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Abstract

KMINKOVA M., PROSKOVA A., KUCERA J. (2001): Unusual behavior of natural polyphosphates during IMAC. Czech J.
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The atypical course of IDA-ferric (Imino-Di-Acetyl-agarose saturated with ferric ions) of two polyphosphorylated compounds
— phytic acid and Ser(P)-Ser(P)-Ser(P)-Glu-Glu cluster obtained by the way of pancreatic hydrolysis of bovine casein was
detected. The spectral data (for phytic acid) and iron content (for polyphosphate cluster) indicate the strong bond of ferric ions
to these polyphosphorylated compounds. The data shows these compounds to bind ferric ion stronger even in comparison with
IDA (Imino-Di-Acetate) itself. Therefore attention isto be paid to all IMAC (Immobilized-M etal -l on-Affinity-Chromatography)
of natural compounds containing strong chelating groups or several chelating groupsin vicinity.
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Anticariogenic phosphopeptides, released during the
enzymatic hydrolysis of casein by trypsin and pancreatin
contain the cluster sequence Ser(P)-Ser(P)-Ser(P)-Glu-Glu
which has a commercial potential as toothpaste, mouth-
wash, and food additives for the prevention of dental car-
ies. The method was developed for the separation of these
peptides, using selective precipitation with Ca? and eth-
anol from an acid-clarified (pH 4.6) pancreatic casein hy-
drolyzate (ADAMSON et al. 1995). Solubility of calcium
salts of these peptides in ethanol/water mixture is never-
theless relatively high, leading to the lower yield in this
way. A better way of the separation of phosphopeptides
seems to be therefore the utilization of specific chelate-
forming effect of Immobilized Metal Ion Affinity Chroma-
tography (IMAC). These sorbents are saturated with ferric
ion and the phospho-groups of all phosphate containing
compounds are bound to it (ANDERSSON & PORATH 1986;
MUSZYNSKA et al. 1986, 1992). Such immobilized-metal-
ion chromatography is the simplest way of the separation
of all the molecules interacting with metal ions to form
stable chelates.

Phytic acid, hexaphosphorylated inositol, is also a very
important component of human nutrition. This polyphos-
phate forms complexes with a lot of metal ions influencing
their utilization in the human body. It is beneficial in the

case of heavy metal (Cd, Hg, etc.) intoxication, but it de-
creases the utilization of such positively acting metal ions
as ferric, calcium etc. The avoidance of phytic acid from
the food of plant origin may be advantageous in some
diets, and its separation and application may be profit-
able in the case of heavy-metal intoxication.
Immobilized ferric ion sorbents have shown a selective
interaction with phosphate group-containing natural com-
pounds. A strong dependence of the course of adsorption
on the character of separated molecules was demonstrat-
ed. The strength of interaction between a ferric ion and
immobilized ligand is controlled by 1) pure electrostatic
interactions controlled by charge and ionic radius; ii) over-
all affinity of the central metal ion to accept electrons from
the ligand; and iii) metal ion electric configuration which
is capable of stabilization of such chelate due to distor-
tion of octahedral symmetry. Designing of ferric-IMAC
adsorption depends on the following factors: i) net charge
of the metal-ligand complex, ii) ionic strength of the buff-
er, iii) presence of surface accessible protein (or other
of the protein or dissociation constant of other phosphate-
containing compounds (MUSZYNSKA et al. 1986, 1992).
The presence of a higher number of phosphate groups
in the neighborhood is rare in nature. The phosphate
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groups present in the same molecule but at greater dis-
tances are more frequent. They do not usually influence
each other in such cases. The behavior of highly phos-
phorylated compounds having the phosphate group in
the vicinity has not been described yet. In the present
work, therefore, we have studied the way of adsorption of
these two polyphosphorylated compounds on imino-di-
acetyl-agarose (IDA agarose) saturated with ferric ions
with the aim to determine how the cooperating phosphate
group of separated compounds will affect the course of
chromatography.

