A Micromethod for Rapid Quantitative Determination

of Phosphonate Phosphorus

Vassilios M. Kapoulas *, Sofia K. Mastronicolis **, Ibrahim C. Nakhel **,

and Helen J. Stavrakakis **

* Department of Biochemistry, University of loannina, Ioannina, Greece
** Department of Food Chemistry, University of Athens, Greece

Z. Naturforsch. 39¢, 249-251 (1984); received November 30, 1983

Phosphonate Compounds, Phosphonolipids, Amino Alkyl Phosphonic Acids

A rapid method for initial quantitative estimation of the phosphate present in compound

containing a carbon-phosphorus bond is described.

Two phosphorus assays are employed. One assay is for total phosphorus, which can be
determined by digesting with perchloric acid and the other assay is for total non phosphonate
phosphorus which can be determined by digesting with sulfuric acid simultaneously. The differ-
ence between total phosphorus and the non phosphonate phosphorus determined represents the
amount of phosphorus present in a carbon-phosphorus linkage in a crude phospholipids sample.

Introduction

During the last two decades it was progressively
established that aminoalkylphosphonic acids, as
building stones of lipid and protein molecules, are
much more widespread in nature than previously
recognized. In addition, accumulating evidence has
revealed a multilateral connection between their
natural occurrence and biological significance [1].

So far, the qualitative and quantitative deter-
mination of phosphono compounds in the presence
of phospho-derivatives is based on the chemical
stability of the C—P bond, which cannot be broken
down by prolonged heating with mineral acids
[2, 3]. Aalbers and Bieber [4] have shown that even
prolonged treatment at 160°C with concentrated
sulphuric acid in conjunction with H,O,, according
to Bartlett [5], is not effective in digesting phos-
phonates to orthophosphate. Accordingly, the phos-
phonate content may be calculated as the difference
between total phosphorus and orthophosphate-
phosphorus liberated according to Bartlett.

However, the phosphonates vary in stability
to H,SOy, especially when H,0, is added [4] and
corrections are required for the limited cleavage of
C—P bonds by determining the percent hydro-
lysis of known amounts of phosphonate [4]. In addi-
tion, total phosphorus determination in the presence

Reprint requests to Dr. Sofia K. Mastronicolis, Dept. of
Food Chemistry of the University of Athens, 13 Navarinou
str., Athens 144, Greece.

0341-0382/84/0300-0294 $01.30/0

of phosphonates is not always accurate and safe by
applying some of the conventional methods [6, 7].
For this reason, Aalbers and Bieber [4] have used
16-hours heating at 175°C in 0.4 ml of 72% HCIO,4
followed by 2-hours heating after adding 0.3 ml
10 NH,SO,4 plus 0.1 ml H,0,. Alternatively, di-
gestion with Mg(NOs3), according to Ames [8] was
found effective for the stoichiometric oxidation of
phosphonates to orthophosphate [4].

Cook et al. [6, 7] devised a method involving
digestion in a mixture of three mineral acids
(H-SO4, HCIO4, HNOj3) and heating in a fluidized
sandbath (Tecam SBL-1, Techne Inc., Princeton,
New Jersey) equipped with a special accessory for
the placement and removal of the tubes-rack.
Digestion starts at 80° the temperature is elevated
at 10° min and held at 225-230° for 1-1.25 h.

Apart from these, in our continuing research
program on the naturally occurring phosphonolipids
we have encountered several additional problems
e.g. incomplete decolorization of lipid samples
within the heating time of the Bartlett method.
With the aim to overcome such problems by simple
techniques we ended in the method described in
this report.

Experimental
Lipid samples

Chromatographically pure egg phosphatidyl-
choline was prepared by extraction of egg yolk
according to Bligh and Dyer [9], removal of neutral
lipids according Galanos and Kapoulas [10] and

@NOIS)

Lizenz.

Zum 01.01.2015 ist eine Anpassung der Lizenzbedingungen (Entfall der
Creative Commons Lizenzbedingung ,Keine Bearbeitung") beabsichtigt,
um eine Nachnutzung auch im Rahmen zukiinftiger wissenschaftlicher

Nutzungsformen zu erméglichen.

Dieses Werk wurde im Jahr 2013 vom Verlag Zeitschrift fir Naturforschung
in Zusammenarbeit mit der Max-Planck-Gesellschaft zur Férderung der

ND Wissenschaften e.V. digitalisiert und unter folgender Lizenz verdffentlicht:
Creative Commons Namensnennung-Keine Bearbeitung 3.0 Deutschland

3.0 Germany License.

to allow reuse in the area of future scientific usage.

