05% xylene
cyanol and 0.05% brompbenol blue, cooled quickly in a dry
ice/aceton bath and separated in a gel containing 4.5% (w/v)
aorylaside, 0.15% N.,N'-mthylenebisacrylamide. Electrophoresis
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was carried out in a cold room at 7 V/cm overnight.

R a Nuclear, cytoplasmic and polysomal RNAs
from mouse liver or Ebrlich carcinoma cells were prepared as
described in /1/. Double-stranded RNA-B was isolated and in
vitro labeled with 125I as described in /2/. 3 K sodium ace-
tate precipitation of RNA was used to remove DNA traces.

_bs Polyadenylated RNA was de-
natured by heating to 600C for 3 min in 6 I urea/forimamide and
separated in denaturing 1.5% agarose gels containing 7 ML urea
and 25 Bm sodium citrate, pH 3.5 /1/. RNA was transferred di-
rectly to DBM paper and hybridized to 32P-labeled DINA frag-
ments as described earlier /I/.

M..-32P/dCTP (2000-3000 Ci/umole or 350 Ci/mmole) and
/dO-32P/ cordycepin triphosphate (5000 Ci/mmole) were pur-
chased from the Radiochemical Centre (Amersham, UK). Non-radio-
active deoxynucleotides and oligo(dT)12-18 were from Boebrin-
ger Mannheim. Poly(U)-Sepharose 4B was from Pharmacia Fine
Chemicals. AlV reverse transcriptase was a gift from, Dr. V.M.
Kavsan (Institute of Molecular Biology and Genetics, USSR
Academy of Sciences, Kiev); restriction enzymes were gifts
from Dr. A.A.Janulaitis (Institute of Applied Enzymology,
VilJnus). The Klenow enzyme was a gift from Dr. V.G.Korobko
(Institute of Bioorganic Chbemistry, Moscow); terminal nucleo-
tidyl transferase was a gift from Dr. A.A.Bocharov (this
Institute).

RESULIS
Selectimn of cDNA clones bzridizn toreiive sequences
of B-tne

Cytoplasmic polyadenylated RNA prepared from mouse liver
was used to construct a large library of approximately 60,000
independent recombinants in pfR322. The first and second dNA
strands were synthesized in the sa tube without phenol ex-
tractio or ethanol precipitation between the steps. cDIA
molecules were inserted into the PatI site of pER322 using
oligo(dC)-oligo(dG) extensions of 10-20 nucleotides yielding
approximately (6-7)x104 transformants per I jig of cDNA.
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Replicas from plates containing about 1000 colonies per
plate were used for colony hybridization with either 32P-la-
beled mouse liver eDNA or I-labeled double-stranded RNA-B
prepared from hDRNA of 3hrlich carcinoma cells /2/ (Hig.1).

Prom 30 to 40% of colonies bound total cDNA. The pre-
sence of negative colonies may be caused by a low abundance
of corresponding oRNAs.n the other hand, only a few of colo-
nies (ca. 1-1.5%) bound dsRNA of B-tpe. These were purified
and grown. DNA was isolated and subjected to restriction ana-

lysis. As a first approach to the construction of restrictio
maps of the inserts, pBR322 recombinant plasmids have been
treated with the restrictio enzymes EcoRI or BamBI which are
known to cleave the original pR322 plassid only once. The
results of these digestions indicate that the recombinant
plasmids are larger than the wild type pER322 containing i -
serts of "400 bp (clones 23, 35) and " 1000 bp (clones 41,
54, 91) (data not shown). To identify the inserts of these
five clones, hybridizing with daRNi-B, their ENAs were di-
gested with restriction endonuclease PstI, electrophoresed on
agarose gel, transferred to a nitrocellulose filter and hybri-
dized to 125I-labeled dsRNA-B or 32P-labeled flNAs containing
either BI or B2 sequences (Fig. 2).

