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SUMMARY

A ‘procedure for assaying deoxyribomononucleotides released by dlesterase
dlgestlon of oligomers' is reported. The method is.'based on hlgh-pressure anion-
exchange chromatography on Zipax SAX at ambient temperature using a. single
buffer of low ultraviolet absorption. A simple procedure for determmmg peak overlap
is 1ncluded SRS

INTRODUCTION = "~ .1 - e

 Inthe course of an extensive synthetic program'in the deoxyribonucleotide
series®—¢, a sensitive analytical procedure for ‘determining monomer composition on
a micro scale was required. Previous procedurest=? involved paper chromatography
(PC) for separating the mononucleotides released by phosphodiesterase 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 was. therefore sought. Several such systems have been reported; however, they
involve. gradient- elution®?; concentrated buffers!®, hyperamb1ent 1:ernperatures11 12,
or a combination of these“ —24,
. We wish to report a procedure carried out at ambient temperature with a
single buffer of low concentration.

'_ EXPERIMENTAL

: M atemals ‘ :

The resin used comes from a single batch of DuPont Zipax strong anion-
""exchange resin (SAX). Columns are prepared by dry-packmg SAXintor mm X1 m‘
- ‘columns, ;316 stainless steel, (SS), (Tube’ Sales Inc ) fitted with ‘Swagelok or: Gyrolok
f_ﬁttmgs The bottom ﬁttmg contams a z-,um porosﬂ:y stamless steel fntted chsk-

. 1‘or pa.rt I see ref r, S e e e gt e
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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 1.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 ‘s ‘either a ‘Nester Faust. or.Laboratory Data Control UV monitor
(254 nm) whose output passes into a Nester Faust Model 1504 integrator which 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 (ca. 1.5:M) of KH,PO,;
punﬁed according to KENNEDY AND LEE?S, by dilution with quartz-distilled water to
0.008 M. The pH is adjusted to 4.40 4 0.03 with phosphoric acid. Degassmg 1s_
essential, and is carried out by stirring under vacuum at ca. 40 °C for 15 min. o

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 1 h. Samples are injected into the column with a

Hamilton HP 305 syringe.
Procedura

Ohgomers are dlgested with' snake ‘'venom' phosphodlesterase (Worthington)
in"0.o1 M’ Mg?+: and'o.x M- trlethylammonlum ‘bicarbonate, pH ca: 9. After removal
of buffer by’ evapora.tlon, an aliquot is injected into the:top of the column. A normal
analysis requires- about o nmoles of oligomer, of which 1/5 is injected for each run.
Analyses are run in duplicate. T

Peak areas, as printed by the integrator, are normalized by dividing the area
by the g,;4 pH 4.4, of the nucleotide being measured. The £ 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,
7.30. ‘Nucleotides ‘are identified by.their retention times. Results are calculated as
mole percent based on total normalized nucleotide area of the: chromatograms Some
representatwe analyses of relatlvely pure matenals are tabulated in 'l‘able I
RESULTS AND DISCUSSION
Separatlon of the four common: 5 -deoxyrlbonucleotldes obtamed from dlges-,:_
‘tlon w1th :venom phosphodlesterase is :shown in Fig. 1. They are well separated at

"TABLE I, . R L S L AR R TIPS .

: REPRES‘ENTATIVE‘ANALYSES' OF RELATIVELY PURE NUCLREOTIDES -

Oligomey Mole %0 found Mole %, theory o

' d-pT d-f:A d-pC  d-pG d-pT  d-pA  d-pC  d-pG

Agi Ty ‘ R 492 b= Ltemm b 8040, BOWO. L —‘

Ag Ga- e S 49.8 .24-8,,; .25:3. . — 500 .250  .250

Ay, T .c, 2 U 3L 123,30 =0 T g 03303 0 2z e

Ay T,, Co G {085:3 77" L2:.8 1 ‘2*1'.‘6__ ANITORZ 188,60 T I L 022,02 0 CELLE i Tl

A Ty C.‘Gs ALT e 3830 w80, 16,2 47 333 0 83, 167 Ly
2.0 ' 15.8 16.7 . 500 - 16.7 16,7

A..T Ca‘».G _”!.7}8‘ V4927 ;_1 ‘
FRER ) Ba.scd on total normallzcd nucleotide area. | PR TS R
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Fig. 1. Separation of 4 deoxyribonucleotides on t1mm X 1m SAX column usmg 0.008 M
KH,PQ,, pH 4.40, at 0.41 ml/min. o .

