. Journal of Chromatography, 124 (1976) 415417 - '
© Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 9291

Note

Rapid resofution of 5-mono-, -di-, and -triphosphate ribo~ and deoxyribonu-
cleoside mixtures by conventional anion-exchange chroematography’
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Ever since chromatographic techniques have been applied to the task of sepa-
rating nucleic acid components (for reviews, see refs. 1-4), considerable thought and
effort has been put forth, by investigators from many different laboratories, to solve
the difficult problem of separating complex nucleotide mixtures. As a result of these
efforts, several different chromatographic methods>—* are now available for the rapid
separation of complex mixtures of either ribo- or deoxyribomononucleoside phos-
phates, but only limited success has been achieved in separating mixtures that contain
all members of each class of nucleotide. For instance, simple mixtures of ribo- and
deoxyribonucleoside monophosphates can be resolved from solutions containing
borate!*® utilizing the techniques of paper!®, electrophoresis’™!?, ion-exchange!-**!5,
or thin-layer chromatography (TLC)'6. Randerath and co-workers®-17-1° have refined
the latter technique and have developed two-dimensional TLC procedures to separate
more complicated mixtures containing ribo- and deoxyribonucleotides at either the
meono-, or di-, or triphosphate levels. But combinations of ribo- and deoxyribonu-
cleotides at mixed phosphorylated levels are only partiaily resolved by the TLC
procedures.

By refinements of the conventional ion-exchange method?® used in this labo-
ratory to separate nucleotides™, the resolution of mixtures that contain ribo- and de-
oxyribo-5'-nucleotides at the mono-, di- and triphosphate levels, or any combination
of these, has been accomplished. This can be seen by the chromatogram shown in Fig. 1.

As noted in the legend to Fig. 1, a gradient delay and a lower initial pH are
used to effect the separation shown. The gradient delay allows the solute bands of
closely eluting species (e.g., CDP, dCDP and GMP, or CTP and dCTP) to become
somewhat separated on the column at low citrate concentration before the bands are
removed from the column as sharp peaks by the increasing citrate concentrations of the
gradient. The lower initial pH of 8.2 is necessary to resolve the UMP-dTMP pair;
it also seems to effect the resolution of dTDP from CTP. The change to pH 8.6 (citrate
concentration still at 25 mAf) after the first 20 min is necessary to effect the separation

* Research supported by the Energy Research and Development Administration uader contract
with Union Carbide Corporation.
** Bases and nucleosides may be conveniently removed from nucleotide mixtures by polyacryl-
amide chromatography™®.
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Fig. 1. Separation of a ribo- and deoxynbonucxeosxdc phosg:hate mixture. Conditions: column,
20 x 0.62 cm I.D. of Aminex A-28 (citrate form); elution, 25 mM sodium’  citrate, pH 8.2 for the first
20 min (see first arrow) and 25 mAf sodium citrate, pH 8.6 for the next 30 min, at which point (see
second arrow) a convex gradient was started that was formed with a closed constant-volume mixing-
zontainer and an open reservoir vessel (see ref. 13). The former contained initially 50 mi of 25 mM
citiate solution, and the fatter 500 mM citrate solution, both at pH 8.6 (all citrate solutions contain
9.3 mM NalN; to prevent bacterial growth); flow-rate, 0.6 mi/min; colvmn temperature, 70°; oper-
ating pressure, 160 p.s.i. at the beginaing of the gradient, 175 p.s.i. at the end. The sorbed material
was ca. 17 nmoles of each nuclestide shown contained in 50 gl of 25 mAf sodium citrate, pH ca. 7.4;
the sample was applied to the column by an off-column septum-type injector with 2 Hamilton syringe
without interrupting the flow of eluent: recovery was quantitative. The column was monitored with
a Model UA-5 ISCO UV:analyzer (1¢-mm path-length flow=ell of 19-ul capacity).

of dADP from UTP; this increases slightly the retention time of UTP but that of
- JADP remains the same. This sensitivity to pH is because of the pK values of the base
moieties in question; UMP, dTMP, and UTP have, respectively, pK values of 2.5,
10.0, and 9.5, while CTP, dCIP, anci dADP have 0o acxdxc groups ;omzmg in this
pH ramge. -

: Under study now fs the application of a compound gradmnt fo- reglace ihe
simple elution mode described in Fig. f. The use of a shaffow gradient (both in pH
and citrate qoncentra;mn) at the begmnmg and increasing slightly in the middle, and
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»fmaliy mcreasmg strongly at the end of the chmmatogram should i improve the reso-
" lution of the CMP-dCMP and UMP&TME nucleotide pairs and afso closely eluted
nuc!cﬂude mpiets such as CDP, dCDP and GMP, and dTDP, CTP and dCTP.
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