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Summary
Two small nuclear RNAs-U2 and Ulab- were prepared

starting from rat liver nuclei. A cDNA copy was synthesised
from both RNAs using random primers prepared from calf
thymus DNA. The cDNA synthesised is heterogeneous in size,
ranging from full transcripts to a few bases. This cDNA copy
was hybridised to restricted total genomic rat DNA blotted on
nitrocellulose filters or diazotized paper. This allowed the
identification of the genes coding for these snRNAs. We
could demonstrate that these genes are not randomly inter-
spersed between unique DNA sequences but possess an ordered
structure. Furthermore, these genes are not clustered inti-
mately, but are separated by sequences not present in the
final snRNAs.

Small nuclear RNA is a population of well defined RNA molecules,

present in the nucleoplasm as well as in the nucleolus (1).
These molecules vary in length between 80 and 220 nucleotides,
and are transcribed from the middle repetitive fraction of

the genome (2).

In the past several reports have dealt with the possible role
played by these small, long-lived molecules. Miller et al. (3)
demonstrated the presence of some of these RNAs in the nuclear
skeleton, whereas Deimel et al {4) and Howard (5) showed

their presence in nuclear ribonucleoprotein particles carrying
HnRNA sequences, sugdesting a role in the processing of

HnRNA. The presence of some of these RNAs in polymeric ribo-
nucleoproteins extracted from rat liver was demonstrated (6},
and it could be shown that these RNAs bind partially to

HnRNA via hydrogen bonds (7).
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Nothing is known about the localization of the genes coding
for the snRNA. Using a rather indirect system Eliceiri (8)
suggested their clustering, but until now no reports have
appeared which present conclusive evidence supporting an
organised localization of the genes.

In this report we describe the localization in the genome
of the genes coding for two species of snRNA, by using CDNA
copies to these snRNAs which were hybridized to restricted

genomic DNA,

Material and Methods

Isolations of snRNA. snRNA was isolated from rat liver HnRNP
complexes, prepared as described (6). Ribonucleoproteins whith
a sedimentation coefficient greater than 80S were pooled and
the RNA was isolated by incubation with Proteinase K, phenol
extraction and precipitation with ethanol. Total RNA was
layered on a 5-20% sucrose gradient 80% formamide in 3mM Trisb
3mM EDTA, 0.5% SDS, pH 7.5 and centrifuged for 36 hours at 25°C
(IEC centrifuge, Rotor SB283). Fractions containing RNA smaller
than 10S were pooled, precipitated with ethanol and separated
on 10% acrylamide 98% formamide gels (9). Individual bands were
identified, cut out from the gels and the RNA eluted. The elution
product was checked for purity by electrophoresis on 10%
acrylamide 98% formamide gels.

Preparation of cDNA. The cDNA was prepared by the Method of
Taylor et al. (10) using calf thymus DNA as source for the
random primers. The mixture was incubated at 42°C with either
actinomycin D or pyrophosphate (11). After 45 minutes incubation,
the reaction was terminated by adding EDTA to 50 ,uM. The cDNA
copy was separated from the triphosphates by chroéatography

on Sephadex G-100, freed from RNA by alkaline digestion, preci-
pitated with ethanol and desalted.

Southern blots. Total genomic DNA was restricted with a ten-
fold excess of restriction enzyme and precipitated with ethanol.
The DNA was loaded on 0.8 or 1.5% agarose gels in 40mM Tris,
4mM Sodium acetate, 1mM EDTA,pH7.8 and electrophoresed in

the same buffer. The DNA was transferred to nitrocellulose
paper after treatment of the gels as described by Wahl et al.
(12) . Hybridization, washing and autoradiography were also

as described (12).

