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1. Introduction

Yeast alanine tRNA splits into a quarter and a three-
quarter molecular fragments [1] when heated in the
presence of magnesium ion [2]. We have now investi-
gated the sequence of the quarter molecule from both
brewer’s yeast tRNAAJ]2 and baker’s yeast tRNAAR
which was sequenced by Holley et al. [3]. Both these
tRNA’s, which differ slightly in modification and appar-
ent susceptibility to splitting, give a quarter molecule
which extends from the 5’ end into the hU loop.
Sequence analyses of these quarters show that neither
contains the sequence Py—G—C— and this result requires
that two nucleotides be deleted from the earlier
sequence for tRNAAJ2 (yeast) [3] such that the struc-
ture of the 5" quarter is pG, -G—-G—-C-G—-U-G—U—
m! G-G—C—G—U—A—G,;p. The revised, complete
sequence now conforms to the general rule that tRNA’s
have A, followed by G,5 or A5 [4].

2. Materials and methods

Fractions of baker’s yeast tRNA, enriched in tRNAAI2
by countercurrent distribution, were a gift from
Dr J. T. Madison. Brewer’s yeast tRNA was obtained
from Boehringer Mannheim GmbH., Mannheim, W. Ger-
many. In each case the major tRNAAJ2 was isolated by
a three step purification using, in turn, countercurrent
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distribution [5,6], chromatography on benzoylated
DEAE-cellulose [7] and on the reverse-phase system,
RPC-5 [8]. Purity and identity of the tRNAAlla was
checked by fractionation of T; RNase (EC 3.1.4.8)
hydrolysis products on a column of DEAE-cellulose in
7 M urea, pH 8 [9]. The non-enzymatic splitting was
carried out by heating ! to 2 mg/ml tRNA in 0.1 M
Tris—HCI pH 9.5, 0.05 M. MgCl, for 100 min at 50°C.
1/4 and 3/4 fragments were isolated on a column of
DEAE-cellulose in 7 M urea at 55°C [2], and then the
1/4 fragments were purified by a second chromato-
graphy at pH 3 and room temperature. Pancreatic
RNase (EC 3.1.4.22) hydrolyses were performed in
0.05 M triethylamine bicarbonate pH 8, and using

10 ug enzyme for 5 A, ¢ units 1/4, 20 ug for 6 units
3/4, and 30 ug for 8 units tRNAAIR with 20 minutes
incubation at 37°C. Products were separated by iso-
phoresis on DEAE-cellulose paper in 7% formic acid,
recovered, and analysed for nucleotide composition
[10,11].

3. Results and discussion

PR (Pancreatic RNase) products from the 1/4
molecules are shown separated in fig. 1a, with the
spot identities and yields given in table 1. A dinucleotide
is present in the position which is normal for A—Gp (or
A—G—cyclic-p). This spot is not present among the PR
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Fig. 1. Separation of Pancreatic RNase (PR) products by
ionophoresis on DEAE-cellulose paper in 7% formic acid.
(a) 5 4,40 nm units each of brewer’s 1/4 (BR) and baker’s
1/4 (BK). (b) 2 A4, nm units 1/4, 6 units 3/4 and 8 units
tRNAAl2 from brewer’s yeast. B — marker dye.

Table 1
Yields of PR products from 1/4, 3/4 and whole molecules
of brewer’s tRNAAL2 (yeast); and 1/4 molecule of
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baker’s tRNAAIR (yeast)

(a) Quarters

Baker’s 1/4 Brewer’s 1/4
Oligonucleotide Spot No. Yield Spot No. Yield
A-Gp () 1 09 2 0.68
m! G—G—Cp 2 095 3 0.92
G-Up 3 31 4 3.15
pG-G-G-Cp 4 1.0 7 1.0
Cp - 0 1 0.27
A-G-hUp — 0 5 0.28
G-G-hUp - 0 6 0.12