PH 4.40; any overlap is generated by a fluctuation in pH (see below). As can be seen
from the table, values within 109, of theory are usually found with a precision of
‘about 20 parts per 'thousand. Relative purlty of the ollgomers can be estimated
from the molar’ ratlos The detector——mtegrator response is llnear over" a wide l'zmge
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Fig. 2. Detcctor—mtcgrator response for d-pC. Vertical bars represent range of cxperxmental
alucs, line is computor fit of data.

on each detector scale. ‘When plotted as normahzed area s. nanomoles of nucleotlde,
a stralght line results, ‘as shown in Flg 2 for d-pC The fit was made by the’ le'tst'
squares method as carried out by GE 635 computer. “The other’ nucleot1des give
,responses wluch follow llnes w1th the same slope, but somewhat chfferent 1ntercepts.
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Fxg Scpamtlon of 4 dcoxyrtbonuclcotldcs on Tmm X 1m SAX column usmg oooSM
Kl—lzl 04, PH 4.26, at 0.41 ml/min,

Prec1sc pH control of the eluant is essentlal since at a pH. above 4 50, the d-pA

and d-pG peaks overlap (1‘1g 3) and below 4. 30 the cl-pT and d-pA peaks overlap (Fig.

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 Gaussmn function representing
each peak:

X=

m—U#(Pr+e+cay ©
E UI* Cl B

‘where U1 = elution volume at which the concentration of component 1:is at a
maximum; U; = elution volume at which the curves representing the 2. peaks inter-
sect; Py = total number of theoretical plates in the column calculated for com-
‘ponent 1; Cy = distribution ratio for component 1; X = hmlt of the probablhty

. mtegral

;¢mm=uxm | S @

where -Jz ( ‘ -l— a) 1s the area under the curve due to component I, and 1s therefore
the rnole fractlon of component 1°in the peak ‘
The value of X is then used to obtaln % (I + a) from a table of probablhty

functlons A good treatment of the method can be found in RIEMAN AND WALTON’S
stext?, :

Since the recorder chart speed and flow rate are constant, distances measured

'~ along the chart paper are directly related to retention volumes By proper, substl-_
3 tutlon eqn. I can be manipulated to:

‘ L IDe=Det ‘

o where D; dlstance along the chart paper from the m]ectlon point to the rmmmum'.
+.“between _the peaks; Dg =: distance from the top of the peak to the injection point;

distance from' D, to:the'limb- of the peak nearest the minimum, measured

s ‘; alon the.. hne H /e where H is the height. of the.peak and e is:the base of the n'rtural
: _'_logarlthm G e e e R S AP ITLLE R R ET R AL
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Fig. 5. Chromatography as in TFig. 3 illustration of mctbod for calculating peak overlap. Dis-
tances measured on chart paper. . ‘ : S

As an illustration, the purity, or overlap, of the d-pA and d-pG peaké in.Fig. 5
may be calculated from the data in Table II. Substitution into eqn. 3 gives values of
X of 2.46 for d-pA, and 1. 91 for d-pG. From a probablhty function table, the corre-
sponding values of } (1 +.a) are 0.993 and 0.972, respectively. Thus, o. 49, 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-pA contamination. Correctlon of the areas for thls overlap
fallows gre'lter precv;lon in determmmg the molar ratios. :

TABLT Ir -

SEPARATION DA'I‘A FROM TF1G. 5

Component Dy (em) Do (om) H (em) Hle (em) AD (cm)

d-pA 26,2 22.1 3.1 .14 2.35
d-pG 26.2 30.4 4.2 1.52 3.10

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., Removal of a few centimeters from
the top end of the column restores the original flow rate ‘and pressure. Exammwtlon
of the resin from the cut-off portion shows that the presence of dirt and bits of rubber
. from the injection septum causes. clogging.

