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SUMMARY. The sequence of tRNAL§4 from baker's yeast was
determined by application of novel postlabeling methods. Oligo-
nucleotides in complete and partial RNase digests (A, T3, and
U2) were resolved by chromatography on polyethyleneimine-cellu-
lose thin layers. Nucleotide sequences were elucidated by
NalO4/phosphatase or snake venom phosphodiesterase/phosphatase
digestion and tritium postlabeling. A ribose-methylated con-
stituent (Gm) was identified by 5'-terminal [32p]-labeling.
tRNALSA is the first biological macromolecule to be sequenced
according to a postlabeling scheme,

Two novel, highly sensitive tritium postlabeling methods
for sequence analysis of nonradioactive ribooligonucleotides
were described recently (1,2). These methods are several orders
of magnitude more sensitive than the classical spectrophoto-
metric methods and do not require in vivo labeling with 32p,
Here we report briefly results obtained by applying these
methods to the structural analysis of a tRNALeY gpecies from
baker's yeast. Details of this work will be published elsewhere.

MATERIALS AND METHODS. Crude tRNA was prepared from
baker's yeast by phenol extraction (3,4). tRNAEﬁx was purified
by chromatography on 2 successive columns of benzoylated DEAE~
cellulose (5), first in the presence of 10 mM MgClp and then in
the absence of MgCls (6). A small amount of tRNAbﬂg (7) present
in the tRNALS4 fraction from the second column was removed by
passing the sample through a column of Sephadex G-100 after
subjecting the tRNA to conditions under which tRNAbﬁg undergoes
reversible denaturation (8). The tRNA preparation used in the
sequencing work accepted 1590 pmoles of leucine per 0.D.ggg
unit.

Conditions for complete digestion by RNases were as
detailed by Brownlee (9). Partial digestion with RNase T was a
scaled-down version of a published procedure (10) except that
50 units of enzyme were used per 0.D.ggp unit of RNA and incu-
bation was for 100 min at 00. After phenol extraction, the

digest was resolved by chromatography on a DEAE~cellulose
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column at acidic pH in the presence of 7 M urea (11). Two peaks
were obtained consisting of the respective half molecules (see
below). Digestion with RNase Us (12) was carried out under con-
ditions similar to those described by Takemura et al. (13).

Digests (3 0.D.ggg units) were resolved by 2-dimensional
anjon-exchange thin-layer chromatography on PEI-cellulose,
using Tris-HC1l or LiCl gradients in 8.5 M urea (pH 8.0) (1) for
the first, and lithium formate gradients (14) in 7.5 M urea
(pH 3.5) for the second dimension. Compounds were located under
UV light, extracted with electrolyte solutions and purified with
phosphocellulose (15). The extracts were concentrated and sub-
jected to tritium sequence analysis (1,2).

Oligonucleotides containing ribose-methylated nucleosides
(Nm) were characterized by the following steps: 1) digestion
with RNase Tg to Nm-N~ and N-; 2) treatment with alkaline
phosphatase; 3) inactivation of phosphatase (16); 4) phospho-
rylation of 5'-hydroxyl of Nm-N by treatment with [y-32PJATP and
polynucleotide kinase (17); 5) digestion of [32P]pNm-N formed
in step 4 with snake venom phosphodiesterase to [3 P]me and pN;
6) chromatographic identification of [32P]pNm by thin-layer co-
chromatography in the presence of suitable markers. [32p pGm
marker was prepared by subjecting Gm-A~A-Y-A-J-, which was
obtained by RNase A digestion of baker's yeast tRNAPM® (18), to
this procedure.

RESULTS. Fig. 1 shows the sequence of tRNALEY written in
linear form and also the fragments obtained by complete di-
gestion of the RNA with RNase T; (digest T) and RNase A (digest
A). The arrow indicates the site of cleavage obtained by partial
digestion with RNase Tj. Fragments formed upon digestion of the
half molecules with RNase A (digests A(1l) and A(2)) and RNase U
(digests U(1l) and U(2)) are shown in the lower part of Fig. 1.
Production of the halves facilitated ordering the oligonucleo-
tides. Fragment A8 (A—G—m1G~C—), which was present at a molar
ratio of 1 in digest A, was not detected in the corresponding
digests of the halves (A(l) and A(2)). Instead, digest A(1l)
contained A-G-, and mlG-C- was found in digest A(2) (Fig. 1).
Since these dinucleotides were not present in digest A it may be
concluded that cleavage occurred between G and mlG in the tetra-
nucleotide sequence ~A-G-m1G-C-,

The sequencé from position 18 to the 3 '~terminus of the 5'-
half (position 37) may be deduced on the basis of digests T, A,
and A(1) alone. Positions 1 - 14 can be deduced from fragments
Al, T3, and U(1)2 since there is only 1 -G-U- sequence in the
molecule (digests A and A(l)). Fragment A3 extends this sequence
to position 16. Position 17 must be occupied by Gm because
tritium base composition analysis (19) showed the RNA to con-
tain 4 D residues, all located in the 5'-half, so that fragments
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T6 and A4, which were found to be present each at a molar ratio
of 1, can only occupy positions 16 - 18 and 17 - 19, re-
spectively. The identity of Gm was established by the procedure
outlined under Materials and Methods.

