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1. Introductiou 

Ribosomal RNA sequences are conserved to a large 
extent among widely different eukaryotic species and 
even between eukaryotes and prokaryotes. This was 
first indicated by the finding that rRNA from one 
organism can hybridize to DNA from another [ 11. A 
detailed study [2] showed that most of this cross- 
hybridization is due to particular regions of rDNA, 
-10% of the 28 S sequence and 20% of the 18 S 
sequence. These regions appear to be very similar, 
with a divergence of a few % as judged from the melt- 
ing temperature of the hybrids [23. Recent sequence 
data has demonstrated that the 3’.terminal region of 
18 S (16 S) rRNA in particular is very strongly con- 
served: the last 20 nucleotides in a variety of eukary- 
otes and in Escherichia coZi are almost identical [3]; 
direct sequencing of a portion of a cloned Bombyx 
mori rDNA transcription unit [4] shows that the last 
50 nucleotides of this molecule are nearly identical 
to those of E. eoli 16 S RNA. 

Our interest in the structure of the rDNA transcrip- 
tion unit of Drosophila me~ano~aster has led us to 
determine the sequence of a corresponding region in 
this gene which includes the 3’-terminal portion of 
the 18 S RNA coding region and the beginning of the 
transcribed spacer. This sequence makes it possible to 
determine the extent of homology between D. melano- 
gaster, 6. mori and E. coli sequences in this region. 
It also allows us to examine whether structures 
similar to those found at the boundaries of the 5.8 S- 
2 S region (A-T-rich ‘processing sites’) [5 J are pre- 
sent at the beginning of the transcribed spacer. 

2. Methods 

Restriction enzymes were purchased from 
Boehringer (EcoRI, PstI) or New England Biolabs 
(MspI, HaeIII). T4 nucleotide kinase was from 
Boehringer, bacterial’alkaline phosphatase (used 
without further purification) and terminal transferase 
from Bethesda Research Labs. [CY-““P]ATP and 
[y-32P]ATP were purchased from Amersham. 

~bo~rn~ DNA was prepared from recomb~~t 
plasmid 0x1238 [6] which contains slightly more 
than a complete transcription unit without insert ion 
ES]. In some cases restriction enzyme digestion and 
end-labelling were performed on whole plasmid DNA 
which was subsequently recut with a second restric- 
tion enzyme and fractionated on a.preparative aga- 
rose gel to obtain fragments labelled at one end only; 
in other cases a suitable fragment was first isolated 
on a preparative gel, then labelled, digested and frac- 
tionated again. Fragments were electroeluted in dial- 
ysis bags ffiled with ele~trophoresis buffer, filtered 
on glass fiber filters after addition of SDS to 0.2% and 
ethanol precipitated after addition of LiCl to 0.8 M. 
Labelling with T4 nucleotide kinase was performed as 
in [7]; labelling with terminal transferase was done 
in the presence of cobalt ion [8] and was followed by: 
a ‘chase’ with unlabelled ATP, an important step to 
avoid doublet bands in the sequencing gel due to in- 
complete addition of 4 residues. Under these con- 
ditions even recessed 3’-ends such as those generated by 
EcoRI can be labelled to a sufficient extent to allow 
sequence detention. 
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Sequencing was performed essentially as in 171: 
the G, A > C, C and C + T reactions were used with 
the following variations on pub~~ed procedures: 
saturated NaCl (instead of 5 M NaCl) was used in the 
C reaction, and 0.83 M redistilled piperidme (instead 
of 0.5 M) was used in the cleavage step. Reaction pro- 
ducts were run on 20%, 8%and 6% thin (0.3 mm) gels 
[Q 1; 150-200 bases could normally be read from these 
gels,. 

Biohazards associated with these experiments were 
preexamined by the French Control Committee. 

3, Results 

Fig. 1 shows a map of plasmid cDm 238 [5] with 
a blow up of the region of interest. Sequencing was 
performed using fragments labelled at either the RI site 
or the MspI site present in the 3’-end of the 18 S 
coding region (fig.1). Fragments were labelled at the 
5’-end with polynucleotide kinase or at the 3’-end 
with terminal transferase so that the whole sequence 

p PHRMPH HRM 

could be determined on both strands. Fig. 2 shows a 
sequencing gel displaying the 3’-end of the 18 S coding 
region and the beginning of the transcribed spacer. The 
sequence obtained is shown in fig.3. It includes the 3’- 
terminal 227 nucleotides of 18 S and the first 50 of 
the adjoining transcribed spacer. The location of the 
3’-terminus of 18 S has not been directly determined 
but is obvious because of the homology with the 
B.mori and E.coli sequences (below). 

