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ABSTRACT
We report the primary structures of the 5.8 S ribosomal RNAs isolated

from the sponge Hymeniacidon sanguinea and the snail Arion rufus. We had
previously proposed (Ursi et al., Nucl. Acids Res. 10, 3517-3530 (1982)) a
secondary structure model on the basis of a comparison of twelve 5.8 S RNA
sequences then known, and a matching model for the interaction of 5.8 S RNA
with 26 S RNA in yeast. Here we show that the secondary structure model can
be extended to the 25 sequences presently available, and that the interaction
model can be extended to the binding of 5.8 S RNA to the 5'-terminal domain
of 28 S (26 S) RNA in three species.

INTRODUCTION
To our knowledge, the primary structure of 5.8 S rRNA has been investi-

gated in 28 species, among which 8 vertebrates, 6 arthropods, 4 protozoa,
2 slime molds, 4 fungi, 3 higher plants, and one alga. Twenty of these se-

quences can be found in a recent review1. However, some of these sequences
have already been corrected26 and new ones have been added to the list713.
One of the objectives that can be served by the availability of such a se-

quence collection is the search, on a comparative basis, for a universal
secondary structure model. We have therefore sought to diversify the sequence
collection by examining two 5.8 S RNAs in hitherto uninvestigated animal
phyla, namely those of the snail Arion rufus (Mollusca) and the sponge
Hymeniacidon sanguinea (Porifera).

A number of models14'16 for 5.8 S RNA secondary structure have been
proposed, representing the molecule with the two terminal sequences joined
by base-pairing. These models can at best reflect the structure of isolated
5.8 S RNA, since the present evidence 17-21 indicates that precisely the
terminal sequences are engaged in base-pairing to 28 S RNA sequences in the
5.8 S - 28 S RNA comnplex. Some authors13"19'22'23 therefore represent their
sequences in models that borrow a number of helical areas from the Nazar
model14 but leave terminal sequences free for 28 S RNA binding. We have
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recently proposed24 a similar model in which, however, one of the helical

regions postulated by Nazar et al.14 is replaced by a different one, judged
more acceptable on the basis of an alignment of 12 sequences. We show here
that this model remains applicable to 13 additional sequences determined in
the meantime. We have also amended24 the model of Veldman et al.21 for
5.8 S - 26 S RNA interaction in Saccharromyces carisbergensis by assuming that
S helical areas exist in the 5.8 S RNA moiety of the complex, as compared to

4 helices in the Veldman model. We show here that our interaction model,
but also that of Veldman et al., fits to the newly published sequences of
the large rRNAs of the mouse and of Physayum polycephalum.

MATERIALS AND METHODS
The collection of the sponge Hymeniacidon sanguinea and of the snail

Arion rufus, as well as the isolation of their ribosomes, have already been
described25'26. The preparation of 5.8 S RNA was as previously documented24

except that it started from complete ribosomes, the fractionation into 40 S
and 60 S subunits being omitted. As a rule, about 3.6 OD260 units of 5.8 S

RNA were obtained by preparative gel electrophoresis starting from 225 OD260
units of ribosomal RNA.

The major part of each sequence could be derived by Peattie's27 method.

In order to establish the sequences near the 5'-termini and to confirm them
in other areas, four other combinations of gel sequencing were used, as
summarized in Table 1. The only method that has not been described elsewhere
is that making use of a 5.8 S RNA dimer. When 5.8 S RNA is incubated with

[5'-32P]pCp in the presence of RNA ligase under the usual conditions27, the
pCp serves as a donor and the RNA as an acceptor in the ligation reaction.
However, the RNA can simultaneously serve as a donor for a second RNA mole-
cule, in which case a labeled product containing two concatenated 5.8 S RNAs
results :

p(5-8 S RNA)OH + pCp - p(5.8 S RNA)pCp
2 p(5.8 S RNA)OH + pCp - p(5.8 S RNA)p(5.8 S RNA)pCp

The labeled dimer is detected as a slower moving band when the ligation
products are purified by gel electrophoresis as illustrated in Fig. 1.
Although it contains less label than the monomer, it can be profitably used
to detect the sequence near the 5'-terminus. Indeed, on a normal sequencing
gel of 3-labeled RNA, the slowest moving bands, which must reveal the 5'-
terminal sequence, are usually obscured by a very heavy band of undegraded
material. On a sequencing gel starting from the labeled dimer, the undegraded
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Table 1. Combinations of gel sequencing methods used.

o0
. Labeling method (a), reference Degradation Sequence segments

method, identified
reference

H. sanguinea A. rufus

1 Ligation of *Cp at 3'-end (27) Chemical (27) 9-156 12-457(b)
2 Ligation of tCp at 3'-end (27) RNAses (28) 2- 59

76-113
122-143

3 Ligation of *Cp at 3'-end of RNAses (28) 1- 54
dimer (this paper)

4 Dephosphorylation with RNAses (28) 2- 54 2- 44
phosp atase; kinase labeling 95-134
with pppA at 5'-end (24) - 138-153

5 Ligation of (Ap)4A at*5'-end; RNAses (28) 1- 70
kinase labeling with pppA at
extended 5'-end (28)

(a) Abbreviations for labeled compounds: UCp, [5'_32pJ pCp;
(b) The sequence at positions 118-120 and 132-134 qave rise

sion but could be resolved on gels6 run at 65°C.

