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1. Introduction

It is well established that E. coli tRNA possesses
sulphur-containing nucleotides [1—3]. Such nucleo-
tides are thought to arise by post-iranscriptional
enzymic modification of common nucleotides in the
polynucleotide chain [4, 5]. Because little is known
about the specificity of the modification enzymes, it
was decided to investigate thionucleotide formation
under conditions where the synthesis of ribothymi-
dylate and pseudouridylate in the polynucleotide
chain was prevented by the replacement of uracil by
S-fluorouracil (FU) in the growth mediuim of a uracil-

requirine strain of E. coli [K] . ("r\nfrqry to other ra.
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ports [7], it is suggested that synthesis of 4-thioFUMP
does occur, but the capacity of the cells to form
4-thioFUMP disulphides is affected.

2. Materials and methods

Escherichia coli (strain B148) was grown at 37°
in a medium containing KH,PO, (3 g/1), K,HPO (7
g/1), sodium citrate (0.5 g/1), MgSO, (0.1 g/1),
(NH,),S0, (1 g/1), uracil (25 mg/1) and glucose (10
g/1). Cells in midiogarithmic growth were harvested
by centrifugation and resuspended in a fresh growth
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the omission of uracil, and (ii) the reduction of the
level of sulphate ions to 1% of that given by substitu-
tion of the appropriate chloride. After allowing 30
min for the utilization of residual uracil, 5-fluorouracil
(32 mg/ml) and thymidine (50 mg/ml) were added.
Following a further 30 min period allowed for equilib-
ration radiocactive sulphur (as 3580, ) was added (1.0
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pc/ml). The incubation was continued for 2 hr, during
which time the cell density doubled once, and the
cells were then harvested by centrifugation.

The cells were resuspended in bentonite—pyro-
phosphate—polyvinylsuiphate—EDTA (composition
described by Rammler, Okabayashi and Delk [8]),
shaken with isoamylalcohol (I ﬂ%\ extracted with

phenol at 50° and the aqueous phase precipitated
with three volumes of ethanol at —20°. The precipi-
tate was washed with 75% ethanol, dissolved in 0.5 M
Tris-HCl buffer pH 9 and incubated at 37° for 1 hr

to remove amino acids bound to the tRNA, and finai-
ly neutralized and reprecipitated with ethanol. Trans-

fer RNA was senarated from other nucleic acid species
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by gel filtration through a column of Sephadex G100
(215 cm X 1.8 cm dia), using 0.015 M sodium citrate
and 0.15 M sodium chloride as eluent, 4 ml fractions
being collected. The tRNA (fractions 65 to 85) which
was weli resolved from 55 RNA (fractions 52 to 61),
was precipitated with three volumes of ethanol, re-
dissolved in distilled water and dialvsed against dis-
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tilled water.

The tRNA was hydrolysed with 0.33 N potassium
hydroxide for 18 hr at 37°, neutralized with per-
chloric acid and reduced in volume by rotary evapora-
tion. Conversion of the resultant nucieotides to nu-
cleosides was obtained with E. coli alkaline phosphat-
ase in 0.1 M Tris-HClI at nH 8.5.

se in 0.1 M Tris-HC] at pH 8,
Separation of the nucleotides and of the nucleo-
sides was achieved by a paper chromatographic tech-
nique which employed Whatman No. 1 paper impreg-
nated with ammonium sulphate and 75% ethanol as
solvent [9]. After 18 hr chromatography, the nucieo-
tides (or nucleosides) on the dried chroma togram were

visualized with ultraviolet licht. The chromatogram
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Fig. 1. Incorporation of 353 into tRNA by E. coli in the presence of uracil and fluorouracil. Separation of the resultant nucleotides
following alkaline hydrolysis.
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was then cut into 1 cm strips which were counted
using a Packard liquid scintillation counter.

Authentic 4-thiouridine was obtained by reduction
of uridine-4-disulphide (Sigma Chemical Co.) with
0.05 M scdium thiosulphate.

