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We have cloned and sequenced the two intervening transcribed spacers in the rDNA
repeat unit of three Aspergillus species — A, nidulans, A. awamori and A. wentii. The
A. wentii and A. awamori spacers are almost identical and share a high degree of
homology with the A. nidulans spacers. All spacers have a high G-C content (66%-76%)
and the potential of forming complex secondary structures, which may indicate that
they play a role in the maturation of pre-rRNA molecules.

In most eucaryotes the genes coding for the
three larger classes of ribosomal RNA (rRNA)!
form a tandemly repeated transcriptional unit
with the following organization:

NTS*ETS*18SrRNA *ITS1*5.85S
*ITS2*26SrENA

where NTS is the non-transcribed spacer,
ETS - the external transcribed spacer and I1TS1
and ITS2 are the internal transcribed spacers
[1]. The primary transcript is processed to the
mature rRNAs. The signals recognized by the
processing mechanisms are poorly known, and
transcription has been extensively analyzed
only in mammals [2] where U3 snRNA (small
nuclear RNA) is known to participate in pri-
mary transcript processing [3]. Recent data
have implicated other snRNAs (U8, U14) in
pre-TRNA processing in yeast, Xenopus and
mammals [4, 5].

We have cloned the rDNA repeat unit from
the filamentous fungus Aspergillus nidulans [6).
With a size of 7.8 kb it is one of the smallest

rEMNA

rDNA repeat units in eucaryotes. Its nucleotide
sequence has been established (Borsuk, unpub-
lished). In order to determine what sequences
are important for processing we decided to
examine rDNA intervening sequences in two
other closely related species — A. awamori and
A. wentii. As spacer sequences are in general
not conserved between species, similarities in
sequence among the three species could be an
indication of some function. We have been
using this approach in analyzing the evolution
of dispersed 55 rRNA genes in the genus Asper-
gillus [7). This paper presents the analysis of
ITS1 and ITS2 sequences from the three Asper-
gillus species: A. nidulans, A. awamori and A.
wentii.

MATERIALS AND METHODS

Appropriate fragments of the plasmid pMN1
[6] which contains the rDNA repeat unit from
A. nidulans were subcloned into mp18 and
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! Abbreviations: ETS, external transcribed spacer; ITS, internal transcribed spacer; NTS, non-transcribed
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mp19 and sequenced as described [8]. Gene
libraries of A. wentii and A. awamori were con-
structed after digestion with EcoR] and ligation
with pUC19. Fragments of the pMN1 insert
corresponding to ITS1 and ITS2 were used to
screen these libraries. The restriction maps of
the plasmids isolated from these libraries were
established and subfragments containing ITS1
and ITS2 were cloned in mp18 and mp19 for
sequence analysis.

Secondary structures of ITS1 and ITS2 were
analyzed using the PC Gene program.

RESULTS AND DISCUSSION

The sequences of ITS1 and ITS2 from the three
Aspergillus species are shown in Fig. 1 and 2,
respectively. The ITS1 sequences from A. wentii
and A. awamori are identical, 185 bp long and
contain 65.9% GC. The A. nidulans sequence is
considerably shorter, 150 bp in length and even
more GC rich-76.7%. The ITS2 sequences of A.
wentiiand A. awamori differ by a deletion of two
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nucleotides in the former and are thus 155 and
157 bp in length, with GC content of 69.7 and
70.1%, respectively. The A. nidulans 1TS2 se-
quence differs in many places from the A. awa-
moriand A. wentii sequences, is 158 bp inlength
and contains 74.1% GC.

The presented findings show an unexpected
extensive homology among the ITS sequences
of different species of Aspergillus. The A. wentii
and A. awamori sequences are identical (IT51)
or almost identical (ITS2), the A. nidulans se-
quence shares a high degree of homology (ap-
prox. 58% and 80% for 1TS1 and ITS2, respec-
tively) with the two other species.

All the ITS show a high GC content and a
number of long GC tracts. All the sequences
were analyzed for the ability to produce sec-
ondary structures using the PC gene program.
The data for the six analyzed ITS sequences are
presented in Figs. 3 and 4. In all cases long
stretches of double stranded structures formed
by complementary sequences are visible. The
ITS2 structures are very similar for all three
species. In [TS1 there are differences in second-

aacctgoggaaggateat taCCGAGTECGEET-CCTTTGGG-—CCCAMCCTCCCATCCGIGTC TAT TG TACCC TG I TGCTT

cC CG c A OCTIA A

CGGCEGEECCCECCECTTGICE-GOCGOCEEEEEEECECCTCTGCCOCCCGEECCCGTGCOCGCCGEACACCCOAACACGAR

CACTGTCITGAARGCGTGCAGTCTGAG ~TIGATTGARTGCA-ATCACTTARRact ttoracantggatoctot tggt toogge

A A c g --

Fig. 1. Sequences of ITS1 from Aspergillus awamori, A. wentii and A. nidulans.
The 185 rRNA and 5.85 rRNA sequences are given in small letters. Only differences in nucleotide sequences are shown.