MATERIAL AND METHODS

Phytic acid and pancreatin were products of Sigma Fine
Chemicals. Casein was the product of MILCOM service,
Czech Republic.

The sorbent IDA-HEMA (Iminodiacetyl — Hydroxyeth-
ylmetacrylate) and Separon SGX C18 (4 x 250 mm, particle
size 10 um) for reverse phase HPLC were products of
TESSEK, Prague. The sorbent IDA-agarose (Iminodiacetyl
on cross-linked 4% bedded agarose) was a product of
Pharmacia.

Ferric phytate was prepared by conductometric titra-
tion of phytate solution with ferric chloride solution.

All other chemicals were products of SIGMA Fine Che-
micals, reagent grade quality.

Phytic acis was used as a standard for IMAC-ferric chro-
matography.

Pancreatic casein hydrolyzate for the separation of poly-
phosphorylated cluster Ser(P)-Ser(P)-Ser(P)-Glu-Glu was
prepared according to ADAMSON et al. (1995) and crude
hydrolyzate was used for chromatography.

Immobilized Metal Ion Affinity Chromatography (IMAC)
of phosphorylated casein cluster and phytic acid was
carried out principally according to the method of ANDERS-
SON et al. (1986).

Pharmacia FPLC model LCC-500 was used throughout
the work.

Philips UV/VIS scanning spectrophotometer model 8730
was used for photometric measurements.

Detection of phytic acid in the effluent from reverse
phase HPLC column was carried out by continuous mea-
surement of UV absorption at 254 nm, phosphopeptides
at 214 mn, respectively.

The column of total volume 1.8 ml containing IDA-
HEMA saturated with ferric ion was used for IMAC of
standard samples.

Saturation of Sorbent with Ferric Ions: The sorbent
was saturated with ferric ions by the following method:
The column of total volume 1.8 m1 (2.6 ml ) was washed with
distilled water followed by an application of 1 ml (2 ml) of
50mM solution of ferric chloride. After the application of
ferric chloride the column was washed with distilled water
again and then equilibrated with appropriate buffer.
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Chromatography of Phytic Acid: 100 pul of the sample
(0.8 mg of phytic acid in 100mM acetate pH 3.5 containing
1M NaCl) was applied to the column of IDA-HEMA (total
volume 1.8 ml) saturated with Fe*" ions and equilibrated
with the same buffer. Unadsorbed material was washed
out with the same buffer and phytic acid was then eluted
with 0.02M phosphate pH 7.5.

Preparation of Casein Hydrolyzate: Casein (10 g per
100 ml water) was hydrolyzed with 2% of pancreatin cal-
culated per casein dry matter at pH 8.5, 50°C for 2 hours
under shaking. The pH value was kept at 8.5 in the course
of the reaction. The hydrolyzate was acidified to pH 4.6
using 1M hydrochloric acid, and the precipitate (unhy-
drolyzed casein) was filtered off (20 min, 12000 g), and pH
of the supernatant was adjusted to 8.0 using 1M sodium
hydroxide. Ethanol was added to final concentration of
50% (v/v) and solid CaCl, was added to final concentra-
tion of 1%. The precipitate was centrifuged for 20 min,
12 000 g and dissolved in starting buffer.

Chromatography of Casein Hydrolyzate: IDA-ferric
affinity chromatography was carried out on the column of
IDA-agarose. 100 pl of the sample was applied to the col-
umn (total volume 2.6 ml) saturated with Fe** ion which
was equilibrated with 100 mM acetate buffer pH 5.0 con-
taining 0.5M NaCl. The unadsorbed fraction was eluted
with the starting buffer and adsorbed peptides were elut-
ed with 100mM Tris-HCI pH 7.5.