(b) 3/4 and tRNAAI2
Oligonucleotide Spot No. Yieldin 3/4 Yield in tRNAAL2

G-Cp 1 1.16 1.21
A-G-Cp 2 1 1

m'G-G-Cp 3 0 0.88
G-Up 4 +* 3.78

+* present but not measured.
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products from whole tRNAAL2 and must arise from the
point of non-enzymatic splitting. Furthermore, it can
be concluded that the putative A—Gp is at the 3’ end
of the 1/4 fragments since they contain the 5’ terminal
pG—G—G—Cp. Identification as A—Gp comes from
nucleotide composition, the presence of U~A—Gp as
the only T; product from the 1/4 which contains Ap,
and from the assumption that it is an alkaline hydrolysis
product with 3'-phosphate or cyclic-phosphate. The
complete list of PR products from the baker’s 1/4 add
up to 15 nucleotides which can be arranged into a
sequence pG; —-G—G—-C—/G—U—/G—U—/m' G~
G—C;,—/G-U—/A-G5p. This is the same as the
original one [3] except for the deletion of a G—C—
following C, ;. The complete absence of G—Cp from
the PR products of both 1/4 fragments proves the
absence of the ‘extra’ G—C— following a pyrimidine.
Small yields of additional PR products are obtained
from the brewer’s 1/4 and these can be explained by
incomplete splitting after G,5 and splits further along
the sequence of the hU loop. The absence of G—Cp
from the quarter is confirmed by the presence of one
mole of G—Cp, relative to A—G—Cp, in both the 3/4
and whole tRNAAI2 from brewer’s yeast (table 1b).
This result is different from the observation of Holley
et al., who found 2 moles and were thus forced to
include the ‘additional’ G—C— in their structure {3].
It seems likely that the extra G—Cp arose from over-
exposure to the Pancreatic RNase when hydrolysis was
deliberately carried beyond the point where no cyclic
phosphates remained.

The T, hydrolysis products (table 2) support the
above conclusions about the sequence and non-enzy-
matic splitting. Actual sequences of the longer oligo-
nucleotides from the brewer’s tRNAAJ2 (yeast) were
assumed to be the same as in baker’s by identity of
chromatographic position and nucleotide composition.
The only observable difference between the tRNAAJ2
species from the two yeasts is that brewer’s has the
terminal A,¢ and has complete reduction at hU,,. In
the T, hydrolyses of the 1/4 fragments much less
enzyme was used with the consequence that there
is little splitting after m' G. The T, products from
the baker’s 1/4 are as expected from the sequence giver
above, i.e. pGp, Gp, Gp, C—~Gp, U-Gp, U~m'G—Gp,
C—Gp, U-A—G,;p. In each case we have expressed
yields relative to a molar yield of T-C—Gp or U-Gp
and we find mole ratios of the principal dinucleotides
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Table 2
Yields of T, products from 1/4, 3/4 and whole molecules
of brewer’s tRNAAIR (veast); and 1/4 molecule of
' tRNAAL (yeast)

Oligonucleotide Brewer’s Baker’s
tRNAAR 34 174 174
C-m? Gp) + + 0 0
U-m' Gp + 0 0.55 0
U-m'G-Gp 0 0 0.45 0.60
Gp + + 275 1.9
U-Gp 0.95 0 1.0 1.0
C-Gp 3.15 1.15 2.1 2.1
A-Gp 2.1 1.95 0 0
hU-C-Gp 0.9 0.7 0.30 0O
hU-A-Gp 0.9 095 0 0
U-A-Gp 0.95 0 1.0 0.75
pGp 0.9 0 0.85 0.75
C-m'1-Y-Gp 0.9 + 0 0
T-Y-C-Gp 10 1.0 0 0
U-C-C-A-C-C-Agy 0.9 + 0 0
A-C-U-C-Gp 1.0 + 0 0
hU-C-U-C-C-Gp 1.1 + 0 0
A-U-U-C-C-Gp 1.1 + 0 0
C-U-C-C-C-U-U-Ip(») 1.05 + 0 0

consistent with the revised sequence. Again we find

a sequence in the brewer’s 1/4 in addition to those in
baker’s 1/4 — 0.3 mol hU—C-—-Gp— which places a
secondary split at or beyond G, 5. The 3/4 shows a
corresponding reduction in hU—C—Gp but not much
reduction in hU—A—Gp, which is indicative that the
secondary split is before hU, . However the presence
of G—G—hUp in the PR products shows a small amount
of splitting after hU, . These secondary splits probably
occur in the non-enzymatic splitting of baker’s tRNAAJ2
(yeast) since two 3/4 bands were observed in polyacryl-
amide gel electrophoresis [1].

In fig.2 the revised sequence, including G4¢ proposed
by Merrill [12], is shown as a cloverleaf secondary struc-
ture. Following the deletion between C;, and G,,, the
sequence is more like that for tRNAA2 (Torulopsis
utilis) which was determined by Takemura et al. [13].
The positions where T. utilis differs from yeast are
substitutions at C,, by hU, Usg by C, two base pairs
in the anticodon stem as indicated in the figure, and by
modification of Asg to m' A. The rather unusual
acceptor stem with G + U and U + U’ pairs is conserv-
ed in these fungi.
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Fig, 2. Sequence of tRNAA}a (yeast) arranged into a cloverleaf
structure. Arrows point to the substitution found in tRNAAlD
(T. utilis). hU* indicates some U in baker’s yeast. V shows point
where the additional G—C— has been deleted.
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