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Two major species of isoleucine acceptor RNA are found when

1

E. coli B tRNA is fractionated on benzoylated DEAE~ (unpublished

data of M.Y.) or by column partition chromatography.2 Here we
present the nucleotide sequence of a pool of pure tRNAIle, in
which two sequence variants were detected. Because of poor
yields when small amounts of 32P—tRNAIle were chromatographed
on long columns of benzoylated DEAE, it was not possible to
separately purify these peaks. This gave rise to no ambiguities
in the sequences, but means that the two sequence variants
cannot be definitely identified with the two major peaks usually
observed, though this seems a reasonable surmise.

A culture of E. cecli B derived from a single cell was
grown for several generations in a low phosphate medium3 con-
taining 32P—phosphate of specific activity 6.1 curies/milliatom
P. Cell tRNA + 5S RNA was extracted by treatment of cells with
cold phenol4, and then passed over an 0.8 x 1 cm benzoylated
DEAE column in 1 M NaCl to remove large RNA and DNA fragments

present as contaminants. Endogenous aminoacyl-tRNA was discharged

and subsequent fractionation of phenoxyacetylisoleucyl-tRNA5 on
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a small amount of benzoylated DEAE and reverse phase chromatography
(RPC—36) gave a product in which, presumably, both major species
were combined and which was >98% pure, as judged from the presence
of contaminating oligonucleotides in nuclease digests. The
structure of most pancreatic and Tl—RNAse—produced oligonucleotides
was determined by methods previously published7_9, and a total

of 48 partial pancreatic and T,RNAse digestion products, isolated
by thin layer homochromotographylo, were degraded by the same methods
to complete the structure and to order the products of complete
digestion. All residues in the oligonucleotides from both the
pancreatic and TlRNAse digests were isolated after complete
enzymatic degradation to nucleotides and characterized by paper
electrophoresis at pH 3.5, chromatography on thin layers of

cellulose in isopropanol—HCl—Hzo, and in isopropanol—Hzo—NH .7

3

A coeval summary of these methods is in preSSgll

The sequence, containing 77 nucleotides, is shown in Figure
1. The structure of the 3' terminus has previously been studiedl2,
with results in agreement with those presented here. Of the two
sequences detected, the more abundant has the D, rather than U,
at position 17 from the 5' end. No other variations in the
sequence were found. We therefore surmise that the existence
of these two sequences does not necessarily imply two genes for

AIle, but that the rate of modification of this point in the

le

tRN
D loop must lag the rate of production of tRNAI
The structure may easily be folded into a typical planar
cloverleaf with an aminoacyl stem 7 basepairs long, two 5 base-
paired stems for the TYC loop and anticodon and a 4 base pair
stem for the dihydrouracil loop. The TYC and anticodon loops
contain 7 residues, as in other known tRNA structures. (See

figure) 1In spite of its local similarity in sequence to other
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E. coli tRNA's, e.g., tRNAﬁet 13

, the structure has uridylic
acid rather than 4-thio-uridylic acid at the 8th position from
the 5' end, and is therefore not subject to photochemical cross
linking between 4-thio-uridylic acid and cytidylic acid at

14 It also has a minor nucleotide at a position at

position 13.
which a modification has not been seen before and closer to the

3' end than previously observed in any tRNA: the ¢ at position 66

at the base of the TYC stem. The 5' terminus is pA rather than

pG, as is more usual.

The nucleotide symbolized X in the figure is most probably a
derivative of U which is multiply modified; it is degraded by
both mild acid and standard alkaline hydrolysis. The native form
probably has an extra negative charge, judging £from the low
mobility of oligonucleotides containing it during ionophoresis
on DEAE paper at pH 3.5; after exposure to 7% formic acid, the
resulting nucleotide is U-like in ionophoresis. However, it
exhibits very high chromatographic mobility in ethanolic solvents,
which suggests a very hydrophobic substituent, perhaps an ethyl
or several methyl groups. It is resistant to pancreatic RNAse
in both forms, which is a quality of N-3 substituted pyrimidines,
but not usually those having C-4, N4, or C-5 modifications,e'g" 15.
Alkaline hydrolysis gives a partial yield of a very fast product
in ionophoresis, reminiscent of the product of ring cleavage in
dihydropyrimidines.l6 These properties are singly those of pre-
viously known minor nuelcotides, but together they suggest a new
compound whose structure must be complex; its elucidation will
have to await direct study of larger amounts of material.

The nucleotide symbolized A* resembles an aminocacyl-adenylic

7

. o1 . . . R . .
acid”™’; its behavior in ionophoresis and chromatography is

definitely inconsistent with a methyl-, isopentenyl-, or thiomethyl
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6 to B min. This group is represented by bands la and 1b. Synthesis of early
proteins, represented by bands 2a and 2b, begins between 4 and 6 min after in-
fection and is substantially arrested by about 20 min. Synthesis of late proteins,
represented by bands 3a, 3b, and 3c, begins between 10 and 12 min after infection
and continues until lysis. This wild-type pattern of T5 protein synthesis is
also found in D9'§EH18a-infected cells (Plate 2), in which no detectable DNA
synthesis takes place. The most striking result is, therefore, that late pro-
teins are synthesized when no phage DNA synthesis occurs. It should also be
noted that the shut-off of early protein synthesis {bands 2a and 2b in Plate 2)
appears normal. Since the intensities of corresponding bands in Plates | and

2 are very similar, the differences in the amounts of protein synthesized in

T5+- and in mutant-infected cells is probably rather small.

DISCUSSION

Zweig et al. (11) reported that no empty T5 heads are produced in cells
infected with T5+ in the presence of 0.2 M hydroxyurea. Since phage DNA syn-
thesis was not observed in these cells, it was suggested that the synthesis of
T5 structural (i.e., late) proteins is linked to the synthesis of phage DNA. In
view of our present results, we think the experiments of Zweig et al. probably
indicate that the inhibition of protein synthesis and of DNA synthesis by
high concentrations of hydroxyurea occur by independent mechanisms. The recent
demonstration that empty T5 heads are produced in non-permissive cells infected
with D9-amH18a (Zweig, personal communication) confirms the findings reported
in this paper. Also, Dr. J. M. Buchanan (personal communication) has informed
us that near-normal levels of T5-induced lysozyme {a late protein) accumulate
in non-permissive cells infected with a polymeraseless mutant of T5. Thus, it
seems quite clear that in T5-infected cells, the normal regulation of protein
synthesis is not dependent upon phage DNA synthesis.

In the case of Th, the requirement of DNA synthesis for late protein syn-

thesis can be circumvented by using multiple mutants that induce both defective
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third codon for isoleucine, must be a minor species in E. coli B.
This is consistent with the observed fact that AUU and AUC can
easily be observed to bind isoleucyl-tRNA from mixed E. coli B
tRNA's to ribosomes, but that results with AUA are negative.21
It may also be significant that of five isoleucine codons identified
in R17 RNA, all are AUU or AUC (personal communication from F.
Sanger). In contrast, Torula tRNAIle has the anticodon IAU16,

and thus can presumably respond to all three isoleucine codons.
However, we observe a quantitative yield of GAU and no IAU, or

I, or any other likely anticodon in E. coli tRNAIle. It therefore
seems plausible that AUA may be a rarely used codon in E. coli B,

though it apparently can be translated.22
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