('i) (2)

Fig. 1. Ranom sped of mouse liver eDNA recombinant
clones idized wit113e23 eDNA transcribed from cytoplasmic
poly(A)+RA (1) and Le5IJdsENA-B (2).

2x106 c.pm of 332pj cDNA or i125I] dsRNA-B was hybridized
to duplicate filters as described in Materials and Methods.
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UIV 23

. Identifiation of BI- and B2-contai cDNA
inser sinitbhe clones bybridizing with dsRNA-B.

Plasmid DNAs digested with PstI and anlyse theRIA
Soutbkrn meth1od were used for hybLridization t2p B2I deNomic
dJ),L[~Pj BI genomic DNA sequence (2), and [U' 2 eoi
DNA sequence (3).

UV - 3.2% agarose gel stained with ethi.dum bromide.

In all of the cases, thLe insertions hybridized to either
B1 or B2 * Thus,0 the bilnding of dsRNA-B to a ctINA clone usuial-
ly requires one of these two abu-dant sequences, but in cont-
rast to genonic clones, they have not been founid together in
one and the samLe NA clone analysed. The cleavage of the re-
coiatv plasmids by PstI suggests that cfiA inserts con-

tain PstI sites because several PstI subfrgments were detect-
ed in the same cereAclones Fig. 2 )In such cases, only
one of them hybridized to 31 or 32 sequence. In general,
among cDNA clones 32 sequences occur from 4 to 5 times as of-
ten as Bt.

The comparison of PstI fragments from Adiferent clones
contani the B2 sequence suggested that many of them origi-
nated from the same mA, although they contained different
portions of the latter. The conclusion was further confirmed
by cross-hybridization between PatI subfraunts of ifferent
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Fig. 3. Restriction maps of the eDNA inserts of four
recombiant plasmids derived from B2+zRNj.

The regions covered by sequencing art indicated with
arrows. The numbers above the arrows refer to the different
clones analysed.

clones non-containin B2 as well as by ERA sequencing (see be-
low). We have designated this B2-contaiing uA as B2+ RNAl.
Among fifteen B2-conta clones analysed, eight contained
B2+A sequences. It mean that this B2+RcAx is the major
B2-containing RA abundant in mouse liver.

Pull-length B2 sequence is =esent in B2+maRNA
Pig. 3 shows the pbsysical maps of clones used for se-

quencing. One can see th.at these are four independent clones
as the insertions have different length. In all of them, the
B2-contag PstI subfragment is located at the end of an
insertion. The marked fragents have been sequenced using the
Mazes and Gilbert procedure /11/. The lonsest noninterrupted
regian that was sequenced is the whole insert of clone 23,

B2-coning PstI subfragnts (- 400 bp in length) were

6547

Ix

23

54

91

3'
5'

5,

3'

I it

,"

I



Nucleic Acids Research

found to be identical in the overlapping parts of four clones.
Direct sequencing of PstI subfragments (280 bp) located far
upstream the B2 element in clones 54 and 41 also revealed
identical sequences (not shown here). Thus, all of them have
been transcribed from the same B2+mRNAx. The lengths of oligo
(do) tails of the inserts were found to be different. Besides,
the AT-rich zone and oligo(dA) typical of B2 /13/ were absent
from the insert of clone 23. Oligo(dL) was also lost in the
B2 of clones 41 and 54. In clones 41, 54 and 91, the B2 ele-
ment is followed with a stretch of predominantly adenosine re-
sidues containing AATAAA blocks and, in the case of clone 91,
with (dA)?. Tbe presence of a "polyi(A) addition signal" at
one end of the inserts suggests that these clones may contai
3'-noncoding part of amA and that the B2 element is located
at the 3'-end of the cloned mBNA. Further analysis of these
clones using separated clDA strands for Northern hybridiza-
tion (see below) has confirmed this interpretation.

