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2-ThlouracU is a structural -analog of uracil and has been reported to

be incorporated into nucleic acids (Carbon et at, 1965). It has also been
found that 2-thiouracll will partially support the growth ot uracil-requir
ing mutants of Escherichia coli (Bauernfeind, 1963). The present investi
gation describes analytical studies carried out on nucleic acids isolated
from a uracil-requiring B. coli which utilized 2-thiouracil as a source of
pyrlmidines.

ExPERIMENTAL

Uracil-requiring B. coli was grown without aeration in minimal salt
medium containing 14.0 g KaHPO., 6.0 g K~O(, 2.0 g (NH.)2S0., 0.2 g
MgSO., 10 g glUCOse, and either 50 mg uracil or 50 mg 2-thiouracil dis
lOWed in 1000 ml water.

Absorption spectra were determined with a Cary Model 15 ultraviolet
recording spectrophotometer. Thin layer chromatography was carried
out with apparatus from Brinkman Instruments, Inc. using cellulose MN
800 and MN Silica Gel G-HR/UV adsorbents. 2-Thiouridine was synthe
lized uaing a published procedure (Brown et at, 1958). 2-Thiouracil was
purchased from Nutritional Biochemicals (Cleveland, Ohio) and 2-thioura
cl1-8· was synthesized (Wheeler and Liddle, 1908) using thiourea-Sss ob
tained from New England Nuclear (Boston, Mass.). Other biochemicals
used in these experiments were purchased from Sigma Chemical Co. (St.
Louls, Mo.).

Nucleic acids were isolated from E. coli harvested by centrifugation,
washed, and disrupted by blending for 3 minutes at 15 C with 2.5% (w/v)
lOdium lauryl sulfate in a 0.14 M NaCI and 0.01 M sodium citrate solution.
The nucleic acids were precipitated by adding two volumes of ethanol. DNA
was extracted with 1.4 M NaCI and precipitated again with ethanol (Leh
man, 1960). RNA was extracted with phenol (Kirby, 1956). Nucleosides
were obtained from the DNA by treatment with DNase followed by hydro
IyBls with lyophilized snake venom (Orotalus adamant6U8). Nucleosides
were obtained from RNA by hydrolysis with snake venom. Nucleases,
proteIn. and unhydrolyzed nucleic acids were removed by precipitation
with 1% perchloric acid at 0 C. Insoluble potassium perchlorate was
removed after neutralization of the perchloric acid at 0 C with N KOH,
and the nucleosides which remained were collected upon lyophillzation of
the solution. All traces of the salt were removed from the nucleosides
by absorbing them on activated charcoal, collecting the charcoal by cen
trftugation, and eluting the nucleosides with 95% ethanol: 0.75 M NH.OH
(1 : 1).

REsuLTS

The average yield of uracU-requiring B. colt cells grown in the pres
ence of 2-thiouracil was 0.218 g per 1000 mI, which is 14% of the yield
obtained when uracU replaced 2-thlouracU in the m1n1ma1 salt medium.
Approximately 28 mg of nucleosides were recovered per g dry weight of
cell& The nucleoside recovery represents 16% of the reported Ducleoside
content of •• co" cells (Roberts et aI., 1968).
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Nucleosides recovered from the nucleic acids were separated by thin
layer chromatography using cellulose as the adsorbent and 5.5 N Hel (70
mI) in 2-propanol (130 ml) as the solvent. RNA nucleosides obtained
from uracil-requiring B. coli grown in the presence of 2-thlouracll con
tained six distinct ultraviolet-absorbing components. The six components
were further purified by chromatography. Purified compounds were Iden
tified by thin-Ie-yer chromatography in three solvents and by ultraviolet
spectrophotometry. The compounds were numbered 1 to 6 with compound
1 being the Ultraviolet-absorbing band closest to the origin and compound
6 the band furthest from the origin after 2-propanol-HCI chromatography.
RNA-band 1 was identified as guanosine, RNA-band 2 as adenosine, RNA
band 3 as cytidine, and RNA-band 4 as uridine. RNA-bands 5 and 6
could not be identified. The chromatographic properties of bands 5 and
6 were different from those of nucleoside or nucleotide derivatives of the
five bases usually found in nucleic acids and were different from 2-thl
ouracil, 2-thiocytosine, 2-thiothymine, or 2-thiouridine. The ultraviolet
spectra of RNA-bands 5 and 6 were not characteristic of any of the stand
ard nucleic acid derivatives or thlopyrlmldines. The ultraviolet spectra
had no distinct peaks, and the absorbance gradually increased as the
wavelength was decreased from 340 mp to 200 mI" Further purification
by thin-layer chromatography did not seem to change these unusual ultra
violet spectra. The ultraviolet absorbancy of bands 5 and 6 each repre
sented about 5% of the total ultraviolet absorbancy at 260 mp in the RNA
nucleoside mixture. When uracil-requiring B. coli cells were grown in
the presence of 2-thiouracil-S31 and the nUcleosides isolated as previously
described, bands 5 and 6 contained over 90% of the radioactivity (Table
I).

