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SUMMARY 

:, ,.-, A .procedure for assaying cleoxyribomononucleotides .-released by die&erase 
digestion of oligomers, is reported, .The method is. ibased ‘on high-pressure anidn- 
exchange chromatography on Zipax SAX 1 at ambient temperature using a, single 
buffer ,of low ultraviolet absorption. A simple, procedure for determining peak overlap 
is included. .,. ,: 
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IkTROIXJCTION ‘i : ..e ; .’ I,, 
,. ; ‘. ,. ‘_ i . , 

In : the course of, an extensive synthetic ‘program’ ,in- the deoxyribonucleotide 
series+4 , a sensitive analytical, procedure for ‘determining monomer composition on 
a micro scale was; required: Previous proceduresb-7 involved paper chromatography 
(PC) for separating the mononucleotides released by phos,phodiesterase degradation. 
Fairly large amounts of substrate are required for such methods, and ;PC is time-’ 
consuming. A faster and more sensitive method, based on ion-exchange chromato- 
graphy wastherefore sought. Several such systems have been reported,; however, they 
invclve, gradient, elution*mPj concentrated bufferslo, hyperambient temperatureslr4s, 
or a combination of these13-24. 

We wish to report a procedure carried 011i at ambient temperature with a 
single buffer of low concentration, 

.: 

EkPERIMENTAL _ 
\ : 

:’ Malerids 
,; 

Tlie resin used comes from, a single batch of DuPout Zipax, strong anion2 
‘I,, exchange. resin (S,AX) . Columns +re ,prepardd’ by dry$acking ;SAX into I mm, ,x’ ‘i I$ 

columns; ,316 stainless steel; (SS); (Tube Sales Inc.) 4tted with Swagelok or’ Gyrolck’ 
fittings. The bottom fitting contains a 2+.4$’ ‘porosity stainless steel friited 4lislj : .a : 
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(Applied Science Labs.). Dry-packing in layers with vertical tamping was found to’ 
give the best resolution. Connecting tubing is 0.4 mm I.D., 316 SS, with appropriate 
end fittings. A commercial HPLC (Nester Faust,, Model- 1200) and homemade. units 
consisting of Milton Roy or Whitey pumps with Helicoid gauges have been used. 
The detector is either. a :Nester Faust, ‘or:.,Laboratory, Data : Control UV monitor 
(254 nm) whose output passes into a Nester Faust Model 1504 integratorwhich drives 
a Photovolt Varicord 43 recorder. The Nester Faust unit has the advantage of 
constant flow pumps which give more reproducible retention times. 

Buffers are prepared from a saturated stock solution (cu. 1.5 :N) ,of KH,PO,; 
purified according. to KENNEDY. AND LEE 20, by dilution with quartz-distilled water to 
0.008 M. The pH is adjusted to 4.40 & 0.03 with phosphoric acid. Degassing is 
essential, and is carried out by stirring under vacuum at ca. 40 “C for 15 min. ‘, 

A flow rate of 0.2-0.4 ml/min at pressures of 1000-2000 p.s.i. is standard, 
resulting in an elution time of .I 11. Samples are injected into the column with a 
Hamilton HP 305 syringe. 

/; ’ 
4 

Pvocedwre 
:-:.: :,‘Oligomers are ‘digested with snake venom : phosphodiesterase (Worthington) 

in,.o’;ox m:Mg2+;,.andJ b,z M triethylammonium~bicarbonate,~pH caE.’ 9.. After removal 
ofibuffer by jevapbration;& aliqubt: is injected into’ the: top, of.the column. A. normal, 
anilysis requirds.‘about ro”nmoles* of .oligomer, of which’,r/s, is injected, for each run. 
Analyses are run in duplicate. ! ‘:’ ,:, 

Peak areas, as printed by the integrator, are normalized by dividing the area 
by the r2&i pH 4.4, of the nucleotide being measured. The E values were determined 
on carefully purified samples by a method to be reported elsewhere. The values used; 
expressed as 1 mmole-’ cm-“, are: d-PA, 14.26; d-pG, 13.86; d-PC, 4.88; and d-pT, 
7.3& !Nucleotides *are identified ,by:their retention times. Results ,are calculated as 
mole :percent based, on total normalized nucleotide <area. of $the. chromatograms. Some, 
representative :analyses of relatively pure ,materials are tabulated in Table 1. : 

..,.I >‘,: . ..I. : ,. .., ,, .,‘I .‘,i ;..., ‘. ,:z, >I ; ,‘. f ,, , ‘., ,, 

RESULTS A’ND DISCU’$,SION : .’ ‘: “.r 1,. e t ,; ‘1 
b’, ,. ,,. I ,.I: ‘_ ,,p ., ;,,. “,I. ,( ( _, ‘,: .., : .’ ., ‘,‘. ,.’ , ,’ ‘,’ : 

_’ , 1 : .Separation: of ,.the, four ‘common, $-deoxyribonucleotides. obtained \from diges-] 
tidn ‘with venom :phosphodiesterase ,is shown in Fig. I. They are well separate‘d at, 

,.. : ‘: 
‘XAB~~I~~~,,~-, I:>; ,; ‘,:I ‘, .; ;’ :,,: .I:/. .,I ,,I . 