3. Results and discussion

Paper chromatography (fig. 1) of the nucleotides
obtained in the alkaline hydrolyzate of the tRNAs
showed that one major radioactive peak (region A)

which was givan hv the contral call +RNA hudralyzate
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was absent in the tRNA hydrolyzate from the FU-
treated cells. Kaiser [7] has reported that when
treated with FU tRNA from E. coli did not contain
4-thioUMP. The possibility that region A (absent in
the FU-treated tRNA) was 4-thioUMP was therefore
investigated. The nucleotides obtained by KOH
uyufOnjy'SiS were converted into nucleosides and chio-
matographed together with authentic 4-thiouridine
(fig. 2). It appears that region B is 4-thiouridine and
not region A. Since separation of the nucleosides is
similar to that of the nucleotides it is reasonable to
conclude that region B, and not region A (fig. 1) is
4-thioUMP. This was confirmed by elution of regions
A and B from the original chromatogram and their
rechromatography in solvent systems for which data
on the mobility of 4-thioUMP have been published
(table 1). The appearance of radioactivity in regions
A and B when the cells were incubated in the presence
of FU is taken to imply that such cells can synthesize
4-thio derivatives of 5-fluorouridylate residues. This

i
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contradicts directly Kaiser’s finding [7] for which
one possible explanation is offered. Kaiser estimated
the 4-thioUMP content of FU-containing tRNA by
titration with p-chloromercuribenzoate which
assumes that the reactivity of the sulphydryl group
of 4.thiaFITMP ic cimilar tg that of 4_.thiolTMP That

this may not be the case is suggested by a finding in
table 1. Lipsett [9] has shown that 4-thioUMP di-
sulphide breakdown on alkaline hydrolysis to give a
certain ‘compound T’ which when chromatographed
in solvent 1 in table 1 gave a Ryjpp of 1.07. An iden-
tical mobility was shown by region A in the present

warle It ic ranceonahla to canchide tharafore that
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region A is derived from 4-thioUMP disulphide on
alkaline hydrolysis and may be identical to Lipsett’s
‘compound T°. The absence of region A (‘compound
T”) in the hydrolyzate of the FU-containing tRNA
may be explained by either the absence of disulphide
formation, or the instability of a compound analogous

bnmeraen mrzea d T? dacion A Ferntre A ALIAETTMD dimilahida
to compouna 1 derived from 4-thiocFUMir Qisuipiniae.

The former possibility could result from either the
absence of necessary tertiary structure normally pro-
vided by pseudouridine and ribothymidine in the
tRNA, or steric hindrance by the adjacent fluorine
ligand.

Regions C (fig. 1) and C (fig. 2) are thought to be
the respect;ve L-metuyuuiois\':-pentenyl adenine
nucleotide and nucleoside. Region C was absent when
a methionine strain of E. coli was labelled with **S
in (a) the absence of methionine, and (b) in the
presence of ethionine; whereas region C was present
when methionine was supplied, which suggests that a
methylation step was required for region C formation.

Table 1
Rechromaiography of regions A and B.

Mobility of
Conditions

Region A Region B 4-thioUMP Reference
1 Rymp=1.07 RyMmp=040 Rymp =040 Lipsett [10]
2 RymMp=90.88 RyMmp=0.63 Rymp = 0.65 Lipsett {10]

Rurvln—ﬂ7n varvin— 0.73

3 Ry=061 Rf=0.20 Rf=0.19 Scheit [11]
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0.2 M NH4HCO3 on DEAE-cellulose paper
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ethanol/1 M ammonium acetate (7/3) on Whatman No. 1 paper.

saturated (NH4)2504/2-propanol/1 M sodium acetate (80/2/18) on Whatman No. 1 paper
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Fig. 2. Incorporation of 35§ into tRNA by E. coli in the presence of uracil and fluorouracil. Separation of the resultant nucleo-
sides following alkaline hydrolysis and alkaline phosphatase treatment.

The nature of the radioactive sulphur incorporated 2-propanol/ammonia/water (7/1/2) as solvent, region
into region C appeared to differ from that in region C gave an Ry of 0.91 which corresponds to the

B (4-thioUMP) and region A because no loss of radio- published R f of 2-methylthioisopentenyl adenosine
activity occurred from region C on treatment of the [13]. FU treatment of the cells did not inhibit but
tRNA with cyanogen bromide at 100° [12] whereas appeared to stimulate the synthesis of the 2-methyl-
a marked loss of radioactivity occurred from both thioisopentenyl adenylate (region C) as judged from
regions A and B on similar treatment. Cyanogen the amount of radioactivity in region C (i) as a pro-
bromide is known to convert 4-thioUMP to UMP portion of the total radioactivity in the hydrolyzate,
[12] . When paper chromatographed using and (i) relative to the radioactivity in region B, as
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compared to the uracil-treated control cell tRNA.
Alternatively this result could be explained by sug-
gesting that synthesis of 4-thioFUMP was depressed

as compared 4-thioUMP synthesis. Kaiser’s [7] findings

would obviously support such a suggestion.
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