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CHROM. 5206 

Ion-exchange chromatography of dinucleoside-3’+5’-phosphates 
chitosan-impregnated cellulose thin layers 

on 

In a preceding paper’, we presented evidence that a number of nucleic acid 
constituents, such as g’-mononucleotides, nucleosides, and nucleic bases, can be 
resolved by ion-exchange chromatography on chitosan formate-impregnated cel- 
lulose thin layers. The present communication will describe the separation of dinu- 
cleoside-3’+5’-phosphates, which are a phosphodiester type of nucleotide, on the 
layers. 

Materials 
Chitosan. The same chitosan as was used in the preceding experiments’ was 

used again in the present investigation. The intrinsic viscosity [q] of the chitosan was 
S.25, which was determined in 0.50/O formic acid solution at 25 -& o.I’.** - 

Cezl?zllosc powder. Avicel SF, a finely powdered product of microcrystalline 
cellulose “Avicel” for use in TLC, was obtained from Funakoshi Pharmaceutical Co. 
and Asahi Kasei Co. (Tokyo, Japan). 

Dz’naccleosiclc-~‘~~f-~laos~laates.~~’ All sixteen dinucleoside-3’+5’-phosphates 
were purchased from Nutritional Biochemicals Corporation (Cleveland, Ohio). 

l The commcrciR1 chitin purified by HACICMAN’S rncthodaa” was dcacctylatcd with conccn.- 
tratcd hot alkali by the procedure of WOLFROM et al.J-0. Quantitative analysis of the chitosan 
thus prepared gave 7.95 o/o N, f .7 I y. N-acctyl and I. 15 oh r7sh ; while 8.75 O/o N and o O/o N-acctyl 
were cnlculatcd for C,H,,NO,. Thcsc nnalyticnl data show that ;Lbout g2 OA of the totrrl nitrogen 
in the chitovan is present RS the fret anlino group. 

l * The viscosity of chitosnn nxwkeclly influcnccs the chromatographic behavior in this 
proccclurc. An exan1ination of the viscosity range of chitosan optimum for the chronx~to~raphy 
is in progress, and the results obtained will lx rcportcd Inter. 

l ** The following nbbrcvintions will bc used: ApA, ApG, ApC, ApU = 3’-adenylyl esters 
of adcnosine-5’, guanosine-5’, cytidinc-5’, uridinc-5’; GpA, GpG, GpC, GpU = 3’-~uanylyl cstcrs 
of adcnosinc-5’, guanosinc-5’, cytidine-..‘, uridinc-5’; CpA, CpG, CpC, CpU = 3’-cyticlylyl cstcrs 
of adcnosinc-5’, guanosinc-5’, cyticline-g’, uriclinc-5’; UpA, UpG, UPC, UpU = 3’-uridylyl cstcrs 
of ndcnosine-5’, gu;Lnosinc-5’, cytidine-g’, uridinc-5’. 
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&age&s. The solvents used were purified by conventional methods to meet 
chromatographic standards. All other reagents were prepared from analytical reagent 
gracle materials, 

Prcfiarat~io~z of chitosm fovnzntc_i~nPv~~nntctl Aviccl fhtcs 
Sk glass plates (20 x 20 cm) were coated with a homogenized suspension of 

15 g Avicel SF in 60 ml of o.SO/, (w/v) chitosan solution in o.gu/, (w/v) formic acid 
using a suitable applicator (slit width 0.25 mm). Details of the procedure wei-e given 
previuuslyl. 

Clbronzatogva$hy 
For the determination of RI,- values, I ~1 of I mM solution of the nucleotide is 

spotted on the plate which is developed ascendingly at 25” in a closed tank until the 
length of run is IO cm. After development, the plate is dried well and the nucleotides 
resolver1 are located by esnmining the plate in transmitted UV light. 

I?,,. VALl,Jl;S FOR I3IXUCLROSIl>l+~‘-+ 5’-I’I~lOSI~I~IATl~S IN O.Z_=, fir PYRIDINi~-FORMIC ACID SYSTIcMS 

Dcvclopmcnt time: Ho min (pl-1 z-G), x00 min (pl-I o.o), 120 riiin (pI-I 4.4). 
- 

COIIZ- Solv~!?rt com- SOZVLd 
$Jorrd _-_ pCW1Lt 

p pl’r 2.6 3 + 0 J.-J piti 2.6 3.0 4.4 
__.---_._-_ ~- ______-__-._. -. - - _-_-- 

_ ._.._. _.-_--- __-...-. 

XL ‘I’ailitig. 

0.63 

0.53 
0.71 
0.66 

0*5-F 
0.24 

0.66 

0.3s 

O.GJ 0.50 

0.59 o-47 
0.71 0.57 
0.58 0.53 
0.52 0.4’) 
(3.28 0.44 
0.62 0.58 

0.43 0.57 
.----I_-_-~__--_- 

The separation of dinucleoside-3’+-5’-phosphate. s on our layers was achieved 
using both the pyridine-fox-mate system and ammonium formate system as was the 
case for 5’-mononucleotidesl. 

