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ABSTRACT

Crude tRNA isolated from rat liver by the method °£ Rogg et al.
(Biochenm. Bigphys. Acta 195,13-15 1969) contains N°-dimethyl="
adenosine (m3 % and was tTherefore fractionated in order to
identify the moA-containing RNAs. é unique species of RNA was
purified which contained all the m5A presggt in the crude tRNA.
Sequence analysis by postlabeling with y-2“P-ATP and polynucleo-
tide kinase revealed that this RNA represents the 32 nucleotides
2466UUUC (O GUAGGUGRS AmGACCUGCGGAAGGATC
from position 5 to 36 of the 3' terminus of ribosomal 18S RNA.
The 36 nucleotide long sequence from the 3' end of rat liver
18S rRNA exhibits extensive homology with the corresponding
sequence of E. coli 16S rRNA and with the 21 nucleotide long
3' terminal sSequence so far known from Saccharomyces carls-
bergensis 17S rRNA. A heterogeneity in this sequence provides
the Iirst evidence on the molecular level for the existence of
(at least) two sets of redundant ribosomal 18S RNA genes in the
rat.

INTRODUCTION

Previously we have reported the presence of Ne—dimethyladeno-
sine (mgA) in rat liver 4S RNA, presumably tRNA, and its ab-
sence after L-ethionine feeding (1). In an attempt to purify
and identify the mg c
rat liver tRNA and assayed the fractions for m2A. This rgport
shows that a short RNA which copurifies with tRNA is a mzA—
containing fragment from the 3'-terminal region of ribosomal

18S RNA.

A-containing tRNA(s) we fractionated crude

MATERIALS and METHODS

RNA preparation and fractionation: rat liver tRNA was isolated
according to Rogg et 31.(2). The crude tRNA was fractionated
on DEAE-Sephadex A-50 as described previously for rabbit liver
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Fig. 1. BD-Cellulose
chromatography (con-
dit;ons as in ref. 3)
of 3.560 A units
tRNA 9“l‘g-ffggtion (ob-
tained from a DEAE-
Sephadex A-50 fractio-
nation of 41.000 A260
units of crude rat
Iiver tRNA) yielded
Jio 63 Aggp units of the
m8A-containing RNA
(arrows) after ethanol
precipitation.

I
g

cpm =10-3/mi

Fract. No.

tRNA (3). The mgA-containing fractions, coinciding with tRNAv?l,
were further separated on benzoylated DEAE (BD)-cellulose as
shown in Fig. 1.- RNA fractions were analysed by electrophore-
sis on 12 % polyacrylamide gels (4).- Nucleotide analyses: RNA
fractions were digested by RNAase T2 and the mononucleotides
separated and identified by twodimensional thinlayer chromato-
graphy (1,3).- Postlabeling and fingerprinting of RNA: di-
gestion of the mgA—containing RNA was performed with pan-
creatic RNAase or RNAase Tl under standard conditions (5,6).
All fragments (Fig. 2 and 3) were sequenced, after controlled
exonuclease digestion (3), on DEAE paper (7) and independently
by the twodimensional mobility shift method, i.e., 5000 V
electrophoresis on cellulose acetate, pH 3.5, and homochroma-
tography in the 2nd dimension (8). Large fragments were ob-
tained by treatment with alkaline phosphatase from E. coli
(Boehringer Mannheim) which contained a trace of an unknown
endonuclease: 0.5 A260 units of RNA were incubated for 2 h at
37°C with 10 mU of alkaline phosphatase in 80 pl 60 mM Tris
HC1l, pH 8.0. The phosphatase was then inactivated by nitri-
lotriacetic acid treatment (5,6).- Postlabeling of the mg-A-
containing RNA and its nuclease digests using 5'-polynucleotide
kinase from T4-phage infected E. coli and 7-32P—ATP was carried
out as described (6). Purification of the 5'-S2p-labeled RNA
(sequence a, Fig. 5) or its large fragments (b and ¢, Fig. 5)
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was done on DEAE thinlayer plates (18t dimension: high voltage
electrophoresis at pH 3.5 on cellulose acetate, 2nd dimension:
homochromatography) (6). The 32P-1abe1ed oligonucleotides were
eluted after autoradiography and their sequences determined as
follows: (a) complete digestion with nuclease Pl (P-L Biochemi-
cals, Inc., ref. 9), resulting in the 32P-labeled 5'-terminal
nucleotides; (b) sequences were obtained as described by con-
trolled digestion with snake venom phosphodiesterase (Worthing-
ton) or nuclease Pl followed by electrophoresis on DEAE-paper
(7) and (c) independently by twodimensional high voltage elec-
trophoresis/homochromatography on DEAE plates (8) as shown in

Fig. 4.

