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ABSTRACT

One of the lysine transfer RNAs of rabbit liver is shown to
contain 2'-0-methyl ribothymidine in place of ribothymidine.
This represents the first demonstration of the presence of 2'-O-
methyl ribothymidine in a nucleic acid.
INTRODUCTION

The nucleotide sequence of some sixty different tRNAs from

various sources are now known. Almost all of these tRNA$ contain

the modified nucleoside ribothymidine (T) in a specific location

and in the sequence G-T-p-C-G(A)- . In the few instances where

it is absent, T is replaced either by U, its precursor 6, or in

the special case of eukaryotic cytoplasmic initiator tRNAs, by

A7-11. We now provide the first example in which T is present in

one of the rabbit liver lysine tRNAs in the form of 2'-0-methyl T.

Among the modified nucleosides known to-date, 2'-O-methyl T

represents the second in a class which contains modifications in

both the base and the sugar residues. The only previously iden-

tified one is N4-methyl, 2'-0-methyl cytidine found by Nichols

and Lane in the 16S ribosomal RNA of E. coli.

Studies to be reported elsewhere show that the lysine tRNA

which contains 2'-0-methyl T is fully active in protein synthesis
in bacterial and in eukaryotic cell-free protein synthesizing
systems.
MATERIALS AND METHODS

Rabbit liver tRNAlys was purified using two steps of column
3~~~~~~~~~1chromatography: (i) chromatography on DEAE-Sephadex A-5013

which yielded three peaks of lysine acceptor activity and (ii)

chromatography of the third peak of lysine tRNA on benzoylated
DEAE-cellulose14 which separated the lysine tRNA from 5S RNA and

other contaminating tRNAs. The tRNAlys used in this work was at3
least 90% pure.
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Conditions for complete digestion of tRNA with pancreatic

RNase or T1-RNase and subsequent separation and characterization

of the oligonucleotides were all as described previously15'16.

The incubation mixture for digestion with T2-RNase (Sankyo Chemi-

cal Co., Japan) contained 2 A260 units of tRNA ys, 4 units of T

RNase and 10 mM ammonium acetate, pH 4.5 in a total volume of

200 p4. Incubation was at 370 for 5 hours. The mixture was

evaporated to dryness, and the residue was taken up in 2-3 pl of

water and used for thin layer chromatography.

Thin layer chromatography was carried out on glass plates

(Brinkman Instruments Inc, Celplate-22) coated with cellulose

using the following solvent systems: A, isobutyric acid - conc.

NH4OH - water (577:38:385 v/v, pH 4.3); B, t-butyl alcohol -

conc. HC1 - water (70:15:15, v/v); C, isobutyric acid - conc.

NH40H - water (66:1:33, v/v); D, ethyl acetate - n-propyl alcohol -

water (4:1:2, v/v, upper phase); E. n-butyl alcohol - conc. NH40H -

water (86:5:14, v/v); and F, ammonium sulphate (600 g) in 1 1. of

0.1 M sodium phosphate, pH 6.8 and 20 ml of n-propyl alcohol.

For two-dimensional thin layer chromatography of nucleotides

solvent A was used in the first dimension and after thorough dry-

ing of the thin layer plate, solvent B was used in the second

dimension.

Paper chromatography was carried out on Whatman No. 1 paper

using the following solvents: 1, isopropyl alcohol - conc.

NH4OH - water (7:1:2, v/v); and 2, isobutyric acid - conc. NH4OH -

water (66:1:33, v/v, pH 3.7).

DEAE-cellulose paper electrophoresis was carried out essen-

tially as described before. Electrophoresis was in pyridine

acetate, pH 3.5 and for 3.5 hours at 35 volts/cm.

