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ABSTRACT

The nucleotide sequence of Neurospora crassa 5.8 S rDNA and adjacent

regions has been determined. The deduced 5.8 S rRNA sequence of Neurospora

differs from the 5.8 S rRNA sequence of Saccharomyces cerevisiae at 13 of

158 residues. Nine of these differences are clustered in a segment capable

of forming a short hairpin secondary structure thought to be involved in

the 28 S - 5.8 S rRNA complexl. These differences occur in pairs such that

the potential secondary structure is preserved.

INTRODUCTION

There are four rRNA species that are constituents of eukaryotic cyto-
plasmic ribosomes2. With the exception of 5 S rRNA, the rRNAs are pro-
cessed from a large precursor molecule that is transcribed from tandemly

repeated rDNA regions3. Thus the 5.8 S rRNA of Neurospora crassa is

processed from the RNA segment separating 17 S and 25 S rRNA%4,5. 5.8 S

rRNAs of Saccharomyces cerevisiae® and several vertebrates/~1l have been

sequenced. The molecules are approximately 160 nucleotides long and
their sequence is highly conservedl2, 1In this report we present the
nucleotide sequence of the DNA region coding for N. crassa 5.8 S rRNA and
examine it in relation to a proposed secondary structure for the 5.8 S
rRNA of yeast13.

MATERIALS AND METHODS
Plasmid pMFZ5 was the source of DNA used in this study. It consists

of an approximately 6000 base pair Pstl generated fragment of N. crassa
DNA inserted into the plasmid pBR322. DNA sequencing of 5' end-labelled
restriction fragments was carried out according to the methods of Maxam
and Gilbertl#. Isolation of plasmid DNA and restriction fragments and

DNA electrophoresis were performed as previously describedl3. N. crassa

RNA was extracted from germinating conidia# as described by Rubinl6,
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The RNA was treated with calf intestinal alkaline phosphatase (Boehringer
Mannheim), fractionated by electrophoresis through a 10% polyacrylamide
gel containing M ureal’ and the 5.8 S rRNA eluted as described for DNA
fragments. The RNA was then labelled using T4 polynucleotide kinase

(PL Biochemicals) and [y—32P] ATP (ICN Pharmaceuticals)ls. Hybridization

analyses were performed according to the method of Southernl8,

RESULTS AND DISCUSSION

Hybridization of end-labelled 5.8 S rRNA to restriction fragments of
plasmid pMF2 confirmed the DNA restriction map of Free EE.EL-S in the
vicinity of 5.8 S rDNA (Figure 1). 5.8 S rRNA hybridized exclusively

5’ GTGCCGAAAC TAAACTCTTG ATATTTTATG TCTCTCTGAG TAAACTTTTA
3" CACGGCTTTG ATTTGAGAAC TATAAMATAC AGAGAGACTC ATTTGAAMAAT

10
ATAAGTCAA AACTTTCAAC AACGGATCTC TTBGTTCTGG CATCGATGAA
TTATTCAGTT TTGAMGTTG TTGOCTAGAG AACCAAGACC GTAGCTACTT

1%
GAACGCAGLG ARATGUGATA GGTAATGTGA ATTGCAGMT TCAGTGMITC
CTTGCGTCGC TTTACGCTAT CCATTACACT TAACGTCTTA AGTCACTTAG

20
ATCGMTCTT TGAACGCACA TTGCGCTCGC CAGTATTCTG GOGAGCATGC
TAGCTTAGM ACTTGOGTGT AACGCGAGLG GTCATAAGAC CGCTCGTACG

290
CTGTTCGAGC GTCATTTCAA CCATCAAGCT CTGCTTGCET TGGG
GACMGCTCG CAGTAMGTT GGTAGTTCGA GACGAACGCA ACCC

Figure 1. 5.8 S rDNA of Neurospora crassa. The position of the 17 S, 5.8 S
and 25 S rRNA coding regions relative to the sites of cleavage of the restric-
tion endonucleases used in this study is shown. The DNA segment between the
BamHI sites was sequenced as indicated by the arrows. The presumed 5.8 S

rRNA coding region is shown in upper case.
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to a 302 bp fragment generated by endonuclease BamHI. Segments of both
strands of this DNA fragment were sequenced as indicated in Figure 1. The
sequence of most of this fragment, including the presumed 5.8 S rRNA coding
region and approximately 60 nucleotides preceding and 30 nucleotides follow-
ing the 5.8 S rDNA, is presented in Figure 1. The sequence corresponding

to 5.8 S rRNA (top strand in Figure 1) was recognized by its homology to

the sequence of S. cerevisise 5.8 S rRNAS. N. crassa 5.8 S rRNA has been
fingerprinted and the pattern obtained following ribonuclease T1 diges-

t:ion5 contains oligonucleotides which migrate identically to the 5' and

3' T1 oligonucleotides of yeast 5;8‘S rRNA6. On this basis it appears

that the 5' and 3' ends of N. crassa and S. cerevisiae 5.8 S rRNA are iden-
tical. The Neurospora 5.8 S rDNA sequence between nucleotides 59 and 217
matches the yeast 5.8 S rRNA sequenc?, differing at only 13 of 158 residues
(92% sequence conservation). This is consistent with the extent of sequence
conservation seen in the other 5.8 S rRNAs which have been sequenced. Thus,

the sequences of 5.8 S rRNA from humansll, rats7, chickensll, turtlesa,

frogslo and fish9 are all greater than 96X identical and are homologous to
the sequence of 5.8 S rRNA of yeast at approximately 70% of the residues.