Fig. 4 shows a schematic representation of the organiza-
ticm and partial sequence of a cDNA insert derived from B2+
mRNAx. For comparison, the consensus B2 sequence determined
from genomic clones /13/ is also shown.

The following conclusions can be drawn from the sequence

analysis. i) The whole B2 unit is present in B2 +mAx. It is
well matched to genomic B2. The deviation from the genomic
consensus sequence is not higher than the deviation of indivi-
dual gonomic sequences from the latter /13/. (ii) The B2 se-
quence is located at the 3'-end of B2 +,RxL, Just before a
poly(A) stretch. It follows from the fact that, in all cases,
the B2-containing PstI fragment is terminated with an oligo
(dC) tail and that, in one case, a poly(A) stretch exists. In
other cases, the very end of the cIA was lost n clning.
(iii) The 5'-end part of a sequenced B2+MRAx segment contains
an open readi frame which can encode a polypeptide consis-
ting of 39 amino acids. It lack an initiator codon because
the size of mNA is much geater than that of the sequenced
part (see below). (iv) The B2 sequence is located in the non-
translatable part of mBNA, 54 nucleotides downstream the stop
codon TGA of the open reading frame. Coanideri that the ge-
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lenu bis pbe mn leu ly sor leu val asp pro y asp ile as
CTG OLTCTTmT CTG AG TOT OTG GTT GAO COT hAG GATC GAC
lou ser po va ttr:l ar ilpopsr1oarisgl 2
CTO AGC OC GTT ACGG& A!5T? W, AGGCAC OCL OGC A"

l u Va ile proT TGAC&Tor
OTO 1 GITO iTT OCT 0 TOA TGA GAOCTGCTGOOATCATTATOCCTOACALAAT

C
GACTGTTTA.LAAAATGCCAAGCGGGCTGGTGAGCAGTGGGCTLGTAGACTG

C A
CTCTTCOGGAGGTOGGGAGTTAGCAOCACACTACCATCTGTLTC

TG OCC
GAGATCTGACTCGCTCGGGGT==OCTGLGACAGC AC4GTGTACTTACAA=s^v

A
ATAAGTCTTTAO

4. Schematic representation of the organization and
partial sequence of the cDNA inserts derived from B2+mPRlAX

shows the region with a determined nucleotide
sequence;
shows the B2 sequence.

The letters above the B2 sequence indicate the deviation
of the consensus B2 repeat.

nomic B2 sequences are terminated with oligo(dk) of variable
length /13/, on can calculate that the whole non-translatable
regim of B2+MAX is 245-250 nucleotides long.

132+4R is an A abdt i mouse liver

To analyse th0e nature of B2 E-A , we bybridized the Nor-
thern filters containing electrophoetically separated poly(A)+
NA.s f-ro different sources with the subfragaents of clone 54
containing and lackig the B2 sequence (Pig. 5).

In agreement with the previous data /1/, tbhe B2-contining
subf*ragmet binds to the heterogeneous material of mouse liver
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a b c

Fig. 5. Northern blot bybridization of mouse cell RNAs
to cJiPstI-fragments of clone 54.

(a) Hybridization to the B2+ fragment (373 bp);
(b) Hybridization to the B2 fragment (280 bp);
(c) Hbridization to the B2- fragment (150 bp).

1 - poly(A)RNA of the Ebrlich carcinoma cytoplasm; 2 -

poly(A)tNA of the liver polysomes; 3 - poly(A)+RNA of the
liver cytoplasm.

polysomal and ctoplasmic poly(A)½+N. In addition, polysomal
RNA con'tain a discrete bande"2 kb long binding the B2 se-

queuce. In cytoplasuic poly(A)+BNA from Ebrlich carcinoma
cells, the hybridization of B2 sequences to high molecular
weight species was very low. On the other hand, the fragments

of clone 54 lacking the B2 sequence and corresponding to two
different parts of B2+t hx hbridized almost exclusively to
the 2 kb discrete band. (A saLl hybridization smear is pro-

bably due to a partial degradation of -2 kb uRNA). They
bybridized neither to poly(A) RNA of liver cells nor to total
poly(A)+NA of Ebrlich carcinoma cells. Thus, the cloned
B2+smAx indeed represents the most abundant B2-containing
208 &NA which is specific for mouse liver.