4. DiscWsion 

A comparison of the ~.me~nog~ster and the 
3. mori 18 S coding sequences shows their similarity 
(fig.3). Region l-80 and 121-227 (numbered along 
the drosophila sequence leftward from the 3’-end) 
are almost identical with only a few occasional dif- 
ferences; in contrast, the regions between 8 1-3 2 1 
are very different and show little homology. It must 
be stressed that the extent of homology is surprisingly 
high. B.mori and D.melunogaster are evolutionarily 

lkb 

I ~ “, 

18 5.82 26a 26b NTS 18 

+- 

+- 0.5 kb 
+- 

Fig.1. Restriction map of plasmid cDm 238 (top complete map, bottom blow up 01: transcribed spacer region). Ribosomal RNA 
coding sequences are boxed, vector ColEl sequences are indicated by a thick line and spacer regions by a thin line. Cleavage sites 
are indicated for the following restriction enzymes: EcoRI (R), PstI (P), MspI (M), and Hue111 (H). For these two last enzymes 
only the sites present ln the region enlarged at the bottom of the figure are shown; other sites exist in the 26 S and non-transcribed 
spacer regions. The point at which the right hand 18 S region is linked to ColEl DNA has been determined by DNA sequencing 
and lies 5.5 nucleotides after the MS@ site (data not shown). The position, type of labelling (*:S’, +:3’) and extent of sequence 
read on the fragments used for sequencing are indicated below the map, 
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G A>C C C+T 

Fig.2. Portion of a 6% sequencing gel displaying the 3’-termi- 
nal sequence of 18 S RNA and the beginning of the tran- 
scribed spacer. The fragment was labelled with polynucleo- 
tide kinase at the MspI site 100 nucleotides downstream from 
the first nucleotides shown. 

quite distant and the restriction enzyme maps of 
their rDNAs are quite different: although both con- 
tain a unique RI site in the same position of the 18 S 
coding region, the SmaI and Hind111 sites located in 
D.mehmogaster 18 and 26 S RNA coding regions are 
absent or displaced in B.mori; the BarnHI sites present 
in the 26 S coding region in B.mori are absent in 
D. mehogaster [5,10,1 I]. Moreover, the 5.8 S RNA 
molecule in B.mori is not split [ 121 as in D.melano- 
gaster, i.e., there is no 2 S RNA and no 5.8 S-2 S 
spacer in the rDNA. The extent of conservation of 
this terminal 18 S sequence is therefore highly signi- 
ficant and suggestive of a particular role. The stem 
and loop structure proposed to exist in the 3’-end 
of B. mori 18 S [4] is equally possible with the 
D. mehnogaster molecule since the sequences are 

identical with the exception of an additional G in 
the loop. It is also interesting to note that the sequence 
comparison clearly indicates a number of additions 
between nucleotides 90- 120; evolution in that region 
has definitely involved addition/deletion events along 
with substitutions. 

When an alignment between the E.coli 16 S sequence 
[13,14] and the D.mehogaster sequence is attempted 
(fig. 4) very strong homology is found in nucleotides 
l-45 of the coding region. The homology between the 
rest of the sequences is quite low except for the region 
from 160-195 which is nearly identical to sequence 
135-170 in 16 S RNA. Again a number of additions 
have occurred between the two homologuous regions. 
Thus the regions of homology between E.coli 16 S 
RNA and D.mehogaster 18 S RNA are included in 
those found between D.melanogaster and B.mori. 
As shown for other eukaryotes [3] the homology 
between E.coli and D.mehogaster does not include 
the CCUCC pyrimidine tract present in E.coZi posi- 
tion 4-9 which is implicated in mRNA binding 
[ 15 ,161. An alternative interaction has been postulated 
between eukaryotic mRNAs and an AGGAAG sequence 
located at position 7-13 of the eukaryotic rRNA 
sequence, which is also present in D.mehnogaster 
18 S RNA. Any implication of this sequence in mRNA 
binding is however purely conjectural since there is no 
direct evidence for such an interaction. 

Sequencing of the 5.8 S-2 S region in D. mehno- 
gaster which codes for two conserved RNAs, one com- 
plete excised region and the ends of two other excised 
regions [5] led us to propose that localized A-U-rich 
regions in the precursor rRNA may be one of the 
structural features recognized by processing enzymes. 
Such a structure is found here in the transcribed spacer 
which follows the 3’end of the 18 S coding region. 
The last 30 nucleotides of the sequence determined are 
93%A-T; moreover it is apparent from sequencing 
gels (fig.5) that this is a localized feature; i.e., after 
-70 nucleotides the sequence returns to a balanced 
base composition. Thus we believe that localized, nearly 
pure A-U regions extending for several tens of nucleo- 
tides are one of the features which single out on pre- 
cursor rRNA those regions which must be removed 
during processing. 