*ppA, [y-32PIATP.
to band compres-

material runs much slower, and one can read, as it were, through the 5'-end
into the 3'-end of the sequence.

Ribose-methylated residues and pseudouridine residues were detected from
the band pattern that they generate on Peattie gels as explained previously24.
Length heterogeneity was found only in Hymeniacidon sanguinea 5.8 S RNA,
which contains two components differing by one residue at the 5'-terminus.

Fig. 1. Ligase catalyzed formation of a labeled
_ _ s5.8 S RNA dimer.

10 pg of Hymeniacidon sanguinea 5.8 S RNA was
incubated for 16 h at 4°C with 5 mnol pppA,
60 x 106 dpm [5' 32P]pCp, and 4 units RNA liqase
in 5 A1 of a solution containing 0.05 M HEPES
(pH 8.3), 0.02 M MgC12, 0.003 M dithiothreitol
and 20% dimethyl sulfoxide. The mixture was

* separated by electrophoresis on an 8% polyacryl-
amide gel of the same composition as used for
sequencing.
S, start; M, labeled 5,8 S RNA; D, labeled 5.8 S
RNA dimer.

_.m U
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The two components, labeled by method 4 (Table 1) were separated on an 8% gel
prior to 5'-terminal sequence analysis. The end-groups of each 5.8 S RNA were
determined by alkaline hydrolysis of the 5'- and 3'-labeled RNA and identifi-
cation of the labeled pNp or Np by paper electrophoresis.

RESULTS AND DISCUSSION
Primary structure and secondary structure model of Arion rufus and Hymeni-
acidon sanguinea 5.8 S RNAs

The structures of the 5.8 S RNAs from the two examined species are re-
presented in Fig. 2. The Hymeniacidon sanguinea 5.8 S RNA shows length
heterogeneity at the 5'-terminus, with only a fraction of the molecules pos-
sessing the pC1 residue, the others having pA at the 5'-end. It contains 2
methylated riboses (positions 43 and 7.4) and 2 pseudouridines (positions 64
and 73). The Arion rufus 5.8 S RNA is homogeneous, contains a single 2'-0-
methylguanosine at position 75 and a single pseudouridine at position 73.

We have previously derived24 the secondary structure model of Fig. 2
on the basis of an alignment of twelve 5.8 S RNA sequences, and stated in
detail why we prefer it to other models. The base-pairing scheme is the same
as, or similar to, that assumed by Nazar et al.14 for other sequences as far
as areas C, D, E, and F are concerned, but it is different for area B. More-
over, any potential base-pairing between areas A1 and A3 is disregarded since
in the ribosome these sequences probably interact with 28 S RNA according to
the evidence cited in the introduction.

Applicability of the secondary structure model to the alignment of known
5.8 S RNA sequences

An alignment of 25 presently known 5.8 S RNA sequences is shown in
Fig. 3. Among the vertebrates, only 3 species are represented although 8
have been examined. As explained previously24, the vertebrate sequences
published until 1978 probably all contain the same sequencing error, which
was revealed when the Xenopus laevis2'3 rat4 and mouse5 sequences were re-
examined at the DNA level. We therefore included only these corrected
vertebrate sequences. The alignment contains minor adjustments with respect
to the previous edition24 which contained 12 sequences. The main differences
reside in the widening of the gap separating the complementary strands of
hairpin F, and a few gaps in the 3'-terminal sequences, all of which were

29
necessary to accomodate the extra long Crithidia fasciculata sequence
Beyond position 125 alignment becomes difficult anyway, due to the limited
homology between sequences.
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Fig. 2. Secondary structure models for the sequences of 5.8 S rRNA from
Hymeniacidon sanguinea and Arion rufus.

Sequence complementarities corresponding to the postulated double-stranded
areas B, C, D, E, and F can be found in all hitherto determined 5.8 S RNA
sequences, as indicated by the boxes in Fig. 3. Single-stranded areas A1,
A and A may play a role in interaction with 28 S rRNA, by analogy with
the mode proposed for this interaction in three other species (Fig. 4).