Chromatography on Reverse Phase HPLC: The reverse
phase (RP) HPLC was carried out as follows: The column
(Separon SGX C18) was equilibrated with the starting sol-
vent A — 0.1% (v/v) trifluoroacetic acid in water and the
phosphopeptide was injected into the column. The elu-
tion was effectuated by stepwise gradient elution with
the solvent B — 80% acetonitrile in starting solvent. The
steps were: 1) 7% solvent B, ii) 14% solvent B and iii) 36%
solvent B in solvent A, respectively (ADAMSON et al.
1995).

The iron concentration in fraction was determined by
atomic absorption spectra.

RESULTS AND DISCUSSION

The properties of eluted phytic acid are changed in com-
parison with the sample injected. The chromatography of
standard phytic acid is shown in Fig 1.

The spectral curve in the range of 250 to 330 nm was
determined for each product and the same spectrum of
ferric phytate was measured for comparison. A small dif-
ference was found between the injected and eluted com-
pound. The eluted compound was identified according
this spectral comparison as ferric phytate. The differen-
tial curves for the product eluted and both the phytic acid
injected and the ferric phytate are shown in Fig. 2. The
identity of the product eluted from the IDA-ferric column
and ferric phytate is seen in this figure.
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Fig. 1. Typical course of
phytic acid-standard sam-
ple in IDA-ferric chro-
matography

Fig. 2. Differential spec-
tra of phytic acid and
eluted fraction (A), and
ferric phytate and eluted
fraction (B)

Fig. 3. Immobilized me-
tal ion affinity chroma-
tography (IMAC) of
pancreatic casein hydro-
lyzate on IDA-ferric
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Fig. 4. Reverse phase HPLC of the pancreatic hydrolyzate of casein. Curve A — phosphopeptides separated by IMAC on IDA-
ferric column without calcium chloride precipitation. Curve B — the same after calcium chloride precipitation

Typical course of IDA-ferric chromatography is shown
in Fig. 3.

The phosphopeptides separated by IDA-ferric chroma-
tography and those precipitated first with calcium chlo-
ride and then further purified by the chromatography on
IDA-ferric were compared by means of reverse phase HPLC.
The elution curve of both samples differs remarkably. The
typical elution profile of RP HPLC is shown in Fig. 4 for
both samples. The differences seen in Fig. 4 were believed
to be due to the fact that the phosphopeptides saturated
with ferric ion are eluted from IDA-ferric column under
elution conditions in case the calcium-chloride precipita-
tion does not take place. When the sample after calcium-
chloride precipitation was applied, the phosphate groups
were transformed to their calcium salt and the interaction
with ferric ion was looser. This fact was verified by the
determination of the iron content of eluted material. The
iron concentration in fraction was determined by atomic
absorption spectra to be 0.1674 pg Fe per ml of eluate. As
the eluate outside of the phosphopeptide peak has zero
concentration of iron, the iron present in the phospho-
peptide fraction is believed to be the ferric ions bound to
phosphate groups.

As a result of the above experiments the vicinal poly-
phosphates are supposed to compete for ferric ions with

Souhrn

the IDA groups under elution conditions. This ability is
believed to be due to stronger interactions of a set of
vicinal phosphate groups with ferric ions compared with
the IDA itself. Consequently, attention should be paid to
this fact in chromatography of natural compounds with
strong chelation ability.
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Byl shledan atypicky pribéh chromatografie fosfopeptidu Ser(P)-Ser(P)-Ser(P)-Glu-Glu ziskaného pankreatickou hydrolyzou
kaseinu a kyseliny fytové na imobilizovanych Zelezitych iontech (IMAC). Stanovenim obsahu Zeleza a stanovenim diferencialniho
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spektra eluovaného materidlu bylo prokazano, ze ob¢ latky tvoii pevnéjsi chelatovou vazbu s zelezitymi ionty nez samotna
imino-diacetylova skupina (IDA) vazana na agarose. Tento neobvykly pribéh chromatografie ukazuje, Ze je tfeba dbat zvysené
opatrnosti pii separacich silné chelatotvornych latek metodou IMAC.
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