REI’RESENTATIVIZ ANALYSES OF RELATIVELY PURE NUCLEOTIDES~ ’ ’ : 
--_ 

Otigomev Mole %” found Mole % lhwy _, ;: .‘, 

d+T d-PA d-PC d-fiG d-pT d-PA d-#C d-$G 
-_ -__ ___ .___-_ ----I- >‘. i 

1. 1, 

50.9. ,‘L ,,, y-- ,,. 
po : 250 .25.0 

33’;3 
22,2.. .ib,_ ,..,: ,; “,;‘, 

a 11.1. ,.zi,z : ,11,x 
/ “i:‘,.ij,‘r 

33-3; ,(. f3,3 ; ,. , 16-7 
50;d ‘167 I&j 
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Fig. I. Separation of 4 clcoxyribonuclcoticlcs on 7 mm x I m SAX column using o.008 M 
I<H,PO,, pH 4.40, at 0.41 ml/min. * 

PH. 4.40; any overlap is generated by a fluctuation in pH (see below). As can be seen 
from the table, values within xo”/O of theory are usually found with a precision of 
‘abou’t 20 par& per’ thbusand. Relative purity of ‘the ,oligomers’ can be estimated 
?oti’ th& ‘molar’ ratios.’ The detector-integrator response is linear over *a wide range 
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Fig. 2. Dctcctor-integrator 
values, lint is computer fit 
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‘. 

response for cl-pC. Vertical bars rcprcscnt range of cxperimcntnl 
of data, 

;‘., % 

.,on,,+clr ,deteetor scale.,;When, pl,otted as norma$+area vs. nanomoles of nucleotide, 
a straight ‘line “ie+dik, as’ shown’ in Fig.‘, ,k for d-PC. ,The ‘fit ‘was made @g i+ ’ le,&st, 
squares method, as carrjed out, by GE e35, “com$.i,ter; 1 ,,The ‘other’ nuclect~dei give 
..resconses Which,, follow, lines $ith’ the s&me’slo$5, but, some&hat clifferent mtercepts. 
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’ I&c&e pH,control of the eluant is esser~tia~, since at a pW ‘above 4-55, the d-pA .:... 
and, d,E;d, peaks overlap. (Fig. i) and bel,o&‘4,30 the d-pr, and d-pA peaks’overlap (I?ig. 
4). Some change in buffer pH occurs upon storage. Corrections’may be made ‘in the 
calculations by making use of the approximately Gaussian shape of the peaks on the 
chromatogram . A .general method for calculating the purity of each of a pair of over- : 
lapping peaks on a chromatogram makes use of the Gaussian function representing 
each peak : 

iI) 
where VI* = elution volume at which the, concentration of component I: is at’ a 
maximum; UZ = elution volume at which the curves representing the 2,peaks inter- 
sect; PI, = total number of theoretical plates in the cohqn calculated for corn--’ 
,ponent..x; C, = distribution ratio for component I; LX = limit of the probability 
,,.integral : 

;: ,:; ‘; ‘, . ‘. ‘, :,., ,. ,. ‘. 

: text2&. 
Since the recorder chart speed and,flow rate are constant, distances measured 

along, the chart: ‘paper are’ directly related to retention volumes. By proper, substi- 
tution, eqn. I can ‘be manipulated to: 

:, 

(3) 

.wlier&D~ =~d~stance,aldng the chart paper from the injection point to the minimum . 
‘* : 

‘. 
.‘:‘~&&& .the::pe&s ; ,JJe .I,: distance,fro,m the top.of the.peak to the injection point,; 
..‘L1D’:,,‘:-:‘clistan~e’frorn’ De to: the’hmb~ of the peak nearest. the minimum, measured 

h,eight..of the,,peak,and ‘e, ,is:the b,ase, pE.~he:.nat~,~gl 
,. .,, ’ ,. ,I ; s,:,, ,.’ ; ’ ; ,’ : .! :;,; 
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UINUTES 

Pig. 4. Scpmation of 4 clcoxyribonucleoticlcs on I mm x I m SAX column using 0.008 M 
KH,PO,, pH 4.26, at a.41 ml/min. 
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Fig. 5. Chromatography as in Fig. 3 ; illustrstion OF mc&cl for. calculating peak overlap. IDis- 
tnndes mcasurccl cm chart paper. 

.’ .’ 

As an illustration, the purity, or overlap, of the. d-pA and d-pG peaks in.Fig, 5 

may be calculated from the data in .Table II. Substitution into eqn. 3 gives valuesof 
X of 2.4G for dipA, and 1.91 for d-pG. From a.probability function table, the corro- 
sponding values of 8 (I ‘+ .a)’ are ,o.gg3 ,and 0.972, ,respdctively.‘, Thus, 0.7”/0 of the 
area of the ,d-pA peak is due to d-pG contamination, ,and 2.8% of ,the area of the 
d-pG peak is ,due to d-ph contamination, Correction of tlie areas .for this: .overlap 
allows greater precision in determining the molar ratios. . 

I .,” 

Cl-pA 26.2 22.1 3.1 1.14 2*35 
cl-pG 2G.2 30.4 4.2 I.52 3.10 

____--.___-_I_ --- s 

Column, life is greater than six months, with some eventual. clogging and 
resultant increase in pressure required, to maintain the proper flow rate. No degener- 

‘$ ation in, retention time or separation was.noted. Bernoval of a few centimeters from 
the ‘top end of the column restores the original flow rate and pressure. Examination 
.of the resin from the,cut-off portion shows that the presence <of dirt and, bits, of rubber 
from .the injection septum cause,s. clogging. 

If necessary, as, little as, I nmole ,of, oligomer can be analyzed .with, good, pre- 
y ,cision. Individual peaks corresponding,. to ,x0,0 pmoles,.,of ,nucleotide., give sufficient 

area for reproducible quantization, Below this level, ,stray electrical. noise becomes 
a problem. ,. , ,. ,, :I 
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