One can also see a prominent band on stained gels of
polysomal poly(A)+tNA, which coincides with the position
of 208 mBNA. Its content is compatible with the percentage
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of clones (-005X) containing B2 imRNAx, as follows from the
colony hybridization experiments.

Thus, 20S B2+mRNA1 belongs to the class of mRNAs active-
ly synthesized and enriched in polysomes in mouse liver
cells.

All 32 sequences in cytoplasmic poly(A)+RNA are oriented
in the same direction corresponding to the "canonical" one

To analyse the orientation of B2 sequences in different
RNA fractions, we developed bybridization experiments with
the separated strands of the B2 repeat. The B2-containing
PstI subfragment from clone 54 with the determined primary
structure (see above) was labeled at its 3'-ends using [32p]
cordycepin triphosphate and terminal transferase; then, the
two strands were separated by gel electrophoresis in 4.5%
polyacrylamide (Fig. 6). This fragment contains oligo( dC) at
the 3'-end of one strand (designated as C) and oligo(dG) at
the 5'-end of another strand (designated as G). Because of

large asymmetry, the strands are very well separated (Fig. 6a).
According to sequencing data, the C-strand has orientation of
the B2 shown in Fig. 4. AluI digestion of the fragment should
eliminate a small piece containIg labeled 3'-oligo(dC), thus
making possible to identify every strand (see Fig. 6 b and c).
The both equally labeled strands were eluted and separately
hybridized to the Northern filters containing different RNA
fractions (Fig. 7).

One can see that nuclear RNAs from mouse liver and Ebr-
lich carcioma cells hybridized equally well to the both
strands of B2. On the other band, all fractions of cytoplasmic
and polysomal poly(A)+RNA bound only one strand of the B2
sequence. No bybridization with the second strand could be de-
tected even in an over-exposed autoradiograph. It is true of

B2+mENAX, of the heterogeneous poly(A)+B2+RNA fraction, and
of the discrete low molecular weight polyadenylated B2-con-
taining Nk.

The sequencing has revealed that the 32 strand present
in cytoplasmic and polysoal lNks corresponds to the "cano-
nical" one (see Fig. 4) which contains elements pertinent to
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Fig. 6. DNA strand separation of the B2+ fragment of
cIDNA e-cone- 54.

The excised fragment was 3'-labeled (see the text) and
analysed by electrophoresis and autoradiograpby.

(a) Strand separation of the original fragment.
I - the native fragment; 2 - the denatured fragment.

C - strand containing 3'-oligo(dC);
G - strand containi;ng 5'-oligo(dG).
(b) Identification of G. and C-strand by AluI digestion

followed by strand separation.
1 - the native fragment; 2 - the native fragment digested

with AluI; 3 - the denatured fragment after AluI digestion.
(C) The scheme illustrating the identification of G-

and C-strands.

the ENA polymerase III pwomoter and AATAAA blocks /13/.
These experiments also provide direct evidence for localiza-
tion of the B2 sequence at the 3'-end of B2+mRNA1.

DISCUSSION
Short interspersed reeats of B-type in some mRNAs

The above results show that BI and B2 sequences are pre-
sent in 1-1.5% of the total population of mouse cytoplasmic
poly(A)+RNAs. At least some of these RNAs may be considered
as aRNAs. First, they are detectable within well purified
mouse liver polysomes. Secnd, at least one of them (208 B2+

mRNAx) was shown to be one of the major components among
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12 3 4 5 6 7 2 3 4 56 7

C ~ G

Fig,7, Northern blot hybridization of mouse cell RNAs
to separated DNA strands of the B2+ frament of cDNA clone 54.