RESULTS

The identification of N6-dimethy1adenosine (mgA) in rat liver

4S RNA (1), presumably tRNA, made it necessary to locate this

modified nucleoside in purified tRNAs. We felt that this would
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Fig. 2: Polynucleotide kinase fingerprints of a RNAase A
digest of the mﬁA-containing RNA. First dimension: 5000 V,
cellulose acetate, pH 3.5, second dimension: DEAE paper
electrophoresis in 7 % formic acid. The fragments were ob-
tained in nearly molar ratios. A¥ = m8A, B = xylene cyanol FF,
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be especially important sjince mgA had not been previously

found in an individual tRNA species. We therefore fractionated
liver tRNA by column chromatography and assayed the tRNA
fractions for mgAp by RNAase T2 digestion and twodimensional
thinlayer chromatography (1). The first fractionation was per-
formed on a DEAE-Sephadex A-50 column. The conditions for this
chromatography as well as the resulting tRNA pattern were exact-
ly as described for rabbit liver tRNA (Fig. 1 in ref. 3). The
mgA-containing RNA was %g:ated under the major peak of valine
acceptor activity (tRNA 1 » refs. 3 and 10). These fractions
with both tRNAVi1 and the mgA-containing RNA were further
fractionated on a column of benzoylated DEAE (BD)-cellulose
(Fig. 1). No mgA was detected in thesmajor tRNA peaks con-
taining the valine tRNA fractions. m2A was found exclusively
in the RNA which eluted between fractions 173 and 192. Poly-
acrylamide gel electrophoresis (4) of the mgA—containing RNA

revealed that it was less than half the size of tRNA (not shown),
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Fig. 3. RNAase T1 fingerprint of the mgA-containing RNA. All
fragments were obtained in nearly molar ratios except no. 3
(twofold amount); no. 6 was less efficienaly phosphorylated due
to the modified 5' terminal nucleoside (mzA); no. 7 (20 % of
no. 8) and no. 8 had to be taken together due to sequence he-
terogeneity (see legend to Fig. 5 and "discussion"). A= m8a.
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and that it was pure enough for sequence analysis by means of
in vitro 52p-labeling with 5'-kinase and y-S2p-ATP (3,5,6).
Accordingly, mgA was not found any more in crude tRNA which had
been purified by preparative polyacrylamide gel electrophoresis.

The RNAase A and RNAase Tl fingerprints of the mgA—contain-
ing RNA are shown in Figs. 2 and 3. The RNAase T1 fragment AUC,
which could be connected with the pancreatic fragment GGAAGGAU,
has to be located at the 3'-end of the RNA due to the absence
of G in the 3'-position. An analysis of the labeled 5'terminal
nucleotides of the pancreatic and RNAase Tl fragments showed
pmgA to be the only modified nucleotide in a 5'position (frag-
ment 6, Fig. 3). After the sequences of the oligonucleotides
had been established by controlled exonuclease treatment,
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Fig. 4. Sequence analysis o GmgAd*CCUGCGGAAGG (fragment c,
Fig. 5) obtained from the m3A-containing RNA with an unknown
endonuclease from E. coli bacterial alkaline phosphatase.

