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Ever since chromatograljtiic techniques have heen applied to the task of sepa- 
rating nucleic acid components (for reviews, see refs. l-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 methodss-13 are now available for the rapid 
separation of complex mixtures of either ribo- or deoxyribomononucleoside phos- 
phates, but only iimited 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 
borateI utilizing the techniques of paper’“, electrophoresis’*“, ion-exchange1*1’*15, 
or thin-iayer chromato,mphy (TEC)16. Randerath and co-worker@‘-” have refined 
the latter technique and have developed two-dimensional TLC procedures to separate 
more complicated mixtures containing ribo- and deoxyribonucleotides at either the 
mono-, or di-, or triphosphate levels. But combinations of ribo- and deoxyribonu- 
cleotides at mixed phosphorylated levels are only partially resolved by the TLC 
procedures. 

By refinements of the conventional ion-exchange method13 used in this labo- 
ratory to separate nucleotides”, the resolution of mixtures that contain ribo- and de- 
oxyribo-S-nucleotides at the mono-, di- and triphosphate levels, OF any combination 
of these, has been accomplished. This can be seen by thechromatogram shown in Fig. 1. 

As noted in the legend to Fig. I, 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., CD?, dCDP and GMP, OF 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 n-sary to resolve the UMP-dTMP pair; 
it also seems to effect the resolution of dTDP from CFP. The change to pH S.6 (citrate 
concentration still at 25 mA4) after the first 20 rnin is necessary to effect the separation 

* Re supported by the Energy Research uld Development Admkistxation tmder contrzct 
with finion Carbide Corporation. 

l = Bates 2nd nuckosides may be conveniently removed from nucleotide mixtures by polyacryl- 
zmide chromatography”. 
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