C - hybridization to the strand containing 3'-oligo(dC);
G - hybridization to the strand containing 5'-oligo(d);
I - nuclear poly(AY and 3 -poly A R+As from Ebrlich

carcinoma cells; 2 - cytoplasmic poly A , and 4 - poly(A)
RNAs of Ehrlich carcinoma cells; 5 - polysomal, and 6 -cyto-
plasmic+poly(A) IRNA from liver cells; 7 - nuclear liver
poly(A) RNA.

polysomal poly(A)+RNAs. Third, again in the case of B2+1NRAZ,
a long sequence uninterrupted by termination codons was
found in the sequenced segment of this mRNA.

Recently, a B2 sequence was also detected in mouse RNA
for the protein of the major histocompability complex (H2),
i.e. in an individual well characterized zmRA /14/.

The results of our early hybridization experiments have
suggested that repetitive sequences exist within some non-
repetitive mRNAs /15/, although most authors arrived
at quite opposite conclusions at that time /16/.

Later, we found that dsRNA-B bybridized to some extent
with polysomal poly(A)+RNA /3-6/. Similar observations were
done by Naora et al. /17/. In this paper, RNAs hybridizing to
BI or B2 sequences bave been cloned and analysed.
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It is noteworthy that the number of B2 positives is about
4 times as high as that of B1+ clones. On the other band, the
hybridization signal of B1 on the Northern filters with
m1RNA is similar to that of B2. The possible explanation is
that 32 is located closer to the 3'-end of mRNA molecules than
B3 and therefore they are more often transcribed by oligo(dT)
primed reverse transcriptase.

3'-end localizatioa of the B2 sequence in mRNAs

One of the central points in this work is that a ftull-
length B2 sequence was shown to be located at the very 3'-end
of B2+mRNA, just before the poly(A) tail. The B2 sequence was
shown to contain up to four AATAAA blocks at its 3'-end /13/.
Its copy present in B2+mEN contains two such blocks (Fig.4).
These blocks serve as sigas for uRNA polyadenylation, being
located approximately 15 nucleotides upstream the poly(A)
tract, and probably they fulfill such a function for B2+1mAx.

Although B2 mR1 is a dominating B2-containing miNA
in mouse liver polysomes, some B2 repeats belong to other RNA
sequences. B2+mRNAx is not present in the cytoplasm of Ehr-
lich carcinoma cells and it does not prevail in MOPC 21
cells /1/.

B2-containing cDNA clones different from B2+mR1Ax have
not yet been characterized in detail. However, our preliminary
results show that, in all cases studied, the B2 element is
located at the terminal c]1A insert near the oligo(dC) tail.
In the =RNA for the histocompability complex, the B2 sequence
also occurs at the 3'-end /14/. Consequently, such a localiza-
tion is t7pical of the B2 sequence in uNA.

Interestingly enough is that a short interspersed repe-
titive sequence ("suffix") was detected at the 3'-end in seve-
ral ERNAs of D. el ter /18/. Recently other authors
have reported that repetitive elements exist in unique mRNA
/19, 20/. Sutcliffe et al. /21/ have selected cXEA clones
made from rat brain poly(A)+RNA that carry a common repetitive
82-nucleotide sequence (designated as ID sequence). Just as
B2 sequences, ID sequences terminate with oligo(dA) and b;ybri-
dize to low molecular weight RNA. They are homologous to the
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repetitive sequence found in the second intron of the rat
growth hormone gene /22/ and partly homologous to the B2 se-
quence described in this paper.

RNA ocessi eliminates most of 32 se ences in ticular
all the se uences oriented in a 'non-canonical" direction

Another important observation made in this work is that
only one orientation of the B2 sequence can be detected in
all cytoplasmic RNAs while nuclear RNA contain both B2
strands equally represented. This explains the presence of
dsNA-B in nuclear RNA but not in cytoplasmic RNA although
the latter can bybridize to mlted dsRNA /3-6/.