Northern blots. Polymeric structures were isolated as described
(6) and RNA isolated as described above. The RNA was bound to
01igo-dT cellulose and the non-bound fraction, containing

all the snRNA, separated on 10% acrylamide 0.8% agarose as
described (13). The gel was then treated with periodic acid

to destroy the acrylamide net and washed twice in 50mM

Sodium phosphate buffer,pH 5.5 in the cold. Diazotized paper
was prepared as described by Alwine et al. (14) and washed
twice in the same buffer as the gel. Transfer of RNA was
allowed for 4 hours at 4°C and then for 14 hours at room tem-
perature. Hybridization and washing conditions were the same

as described above (13) for the Southern blots. Diazotized
paper was also used for DNA transfers, when the restriction
fragments were thought to be small.
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Results

Isclation and purity of snRNA., After pooling the RNA from the

formamide sucrose gradients, fractions smaller than 108 were
separated on 10% acrylamide 98% formamide gels. Parallel slots
were stained with toluidine blue and served as markers for

the isolation of the different snRNA species. Bands corresponding
to a nucleotide number of between 171 and 168 were isolated
together. These bands correspond to the Ulb and U'la snRNA accor-
ding to the nomenclature of Busch et al. (1), whereas the band
with 196 nucleotides correspond to the U2 snRNA. After desalting
the RNAs, 1 /ug of each fraction was applied to an acrylamide-
formamide gel and submitted to electrophoresis. As can be seen
in Fig.1 U2,U1a-Ulb occur as single bands, without cross
contamination, thus making these RNAs suitable for reverse
transcription.

Reverse transcription. 200 ng of each of the separated snRNAs

were hybridized to 80 /ug random primers and reverse transcribed,
The cDNA was separated from non-incorporated nucleotides and
the RNA hydrolised with NaOH. Under the conditions described
above, 20 ng of cDNA was obtained, corresponding to an effi-

ciency of 10% by weight. This yield is the same as with a
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Fig.1.- Formamide acrylamide gel of separated snRNAs.A)U2,B)Ulab,C)
total snRNA.
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heterogeneocus RNA template using oligo-dT as primer, but much
less than with ribosomal RNA and calf thymus random primers;
in this case about 45% of the template RNA was reverse trans-
cribed. Incubation of the reaction mixture at 37°C (6) or
addition of pyrophosphate instead of actinomycin D do not
change the percentage being transcribed.

The length of the cDNA was checked after separation on acryl-
amide-formamide gels. The mean length for both cDNAs was about
120 bases, which is big enough for paper hybridization.

Hybridization of snRNAs and their respective cDNAs. In order

to check the validity of the cDNA probe prepared for the hybri-
dization with restricted genomic DNA, the total non poly-A-
containing RNA from ribonucleoprotein complexes greater than
80S, which contains practically all the snRNA, was separated
on acrylamide~agarose gels and transferred to diazotized paper.
Fig. 2 shows the results of the hybridization between Ulab and
their cDNA. Only one defined band could be observed at the
position where Ulab are localised. After overexposing the
X-ray plate, one very faint band was detected, but this band
does not comigrate with any of the major bands seen in the gel
after staining with toluidine blue and probably represents

a degradation product of Ulb, as has been recently reported

by Lerner et al. (15) Hybridization of the same RNA with U2
cDNA gives also only one defined band, indicating that the
cDNA copy is a faithful transcript from the respective snRNA.
Hybridization of cDNA and restricted genomic DNA. Eco RI

restricted rat genomic DNA was separated on agarose gels and
hybridized to U2 and U1 ab c¢DNAs. Two well defined bands could
be demonstrated with molecular weights of 2.5 kb and 1.6 kb
respectively (Fig.3) After overexposing the autoradiograms

it is possible to observe three more faint bands with mole-
cular weights of 2.0,0.9 and 0.6 kb.

The U2 RNA is 196 bases long, indicating that the Eco RI res-
triction fragments contain some genes or one gene and a large
non coding sequence. This conclusion is based on the assumption
that Eco RI will not cut in between a DNA sequence which corres-
ponds to U2, as already published by Busch et al. (1) and the
fact that cDNA from rat liver is hybridizing exactly at the
same position as Novikoff Hepatoma DNA, tumor which snRNAs

have been sequenced (see discussion). Furthermore Lerner et al
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Autoradiogram of the hybridization between poly A-devoided polymeric
RNA blotted on diazotized paper and a cDNA copy synthesized from
Ulab snRNA. The arrow indicate the position of Ulab determined

in a parallel slot stained with toluidine blue.

