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Note 

Preparative purification and group separation of mono- and dinucle- 
otides by combining charge-transfer and affinity chromatography 
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The study of the binding sub-sites of the well known enzyme bovine pancreatic 
ribonuclease (RNAase, E.C. 3.1.27.5) has been attempted in several ways (X-ray 
diffraction. NIMR spectroscopy, afhnity labeUing))‘*_ Ah of these techniques require 
non-substrate hgands and, although most studies have been carried out with mono- 
nucleotides, it is obvious that a dinucleotide can provide a better picture of the interac- 
tion ‘between the enzyme sub-sites and a high-moIecular-weight substrate. it is for this 
reason that the cbromato_mphic separation on a preparative scale of a’-O-meth- 
ylated dinucleotides which are alkali-stable was undertaken. The interaction of these 
compounds with the enzyme should give a closer idea of the enzyme-substrate com- 
pIex than that obtained with either the phosphonate analogues of the dinucleoside 
monophosphates in which +&he critical oxygen of the 5’-phosphoester bond is replaced 
by a CHI group’ or a 2’,5’-dinuciectide2 with distorted geometry in the phosphodies- 
ter bond_ 

On the other hand, alkali-stable dinucleotides are found in a low proportion 
(about 3 yb) in RNA. The separation of the sixteen different dinucleotides has only 
been accomplished on a smah scaIe by means of very complicated and tedious pro- 
cedurcsg-‘o. In this work partial purification on the milligram scale was achieved by 
means of a combination of charge-transfer chromatography on acriffavin-Sephadex 
G-25 and afEnity chromatography on Sepharose 4B-RNAase. 

The e.xistence and characteristics of charge-transfer complexes between bio- 
molecules has been known for over 10 years”.‘2. The pioneering work of Porath and 
his collaborators laid the theoretical basisr3.‘* and showed the applicability of this 
type of interaction to the purification of many substances’5*‘6. The best characterized 
gel of the eIectrcn-acceptor type is acriflavin-Sephadex G-25 Its behaviour and re- 
sponse to a set of different conditions (temperature, ionic strengh, pH,~ buffer com- 
position and presence of different ions) has been thoroughly studied16*‘7. These are 
some of the reasons that justified the choice of this geI for the partial resolution of 
complex dinucleotide mixtures. The charge-transfer chromatography on acriflavin- 
Sephadex G-25 was also used for the final purification of some brominated nucleo- 
tides from the unreacted starting materials. Halogenated nucleotides are interesting 
compounds for the af6nity labelhng of RNAase’ and other enzyme$*. 
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EXPERIMENTAL 

AcritIavin-Sephadex G-25 was synthesized as described by Egly and Porath16. 
Commercial bovine pancreatic ribonuclease (crystallized twice) was obtained from 
Cambrian Chemicals (Croydon-Great Britain) and was immobilized on Sepharose- 
4B according to the method of Axen ef ~1.‘~. S-bromoadenosine 5’-monophosphate 
(5’-Br*AMP) and S-bromoadenosine 2’,3’ cyclic monophosphate (2’.3’-Br8AMP) were 
synthesized from S-AMP (Merck, Darmstadt, G-F-R.) and 2’,3’-AMP (Cambrian 
Chemicals) respectively, by direct bromination according to the method of Ikehara et 
al 2o After the reaction, the unreacted bromine was extracted with carbon tetrachlo- . . 
ride and the nucleotides were freeze-dried. They were stored in a desiccator at - 2O’C. 

The fraction corresponding to the sixteen 2’-0-methylated alkali-stable dinu- 
cleotides was obtained by the method of Trim and Parker” from wheat germ ribo- 
somal RNA prepared as described by Glitz and Decke?. The dinucleotide fraction 
was stored as a freeze-dried powder at -20°C. 

Some of the dinucleotide peaks were identified by means of thin-layer chroma- 
tography (TLC) and UV absorbance ratios”. 