This work has been digitalized and published in 2013 by Verlag Zeitschrift
fiir Naturforschung in cooperation with the Max Planck Society for the
Advancement of Science under a Creative Commons Attribution-NoDerivs

On 01.01.2015 it is planned to change the License Conditions (the removal
of the Creative Commons License condition “no derivative works”). This is



250 V. M. Kapoulas e al. - Phosphonate Phosphorus Determination

silicic-acid column chromatographic fractionation
of the phospholipid fraction. Pure sphingo-phos-
phonolipids of Pelagia noctiluca® were isolated by
extraction (9), followed by silicic-acid column
chromatographic fractionation (11, 16) and further
purification via alkaline hydrolysis (12). AEP* was
purchased from Sigma.

Reagents

Deionized distilled water is used throughout to
bring solutions to volume. All glassware is cleaned
with nitric acid to eliminate contaminative phos-
phates [7]. Anhydrous analytical grade KH,POy, is
used to prepare a stock phosphate standard with a
phosphorus content 4 pg/ml.

The ammonium molybdate
is prepared with
(NH4),M0704 - 4 H,0.

Stock ANSA solution is prepared by dissolving
0.5 g of purified 1-amino-2-naphthol-4-sulfonic acid
in 200 ml of 12% NaHSOj; plus 2.4% Na,SOj;. The
solution is filtered into a dark bottle and, if stored
in the refrigerator, it may be used for 2—3 weeks.
A portion of this solution diluted at hoc with
1.5 volume of water is used as the working ANSA
reagent.

reagent (0.4%)
ammonium paramolybdate,

Procedure

1. Transfer duplicate aliquots A and B (0.4-4.0 ug
P: in each one) of the lipid solution into Pyrex test
tubes (15 to 18 x 180 mm) and remove all solvent by
heating in a water bath or under a stream of nitrogen
or air. Add 0.5 ml 72% HCIO4 to sample A and 0.5 ml
10 N H,SO, to the sample B. )

2. Prepare two reagents blanks with 0.5 ml 72%
HCIO4 the first and 0.5ml 10 N H,;SO4 the second.
Prepare also two sets of tubes for standards, set (I),
set (I). add 0.5ml 72% HCIO,4 in each tube of set I
and 0.5 ml 10 N H-SOy in each tube of set II.

3. Heat all test tubes at 160°C-170°C (sand
bath) for 3 h, then let them cool to ambient temper-
ature.

4. Add to each one of the standard tubes 1 ml of
the appropriate phosphate solution, containing
1-4ug P and to all the other tubes I ml of water.
Mix well the contents of all tubes, add 3 ml 0.4%
ammonium molybdate and mix again.

* Aminoethyl phosphonic acid.
b Cnidaria, Scyphozoa.

S. Add to all tubes 0.5ml of the working ANSA
reagent, mix well and place in a boiling water bath
for 15 min.

6. Cool, add 5Sml ethyl acetate and mix well by
vortexing for 30s. Allow 15 min for phase equilibra-
tion and measure the optical densities of the clear
blue upper layers at 780 nm, against the correspon-
ding reagent blank. (Very dense extracts may be
diluted with ethyl acetate.)

7. Calculations: The content of “phosphonate-P%
of total-P” is equal to 100 (M, — Mpg)/M4s where
M, and My are the amounts of phosphorus of the
samples A and B respectively calculated by the cor-
responding calibration curves.

Results and Discussion

The novel modifications in the devised present
method may be summarized as follows:

1. Conversion of non-phosphonate P to inorganic
phosphate is quantitatively effected by heating at
160—170 °C with concentrated sulphuric acid alone,
without further treatment with additional hydrogen
peroxide to decolorize the digest.

2. The phosphomolybdenum blue color at the
final step is extracted with ethyl acetate for mea-
suring its optical density.

3. Separate calibration curves are used for the
sulphuric and perchloric acid digests respectively.

By applying the method described above on
purified egg phosphatidyl choline it was shown that
3-h digestion at 160—170°C with sulphuric acid
alone is effective for the quantitative conversion of
phospholipid-P to inorganic phosphate.

Extraction of the blue color in an organic solvent
overcomes the problem of incomplete decolorisa-
tion. It has been used in the past for other reasons in
conjunction with isobutanol [13], isobutanol-ben-
zene 1:1[14] or butyl acetate [15]. Ethyl acetate was
preferred in the present method because it is less
toxic (compared with the isobutanol—benzene
mixture), less expensive than butyl acetate and
more common as a laboratory reagent. As shown in
Fig. I, the maximum wavelength of the phospho-
molybdenum blue in ethyl acetate is translocated to
770-780 nm.

Note

To facilitate clearance of upper layers, 0.1-0.2 ml
methanol may be added and mixed gently with the upper-
layer prior to its transfer to the cuvette.
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Fig. 1. Spectra of the phosphomolybdenum blue with
4ug P of stock Phosphate standard, extracted by ethyl-
acetate (a) 72% HCIOy is the mineral acid, (b) 10 N H,SO,
is the mineral acid Spectrophotometer: Spectronic 210 UV
Shimatzu—Bausch & Lomb.
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