The RI,* values obtained using three 0.25 M pyridine-formate systems (pH 2.6, 
3.0, and 4.4) are listed in Table I. As can be seen in Table I, 0.25 A1 pyridine-formate 
(pH 2.6) gave the best separation of the nucleotides in these solvents. 

0.25 M ammonium formate systems (pH 3.0, 4.0, and 6.7) also gave good 
separations of the nucleotides. The Z\_‘fi* values obtained by them are listed in Table II. 
As can be seen from Table II, botll the solvents at pH 3.0 and 6.7 are better than that 
at pH 4.0. 

For the separation wit11 acid materials, a formic acid-water system was selected 
as the most suitable one. The Rp data for the formic acicl-water systems (0.05, O,I, 
and 0.2 M) are listed in Table III. Development with 0.2 h/I formic acid gave the 
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TASLE IX 

Rp VALUES IzoR DINUCLI~O~IDE-3’-_, 5’-rMosrI-I1\mcs IN 0.25 M AMMONih--PORMIC ACID ~YSTISMS 

lhvclopment time: 130 mixI ($-I 3.0), I00 min (p1-i 4.0), So min (1~1-1 6.7). 

Com- 
pow~izd 

Solvent 

pH 3.0 4.0 6.7 

.solveYlt 

j3H 3.0 4.0 G.7 

0.50 0.29 0.28 CpA 0.67 0.43 0.4s 
0.31 0.24 0.43 CpG 0.4CJ 0.40 0.45 
o.G3 0.40 0.4 I CpC 0.73 0.53 O.GI 

0.45 0.31) 0.44 CPU O.GZ 0.54 0.65 
0.36 0.27 0.31 UpA 0.50 0.44 0.50 

-c 0.2p < 0.24” < 0.2sa 1JpG 0.26 0.40 0.49 
0.4G 0.38 0.40 ‘UPC 0.66 0.54 0.62 
0.26 0.35 0.43 upu 0.36 0.59 O.GS 

..- 

TABLE III 

RI.* VALUES FOR DINUCLEOSIDE -3’+ 5’-PHOSPI-IATES IN 1:ORhlIC r\CID--WATISIZ SYSTEMS 

l~cvclopmcnt time: I15 min (0.05 n/r), 170 mixI (0.1 A/r), 400 win (0.2 M). 

Cont- 
$mmd 

ApA 0.67 CpA 0.73 o.G5 0.35 
APG 0.39 CpG 0.52 
ApC 0.76 CPC 0,76 
ApU 0.41 CPU 0.5G 
GpA 0.39 0.29 0.14 ‘UPA 0.49 0*37 0.20 

GPG <O.Il’ UpG 0.11 0.05 0.03 
GpC 0.50 UPC 0.5s 0.52 0.35 
GPU 0.10 upu 0.=3 

Solvellt cona- Solve,& 
pound 

0.2 A!! 0.1 iw 0.05 M 0.2 iw 0.r ilf 0.05 iw 

8 Tailing 

TABLE IV 

THE DIFFERENCE (d+) BETWEISN RI.- VALUES OF TWO DINUCLEOSIDE-3’4~ 5’-PHOSPHATES DII’- 

FIsRs:NT IN *rBIE ORDER OF NUCLEOSIDE L~NICAGE 

Cornporlslds 
paired 

APG-GpA 
ApC-CPA 
ApU-UpA 
GpC-CpG 
GpU-UpG 
cp U-UPC 

0.25 M at~awton~iur~l 

forlnatc 
---- 

pH 6.7 pH 3.0 

0.12 0.05 
0.07 0.04 
0.06 0.05 
0.05 0,03 
0.06 0 

0.03 0.04 

0.25 M 
pyridhe- 
fovr>aate, 
PH 2.6 

--- 

0.03 
0.02 

0.07 
0.01 
0.03 
0 
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best separation, but it required a rather long time for development. On the other 
hand, a decrease in the concentration of formic acid results in a narrow RF range for 
the nucleotides resolved. Judging from the data of Table III, the 0.1 M formic acid 
is probably the most suitable for separation within a reasonable development time. 

Various solvent systems containing boric acid or urea were examined for an 
effective separation of two dinucleoside-3’+5’-phosphates, different only in the order 
of nucleoside linkage, but no satisfactory result was obtained with these solvents. 
The differences (AR,) between tile RI,- values of each pair of tile nucleotides obtained 
by the three solvents recommended above are summarized in Table IV. These data 
show that 0.25 M ammonium formate (pH 6.7) is obviously the most effective for 
discriminating between these nucleotide pairs. 
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