RESULTS AND DISCUSSION 

Separation of ilaiogenated front non-halogenated mononucleotides 

A 3-ml volume of an equimolar mixture of Y-AMP and 5’-BrzAMP (3 mg/ml 
each) in 0.2 M ammonium acetate-acetic acid buffer (pH 6.0) were loaded on to a 
column (46 x 2.6 cm I.D.) of acriflavin-Sephadex G-25 at a flow-rate of 40 ml/h_ 
Elution was carried out at 4°C with the same buffer and the corresponding VJV, 

values are given in Table I. The temperature (4°C) and the pH (6.0) were chosen so as 
to obtain maximal retardation and resolution among the different nucleotides as 
reported by Egly and Porath I6 In the preparative separation of the brominated _ 
nudeotides from the unreacted starting materials (Y-AMP and 2’,3’-AMP) the same 
chromatographic conditions were used except that the sample volume was 1.5 ml at a 
concentration of 150 mg/ml. The V,/ V; values are also listed in Table I. 

The fact that the cyclic nucleotides are more retarded than the non-cyclic 
nucleotides is in agreement with published results on the analytical separation of S- 
AMP and 3’,5’-AMPi7. Nevertheless, the high retardation of the brominated nucleo- 
tides with respect to the non-brominated ones would, in principle, be in disagreement 

TABLE I 

REDUCED ELUTION VOLUMES OF SOME MONONUCLEOTIDES ON ACRIFLAVIN- 
SEPHADEXG-25 

Nucieotide VJ v,* 

Y-AMP 3.0 
5’-BfiAMP 7.5 
T,Y-AMP 5.4 
2’,3’-B?AMP 126 

* V, is the elution volusne, V, the bed volume znd VJ V, the reduced e!ution volume. The vahes were 
obtained in 0.2 M am~norxium acetate buff&r (pH 6.0). 
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with the behaviour of acriflavin-Sephadex G-25 as an acceptor ge116*17_ The bromine, 
an electron-withdrawing substituent, should diminish the interaction of the haloge- 
nated nucleotide with the gel compared with the non-halogenated nucleotide. The 
results are. however. in agreement with the strong retardation of iodinated compared 
with non-iodinated tyrosines in dinitrophenyl-Sephadex G-25 (another n-e!ectron 
acceptor gel) I3 _ This effect was explained by the participation of the halogen itself in 
an electron-transfer interaction with the ge113_ This could also be the case in the 
present experiments. An alternative explanation for the unexpected result could be 
the fact that acriflavin is situated in an intermediate position in the scale of donor and 
acceptor molecules’-5. Acriflavin could then act as an electron acceptor with 5’-AMP 
and as an eiectron donor with 5’-Br8AMP, although other explanations are also 
possible- 

If this behaviour of the haiogenated nucleotides in acriffavin-Sephadex G-25 
columns were general it would provide a powerful tool for separating halogenated 
from non-halogenated nucleotides in compIex mixtures_ This procedure has the ad- 
vantage of being quick and suitable for scaling-up. 

Fractionation of complex alkali-stable dinucleotide rmktures 
The chromatographic fractionation of the 2’-0-methylated alkali-stable dinu- 

cIeotides was attempted by combining charge-transfer chromatography on acritlavin- 
Sephadex G-25 and afbnity chromatography on Sepharose 4B-RNAase. A mixture of 
the sixteen dinucleotides (3 ml at a tota concentration of 7 mg’ml) in 0.2 M am- 