This pattern of conservation of thg sequence of 5.8 S rRNAs parallels the

phylogenetic tree derived from comparisons of the amino acid sequences of

cytochrome ¢ from the same organisnslg.

Figure 2 presents the predictéd sequence of Neurospora 5.8 S rRNA arranged
in the form of the "cloverleaf" secondary structure recently proposed for
5.8 8 rRNA13. There are 13 differences from the yeast sequence, each of
which could have arisen as a result of a single base pair substitution. Of
the 13 differences, 11 do not change the base pairing pattern in the RNA
structure. Most of the differences are within a G-C rich arm which is a
6,7,10,13. Although

92% of the overall Neurospora and yeast 5.8 S rRNA sequences are identical,

feature of all proposed 5.8 S rRNA secondary structures

only 9 of 18 nucleotides base paired in the G-C rich arm are conserved.
Nevertheless, the differences in this region are such that base pairing is
conserved. This fact suggests that secondary rather than primary structure
is functionally important in this segment of the RNA molecule. Consistent
with this view are the findings of Pace gg_g;.l indicating that in mouse
5.8 S rRNA the secondary structure of this G-C rich arm may be involved in
stabilizing the formation of a 28 S - 5.8 S rRNA complex by coaxial helix
stacking.

The base pair differences in the G-C rich arms of yeast and Neurospora




Nucleic Acids Research

H
{-wg;g .
P e vacs ‘c’ub.%*c-ei 4

Figure 2. Possible secondary structure of Neurospora crassa 5.8 S rRNA. The
13 residues of the Saccharomyces cerevisiae 5.8 S rRNA sequence which differ
from the predicted Neurospora sequence are shown adjacent to the secondary
structure.

5.8 S rRNA also pose an interesting evolutionary problem. Single base pair
mismatches presumably preceded the double, complementary changes. If base
pairing in the G-C rich arm is functionally essential, mismatched intermed-
iates would have been less fit structures. Consideration of the nature of
the base changes reveals the interesting fact that of the 9 changes in this
region, only 2 were transversions. The remaining 7 transitions could have

gone through G-U pair intermediates, as diagrammed.

G G <« A
I . |
C «— U U

G-U pairs, though not as stable as G-C or A-U pairs, are not destabi-
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lizing like the other mismatcheszo. In fact, a recent thermodynamic study
on the G-C rich arm of yeast 5.8 S rRNA suggests that a G-U base pair in
the arm does enhance its stabilityzl. The 2 transversions resulting in

G-C <> C-G conversions presumably went through a mis-paired intermediate.
The fact that the rRNA genes are moderately repeated (about 150 copies per
genome in both yeastz2 and Neurospor323) may explain how such potentially
defective intermediates could be tolerated. Presumably most of the 5.8 S
rRNA genes of an organism with some mis-paired intermediates would code for
perfectly paired structures. A low level of sequence heterogeneity (= 0.01)
at one position of the 5.8 S rRNA from Xenopus laevis has been detectedlo.

The colinearity of Neurospora 5.8 S rDNA with the yeast 5.8 S rRNA
sequence and the similarity of the fingerprints of Tl ribonuclease digests
of the two rRNAsS’6 suggest that the Neurospora 5.8 S rRNA gene does not
contain an intervening sequence.

The 5.8 S rRNA is derived from the segment of the rRNA precursor separ-
ating the larger rRNAs3. It seems likely that the non-coding RNA in this
segment is involved in the processing of this molecule. We scanned the se-
quences surrounding the Neurospora 5.8 S rRNA for unusual features which
might be recognized by processing enzymes. The most distinctive sequence
feature adjacent to the 5.8 S rRNA coding region is an imperfect symmetrical
sequence involving 20 out of 24 nucleotides immediately preceding the 5.8 S
rRNA.

-20 -10 -1
| + 1 ]
CUGA-UAMA-ULUUAMAU-AGUC- 5.8 S -RVA

(a dash indicates a non-symmetrical nucleotide)

Bell g£<§l.24 have sequenced the 16 nucleotides preceding the yeast 5.8 S
rRNA coding region and 10 of these nucleotides are identical to those pre-
ceding the Neurospora 5.8 S rRNA coding region including the hexanucleotide,
UUUAAA. Boseley gg_g;.zs have recently sequenced the 5.8 S rRNA coding
region of Xenopus laevis. The sequences flanking the Neurospora and Xenopus
5.8 S rRNA genes are generally different except for the homology:

-46

TGCCGARACT AW - Neurospora
TGCCGAGACCGAMA - Xenopus

1]
-34
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This occurs 46 nucleotides preceding the presumed Neurospora 5.8 S rRNA

region and 34 nucleotides preceding the Xenopus 5.8 S rRNA region. It will
be of interest to learn whether special sequences or higher structures such
as those implicated in E. coli 16 S rRNA processin326’ 2 are involved in

5.8 S rRNA processing.
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