For ordering the fragments in the 3'-half, oligonucleo-
tides U(2)1 and U(2)3 were essential. Since analysis of digest
A(2) showed the presence of 2 -G-A-U~ sequences (A(2)2 and
A(2)4) it could be concluded that both U(2)1 and U(2)3 have U-
adjacent to their respective 3'~terminal -G-A- sequences. The
connection between U(2)1 and U(2)3 is provided by T1ll, thus
establishing the sequence from position 38 to 55, Position 56
must be occupied by G on the basis of T1l2 since there are only
2 -G-A-U- sequences in the molecule one of which occupies po-
gitions 43 - 45. Fragment U(2)4 provides evidence that T13
directly follows T12 in the sequence, T13, Al13, T14, and U(2)5
provide necessary overlaps so as to extend the sequence of the
3'~half to position 68. The only fragments not completely
accounted for so far are Al4, Al5, Al6, T15, and T16. Al4 and
U(2)5 show that T15 directly follows T1l4, and Al5 shows that
T16 follows T15, thus establishing the total sequence of the
3'~half.

DISCUSSION. Fig. 2 shows the sequence of the RNA arranged
in the familiar cloverleaf form (20). The molecule exhibits no
unusual features, e.g., modified nucleosides occupy positions
expected from other tRNA sequences. The sequence is remarkably
similar to that of tRNALEY (7): of a total of 85 nucleotides in
both RNAs, 66 are identical as indicated in Fig. 2. A notable
difference exists in the respective anticodon sequences, i.e.,
-U-A-G- in the present RNA and -m5C-A-A- in tRNAS$Y . This is
only the second instance to date in which it is possible to
compare, in the same organism, the sequences of 2 isoaccepting
tRNAs which differ in the 3'-terminal base of the anticodon,
i.e., the base interacting with the first letter of the codon
triplet. In the other example, tRNAA'Y9 from brewer's yeast
(21,22), 49 out of 76 nucleotides are the same in the 2 RNAs.
The identical nucleotides, in the case of tRNAR'? , are also
clustered around the "center" of the cloverleaf model, including
the variable loop. Such long common sequences appear to indicate
that large continuous portions of the tRNA structure may be
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Fig. 2 Nucleotide sequence of baker's yeast tRNAEﬁg in the
cloverleaf form. Hatched areas indicate identical
nucleotides in tRNAE§Y and tRNALEY .

recognized as specific for a particular amino acid by the
diverse cellular elements that interact with tRNA. The enzyme
recognition site may consist of a more restricted number of
nucleotides, as shown for yeast phenylalanyl-tRNA synthetase
(23). Very little homology exists between the 2 yeast tRNAL®Y
species and tRNALe' and tRNA5®“ from E. coli (24).

In contrast to tRNA§S% (tRNAL®Y ), the present tRNA cannot
be denatured by heating in the absence of Mg++. This is con-
sistent with a model of the denatured conformer of tRNALSY ,
which postulates the formation of a new helix by pairing 5 bases
from the anticodon loop/stem area (positions 31 - 35) with 5
bases from the TYC loop/stem area (positions 66 - 70) (25).
Because of the presence, in tRNALSY , of U instead of m5C in po-
sition 35 and of mlA instead of A in position 67, tRNAéﬁj cannot
form such a stable helix, It may correspond to either one of 2
non-denaturable yeast tRNALeY species (tRNAL®Y and tRNAL®Y )
separated by countercurrent distribution (8).

We conclude on a technical note. The tritium derivative

procedures (1,2), as used in the present investigation, make it
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possible to characterize the fragments in a complete RNase
digest derived from about 3 0.D.ggp units. We have used a total
of about 6 0.D.9gg units of tRNA to deduce the sequences of the
fragments in digests T and A (Fig. 1). On the basis of this
information, and taking into account the known structural
features of tRNA, we were able to write down a tentative
sequence, which was subsequently confirmed by the analysis of
the half molecules. With further refinement of the methods, it
should be possible to elucidate the primary structure of tRNAs
with as little as 1 - 5 0.D.ggq units of nonradioactive RNA.
Postlabeling methods may thus open up the possibility to charac-
terize transfer and other RNAs that cannot readily be labeled
in vivo to the high specific radiocactivity required for sequence
analysis (26) and are difficult to obtain in amounts sufficient
for sequence analysis by spectrophotometric methods, for ex-
ample, RNAs in human and other mammalian tumor tissues.
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