I%_ 1. Chromate_mphy of a mixture of alkali-stable dinucleotidcs on acrifiasin-Sephadex G-25. A 3-ml 
vokoe of 2’-O+oethylaied alkali-stable dimxkotides (7 mg&.l) was loaded on az~ acrifiavin-Scphadex G- 
E txlumrt (46 x 26 an I.D.) in 03 W munooium acetate buffer @H 6.0). Elution was carried out with the 
same buffer aL a flow-rate of 40 m&h. V, is the elution volume, V, is the total volume sod VJV, is the 
reduced eMion voIuxne_ Peak I rzpments dim&&ides of the PypPyrp type, peak Ki contains pyrppurP 
and PurpPyrp din&tides and peak III dinuckotides of the Put-pm type. 
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Fi_e 2. Chromatography of a mixture of alkali-stable dinuclcotides on Sepharose 4B-RNAase. A I-ml 
volume of 21-O-methylated alkali-stable dinucleotides (10 mg/ml) in 10 mMammonium acetate buffer (pH 
7.0) - baded 0~ a Sephvose 4RRNAase column (35 x 1.2 cm I.D.). The flow-rate was 30 ml/b and the 
temperature wzs @C. Uution was carried out with a linear ionic strength gradient from 10 rn_&f to 0.3 M 
(400 ml in each vessel) of ammonium acetate buffer (pH 7.0). Peak I represents PorpPurp dinucleotides, 
peak 11 a misturc of PyrpPyrp and PurpPyrp dinucleotides and peak III dinucieotides of the PyrpPu’p 

tYl= 

monium acetate buffer (pH 6.0) was loaded on to a column (46 x 2.6 cm I.D.) of 
acriflavin-Sephadex G-25. The flow-rate was 40 ml/h and the elution was carried out 
with the same buffer at 4’C_ Three well separated fractions were obtained and identi- 
fied as shown in Fig. I. The order of elution was in agreement with the published data 
for some natural dinucleoside monophosphatesz6. 

The elution profile of a chromatogram of a similar sample of total dinu- 
cleotides applied to a Sepharose 4B-RNAase column is shown in Fig. 2. Fraction I, not 
retained in the conditions of equilibration of the column, was shown to be constituted 
by dinucleotides of the Pur-Pur type whereas the other two, eluted by means of an 
ionic strength gradient, folIowed the order expected from the kqown a5nities for the 
binding sub-sites of the enyme I. It should be noted that aEnity chromatography has 
been widely used to purify proteins by immobilizing a suitable low-molecular-weight 
&and”_ In the case of nucleic acid fragments or anaiogues, purification has been 
mainly attempted by immobilizing not proteins but complementary strands of nucleic 
acids”. In this work a different approach was used, namely immobilization of the 
enzyme for the fractionation of a complex mixture of low-molecuIar-weight Iigands 
based on the different afEnity of the individual ligands towards the enzyme. 

In order to fractionate further peak II of the Sepharose 4B-RN&se column it 
was chromatographed, aftei freeze-d@ng, through a long acriflavin-Sepbadex G-25 
column (I 10 x 1.2 cm.1.D.). The experimental conditions and results are shown in 
Fig. 3. Experiments ar& in progress to fractionate further the unresolved dinucleotides 
by means of other chromatographic procedures. 

These examples show the great potential of the combination of charge-transfer 
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Fig. 3. Chromatography of 2 partiaU_v purified mixture of alkali-stabIe dinucIeotides on acriilavin-Seph- 
adex G-25. A M-ml voiume of peak II from the chromato_m in Fig. 9 at a concentration of 1 I m&ml in 
O-2 M ammonium acetate but%. @H 6.0) was ciuomatographed on an z&&win-Sephada G-25 COI- 
f I 10 x 1.2 cm I.D.) at a flow-rate of 15 ml/% at 4’C. The assignment of the peaks was as follows: I, CmpCp 
( r;,! K = I); II, CmpUp, UmpCp. UrnpUp ( VJ V, = 1.5); III, AmpCp, GmpCp (V,l V, = 3.1); IV, 
AmpUp, GmpUp ( VdVz = 6). m in the above abbreviations represents 2 methyl group in the T-position of 
the ribosc ring of the corresponding nu&oside. 

and aflkity chromatography for the preparative purification of complex mixtures of 
mono- and dinucleotidcs. The method is rapid and simple and avoids the tedious 
procedures that use ionexchange chromatogaphy withz3 or withoutg*lo urea. Ob- 
viously, the step that uses the immobilized enzyme can be used only when the nucleo- 
tides are not substrates for the enzyme such as, in the case of RNAase, the 2’-0- 
methylated di- and oligonucleotides, 2’,5’-oligonucleotides or T-deoxyribonu- 
cleotides (single-stranded DNA). 
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