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1. Introduction

Previous studies from this laboratory have esta-
blished the 3 -terminal nucleotide sequence of Bac-
teriophage MS2 RNA up to position w-16 {1, 2].
For the closely related bacteriophage R17, the ter-
minal sequence up to position w-51 has been re-
ported [3]. Using another approach, viz. in vitro
synthesis of a complementary strand, Weissmann
and collaborators [4] were able to deduce the 3'-
terminal sequence of the distantly related Bacterio-
phage QB up to position w-52.

By hydrolysis of 32P-labelled MS2 RNA with
ribonuclease T, under milder conditions, we were
able to obtain a set of larger fragments, all derived
from the 3'-end. A partial sequence was recently
presented [5], while we are now able to report the
complete sequence of a 104 nucleotide long frag-
ment.

2. Methods

32P.labelled MS2 RNA was partially digested
with ribonuclease T, at 0°, and the resulting pro-
ducts were separated on 12% or 6% polyacrylamide
slab gels, as described previously [6]. Bands derived
from the 3'-terminal end were further purified either
by electrophoresis on acidic polyacrylamide gel in
the presence of urea [7], or by two-dimensional
electrophoresis on polyacrylamide gel, in which
the first dimension is identical to the acidic system,
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while the second dimension is at neutral pH and
with a higher polyacrylamide concentration (16%
or 20%) (De Wachter and Fiers, in preparation).

Digests of the fragments with ribonuclease T,
were separated either on DEAE-cellulose paper
according to Sanger [8], or on polyethyleneimine
plates based on the procedure described by Southern
[9, 10]. Details on the latter method are described
in the legend of fig. 1. Digests obtained by diges-
tion with pancreatic ribonuclease A were separated
by the electrophoresis-gradient chromatography
bidimensional system [11].

3. Results

The 3'-terminal T, oligonucleotide is unique and
results in a characteristic spot on two-dimensional
fingerprints [1, 2].

Subsequently, we searched for longer fragments
containing the aforementioned oligonucleotide,
which was used as an identifying marker. This re-
sulted in the identification of other unique oligo-
nucleotides, which could in turn be used as markers
in the screening for fragments derived from close
to the 3' end, but which missed the U-U—-A—C--C—
A—C-~C—-C—A5 gy sequence.

The fragments, so far obtained in pure form,
are listed in table 1. The terminology used to desig-
nate the fragments has been described before [5].
Roman capital letters refer to bands from the 12%
gel and Greek letters to bands from the 6% gel which
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Fig. 1. T, — fingerprint of the 3'-terminal fragment on a thin layer polyethyleneimine plate. The fragment 48 b6 was hydrolyzed

with ribonuclease T, and the digest was separated by electrophoresis at pH 3.4 in the presence of urea [8]. The region of inte-

rest was then blotted over on a 20 cm X 20 cm PEI plate (Polygram Cel 300 PEI, Macherey and Nagel, Diiren), which had been

washed in 2 M formic acid—pyridine pH 2.2 and in water. The plate was then developed by ascending chromatography, using 2 M
formic acid adjusted with pyridine to pH 3.4 as a solvent. Spots 9 and 10 are due to further degradation.

Table 1
Fragments derived from the 3'-terminal region.

Fragment Splitting points (a) Chain length
n
D6zl1; B12b21 0 1 15
D6z30 (b) 2 3 16
B12b20; v4b17;
v8b21;51b13 0 2 19
Clz5; 6 1b8 2 4 67
C3b3 3 6 68
¥8b7 2 5 76
B12b4as; v8b6 2 6 84
v8b05 0 6 104

4 Splits by ribonuclease T, are identified in fig. 2.
b 1dentical to spot no. 3 in fig. 1 of [2].

was used for analysis of milder digests. Most bands
were purified by two-dimensional electrophoresis
(indicated as b), while a few were obtained by acid
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electrophoresis alone (indicated as z). Thus a frag-
ment, indicated as 6 1b8 means spot no. 8 in the two-
dimensional gel analysis of band no. 1 in the § region
of the 6% primary gel.

All fragments were analyzed by ribonuclease T,
and by pancreatic ribonuclease fingerprinting. The
sequence determination of the individual oligonu-
cleotides will be reported elsewhere. It may be noted
that two polypurine sequences, viz. G-A—A—A—
G-G-Uand A—A-A-G-A-G-A-G-G-A-C
were characterized before [12, 13]. Furthermore,
the latter oligonucleotide was known to be present
in the 3'-two third part of the viral RNA chain [14].
Although the series of different fragments helped
considerably in the reconstruction of the entire se-
quence, presented in fig. 2, more essential informa-
tion was obtained by further partial digestion of
some of the fragments (to be published).

The nature of the fragments, here described, are
mainly determined by the secondary structure in
this part of the molecule. Two hairpins, which are
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Fig. 2. Nucleotide sequence of the 3'-terminal fragment, The
arrows indicate the ends of the fragments, listed in table 1.
The sequence above the wavy line is still tentative.

particularly strongly H-bonded and present in most
digests, are shown in fig. 3. The bond at position 2
was usually broken, although the fragment 0-1 or
0-2 adhered to the rest of the molecule, until it was
released in the pH 3.5-urea system.

4. Discussion

The sequence, presented in fig. 2, contains four
potential nonsense triplets, two UAA’s and two
UAG’s. Three of these occur in the last hairpin. The
RNA-polymerase is the last cistron on the MS2 ge-
nome, and one would normally expect a termina-
tion signal for the latter polypeptide somewhere
near the 3'-end. If neither of the above UAA trip-
lets (the UAG’s follow in phase) is functional as a
stop, a very plausible hypothesis, it would mean
that also at the 3'-end of the viral RNA chain an un-
translated segment of over 100 nucleotides in length
is present. This region may have a special function
in replication.

The known 3'-terminal sequence of R17 RNA,
51 nucleotides long, is identical to the MS2 RNA
counterpart [3]. This illustrates again the evolutio-
nary stability of these untranslated regions, as noted
before for the 5'-terminal fragments [6, 11].

The hairpins, shown in fig. 3, are only a part of
a more intricate secondary and tertiary structure.

A model for the latter, however, should preferably
be based on further primary sequence results.
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Fig. 3. Hairpin-loops present in the 3'-terminal fragment.

These two hairpins have a tight secondary structure, as evi-

denced from partial enzymatic digestion. The bond 2, how-
ever, is very susceptible to enzymatic attack.
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