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CHROM. 5206

lon-exchange chromatography of dinucleoside-3’'—»5'-phosphates on
chitosan-impregnated cellulose thin layers

In a preceding paper!, we presented evidence that a number of nucleic acid
constituents, such as §’-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 [#] of the chitosan was
8.25, which was determined in 0.59, formic acid solution at 25 -4 o.1°.** :

Celiulose 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).

Dinucleoside-3'—>5"-phosphates.”™ All sixteen dinucleoside-3'—>5'-phosphates
were purchased from Nutritional Biochemicals Corporation (Cleveland, Ohio).

* The commercial chitin purified by HAckMAN’s method?? was deacetylated with concen-
trated hot alkali by the procedure of WoLrroM ef al.4-% Quantitative analysis of the chitosan
thus prepared gave 7.95% N, 1.719, N-acetyl and 1.159%, ash; while 8.75% N and 09, N-acetyl
were calculated for CyH,;;NO,. Thesc analytical data show that about 929, of the total nitrogen
in the chitosan is present as the free amino group.

** The viscosity of chitosan markedly influences the chromatographic behavior in this
procedure. An examination of the viscosity range of chitosan optimum for the chromatography
is in progress, and the results obtained will be reported later.

*** The following abbreviations will be used: ApA, ApG, ApC, ApU = 3’-adenylyl esters
of adenosine-5’, guanosine-5’, cytidine-5’, uridine-5’; GpA, GpG, GpC, GpU = 3’-guanylyl esters
of adenosine-5’, guanosine-5’, cytidine-5’, uridine-5’; CpA, CpG, CpC, CpU = 3’-cytidylyl esters
of adenosine-5’, guanosine-5’, cytidine-s’, uridine-5’; UpA, UpG, UpC, UpU = 3’-uridylyl esters
of adenosine-5’, guanosine-s’, cytidine-5’, uridine-5’.
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Reagents. The solvents used were purified by conventional methods to meet

chromatographic standards. All other reagents were prepared from analytical reagent
grade materials.

Preparation of chitosan formate-impregnated Avicel plates
Six glass plates (20 X 20 cm) were coated with a homogenized suspension of
15 g Avicel SIF in 60 ml of 0.89, (w/v) chitosan solution in 0.5%, (w/v) formic acid

using a suitable applicator (slit width o0.25 mm). Details of the procedure were given
previously?.

Chromatography

For the determination of Ry values, I ul of 1 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 10 cm. After development, the plate is dried well and the nucleotides
resolved are located by examining the plate in transmitted UV light.

TABLE 1

Ry VALUES FOR DINUCLEOSIDE-3’ — §-PHOSPHATES IN 0.25 M PYRIDINE-FORMIC ACID SYSTEMS
Development time: 8o min (pH 2.6), 1oo min (pH 3.0), 120 min (pH 4.4).

Com- Solvent Com- Solvent
poiund pound
P 2.6 3.0 dod pH 2.6 3.0 ]

ApA 0.61 0.45 0.33 CpA 0.63 0.63 0.50
ApG 0.37 0.30 ‘ 0.41 CpG 0.53 0.59 0.47
ApC 0.01 0.56 O.44 CpC 0.71 0.71 0.57
ApU 0.47 0.41 0.43 CpU 0.66 0.58 0.53
GpA 0.39 0.34 0.36 UpA 0.54 0.52 0.49
GpG <0.16% < 0,320 < 0.328 UpG 0.24 c.28 0.44
GpC 0.52 0.43 O.41 UpC 0.66 0.62 0.58
GpU 0.27 0.206 0.38 UpU 0.38 0.43 0.57

a ‘Tailing.

Results and discussion

The separation of dinucleoside-3’—3’~phosphates on our lavers was achieved
using both the pyridine-formate system and ammonium formate system as was the
case for §'-mononucleotides!.

The Ry values obtained using three 0.25 M pyridine—formate systems (pH 2.0,
3.0, and 4.4) are listed in Table I. As can be seen in Table I, 0.25 M 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 Ry values obtained by them are listed in Table I1.
As can be seen from Table II, both the solvents at pH 3.0 and 6.7 are better than that
at pH 4.0.

