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1. Introduction

The structures of serine tRNA’s from yeast {1]
and rat liver [2] have been determined. We report
here the nucleotide sequence of tRNAS® from E. coli.
The structure was compared with those of tRNASer’s
from yeast and rat liver with some discussion on the
recognition site of seryl-tRNA synthetase.

2. Materials and methods

E. coli tRNAS®" was purified with a combined use
of two column chromatographic systems, DEAE-
Sephadex A-50 and benzoylated DEAE-cellulose, as
already reported [3].

The products of complete digestion with RNase T,
and pancreatic RNase were separated on DEAE-
Sephadex columns. The sequences were determined
by further enzymatic digestion with the complement-
ary enzyme, snake venom phosphodiesterase, E. coli
polynucleotide phosphorylase, Bacillus subtilis RNase,
RNase U,, RNase T, and/or E. coli alkaline phos-
phatase, followed by column, paper and/or thin-layer
chromatography.

Overlapping sequences were constructad by isolating
the products of limited digestion with RNase T .
Partial digestion of tRNAS®" and isolation of the
products were carried out as described previously [4].
The products were analyzed, after extensive hydrolysis
with RNase T, or pancreatic RNase, by two-dimensional
thin-layer chromatography [5] and by DEAE-
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Sephadex A-25 column chromatography monitored
with a highly sensitive automatic ultraviolet recorder
[6]. In some cases, Sanger’s fingerprinting techniques
[7] were applied for analysis of the oligonucleotide
fragments. Since our samples were not radioactive,
spots on DEAE-cellulose paper were detected by ultra-
violet absorption. For this purpose, usually an RNase
digest of 3 t0 5 A, nm units of the fragment was
applied to the origin of a cellulose acetate strip. Some
oligonucleotides necessary for overlapping were
obtained by digestion of tRNAS® with RNase U,
after it was treated with kethoxal for the modification
of G residues 8] . Details of these procedures will be
published separately.

3. Results and discussion

Fig. 1 shows the nucleotide sequence of tRNAS®
and the oligonucleotides used for overlapping. In this
sequence, we have insufficient confirmatory evidence
to establish the position of 4-thiouridine without
making use of analogies with other tRNA’s on account
of its degradation during'the course of analysis.

The structure arranged in a cloverleaf form is shown
in fig. 2. It is composed of 88 nucleotides, having a
large extra-loop. The unknown minor nucleoside (N)
located in the anticodon loop is probably an O-methyl-
ated nucleoside, since the bond between N and U in
NpUp obtained in complete pancreatic RNase digest
was resistant to alkali. The other minor nucleosides
detected were dihydrouridine, ribothymidine, pseudo-
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(@) pGGAAGUG sYUGGCCGAGC m2GGDDGAAGGCACCGGUNUVGA msiAAACCGGCGACCCGAAAGGGUUCCAGAGTY CGAAUCUCUGCGCUUCCGCCAOH

(b) Gs4G GCmGGODG PyGAmsZAAACCG GUUCCAGAGTYCG
_______________________________________________ e sty U RGO
AmsZAAACCGGCGACCCGAAAGGGUUCCAGAGTYCGAAUCUCUGCGCUUCCGp
AmsAAAACCGGCGACCCGAAAGGGUUCCAGAGTY CGAAUCUCUGC
(¢) AmsAAAACCGGCGACCCGAAAGP
GAAGUG s4JGGCCGAGC m2GGDDGAAGGCACCGGUNUVG CGACCCGAAAGGGUUCCAGAGTY CGAAUCUCUGCGCUUCCGP
AAGUG s4UGGCCGAGC m2GGDDGAAGGCACCGGUNUVGp CGACCCGAAAGGGUUCCAGp
AAGUG s*UGGCCGAGC mGGDDGAAGGCACCGGPp AAAGGGUUCCAGp

GUG s4UGGCCGAP
GCmZGGDDGAP

CCGGUNUVGAp

Fig. 1. Nucleotide sequences of E. coli tRNA?er

UCUCUGCGCUUCCGCCAoH

(a) and the oligonucleotides used for overlapping. (b) The sequences established

by combining the data obtained from complete digestion with RNase T and pancreatic RNase. (¢) The oligonuclegtides obtained
by partial RNase T, digestion. (d) The oligonucleotides obtained by RNase U, digestion of kethoxal-treated tRNAT® .

