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Determination of 5-fluorouridine and 5-fluorocytidine in RNA hydrolysates
using high-performance ion-exclusion chromatography
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The 5-fluorouridine and 3-fluorocytidine content of RNA hydrolysates may be
rapidly determined by using high-performance ion-exclusion chromatography!+2. The
method described resolves nanomolar amounts of 5-fluorouridine, pseudouridine,
uridine (U), 5-fluorocytidine. and cytidine (C) in lessthan 15 min at room temperature,
Peak height is proportional to concentration, making quantitation a relatively simple
matter. The use of an isocratic eluting buffer (0.02 M Tris-formic acid, pH 7.6) also
eliminates the need for column regeneration following each analysis.

EXPERIMENTAL

The liquid chromatograph used was a Waters Ass. (Milford, Mass., U.S.A.)
Model ALC/GPC-202, equipped with a Model 6000 pumping system, a U6K injector
valve, and ultraviolet (UV) detector (254 nm). All runs were at room temperature (ca.
23°) at a flow-rate of 1.0 ml/min (2000-2500 p.s.i.), with a full-scale UV-deflection
equal to 0.16 absorbancy units. The photometer output (10 mV) was fed into a Varian
(Walnut Creek, Calif., U.S.A.) A-25 strip-chart recorder. The stainless-steel column
(60cm x 3.5 mm 1.D.) contained 2-xm stainless-steel frits and was a slurry packed
with Aminex A-6, 17.5-um particle size (Bio-Rad, Richmond,. Calif., U.S.A.). De-
gassed, 0.02 M Tris—formic acid (pH 7.6) was used as the eluting buffer. All injections
(25 pl) were made with a 0-25 ul Pressure-Lok liquid syringe (Precision Sampling Co.,
Baton Rouge, La., U.S.A).

Calibrating solutions of uridine (Sigma., St, Louis, Mo., U.S.A.), 5-fluoro-
uridine (Calbiochem, La Jolla, Calif., U.S.A.), cytidine (Schwarz/Mann, Orangeburg,
N.Y., U.S.A)), and S-fluorocytidine (kindly supplied by Dr. W. E. Scott of Hoffmann-
La Roche, Nutley, N.J., U.S.A)), were prepared by dissolving milligram amounts in
water, Concentrations of each were determined by dilution intoeither0.1 M potassium
phosphate (pH 7.0) or 1.0 M hydrochloric acid (pH &~ 1) and measuring absorbancies
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in a Gilford (Oberlin, Ohio, U.S.A.) Model 240 spectrophotometer at the appropriate
wavelengths. The molar extinction coefficients and wavelength maxima used were as
follows: uridine, Esp om = 10.1-10% (pH 7.0)*; 5-fluorouridine, £ nm = 8.95-103
(pH 1.0)*; cytidine, Ej7am = 9.1-10° (pH 7.0)*; and S5-fluorocytidine, Eg ym ==
8.06-10° (pH 7.0)%. Aliquots (25 ul) of serially-diluted stock solution mixtures were
chromatographed and the nucleoside peak heights determined. A representative chro-
matographic separation of one of these mixtures is shown in Fig. 1.

Preparation of S-fluoropyrimidine-containing tRNA and total enzymic diges-
tion of the tRNAs to nucleosides was as previously described®”.
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Fig. 1. Represcntative separation of 3.16 nmoles of 5-fluorouridine (FU), 3,94 nmoles of uridine (U),
0.841 nmoles of 5-fluorocytidine (FC), and 3.08 nmoles of cytidine (C). Peak V; is unidentificd ma-

terial cluting with the column void volume. Peak » is contaminating pseudouridine derived from the
uridine standard.

RESULTS AND DISCUSSION

Figs. 2 and 3 show chromatograms obtained by ion-exclusion chromatography
of nucleosides from enzymic digests of normal and S5-fluoropyrimidine-containing
tRNAs. Fig. 2 corresponds to normal, unfractionated Escherichia coli B tRNA and
Fig. 3 to unfractionated, S5-fluorouridine- and S5-fluorocytidine-containing tRNAs
from the same organism enriched in the fluoropyrimidines by DEAE-cellulose chro-
matography® Under these chromatographic conditions, no interfering compounds
were noted to elute in the normal tRNA hydrolysate at the positions of S-fluorouridine
and 5-fluorocytidine. Ribothymidine (Fig. 2) appears as a shoulder on the uridine
peak and is not resolved at the pH used here?. By increasing the pH, resolution of
ribothymidine and uridineis possible, although S-fluorouridine then elutes earlier and
the void-volume peak may interfere with it. Adenosine and guanosine are also un-
resolved under these conditions (pH 7.6) and elute together.

The photometer output is linear in absorbancy units, with the peak height
proportional to concentration. The standard curves (Fig. 4) were constructed by
analyzing samples containing known amounts of uridine, 5-fluorouridine, cytidine,
and S-fluorocytidine (0.10-7.9 nmoles per 25 ul) and then plotting the resultant peak
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Fig. 2. Chromatogram of a normal tRNA hydrolysate. A -- G = Mixture of adenosine and guano-
sine; T = ribothymidine: further peak identification as in Fig. 1.

Fig. 3. Chromatogram of a S-fluoropyrimidine-containing tRNA hydrolysate, Peak identification as
in Fig. 2.
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Fig. 4. Plot of concentration (nmoles per 25 ul) of nucleoside vs. peak height (cm). See Experi-
mental section for details.

heights against the concentration. The percentage of 5-fluorouridine replacement of
uridine ([S-fluorouridine/S-fluorouridine -- uridine]-100)and 5-fluorocytidine replace-
ment of cytidine ([S-fluorocytidine/5-fluorocytidine 4~ cytidine]- 100) in the analog-
containing tRNA sample shown in Fig. 3, was found to be 90.9 4- 0.22% and
6.52 + 0.47 %, (£ standard deviation, n = 3) respectively. These percentage replace-
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ments compare favorably with previously reported values in tRNA isolated from £.
coli treated with 5-fluorouracil®®?® The described method is rapid and sensitive. With
slight modification it may also prove to be a suitable analytical procedure for monitor-
ing fluoropyrimidine levels in biological fluids.
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