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Note 

Rapid separation of tissue nucleotides on conventional anion-exchange resins 
at low pressures 

In anticipation d‘investi=. wting the pool size of nucleic acid precursors in human 

cell lines and II& clt‘ecrs on the pool by the uprake of esogen~~s RNA and DNA’-‘, 
esisting sensitive chromtiro~rnphic ’ n~ethods- - I” for the assay of tissue nuclrotides 
\\erc ev;dutited_ A fikirl; rapid. sensitive nlctllod \\‘;iS S011gllL - 

Pellicular ion-eschange system?; 11-‘3 seemingly meet most ol‘our requiremen&: 
ho\\-ever_ such systems employ specialized high-pressure (e-g_. up to 5000 p_s.i_) 
eqttiprnent that \t:ts no1 immediately availttble to us_ Anion-eschangc chromara~raphy 
‘>I‘ rhr nuclcoside phosphates on reversed-phase columns I” was cursorily investigated, 
and some promising rapid separations of either the maim-. di-, or triphosphute nucle- 
osi&s were made on the citrate or perchloratc fornw of the quaternary mn1no1~1un1 
compound used 3s rhe pacliing_ Ho\vever. niisrures of the nucleoside phospliares were 
not conipletely separated in short periods of rime, and this sysrem has inherent 
ditficulties as 10 reproducibiliry in the preparation of‘ the packing and in the employ- 
men1 ol- stable and reusable columns_ Nevertheless, the success of achieving sharp 
.separaLions among sonle of the nucleoside phosphates on the reversed-phase columns, 
paniculrirly \vhen cilrare or perchlorrrte ions served as the t‘lutin, 0 ions. suggested that 
su& counter-ions could be used to the same advantage in the esisting cmventional 
union-eschanpe procedures that are availnble for the analyses ofnuclcoside phosphate 
misrures. Thus, esisting methods LJ--1h were reinvestigated using only counter-ions such 
;ts citrate or pa-chlorate lvhich have a very high order ofselectivity for the polysryrene- 
type resins. The compounds of‘almost a11 such counter-ions are nonvolatile substances, 
but this is of no consequence in a strictly analytical system where recovery ofmtiterirtl 
is not necessary_ 

One exchanger chosen for these studies \vas At-nines A-27 (Bio-Rad L.&s.. 
Richmond. Calif‘.. U.S.A.). ;I fine-particle ( 12--15!0 styrene-divinylbenzene anion 

eschanger contsinin~ quaternary munonium eschange goups. As seen in Fig. 1. the 
t\\elve common nucleoside phosphates can be separated on a short column (0.62 A 
10 cm) in ;ibout I 11 aI relatively low pressures \\ith alkaline sodium citrate solution as 
the eluent_ The chromtltoy-am in Fig. I compares very t’avorrtbly to similar analyses 
obtained with pellicular ion eschangers”-‘3, particularly in regard to time 01~ analysis 
and the degree of resolurion. As noted in Fis_ 1, the separation is carried out at a 
r&rivel_v t3st flmv-rate (about Z ml/min cm’). At halfrhis rate, the analysis rakes abour 
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Fis_ I _ Separation of the ribonuclcosidc Y-mono-, -di-, and -triphosphatcs. Conditions: column. 
0.61 :- 10 cm oFAmines A-17 (citrate Form): cluiion. conves graiient formrd with a closed commnt 
\-olumr mixing contzinerand an open reservoir vessel_ The Former contained initially 15 mi oFO.03 If 
sodium citrate solution, and the latter 0.5 dl citrate solution. both at pH S-3: Ilow-rate. 0.6 mI,minr 
column tcmperarurc. 70-c opemting pressure. c~_ 10 p_s.i_ Sorbed material was cu. 30 nmokx each of 
the 5’-mono-, -di-,snd -triphosphates of cxtidine. uridine,adenosine_and guanosine contained in about 
30 _I#! of 0.015 df sodium citrate solution; the sample was applied to the column by an otf-colunu~ 
scptunt-type injector with a Hamilton syringe without interrupting thr flu\\- ofthc eluent: recovery v.xs 

quanritrttIve_ The column was monitored with a model UA-2 ISCO ultraviolet analyzer (1 O-mm path- 
length t1ow cell of 50 .rll capacity)_ Peaks were quantitated by peak heisht and pak \vidth measure- 
merits”--‘” of the tracings from an esterna1 rcrorder attached to the ISCO_ 

2.5 I~ to complete, but e:rch peak is completely separated front its neighbor \vith ;L 
resolutionLS-” of 1 or greater, and the operating pressure at this few-rare is only (-0. 
20 p.s.i_ 

There are several adwntases in usin, 0 conventional iorkcsch3n~e resins in- 

stead of pellicular exchangers for tissue nucleotide analysis_ One of the maitt ttdvan- 
t:tges lie5 in the high capacity of the conventions1 ion exchangers_ With 3 properly 
chosen counter-ion, this allows, as shown in Fig. 1, difficult separations to be made on 

sltort columns in short periods of time_ Also, since the columns are short. they can be 
operated at iow pressures compared to pellicular ion-exchange systems. This, in turn. 
allows one to use readily available, ine.xpensivechrontatographicequipment_ However. 
one ttdvantage of tissue nucleotide analyses via pellicular ion-exchange systems is 
that with the nexver pellicular ion exchangers, separations can be performed at ambient 
tentperatures13. In the esperiments reported here, a column temperature of at least 
50’ was necessary before sharp peaks of nucleoside phosphates were obtained_ 

The citrate form of Amines A-27 can also be used for the rapid analysis, at 
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alkaline pH‘s, oftbc bases or nucleosides derived from nucleic acids. For the common- 
ly occurring derivatives, such analyses can be performed in less than 30 min on the 
colunm described in Fig. 1 with dilute alkaline sodium citrate as the eluent (see also 
ref. 19). Ii-present with nucleotide nxtterial, the bases or nucleosides would interfere 
with the nucleoside phosphate analysis. However, I have developed a group separa- 
tion scheme that allows nucleotides and nucleosides to be separated in narrow elution 
bands from each other and from the puke and pyrimidine bases on polyacrylamide 
gel colttmns2”. Thus, snxtll aliquots of these components (nucleotides, nucleosides, 
or the lice bases) once separated, CUR be analyzed according to the conditions of Fis. 
1, or slight variations of those presented there. 

Various parameters assockted with these sepmxtions are now under investiga- 
tion to optimize conditions for the routine analyses of samples containing tissue 
nucleot ides. 
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