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ABSTRACT

Of the ion-chromatographically distinct isomers, 11 of the 12 myo-inositol trisphosphates (IP,) and
all of the 9 myo-inositol bisphosphates (IP,) have been found in a chemical hydrolysate of phytic acid. The
isomers were fractionated by anion-exchange chromatography by a method that is suitable for the
purification of mg amounts of the IP, and IP; isomers.

INTRODUCTION

Interest in myo-inositol phosphates is focused mainly at present on their in-
tracellular activity as second messengers'. However, the extracellular occurrence and
action of these substances are also gaining increasing attention’”. Several h.p.l.c.
methods for the fractionation of mixtures of IP, isomers* have been described, most of
which are based on anion-exchange chromatography®'' as were the original column
chromatographic methods'*'*. Some ion-pair chromatographic approaches have also
been made'*'6.

The purpose of the work now reported was to produce IP, isomers as reference
compounds for analytical systems. IP, and IP, isomers were obtained from phytic acid
by hydrolysis and separated from P, IP,, and IP,—IP, by conventional methods. The IP,
and IP, isomers were then fractionated on an anion-exchange column.

EXPERIMENTAL

The Dowex resin was obtained from Sigma and the Aminex A-27 resin from
Bio-Rad. The latter was converted into the Cl~ from before use.

Sodium phytate was hydrolysed for 5 days at pH 4 and 80°; 50% of the total
phytate phosphorus was released. The yields of IP, and IP, were each ~15%.

* Abbreviations: P, inorganic phosphate; IP,—IP,, myo-inositol mono-, bis-, tris-, tetrakis-, pentakis-, and
hexakis-phosphate, respectively. The positional isomers of myo-inositol phosphates are numbered in
accordance with the [IUPAC-TUB 1973 recommendations® for cyclitols. Thus, racemic K(1,2,5)P, consists of
Ins(1,2,5)P; and Ins(2,3,5)P; with the numbering of the NC-TUB 1988 recommendations for myo-inositol’.
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The products of hydrolysis were eluted from a column (40 x 18 cm) of Dowex
1-X8 resin (200400 mesh) with a linear gradient of 0— IM HCl, as described"”. In this
step, IP, was resolved into 2 peaks and IP, into 3 peaks.

The components in the IP, and IP; peaks were fractionated further by elution
from a 1-m column of Aminex A-27 (15 um) with 0.17mM HCL

The collected eluate fractions were analysed for phosphorus by atomic absorp-
tion spectroscopy. In order to reduce the number of fractions that had to be analysed, a
continuous screening for organic phosphorus was made on a small part of the split
eluate, using the sulphosalicylic acid-Fe** complex'®" as the post-column reagent. The
reduction in absorbancy of the complex when IP_ competes with the sulphosalicylic acid
for Fe’* was detected at 500 nm; 4 vol. of the post-column reagent (0.01% of
FeCl,-6H,0 and 0.1% of sulphosalicylic acid) were added to 1 vol. of eluate.

Identification of the IP, isomers.— In order to avoid isomerisation of IP, isomers,
the acidic eluate was not concentrated but the IP, was precipitated as the Ca’* salt and
then converted into the water-soluble Na* salt. The neutral NalP, solutions were then
concentrated to dryness. Each IP, was identified by n.m.r. spectroscopy (see ref. 20). I
(1,3,5)P, was identified by G. W. Mayr (Ruhr-Universitit, Bochum, F.R.G.).

RESULTS

Fractionation of the IP, isomers. — Figure 1 shows the fractionation of IP, by
chromatography on Dowex 1-X8 resin into IP,(1) and IP,(2), and IP; into IP,(1a),
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Fig. 1. Hydrolysate (extent of hydrolysis, 30%) of sodium phytate (100 g) eluted from a 10-L column (40 x
18 cm) of Dowex 1-X8 resin (200-400 mesh) with a linear gradient (200 L) of 0—0.2M HCl at 14 L/h (1-L
fractions).
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IP,(1b), and IP,(2). Each of these fractions was precipitated as the Ca** salt and then
converted into the water-soluble Na* salt. Only the first half of IP, (1b) was treated in
this way, since the second half contained only 1(1,2,6)P, and 1(2,4,5)P, (Fig. 2).