Autoradiogram of the hybridization between cDNA complementary

to U2 snRNA and rat DNA restricted with Eco RI (A),Alul (B),
Novikoff hepatoma DNA restricted with Eco RI (C). Hybridization
between cDNA complementary to Ulab and rat DNA restricted with
Eco RI (D) or AluIl (E). The arrows {(from top to the bottom) indi-
cate the position of 2.5 kb,1.6 kb and ©.4 kb markers.

pointed out a high degree of sequence conservation in the snRNAs

during differentiation and evolution (15). By using Alul, an

enzyme known to cut the DNA copy of U2 at nucleotide 132 (see

discussion) it should be possible to obtain further information

about the organization of the genes, e.g. if they are organised

in clusters or if the genes are separated by non-coding

sequences. Alul restricted DNA hybridizes in very well defined

fragments to U2 c¢cDNA, with molecular weights ranging from
7.1 kb to 0.4 kb. This indicates that the genes are probably

separated by sequences not present in the final RNA transcript.
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The hybridization of Eco RI restricted DNA to Ulab cDNA gives

a similar pattern to the one seen with U2 cDNA (Fig.3).
Hybridization of Alul restricted DNA to Ulab cDNA allows the
recognition of several bands in the low molecular weight region
of the gel, similar but not identical to those fragments observed
with U2 cDNA. This also indicates a non homogeneous structure
of the Ulab genes, as is the case for U2. Alul does not cut

in the Ulab DNA.

Hybridization of Ulab cDNA to Sall restricted DNA-Sall is

also no cutting in the Ulab DNA- allows to identify two major
bands with molecular weight greater than 4 kb, which indicates

also a regular organization of the genes in the rat genome.

Discussion.

Our results demonstrate that it is possible to synthesise a
complementary DNA copy to isolated snRNA species in vitro. The
existence of such a copy will facilitate the analysis of the
genes coding for snRNAs, and make possible the elucidation of
the functions of these well defined RNA molecules. The use

of random primers for the reverse transcription allows the
synthesis of a rather heterogeneous cDNA, with a mean molecu-
lar weight of about 50.000 daltons. We notice that it is not
necessary to separate the large transcripts from the small
ones to obtain reproducible results in the filter hybridization.
It has been demonstrated, that snRNA genes are more than 1000
times repeated in the genome of different species (2) but
there was until now no direct evidence about the organization
ot these genes in the animal genome. Indirect evidence was
resented by Eliceiri (8) about the possible clustering of these
genes. Furthermore nothing is known about the role played by
these snRNAs in the cell nucleus. Different reports point out
a possible role in transcription (6), during processing of
HnRNA (7,15) or in the formation of the nuclear skeleton (3).
Knowledge about the structure of the genes could help in
understanding more about the function of snRNA.

The results presented here demonstrate that the genes coding
for U2 and Ulab are not interspersed between unigque genes of
different length, as could be expected if these genes have a
function as regulators in the transcription of the genomic

DNA. In this case, a diffuse, non-defined hybridization pattern
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should be found. Using the known sequences for U2 and Ulb from
Novikoff hepatoma cells (18,19) ~the snRNA sequences are very
stable during differentiation, and our cDNA hybridizes exactly

in the same fragments to rat and Novikoff DNA, as shown in the
results- we constructed a computer programme designed to analyse
the fragments produced by different restriction enzymes. Eco RI

is suggested not to cut in to U2 DNA. It shows nevertheless two
major well defined bands, indicating a non-homogeneous structure
of the U2 genes. Thus we should mention that snRNAs are
transcribed as precursors, being processed to the final snRNA

in the nucleoplasm (20). Digestion of the genomic DNA with AluTI,
allows the identification of several fragments with molecular
weight varying between 1.1 and 0.4 kb, indicating heterogeneity
between the genes or sets of genes.