2'(3')-O-methyl T was synthesized using a procedure identi-
~~~~~~~~~~~~18

cal to that used for the corresponding uridine derivatives

The synthetic material was purified from unreacted T by paper

from traces N3-methyl T by

subsequent paper chromatography in solvent 1. The synthetic

2'(3')-O-methyl T was characterized by (a) its ultraviolet ab-

sorption spectra, (b) resistance to oxidation with sodium meta-

periodate as analyzed using the periodate-Schiff spray reagent19
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and (c) by its mass spectrum which indicated the presence of only

one 0-methyl group per T residue.

RESULTS

Initial evidence which indicated the absence of T in rabbit

liver tRNAlys and further suggested that the absence of T was not3
due to its replacement by U were as follows: (i) The spot corre-

sponding to Tp was absent in T2-RNase digests of the tRNA as

analyzed by two-dimensional thin layer chromatography. (ii) In

the few tRNAs which contain U in place of T, the U residue can be

enzymatically methylated to T24 6. Rabbit liver tRNA 3 could

not be methylated by extracts of E. coli, yeast or wheat germ.

Control experiments using E. coli tRNA (a gift of M. Gefter) iso-

lated from a mutant deficient in T5,6 showed that the extracts

used contained the U-+T methylase activity. Thus, the absence of

T in rabbit liver tRNAlys is probably not due to its replacement

by U. (iii) Two-dimensional thin layer chromatography of T2-RNase

digests of tRNAlys did indicate the presence of an unidentified

ultraviolet absorbing spot. This spot (Rup = 0.95 in solvent A

and RUp = 0.88 in solvent B) has been shown to contain 2'-0-

methyl T in the dinucleotide U*p4p (U*, 2'-0-methyl T). This di-

nucleotide is found in the sequence A-G-G-G-U*-+- in pancreatic

RNase digests and in the sequence U*-W-C-A-miA-G- in T1-RNase di-

gests of the tRNA.

Isolation of U*: A-G-G-G-U*-- (3.6 A260 units) was incu-

bated with a mixture of T1-RNase and E. coli alkaline phospha-

tase. The products were 1 mole of A-G, 2 moles of G and 1 mole

of U*-4. U*-P was isolated by paper chromatography of the di-

gest in solvent 1.

The unusually high chromatographic mobility of U*-W (higher

than that of guanosine) suggests the presence of modifications in

the ring and/or the ribose hydroxyl group. The ultraviolet ab-

sorption spectrum of U*-p is shown in Fig. 1A. The bathochromic

shift observed in alkali (Fig. 1A) indicates that one of the

components present is W.
Isolation of U*: U*-i (1 A260 unit) was incubated with

snake venom phosphodiesterase (25 pg) at 370 for 24 hours. Even

under these prolonged incubations, only about 50% of the U*-* was
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converted to U* and p*. U* was isolated by paper chromatography

of the digest in solvent 1 (Rf = 0.76). Fig. 1B shows that the

ultraviolet absorption spectrum of U* is identical to that of T.

The observed hypochromic shift in alkali rules out the presence

of any additional modification in the N3- position of U*.

Evidence for 2'-_-alkyl substitution in U*: U*-W-C-A-mIA-G-
was dephosphorylated at the 3'-end with E. coli alkaline phospha-

tase and subsequently labelled at the 5'-end with 32P- using T4-

polynucleotide kinase and y-32P-ATPll The pU*
was treated with T2-RNase, pancreatic RNase or with alkali (0.3 N

KOH at 370 for 18 hours). The digests were subjected to electro-

phoresis on DEAE-cellulose paper,and 32P- containing oligonucleo-

tides were detected by autoradiography. Fig. 2 shows that the

electrophoretic mobility of the 32P-labelled product obtained
upon treatment with alkali is identical to that obtained by

treatment with either T2-RNase or pancreatic RNase and quite dif-

ferent from that of pUp. Since the phosphodiester bond linking
U* to W is resistant to these nucleases, the above result indi-
cates that this bond is also resistant to digestion with alkali

and suggests the presence of an alkyl-substitution in the 2'-

hydroxyl group of U*.

Identification of U* as 2'-.Q-methyl T: Final evidence that U* is

2'-0-methyl T was provided by a comparison of the chromatographic
mobility of U* with synthetic 2'(3')-O-methyl T in several sys-

tems. The results (Table 1) show that U* behaves identically to

2'(3')-O-methyl T in all the systems examined.

TABLE I

RT in 2'(3')-O-methyl T
Solvent Systen U T U* Synthetic

1 .84 1.00 1.20 1.20

C .825 1.00 1.28 1.28

D .576 1.00 1.88 1.87

E .407 1.00 2.0 2.0

F 1.23(l.18+) 1.00 0.79 0.82

+Mobility of U when cochromatographed along with U*. An internal
marker of U was added to U* in all the chromatographic systems
examined.
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,'ig. 2. 1, T2-RNase digest; 2, pancrietic RNase digest; and 3,
alkali digest on duplicate samples of pU*--C-A-mlA-G. (B),
blue dye marker. Also shown is the mobility of pUp added as a
marker during electrophoresis to all the samples.
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Location of U* in rabbit liver tRNA3y: With the single ex-

ception of rabbit liver tRNAPhe the modified nucleoside m A,

when present in a tRNA is located exclusively in the sequence

T-W-C-G(A)-mlA-, four nucleotides away from T. In the rabbit

liver tRNAly , the presence of U* in the sequence U*-W-C-A-mlA-G-,
which is homologous to T-4-C-G-m1A-, strongly suggests that U*

replaces T in this tRNA. This has been confirmed (manuscript in

preparation) by the isolation and sequence analysis of a 30 nu-

cleotide long 3'-terminal fragment containing this sequence and

obtained by cleavage of rabbit liver t14A3 at the site occupied

by the modified nucleoside m7G11.
DISCUSSION

Although the modified nucleoside T has been found in virtu-

ally every tRNA of known secuence , analysis of T content in

bulk tRNA preparations from several sources21 23 has yielded

values significantly lower than 1 mole per mole of tRNA. Methods

used for the analysis of T content in these tRNAs have involved

degradation of tRNA with either T2-RNase24 or with alkali or with

a mixture of snake venom phosphodiesterase and alkaline phospha-
22

tase . Our work, which has demonstrated the presence of 2'-O-

methyl T in a purified rabbit liver tRNA, and the observation

that the dinucleotide phosphate U*-I was markedly resistant to

degradation with snake venom phosphodiesterase suggest that the

low values for T content in bulk tRNAs from some sources could,

in part, be due to the presence of T in a further modified form,

i.e., as 2'-O-methyl T.

An important question which might be raised is the role of

2'-O-methylation of T in the function of rabbit liver tRNAlys.
3.

As noted above, this tRNA is fully active in protein biosynthesis.

The presence of 2'-O-methyl T is clearly not essential for the

lysine acceptor activity, since another species of rabbit liver

lysine tRNA which lacks 2'-O-methyl T (unpublished observations)

also accepts lysine. The possibility that 0-methylation of T in

tRNAlys is essential for a specialized function of this tRNA in
3

vivo must, therefore, be left open.

Finally, the presence of 2'-O-methyl T in a tRNA raises sev-

eral other questions as to its biosynthesis, in particular the

specificity of the enzyme responsible for the methylation of T to
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2'-O-methyl T. An answer to this will require, at the least, a

knowledge of the relative distribution of 2'-O-methyl T in tRNAs

and of the nucleotide sequences of some of these tRNAs. Studies

along these lines are in progress.
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