IP,(2) and IP,(2) were pure isomers and were subjected to n.m.r. spectroscopy
without further treatment. The remaining IP, samples were purified further on Aminex
A-27 resin. In order to process the amounts needed for n.m.r. spectroscopy in as few
runs as possible, the load on the column was favoured at the cost of resolution, and
base-line separations were not always obtained. Each sample from the [P fractionation
step was resolved into 4-6 peaks and the compounds in each peak were isolated as the
Na* salts as described above.

Identification of the IP, isomers. — IP,(2) and IP,(2) were identified by n.m.r.
spectroscopy” as 1(4,5)P, and I(1,5,6)P,, respectively. The peaks obtained by fraction-
ation of IP,(1) were shown to contain I(1,3)P, + I(4,6)P, + I(1,5P, + 1(2,5)P,
+1(1,4)P,, I(1,2)P,, and I(1,6)P,, respectively (Fig. 3). IP,(1a) was resolved into 6 peaks,
3 of which were well separated. The order of elution was I(1,3,5)P; and 1(2,4,6)P, (well
separated), 1(1,2,5)P,, 1(1,2,4)P;, and I(1,3,4)P; (close together), and 1(1,4,6)P, (well
separated) (Fig. 4). The first half of IP,(1b) contained I(1,2,3)P,, 1(1,4,5)P,, and
1(1,2,6)P, (Fig. 5).
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Fig. 2. Fractionation of ~ 60 gmol of IP, from hydrolysis of phytate on a column (1 m x 0.7 cm) of Aminex
A-27resin (15 um) by elution with 0.17M HCl at 20 mL/h (2-mL fractions); ~ 20 gmol of IPy(2) was added to

the original hydrolysate. The numbers associated with each peak (in Figs. 2-5) indicate the locations of the
phosphate groups.
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Fig. 3. Fractionation of ~ 300 gmol of IP,(1) from Fig. 1 on a column (I m x 1.5 cm) of Aminex A-27 resin
(15 um) by elution with 0.17M HCl at 100 mL/h (5-mL fractions). The 5 components of the second peak were
identified in a larger sample (~ 100 umol) of this peak only.
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Fig. 4. Fractionation of ~400 umol of IP,(1a) from Fig. 1 on Aminex A-27, as in Fig. 3.
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Fig. 5. Fractionation of ~200 umol of IP,(1b) (early part) from Fig. 1 on Aminex A-27, as in Fig. 3.

DISCUSSION

All of the (ion-chromatographically distinct) IP, and IP, isomers except 1(4,5,6)P,
were identified in a chemical hydrolysate of phytic acid. 1(4,5,6)P,, which was not found,
was assumed to be present in minor amount and should have been eluted after IP;(2)
from the Dowex 1-X8 resin as reported'"'?, The concentration of HCl used was optimal
for the fractionation of IP,, but too high for optimal fractionation of IP,. With a lower
concentration of HCI, it should be possible to fractionate the isomers in the first IP,
peak.

At the low pH of the eluant used, the charge of the IP, is minimised. Thus, the
differences in charge between the various isomers are relatively greater” than at higher
pH. Also, the isomers are more uniform in charge than at higher pH, where several
protonated forms of each isomer exist in equilibrium. Therefore, an acidic eluant such as
HCI gives the best resolution of the isomers of IP,—IP, and also eliminates interference
by weaker acids, such as carboxylic acids.

Provided that the eluate is concentrated quickly (in vacuo or by lyophilisation), no
phosphate migration will occur, except with the most susceptible isomers such as
I(1,3,5)P, and 1(2,4,6)P,, and this can be avoided by precipitating these compounds as
the Ca”" salt (see Results).

The elution order of the IP, isomers from the anion-exchange columns probably
reflects the small differences in charge between the individual phosphate groups of the
isomers. However, not enough pX, data are available for comparisons to be made. The
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order of elution seems to depend on the number of adjacent phosphate groups and on
their positions. Thus, for a given level of phosphorylation, (@) the greater the number of
adjacent equatorial phosphate groups the stronger will be the affinity for the anion-
exchange resin'’, and (b) the further away a phosphate group is from the position 2 the
greater will be its affinity for the anion-exchange resin. A 2-phosphate, however, is
retained more strongly than a 1-phosphate, which reflects the fact that 1(2)P, is more
acidic® than I(1)P,. Therefore, for example, I(1,4,5)P; is eluted before 1(2,4,5)P; and
1(1,3,5)P, before I(2,4,6)P,. The order of elution®? I(1)P,, 1(2)P,, [(4)P,, and I(5)P, can
be explained in the same way.
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