Similar results were obtained for Ulab. We were able to find well
defined fragments with Eco RI,SalIl, Hind III (results not shown),
and Alul, none of the enzymes cutting in the final snRNA sequence,
indicating a similar structure for these RNAs to U2 RNA.

The fact that restriction with Eco RI allows the recognition of
similar fragments hybridizing with U2 and Ulab, suggests a related
localization of both snRNAs in the genome. Nevertheless, the great
fragment after Eco RI digestion is 2.5 kb long, containing
therefore nor more than 10 to 12 snRNA genes or perhaps much less.
Furthermore, Alul, an enzyme not cutting in the sequence of Ulab,
shows several bands after hybridization with both U2 and Ulab,

but it is not possible to identify as identical both patterns.
Taken together all these results, a structure could be suggested
in which the genes for each of U2 and Ulab are not intimately
clustered and are probably also not interspersed with one another,
but are more probably in groups separated by sequences not present
in the final RNA transcripts. An analysis of the organization

of the genes should be more exact after cloning them in bacterial

plasmids. Such experiments are underway in our laboratory.

References

1. Ro-Choi, T.S. and Busch, H. (1974) in: The Cell Nucleus,
vol. 3, pp 151-207 Academic Press, London, New York.

2. Engberg, J., Hellung-Larsen, P., and Frederiksen, S.
(1974) Eur. J. Biochem. 41, 321-328.

154



Vol. 95, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

3. Miller, T.E. Huang, C.H. and Pogo, A.O. (1978)
J.Cell Biol. 76, 692-704.
4. Deimel, B., Louis, Ch. and Sekeris, C.E. (1977) FEBS
Lett. 73, 80-84.
5. Howard, E.F. (1978) Biochem. 17, 3228-3236.
6. Alonso, A., Louis, Ch., Flytzanis, C.N. and Sekeris, C.E.
(1979) FEBS Lett. 93, 351-356.
7. Flytzanis, C.N., Alonso, A., Louis, Ch., Krieg, L.
and Sekeris, C.E. FEBS Lett. 96, 201-206.
8. Eliceiri, G.L. (1979) Nature 279, 80-81.
9, Staynov, D.Z., Pinder, J.C., and Gratzer, W.B. (1972)
Nature New Biol. 235, 108-110.
10. Taylor, J.M., Illmensee, R., and Summers, J. {1976)
Biochem. Biophys. Acta 442, 324-330.
11. Ullrich, A., Shine, J., Chirgwin, J., Pictet, R., Tischer, E.,
Rutter, W.J., and Goddman, H.M. (1977) Science 196, 1313-1319.
12. Wahl, G.M., Stern, M. and Stark, G.R. (1979) Proc. Natl.
Acad. Sci. USA 76, 3683-3687.
13. Reiser, J., Renart, J., and Stark, G.R. {(1978) Biochem.
Biophys. Res. Comm. 85, 1104-1112.
14. Alwine, J.C., Kemp, D.J., and Stark, G.R. (1977) Proc.
Natl. Acad. Sci. UsSA 74, 5350-5354.
15. Lerner, M.R. and Steitz, J.A. (1979) Proc. Natl. Acad.
Sci. UsSA 76, 5495-5499,
16. Ringuette, M., Liu, W.C., Jay, E., Yu, K.K.Y., and
Krause, M.O. (1980) Gene 8, 211-224.
17. Alonso, A., Flytzanis, C.N., Krieg, L., Louis, Ch. and
Sekeris, C.E. (1979) Mol. Biol. Rep. 5, 129.
18. Shibata, H., Ro-Choi, T.S., Reddy, R., Choi, Y.C.,
Henning, D. and Busch, H. (1975) J. Biol. Chem. 250,3909-3920.
19. Ro-Choi, T.S. and Henning, D. (1977) J. Biol. Chem. 252,3814-3820.
20. Frederiksen, S., and Hellung-Larsen, P. (1975) 58, 374-378.

155