The boxes delimiting the complementary areas of the secondary structure

model can be extended from the 12 sequences for which they were originally
postulated24 to the 25 sequences presently known. This includes complemen-
tarity B-B', which assumes a base-pairing scheme different from the Nazar

model. The largest shifts in the position of double-stranded areas on the

alignment are found in the case of the slime molds Physarwn polycephalum
and Dictyosteliwn discoidewn. Among the five postulated double-stranded
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regions, hairpin structure E is probably the least convincing on a compara-
22tive basis, as already pointed out by others . Not only is the position of

the participating bases poorly conserved, but also is the length of the hair-
pin variable and is it energetically unfavourable in some cases. Obviously,
unless one assumes that all hitherto proposed 5.8 S RNA base pairing schemes
are completely wrong and that the true one remains to be discovered, one must
conclude that the secondary structure of 5.8 S RNA is much less rigorously
conserved than is the case with 5 S RNA"30.

We have previously shown24 that the secondary structure as defined in
Fig. 3 is, in the majority of cases, energetically more favourable than the

14model proposed by Nazar et al. . An extension of the free energy calcula-
tions (results not shown) to the 25 sequences compared here proved that this
conclusion remains valid. Only in the case of the vertebrate and higher plant
5.8 S RNAs does Nazar's base pairing scheme give better free energy estima-

tions than the alternative scheme proposed in Fig. 3.

5.8 S RNA - 28 S RNA interaction model

There now seems to grow a consensus that the 5.8 S - 28 S RNA interaction
involves base pairing between the 5.8 S RNA 3-terminal and the 28 S RNA 5'-
terminal sequence on the one hand, and on the other hand the 5.8 S RNA 5'-end
with a sequence situated some 400 nucleotides from the 28 S RNA 5'-terminus.
This assumption rests on experimental probing of the 5.8 S RNA secondary
structure as it exists in the complex17919920 and on the fact that the two
halves of insect 5.8 S RNAs bind independently to 28 S RNA18. It is corrob-
orated by an interaction model postulated by Veldman et al.21 for the 5.8 S -
26 S RNA complex in Saccharomyces carisbergensis, which is analogous to a

secondary structure model for the 5'-terminal domain of Escherichia coli 23 S

Fig. 3. Aligmnent of 5.8 S rRNA sequences.
The boxes B-B' to F-F' delimit potential base-paired areas, as illustrated in
the models of Fig. 2 and Fig. 4. Nested boxes correspond with bulges or small
interior loops within these areas. Bases put between brackets correspond with
non-standard base-pairs (see references 28, 30, 32 for a discussion of non-
standard base pairs in RNA secondary structure). The insect sequences (nos 4
and 5) are interrupted between areas F and F'. Pseudouridine residues are
indicated by P, methylated riboses by the subscript m. In some sequences
examined on the DNA level the presence of modifications is unknown. In se-
quences showing length heterogeneity the different termini are indicated by
commas. Underlined areas in 5.8 S RNA sequences nos. 2, 16 and 19 are those
involved in intermolecular base pairing with 28 S (26 S) RNA sequences ac-
cording to the modeli drawn in Fig. 4. The sequence of Saccharomyces carZs-
bergensis 5.8 S RNA34 is identical to that of Saccharormyces cerevisiae.
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RNA31. The model of Veldman et al.2' implies that the sequences preceding
area C, and those following area F' in Fig. 3 are involved in base pairing
with 28 S (26 S) RNA sequences. In other words, it leaves room for the exist-
ence of helices C, D, E, and F, but not helix B, in the 5.8 S RNA moiety of
the complex, and it implies that a relatively long sequence, comprising
residues 107 to 125 in the alignment, remains single stranded. We have pub-
lished24 an amended interaction model, illustrated in Fig. 4a, which differs
from that of Veldman et al. in two respects. It assumes that helix B does
exist in the 5.8 S moiety of the complex, and that the sequence separating
helices B and F pairs with a complementary sequence in 26 S RNA, giving rise
to area A2 in Fig. 4. In Veldman's model, helix B is sacrificed to allow
pairing between its 5'-terminal strand and a sequence around residue 340 in
28 S RNA.

In the meantime, a sufficient portion of the mouse 28 S RNA5 and the
entire Physarwn polycephaiwn 26 S RNA33 have been sequenced, so it is possible

to see which model withstands the test of these new data. In Fig. 4 b and c
we show that our interaction model can be transposed to the newly determined

sequences. However, Michot et al.5 have shown that the Veldman model can be

transposed to the mouse sequence, and we found that it is also applicable to
Physarwn polycephaiwn, at least as far as the intermolecular sequence
complementarities are concerned. An argument in favour of the Veldman model
is that it bears a closer similarity to the structures postulated for the 5'-

31terminal domains of E. coli and maize chloroplast 23 S RNAs . On the other
hand the fact that complementarity B-B' (Fig. 3) exists in all hitherto

sequenced 5.8 S RNAs argues for the model shown in Fig. 4. We think that the
present evidence is not sufficient to tip the balance in favour of either of
the two possibilities, and that the scheme illustrated in Fig. 4 should be
given consideration until more definitive conclusions can be drawn from addi-
tional comparative sequencing.
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