Many B2 sequences are present in hnRNA as constituents
of RNA poly'erase II transcripts located mostly within intron.
For example, introns of the rat growth hormone gene and of the
mouse albumin gene contain B2 in the "canonical" orientation
wbile intron of the mouse oL-fetoprotein gene contains it in
the opposite orientation /22, 23/. On the other hand, exons
contain only "caanonically" oriented B2 sequences (the data of
this work) which may fulfill the function of polyadenylation,
and only these B2 elements survive the processing.

Certain data indicate that some of B2-containing trans-
cripts are synthesized by RNA polymerase III /1/. Obviously
in that case, the synthesis would yield only a nonical
strand of the B2 sequence possessing RA polymerase III promot-
er and terinator sequences as well as polyadenylation signal.
In fact, a all poly(A)+RNA conta the B2 sequaece,
which is the best candidate for being transcribed by RNA poly-
merase III, has the orientation mentioned above.

The function of small poly(A)+B2-containig ERNA is comp-
letely obscure. One may speculate, for example, that this RNA
is involved in processing. Its poly(A) track might readily
form duplexes with the oligo(U) segment of hnRlA belonging to
B2 complements (having the opposite orientation). The next
step would be the formation of a complete B2 duplex followed
by excision of non-canonical B2 sequenxces with specific nuc-
leases.

It was shown recently by electron microscopy of RNA sub-
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jected to self-annealing that both complements from short re-
petitive elements can be found in RNMA /19/. The approach
used in our work, being probably the most direct one has
shonm clearly that at least the repetitive sequences of the
B2 family exist in only one orientation in mature poly(A)+
RNA of mouse liver and Ehrlich carcinoma cells. The sa ap-
proach is now being used to study the transcription charac-
teristics of BI and Alu sequences as well as B2 in other
tissues.

On the biologieal signifance of B-te repeats

The repeats of B-type seem to represent a special class
of transposable elements /13, 24/. Their transcription by BRA
polymerase III followed by reverse transcription of a short
RNA product was postulated. Such short BNA molecules consis-
tin of a B2 sequence and a poly(A) tail were recently dis-
covered in tumor cells /1/.

Transposable elements are usually considered as "selfish
DNA" and their survival in the genome is attributed to inde-
pendent mechanisms for their multiplication and transposition
rather than to a natural selection process. Due to the exis-
tence of such mechanisms, transposable elements can withstand
the pressure of selection /25/.

However, several properties of such elements allow one
to suspect that the above idea is over-simplified. Sometimes,
repeats of the B-tpe are included in aRNA. Both BI and B2
contain regions of homolog to several fuctional elements of
the genome. For example, B2 carries a signal of polyadenyla-
tion and the data presented here show that this signal is a
functional one. Hence, although most of the occasional inser-
tions af B2 into a gene may either inactivate it (insertion
into an exon) or have no effect (insertion into an intron),
some of them may create signals that positively change gene
functing. Such events should be fixed by natural selection.

The creation of polyadenylation sites is not the only
possible way for B-repeats to influence genome functioning.
Both B1 and B2 segments were found to be homologous to consen-
sus exon-intron junction whereas two segments in B3 sequences

6556



Nucleic Acids Research

were shown to be homologous to papova virus replication ori-
ging /13/; these findings suggest that B-type repeats are in-
volved in DNA replicatimn and bnRNA processing. Furthermore,
B-type repeats may be involved in the recognition process du-
ring either recombinatim or conversion of genes.

It is likely that the transposable repetitive sequences
are not merely parasitic sequences. They may be considered as
a kind of symbionts which use the genome machinery for ampli-
fication but, at the sam time, supply the genome with certain
signal sequences that influence genome functioning.
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