1St Dimension: 5000 Von cellulose acetate, pH 3.5. 27Y Di-

mgPsio + homochromatography (6,8). B = Xylene cyanol FF;

A% = mBA,
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DEAE-paper electrophoresis and autoradiography, overlapping se-
quences were obtained in two ways:

(a) The whole RNA was phosphorylated at the 5' end and the se-
quence of the first 12 nucleotides (fragment a, Fig. 5) was de-
termined by the mobility shift method (8); (b) the RNA was
treated with bacterial alkaline phosphatase, whereby a trace

of an unknown endonuclease cleaved the molecule very specifi-
cally. After 32P-phosphorylation, twodimensional fingerprinting
(cellulose acetate electrophoresis/homochromatography) (6) and
autoradiography (not shown) we isolated, in addition to intact
RNA, two fragments (b and ¢ in Fig. 5), the sequences of which
were again established by the mobility shift method (8) as
shown for fragment c in Fig. 4. The results of these sequence
studies allowed the construction of the complete nucleotide
sequence. 32 Nucleotides form a symmetrical’hairpin with mgA
in the loop as shown in Fig. 5.

BmgA
a v o
[ 1 b 6=C
[ ' = ¢ | 6=C
, A-U
m3  h W8 TS5 T4 h6 R W3 k2 U-6
[ s T " 1 r T 1 6=C
(5 AAGGUUUCUGUAGGUG mS AKCCUGCGEAAGBAUC (3 Whi=—18
L J ‘I I Ji J L JL J —
5 S TSR ol 3 3_:
| " y m | s anss’ Ceauc (3
(20%C)

Fig. 5. Derivation of the nucleotide sequence of the mgA-con-
taining RNA, and its possible secondary structure. T31-Tj8;
pl-p6: complete fragments from RNAase Tl and RNAase A digestion
(Figs. 2 and 3). I and II: overlaps between complgée RNAase T1
and RNAase A fragments. a: sequence derived from -phosphory-
lation of the intact RNA. b and c: fragments from an unknown
endonuclease in bacterial alkaline phosphatase. The sequence
analysis of fragment c is shown in detail in Fig. 4. The pre-
sence of C (arrow) was not only found in the complete RNAase

Tl fingerprint (fragment 7, Fig. 3), but also in fragments a
and b.

DISCUSSION 6

After having found that crude rat liver tRNA contains m2A which
disappears upon L-ethionine feeding (1), we isolated and se-
quenced the mgA-containing RNA. This RNA is not at all related
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to tRNA, but appears to be a 3'-terminal fragment of ribosomal
~18S RNA. The decrease of mgA in crude 4S RNA might hence have
two reasons: methylation of A to mgA may be inhibited in liver
18S rRNA, or 18S rRNA is fully methylated inspite of L-ethio-
nine feeding, however, the nuclease which cuts this small frag-
ment out of 18S rRNA may be inhibited by L-ethionine feeding
(extremely unlikely). Although we purified 18S rRNA from rat
liver ribosomes and identified mgA by the tritium labeling
technique of Randerath (11), we were not too successful in
applying this method on 18S rRNA from L-ethionine fed rats.

Due to the low mgA content in 18S rRNA (2 among ca. 1900 nucleo-
tides), and a background of radioactivity present in the mgA
region of the twodimensional thinlayer chromatogram, and
possibly because of lack of extensive experience with this
method we felt that the mgA decrease observed in 18S rRNA from
L-ethionine fed rats was not reproducible and clearcut enough.
It therefore remains open whether L-ethionine, in contrast to
D-ethionine, causes a reproducible decrease of mgA in 18S rRNA
or, unlikely, prevents this fragment from being cut out of

18S rRNA. -

The 32 nucleotide long mgA-containing RNA purified from the
crude tRNA fraction of liver tRNA was easily identified as the
fragment from position 5 to 36 of the 3' terminus of 18S rRNA
for the following reasons:

(a) it contains the universal mgAmgA—sequence in the mgAmgACCUG
hexanucleotide (Fig. 3), whereby we only have full evidence for
the left moA, since it is obtained 32P-1ab§1ed in this RNAase
Tl fragment. The evidence for the second m2A is indirect:

(i) controlled RNAase Pl digestion of fragment c (Fig. 5) shows
that the phosphodiester bonds between mgA, A* and C in the
mgA-A*-C sequence are highly resistant to this nuclease, indi-
cating that A*
(ii) the twodimensional nucleotide analysis (1,3) showed only
mgApjn addition to Ap, Cp, Gp and Up (not shown).