Although the coding regions of D.melanogaster 
and B.mori are extremely similar, the transcribed 
spacers are completely divergent. Recent sequencing 
studies on the 5.8 S-2 S coding region of Sciara 
coprophila (B. R. J., M. L.-D., R. J., in preparation) 
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227 
5' ATTCGCA 

(&-CCCA 
* 

221 

220 
GTAAGTGTGA 
GTAAGCGCGA 

** 

210 

210 
GTCATTAACT 
GTCA TAAG,T 

* C 
200* 

200 
CGCATTGATT 
CGCGTTGATT 

* 

190 

190 
ACGTCCCTGC 
ACGTCCCTCC 

180 

180 

CCTTTGTACA 
CCGTTGTqCP 
* 

170 
CACCGCCCGT 
CACCGCCCGT 

160 

Drosophila 
Bombyx 

150 
GATTGAATTA 
GATTGAATGA 

* 

140 

140 
TTTAGTGAGG 
TTTAGTGAGG 

130 

110 

GACGCCTTGC 
GTGG CTT C 
** * 

100 

160 
CGCTACTACC 
CGCTACTACC 

150 

130 
TCTCCGGACG 
TCTTCGGACC 

* * 

120 

120 
TGATCACTGT 
GA CACGCG 

* * ** 

110 

100 
GTGTTACGGT 
ACGGC CG T 
w *** * 

90 

90 
TGTTTCGCAA 
CGGCGTTGGA 
* ***** 

a0 

70 
AACTTGATTA 
AACTTGATCA 

* 

60 

60 
TTTAGAGGAA 
TTTAGAGGAA 

50 

50 
GTAAMGTCG 
GTMAAGTCG 

40 

20 
AACCTGCGGA 
AACCTGCGGA 

20 

10 

AGGATCATTA 
AGGATCATTA 

10 

80 

AAGTTGACCG 
AAGTTGACCA 

* 

70 

40 
TAACAAGGTT 
TAACAAGGTT 

30 

30 
TCCGTAGGTG 
TCCGTAGGT 

* 

-20 
TCCTTACCGT 
GGAAGAAA 
***** w 

-18 

-40 
TTGTAATTAT 

-50 
ACAAATAAAA 

-10 
TTGTATAATA 
ACGGGTGATG 
** ** * * 

-10 

-30 
TAATAAATAT Drosophila 

Bombyx 

Fig.3. Sequence of the 3’end of the 18 S rRNA gene of Drosophila melanogaster and the first 50 nucleotides of the adjacent 
spacer region. The sequence is numbered beginning at the 3’end of the gene proceeding 5’ into the gene. The strand shown is the 
non-coding strand. The D.meZanogaster sequence (top line) is compared with the Bombyx mori sequence [4] (bottom line). 
Differences between the sequences (substitution, additions or deletions) are denoted by a star. 

227 220 210 200 190 180 170 
5' ATTCGCA GTAAGTGTGA GTCATTAACT CGCATTGATT ACGTCCCTGC CCTTTGTACA CACCGCCCGT 

AATCGC,A GTAATCGTGG ATCAGAATGC CACGGTGAAT ACGT,CCCG,GC C TTGTACA CACCGCCCGT 

* f ** * * ** *** *** * T% * 

204 * 196 186 176 166 * * 154 146 

Drosophila 
E. coli 

160 150 140 130 120 110 100 90 

CGCTACTACC GATTGAATTA TTTAGTGAGG TCTCCGGACG TGATCACTGT GACGCCTTGC GTGTTACGGT KXTTCGCAA 

C AC ACC ATGG G AGTG GC TTGCAAAA GAAGTAGGT A GC TTAA C CTT CGG G AGGGCGC 
*** * ***** ** *** * * **** ** * ***** ** * ** ** * * *n** ** 

136 130 126 119 111 102 95 88 

80 70 60 50 40 30 20 10 1 

AAGTTGACCG AACTTGATTA TTTAGAGGAA GTAAAAGTCG TAACAAGGTT TCCGTAGGTG AACCTGCGGA AGGATCATTA 

TT ACC ACTTG TGA TTATGA'USG GGTGAAGTCG TAACAAGGTA ACCGTAGGGG AACCTGCGGT TGGATCATTA 
** * * * f ** &k **** *** * * * * * CCTCC 

80 75* 66* 55 45 35 25 15 **** 

-10 -20 -30 -40 -50 

TTGTATAATA TCCTTACCGT TAATAAATAT TTGTAATTAT ACAAATAAU Drosophila 
CCTTAAAGAA GCGTACTTTG CAGTGCTCAC ACAGATTGTC TGATGAAAAT E. coli 
*** * ** ***** * * **** * w** * *** **w* * 

Fig.4. Comparison of D.melanogaster anct E.coli [ 12,131 sequences. Conventions as in fig.3. 
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yield similar results; i.e., nearly identical coding 
regions and completely divergent (albeit still A-U- 
rich) spacers. 
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Fig. 5.8% sequencing gel of the D.melanogaster 18 S spacer 
region showing the localized A-T-rich region found at the 
beginning of the spacer. The 18 S sequence shown is the non- 
coding strand (the last 20 nucleotides were read from another 
gel); the A-T-rich region is shown by a bracket. 
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