A. awamori gougggoatgcotgteogage-gtoat tGCTGCCCTCAMCCCEEC TTETG TG I TGEGTCGCCETCCCCCTCTCCGEE
A. wantii at

A. nidulans T C ====
A. aWamCEL GGGAC-GECCCGMAGGCAGCGECEECACCE-GTCCGATCC TCGAGC GTATGEGGCTT TG TCACATGC TC TG TAGGAT
A. wantii

A. nidulans [~ T G cc g
A. awamori TEECC-————= —GECGCCIGCCEACGTTITCCAACC--ATTCTTITCCAGC L tqaccteggatcaggtagggataccog
A. wantii e

A. nidulans A GECCEGCCE A G C= T T CT

Fig. 2. Sequences of ITS2 from A. awamori, A, wentii and A. nidulans.
The 5.85 and 265 rRENA sequences are shown, - Denotes a deletion.
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Fig. 3. ITS1 secondary structures for A. awamori (A), A. wentii (B) and A. nidulans (C)
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Fig. 4. ITS2 secondary structures for A. awamori (A), A. wentii (B) and A. nidulans (C).
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ary structure, as the shorter A. nidulans ITS51
could enly form two secondary structures,
whereas A. awamori ITS1 sequences could form
three. Extensive secondary structures in the ITS
regions have been found in other species: in the
yeast ITS2 [9] and in human ITS1 and ITS2 [10].

The existence of high degrees of sequence
homology between the rRNA spacers in three
species of Aspergillus indicates that these in-
tergenic regions contain the necessary informa-
tion for the processing of the rRNA precursor.
Other studies of non-coding regions in the
genus Aspergillus by us and by others: of the
upstream region of the ornithine carba-
moyltransferase gene [11] and the flanking re-
gions of 55 rRNA genes [7] show very little or
no homology. _

The sequences studied here contain four dif-
ferent processing sites, needed for the gener-
ation of mature rRMNA molecules. However, we
did not discover any consensus sequences re-
siding at the junctions of 185, 5.85 and 265
rRNAs with their respective flanking sequen-
ces. Therefore we may assume that their pro-
cessing must be dependent on signals other
than junction sequences. These may, of course,
bein the rRNA sequences themselves [4]. How-
ever, the detection of long stretches of sequence
homologies among the different species of As-
pergillus plus the existence of thermodynami-
cally stable secondary structures within the ITS
regions strongly suggests that the processing of
pre-tTRNA is guided by the three dimensional
structure of the ITS sequences. Some enzymes,
such as bacterial RN Ase P, are known to recog-
nize RN A structure rather than sequence, and
this phenomenon may be quite common.

REFERENCES

1. Sollner-Webb, B. & Tower, ]. (1986)
Transcription of cloned eukaryotic ribosomal
RNA genes. Annu. Rev. Biochem. 55, 801-830.

2. Grummt, I. (1989) Mammalian ribosomal gene
transcription; in Nucleic Acids and Molecular
Biology, pp. 148-163, Springer Verlag, Berlin.

3. Kass, 5, Tyc, K, Steitz, ]. & Sollner-Webb, B.
{1990) The U3 small nucleolar ribonucleo-
protein functions in the first step of preribo-
somal RNA processing. Cell 60, 897-907.

4,

Fournier, M.J. & Maxwell, E.5. (1993) The
nucleolar snRN As: catching up with the spliceo-
somal snRNAs. Trends Biochem. Sci. 18, 131-135.

. Peculis, B.A. & Steitz, ]. (1993) Disruption of U8

nucleolar snRNA inhibits 5.85 and 285 rRNA
processing in the Xenopus oocyte. Cell 73,
1233-1245.

. Borsuk, P, Nagied, M., Stepien, PP. & Barinik, E.

(1982) Organization of the rRNA gene cluster in
Aspergillus nidulans. Gene 17, 147-152.

. Gniadkowski, M., Fiett, ]., Borsuk, P, Hoffman-

-Zacharska, D., Stepien, P.P. & Bartnik, E. (1991)
Structure and evolution of 55 rRNA genes and

pseudogenes in the genus Aspergillus. |. Mol.
Eval. 33, 175-178.

. Bartnik, E., Bartoszewski, 5., Borsuk, F. &

Empel, ]. (1986) Aspergillus nidulans 55 rRNA
genes and pseudogenes. Curr. Genet. 10,
453-457.

. Yeh, L.C.C. & Lee, ].C. (1990) Structural analysis

of the internal transcribed spacer 2 of the
precursor ribosomal RNA from Saccharomyces
cerevisige. |. Mol. Biol. 211, 699-712.

. Gonzales, I.L., Chambers, C., Gorski, J.L.,

Stambolian, D., Schmickel, R.D. & Sylvester, 1.E.
(1990) Sequence and structure correlation of
human ribosomal transcribed spacers. ]. Mol.
Biol. 212, 27-35.

. Buxton, E P, Gwynne, D.L, Garven, 5., Sibley, 5.

& Davies, RW. (1987) Cloning and molecular
analysis of the omithine carbamoyltransferase
gene of Aspergillus niger. Gene 60, 255-266.