(b) this RNA shows extensive homology with the corresponding
sequences of E. coli 168 (12) and yeast 17S (13) rRNA (Fig. 6).-
It should be ;éntioned here that until now there is no evidence

for a biological significance of this rRNA fragment, which may

is a modified adenosine (most likely mgA);
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well be an artefact, i.e., caused by nuclease degradation during
the process of tRNA preparation (2). This rRNA fragment is cer-
tainly not related to ribosomal '"2S" RNA isolated by Jordan (14)
from cultured Drosophila cells, since the fingerprints are com-
pletely different; also, a relation to a "translational control
RNA" (tcRNA) observed in ribosomal wash fractions seems un-
likely (15, 16).-

A comparative presentation of E. coli, yeast and rat 3'-termi-
nal 16S/17S/18S rRNA sequences reveals several features of
interest (Fig. 6):

(a) The four 3'-terminal nucleotides of our 32 nucleotide long
RNA (position 5 to 36) overlap with the octanucleotide
GAUCAUUAOH known to be the 3'-terminal sequence of yeast,
Drosophila, rabbit (17, 18) and possibly all eukaryotic 17S/18S
rRNAs. This universal "eukaryotic'" octanucleotide, the first
six nucleotides of which earlier had been thought to be '"ter-
minator anticodons" (17, 18), contains four to six nucleotides
complementary to the initiator regions of several eukaryotic
mRNAs including Brome Mosaic Virus RNA (19) SV40-VP1 RNA (20)
and rabbit B-globin mRNA (21, 22). This led to the proposal
that eukaryotic initiation of protein synthesis may involve
base-pairing between the initiator sequence of mRNA and the

3' terminus of the small ribosomal unit's 17S/18S RNA (19-22)
as earlier shown for E. coli (17, 18, 23-26) .

(b) All 16S/17S/18S rRNAs seem to contain the "universal" se-
quence of unknown function mgAmgA in a loop near the 3' end.

(c) The extensive homology between all three sequences suggests
the possibility of a universal function of at least the 36

(E. coli: 41) nucleotides from the 3' end of eukaryotic (pro-
karyotic) 17S/18S (16S) rRNAs.

(d) Heterogeneity of the ribosomal genes in mammalia is well
documented (summarized in refs. 27 and 28) and was located in
nontranscribed spacer regions. The presence of 20 % C in place
of U28 in rat 18S RNA provides the very first evidence, on the
molecular level, for the existence of heterogeneity in tran-
scribed regions, i.e., for (at least) two sets of redundant

18S RNA genes in the rat.
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E.coli: AAGGUAAEC
yeast : GmSAmSAC|UC6 C 6GJAAJGGAUCA——UUA,
rat: A?GGUUUEUGU?GGUGmg?mgACCU?CGG AlBEAUCA——UUA,,)
I I A A A O N
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Fig. 6. Sequences of 5' ends of E. coli 16S (12), yeast 17S (13)
and rat 18S rRNAs. Identical nucTeotides or sequences are boxed.
A deletion of 5 nucleotides and two pairs of coupled trans-
versions (darker letters) near the 3' termini seem to reflect
the evolution from prokaryotes to eukaryotes. The rRNA fragment
isolated and sequenced in this work is represented by nucleo-
tides no. 5 to 36; the nucleotides no. 1 to 4 are shown in
brackets since they are derived from an overlap with the known
3' terminal octanucleotide GAUCAUUAOH (17, 18).

(e) The differences between E. coli and rat 18S rRNA as shown
in Fig. 6 deserve special attention. There is a transversion
27 to rat U22,
two pairs of transversions, E. coli A35-A36 to rat U30-U31,
E. 2211 U15-U16 to rat AIO-All’ in symmetrical posétion to the
phosphate linking E. Egll m2A25 and G26’ and rat m2A20 and Gzl’
respectively. The interesting point is that these two pairs of

mutation from E. coli G however more striking,

and

transversions must have been coupled during evolution, possibly
in order to maintain two (A:U) basepairs near the basis of the
hairpin structure (Fig. 5) Since two A:U pairs in this position
do not significantly contribute to the thermodynamic stability
of the mg ;
might be related to a universal function of the m2A stem and

loop, e.g., processing of rRNA, initiation of protein synthesis,

A stem (Fig. 5), their maintenance during evolution

or some other purpose.
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