uridine, 2'-O-methylguanosine, uridine-5-oxy acetic
acid, and 2-methylthio-N® -(A?-iso-pentenyl)adenosine.
This tRNAS®® recognizes codons of UCA and UCG,
and less effectively UCU [3]. The presence of uridine-
5-o0xy acetic acid in the first position of the anticodon
asin E. coli ’cRNAYall [9, 10] gives a satistactory ex-
planation for the codon specificity of tRNAS®.
2-Methylthio-N® (A® -iso-pentenyl)adenosine occupies
the position adjacent to the 3'-end of the anticodon.
This finding confirms the specific role of this minor
nucleotide in the codon-anticodon interaction in the
tRNA’s recognizing codons starting with U (ref. [11]
and unpublished results).

Serine can be charged on E. coli tRNAST by enzyme
preparations from yeast and rat liver, though the ef-
ficiency is slightly low as compared with enzyme pre-
paration from E. coli {3]. A comparison of the
nucleotide sequence among serine tRNA’s of E. coli,

Abbreviations to the figures: s%U, 4-thiouridine; m*'G, 2'-O-
methylguanosine; ms2iA, 2-methylthio-N 6-(Az-isopentenyl)-
adenosine; V, uridine-5-oxy acetic acid; D, 5,6,-dihydrourinine;
acC, N*-acetyleytidine; m%G, NZ2._dimethylguanosine; iA,
NS-isopentenyladenosine; m3C, 5-methyleytidine; m3C,
3-methylcytidine; m2'y , 2-O-methylpeudouridine; m?'U,
2'-O-methyluridine; mlA, 1-methyladenosine, N, unidentified
nucleoside; Aogg nm unit, an amount of material which has an
absorbance of 1.0 at 260 nm when dissolved in 1 ml of water
and measured with a 1 cm light path.

yeast and rat liver is shown in fig. 3. E. coli tRNAS{eI
contains three additional nucleotides, one in dihydro-
uridine loop and two in extra-loop region. Of the
sequences common to all three tRNA’s enclosed with
brackets (differences in the state of modification were
not taken into account for this comparison), the most
striking feature is the resemblance in dihydrouridine
region, This region may participate in the recognition
of seryl-tRNA synthetase. Five nucleotides from
3'-terminus and 5'-pG are also common. This part is
another possible candidate for the recognition of
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Fig. 2. Cloverleaf model of E. coli tRNAS®Y. Base paired
regions are indicated by closed circles (G—C and A~U) and
open circles (G—U).
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pGGAAGUGOGGCCGAGCéGDDGAAGGCACCGGUNUVGAAAACCGGCGACCCGAAAGGGUUCCAGAGTVCGAAUCUCUGCGCUUCCGCCA()H
| . m ! i
pGGCAACUUGGCCGAGDGGDD * AAGGCGAAAGAYU I GAAAY CUUUUGGGCUCU * » GCCLGCGCAGGTYCAAAUCCUGCAGUUGUCGC CAgyy

pGUAGUCGUGGCCG AG DGGDD + AAGGCGAYGGACU | GAAAY CCAUUGGGGUCH » + CCCCGCGCAGGT#CGAAUCCUGCCGACUACGE CAoH
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Fig. 3. Comparison of nucleotide sequences in E. coli ‘LRNASIer (a), yeast serine tRNA I (b) and rat liver serine tRNA (c). The
regions common to all three are enclosed with brackets. The differences in the state of modification are not taken into account for
this comparison.

seryl-tRNA synthetase. The sequence in extra-loop
region of tRNAS®" is completely different from those
of the other two. Nevertheless, the large size of extra-
loop region present in all three serine tRNA’s may
contribute to construct a higher-order structure specific
to serine tRNA’s. In this respect, large extra-loop can
also be an important factor for enzyme recognition.

We are now carrying on the structural studies of the
other E. coli serine tRNA’s with different codon
responses. The elucidation of their nucleotide sequences
will give us more detailed information about the
enzyme recognition.
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