DNA nucleosides were analyzed in a manner similar to the RNA
nucleosides. When the nucleoside mixture was separated by thin-layer
chromatography, six ultraviolet-absorbing bands were found and purified,

TABLE I. DISTRIBUTION OF RADIOACTIVITY IN NUCLEOSIDE FRACTIONS Iso-
LATED FROM URACIL-REQUIRING B. coli CELLS GROWN IN THE PRES
ENCE OF 2-THIOURACIL-S36

•

Counts per % Total
Fraction Identification Minute Radioactivity

RNA-band 1 guanosine 10 8.7

RNA-band 2 adenosine 3 1.1

RNA-band 3 cytosine 8 8.0

RNA-band 4 uridine 5 1.9

RNA-band 5 unknown 58 21.8

RNA-band 6 unknown 184 68.5

DNA-band 1 deoxyguanos1ne 1.5 1.8

DNA-band 2 deoxyadenostne 0 0

DNA-band 3 deoxycytosine 1.0 1.2

DNA-band 4 unknown 0.5 0.5

DNA-band 5 thymidine 4.5 5.15

DNA-band 6 unknown 73.5 91.0
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.. dellCribed for RNA nucleosides. DNA-band 1 was identified by thin
layer chromatography and ultraviolet absorption spectra as deoxyguan
os1ne, DNA·band 2 as deoxyadenosine, DNA-band 3 as deoxycytidine, and
DNA·band C5 as thymidine. DNA-bands 4 and 6 were not identified. Ultra
violet spectra of DNA-band 4 had three sharp peaks located at wave
lengths 2C50 mp, 2M mp, and 261 mp in acid solution (pH 2.0 to 5.0) and
tour peaks at wavelengths 245 mp, 250 mp, 256 mp, and 264 mp in alkaline
solution (pH 7.0 - 10.0). There was also a sharp hypsochromic effect when
the pH was increased from 5 to 7, indicating that a functional group was
being titrated at about pH 6. The ultraviolet spectra and chromatographic
properties of DNA-band 6 were different from any of the standard nucleic
actd derivatives. DNA·band 6 produced no characteristic ultraviolet ab
sorption spectra, and the spectra were similar to those of RNA-band 6,
showing a gradual increase in absorption as the wavelength was decreased
from 340 mp to 200 mp. Absorbancy at wavelengths 260 mp of DNA-band
6 represented about 5% of the absorbancy at wavelength 260 mp of the
nucleoside mixture. Based on thin layer chromatography RNA-band 6 and
DNA-band 6 appear to be different compounds. Separation of DNA
nucleosides obtained from uracil-requiring E. coli grown in 2-thiouracil
S· showed that only DNA-band 6 had significant amounts of radioactivity
with 91% of the total radioactivity recovered located in this band (Table
I). DNA·band 4 has not been identified but this compound has also been
recovered from nucleosides ot uracil-requiring E. coli grown in the pres
ence of uracil and it is presumed not to be a thiopyrimidine.

DISCUSSION AND CONCLUSIONS

Uridine, cytidine, deoxycytidine, and thymidine have been found in
the nucleic acids of uracil-requiring E. coli utilizing commercial 2-thi
ouracU as the pyrimidine source. Since uracil is the precursor of these
nucleos1des, the 2-th1ouracil must be contaminated with uracil or the
organism can convert some 2-thiouracl1 to uracil. 2-Thiouracil recrystal
llzed from water produced a smaller amount of growth than the commer
cial 2-th1ouracU; therefore, contamination of the commercial 2-thiouracil
with uracil seems to be the best explanation for the growth of uracil-re
qUiring B. coli in 2·thiouracll.

The occurrence ot three unidentified radioactive nucleoside compo
nenb in the nucleic acids from uraCil-requiring E. coli grown in the pres
ence of 2-thiouracll-S· indicates that thiopyrimidines are present in the
nucleic acids. None ot the unidentified components has a spectrum or
chromatographic properties similar to the synthesized 2-thiouridine stand
ard or properties reported for 2-th1ouridine. This finding cannot be ex
plained at the present time.

Work is DOW in progress to identity each of the three unknown com
pounds. It is hoped that identification of the unknowns will allow a
clearer understanding ot the extent to which 2-thiouracU can be utillzed
in pathways of pyrimidine metabollsm.
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