IFor the separation with acid materials, a formic acid-water system was selected
as the most suitable one. The R, data for the formic acid-water systems (0.05, 0.1,
and o.2 M) are listed in Table ITI. Development with 0.2 M formic acid gave the
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TABLE II

Rp VALUES FOR DINUCLEOSIDE-3" —> 5'-PHOSPHATES IN 0.25 M AMMONIA—-FORMIC ACID SYSTEMS
Development time: 130 min (pH 3.0), 100 min (pH 4.0), 8o min (pH 6.7).

Com- Solvent Com- Solvent
pound pound
PH 3.0 4.0 6.7 pH 3.0 4.0 6.7

ApA 0.50 0.29 0.28 CpA 0.67 0.43 0.48
ApG 0.31 0.24 0.43 CpG 0.49 0.40 0.45
ApC 0.63 0.40 0.41 CpC 0.73 0.53 0.61
ApU 0.45 0.39 .44 CpU 0.62 0.54 0.65
GpA 0.36 .27 0.31 UpA 0.50 0.44 0.50
GpG < 0.258 < 0.240 < 0,28t UpG 0.26 0.40 0.49
GpC 0.46 0.38 0.40 UpC 0.66 0.54 0.62
GpU 0.26 0.35 0.43 UpU 0.36 0.59 0.68

a Tailing.

TABLE 1II

Rp VALUES FOR DINUCLEOSIDE -3’ —> §’~PHOSPHATES IN FORMIC ACID—WATER SYSTEMS
Development time: 115 min (o.o5 M), 170 min (0.1 M), 400 min (o.2 M).

Comne- Solvent Com- Solvent
pound pound

ozM orM o0.05M o2M ox1M oc.05M
ApA 0.67 CpA 0.73 0.65 0.35
ApG 0.39 CpG 0.52
ApC 0.76 CpC 0.76
ApU 0.41 CpU 0.56
GpA 0.39 0.29 0.I4 UpA 0.49 0.37 0.20
GpG <o. 18 UpG o.11 0.05 0.03
GpC 0.50 UpC 0.58 0.52 0.35
GpU o.10 UpU 0.13

a Tailing

TABLE IV

THE DIFFERENCE (ARp) BETWEEN Rp VALUES OF TWO DINUCLEOSIDIE-3'-— 5'-PHOSPHATES DIF-
FERENT IN THE ORDER OF NUCLEOSIDE LINKAGE

Compounds 0.25 M ammonium 0.25 M
paired Sformate pyridine—
formale,
pH 6.7 PH 3.0 pPH 2.6
ApG-GpA o.12 0.05 0.03
ApC~CpA 0.07 0.04 0.02
ApU-UpA 0.06 0.05 ‘ 0.07
GpC-CpG 0.05 0,03 0.0I
GpU-UpG  0.06 o 0.03
CpU-UpC 0.03 0.04 o
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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 Ry range for
the nucleotides resolved. Judging from the data of Table III, the o.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 the Ry values of each pair of the 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.

School of Pharmaceutical Sciences, Kinzo NAGASAWA
Kitasato University, Shivokane 5-9-1, HIROKO WATANABE
Minato-ku, Tokyo 108 (Japan) AKIRA OgAMO

-

K. Nacasawa, H. WaTaNaBri aAND A, Ocamo, J. Clhiromatogr., 47 (1970) 408.

2 J.N. BeMiLLer in R. L. WHIisTLER (Editor), Methods in Carbohydrate Chemistry, Vol. s,
Acacdemic Press, New York, 1965, p. 104,

3 R, H. HackmaN, Australian J. Biol. Sci., 7 (1954) 168.

4 D. Hortox anp D. R. Linensack, in R. L. WuistLER (Iiditor), Methods in Carboliydrate
Chemistry, Vol. 5, Academic Press, New York, 1965, p. 405.

5 M. L., WorrroM, G, G. MAHER AND A. CHANEY, [. Org. Chem., 23 (1958) 1990.

6 M. L. WorLrroMm AND T. M. SHeN HAN, J. Amer. Chem. Soc., 81 (1959) 17064.

Received December 22nd, 1970

J. Cliromatogr., 56 (1971) 378~381



