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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 rRNA4,5. 5.8 S

rRNAs of Saccharomyces cerevisiae6 and several vertebrates7-11 have been

sequenced. The molecules are approximately 160 nucleotides long and

their sequence is highly conserved12. In 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 pMF25 was the source of DNA used in this study. It consists

of an approximately 6000 base pair PstI 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 Gilbert14. Isolation of plasmid DNA and restriction fragments and

DNA electrophoresis were performed as previously described15. N. crassa

RNA was extracted from germinating conidia4 as described by Rubin16.
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The RNA was treated with calf intestinal alkaline phosphatase (Boehringer
Mannheim), fractionated by electrophoresis through a 10% polyacrylamide
gel containing 7M urea17 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)15. Hybridization

analyses were performed according to the method of Southern18.

RESULTS AND DISCUSSION

Hybridization of end-labelled 5.8 S rRNA to restriction fragments of

plasmid pMF2 confirmed the DNA restriction map of Free et al.5 in the

vicinity of 5.8 S rDNA (Figure 1). 5.8 S rRNA hybridized exclusively

B.HI BamHI
Eco RI Eco RI

17s 5.8& 25.

/ ~~~~EcoRI \
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IObp

105
5' GTGCA TAAACTt:TG ATAT1TTATG TCITCTCTG TMACAT1TA
3' CCGGC1TG A1T1Gmw TATATA&AP Acw3GAc A1TIGAT

100
MTArM AXTITCW AAGTCrC TWIITIIL CATCGATGM
rATrCATT lTlITG TTGCCTAGNi# AACAM GTAGCTAM

GAWAGG AMTGCGATA GGTMTGTGA ATTGCWT TWMTC
CiT~GT~I~ AGTAT CCATrIN TAAGUTTA N3TCN1AG

200
ATCGAATM TCGCA TTGGSCIGCTATUG GXCATGC
TAMTPG AMGCGTGT AAG GTATAA CGTGT

240
CTGTTCGRCC GTcTCAM CCATCA4CT CTGCTTGO6T TGGG
CmCAGM CAGTAMArT GGTATCGA GCw A

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. cerevisiae 5.8 S rRNA6. N. crassa 5.8 S rRNA has been

fingerprinted and the pattern obtained folloving ribonuclease Ti diges-

tion5 contains oligonucleotides which migrate identically to the 5' and

3' Ti 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 sequence, 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 humns 1, rats7, chickens 1, turtles,

frogs and fish9 are all greater than 96% 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 the sequence of 5.8 S rRNAs parallels the

phylogenetic tree derived from comparisons of the amino acid sequences of

cytochrome c from the same organisms19
Figure 2 presents the predicted sequence of Neurospora 5.8 S rRNA arranged

in the fornm of the "cloverleaf" secondary structure recently proposed for

5.8 S rRNA 3. 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

feature of all proposed 5.8 S rRNA secondary structures ''710'13. Although
92% of the overall Neurospora and yeast 5.8 S rRNA sequences are identical,
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 et al. 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
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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.

111 .

U

G-U pairs, though not as stable as G-C or A-U pairs, are not destabi-
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20
lizing like the other mismatches . 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
21

the arm does enhance its stability . 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 yeast22 and Neurospora 3) 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)
10

at one position of the 5.8 S rRNA from Xenopus laevis has been detected

The colinearity of Neurospora 5.8 S rDNA with the yeast 5.8 S rRNA

sequence and the similarity of the fingerprints of TI ribonuclease digests

of the two rRNAs ' 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 rRNAs . 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

+,

clJr--I.~ 5.8 S r

(a dash indicates a non-symmetrical nucleotide)

Bell et al. 4 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 et al. 5 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

TGCCGAACT AM - Neurospora

TGCCAGAcC - Xenopus

-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 processing26' 27 are involved in

5.8 S rRNA processing.
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