. If necessary, as. little as .1 nmole of ohgomer can be am.lyzed thh good pre-
-.cision. Individual peaks corresponding.to 100 pmoles. of nucleotide. gwe sufficient

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

et

' ‘ZACKNOWLEDGEMENTS

We w1sh to thank Dr C G Scor‘r of the Physxca.l Chemrstry Department for
mtroducmg us. to the technique of hlgh-pressure liquid. chromatography, and . for
..reviewing the rnanuscrlpt also Dr. A. L. NussBauM for his, encouragement of. the
;;,-,work and. assxstance in preparmg the manuscrlpt

Tl

J. CI:ronzafogr.. 67. (rg;z) 3o¢_‘)'—‘3‘14



314 T. F. GABRIEL, J. MICHALEWSKY

REFERENCES

N =

- -t -
OV Ny ote W

11
12

I3
14
15 .
D, D. Cumsrmnsox, J. W. PauLis aAND J. S. WALL, Anal. Biochem., 22 (1968) 53.

16

17
15
19
20

21
22
23
24
25

J.

T. F. GABRIEL, [ Clwomatogr 36 (1968) 518, ‘
A. F. Cook, D. T. MAicHUK, M. J. HoLMAN, E. P. HEIMER AND A. L. NUSSBAUM, J Amer
Chem. Soc., 94 (1972) 1334.

E. P HEIMER, M. AuMaD, S. Rov, A. RAMEL AND A. L. NUSSBAUM, _] Awmey, Chem. Soc., 94
(1972) 1707.

M. PoowNiaN, E. NowoswIAT AND A. L. NUSsBAUM, in preparation.

'H. G. KHORANA, A. F. TURNER AND J. P, VizsoLvy, J. Amer. Chem. Soc., 83 (1961) 686

S. A, NARANG AND 8, IK. DHEER, Biochemistvy, 8 (1969) 3443.

K. L. AGARWAL, A. YAMAZAKI AND H. G/ KHORANA, J. Amer. Chem. Soc., 93 (1971) 2754.
E. W. BuscH, J. Chromatogr., 37 (1968) 518.

I..C. CALDWELL, J. Chromalogr., 44 (1969) 331.

"E., Junowisz AND J. H. SpENCER, [J. Chromatogy., 44 (1969) 342,

G. BROOKER, Anal. Chem., 42 (1970) 1108,
J. J. KirkLAND, [J. Chvomalogy. Sci., 8 (1970) 72.
J. G. GREEN, C. E. NUNLEY AND N. G. ANDERSON, Nat, Cancer Inst. Monogr., 21 (1966) 431I.

1. L.;"CAMERON AND W, D. FISHER, Nat. Cancer Inst. Monogr., 21 (1966) 441.

L. PoPA, A CRACEANU; AND R.: PORTOCALA, Rev. Roum. Biochim., 4 (1967} 297..

R. A. MILLER AND J. W. KIRKPATRICK, Anal. Biochem., 27 (1969) 306
A, CARISANO;'Mi R1va AND"A. BonkccHr, J: Clwomatogr ‘40 (1969) 386. -
A.-C. Burtis, M N, Munk aND F. R."MAc DoNALD, Clin. Chem., 16. (1970) 667.

W. P. KENNEDY AND J. C. Lze, J. Chromatogr 51 (1970) 203.

P. VIRKOLA,’ .J. Chvomatogy., 51 (1970) 195.

P. R. Brown, J. Clwomatogr., 52 (1970) 257. '

H: W. ScHMUCKLER, J. Chromatogr. Sci., 8 (1970) 653

C. A. BurTis AND D. R. GeRE, Varian Aevograph Pamphlet A-1011, 1970,

W. RIEMAN aND H. F. WaLToN, Ton Exchange in Amnalytical Chemistry, Pergamon Press,
Oxford, 1970.

Chramalogr., 67 (1972) 309-314




