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A novel spray reagent for phospholipid
detection
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Summary Ammonium pentachlorooxomolybdate in a
solution of 7-9 N H,SO, was found to be an excellent
spray reagent for the specific detection of phospholipids on
thin-layer chromatograms. It is better than the usual
molybdenum blue reagent due to its greater sensitivity
and its ability to eliminate the problem of the development
of background blue color on prolonged exposure.
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The most widely used method for the specific
detection of phospholipids on thin-layer chromato-
grams is that developed by Dittmer and Lester (1).
This procedure employs the use of the so-called
“molybdenum blue reagent”, prepared by dissolving
molybdenum trioxide and metallic molybdenum in
conc. Hy;SO, followed by dilution with water. How-
ever, the blue spots obtained for compounds con-
taining phosphate esters are masked by the back-
ground blue color that appears within several hours,
thus presenting difficulties in recording or photo-
graphing chromatograms. The present report de-
scribes a spray reagent that is not only specific for
phospholipids but also eliminates the problem of
the development of background blue color. It also
appears to be more sensitive than the molybdenum
blue reagent (1).

Materials and methods

Mouse brain and goat kidney phospholipids were
extracted with chloroform—methanol 2:1 (v/v) (2).
Gangliosides (Gmi, Gpias Gpin, Gri)* were prepared
from beef brain according to the modified procedure
of Ledeen, Yu, and Eng (3). Hematosides were iso-

Abbreviations: APCOM, ammonium pentachlorooxomolybdate;
TLC, thin-layer chromatography; PC, phosphatidylcholine (leci-
thin); PE, phosphatidylethanolamine; PI, phosphatidylinositol; PS,
phosphatidylserine; Sph, sphingomyelin.

! Correspondence should be addressed to Dr. S. K. Kundu,
Albert Einstein College of Medicine, 1300 Morris Park Avenue,
Bronx, NY 10462.

? The symbols for brain gangliosides are those of Svennerholm
(11), which are correlated with the symbols of Korey and Gonatas
(12) as follows: Gy = Gs; Gpra = Gs; Gpwp = Gs; Gry = Gy,

8 Unless filtration is rapid, the greenish crystals darken in color
due to air and moisture.

lated from beeft adrenal medulla (4, 5); ceramide
trihexoside and globoside-1 were from human
erythrocytes (6, 7). Phosphatidylethanolamine, phos-
phatidylinositol and brain cerebroside were pur-
chased from Supelco Inc. (Bellefonte, PA); phos-
phatidylserine and lysolecithin were from Nutritional
Biochemicals Corporation {Cleveland, OH) and beef
cardiolipin, cholesterol and its esters, desmosterol,
and fatty acids and their methyl esters were from
Applied Science Laboratories, Inc. (State College, PA).
Sphingomyelin, egg lecithin, and phosphatidic acid
were gifts from Dr. B. N. Ghosh, Biochemistry
Department, and Mr. J. K. Dutta, Bose Institute,
Calcutta; Tay-Sachs ganglioside and ceramide di-
hexoside were from Dr. R. W. Ledeen; Forssman
glycolipid was from Dr. M. Naiki and sulfatide was
from Dr. R. K. Yu. Ammonium paramolybdate
(5. Merck, India) and hydroiodic acid (E. Merck,
Germany, sp gr 1.7, 55-58% HI) were used without
further purification. Reagent grade chemicals and
solvents were used throughout this work. Thin-layer
plates (250 wum thick) were prepared from silica
gel G and silica gel H (E. Merck, Germany), activated
at 110°C for 1.5 hr, and stored in a vacuum desiccator
over anhydrous CaSO, prior to use. The most useful
solvent was found to be chloroform-methanol-7 N
NH,OH 65:27:5 (v/v). Other solvent mixtures such as
chloroform—methanol-water 65:25:5 (v/v) and chlo-
roform-methanol-acetic acid—water 25:15:3:1 (v/v)
were also used for routine analysis.

Ammonium pentachlorooxomolybdate (NH,),-
[MoVOClI;] is a well-characterized compound and can
be prepared easily by reducing ammonium para-
molybdate (NH,):[M0¥O,] with HI in a solution of
HCI (8) as follows. A solution of 4 g of ammonium
paramolybdate in 30 ml of conc. HCl is treated with
4 ml of conc. HI and the solution is carefully boiled
on a hot plate with stirring to drive off the liberated
iodine. The solution is evaporated to a pasty solid.
This is redissolved in 30 ml of conc. HCI and
evaporated again. Finally, the moist solid is treated
with 15 ml of conc. HCI to give a green solution
along with some green crystals. This is cooled in
an ice bath and gaseous HCl is allowed to pass through
it until saturated. Emerald green crystals of APCOM
appear, which are collected by quick filtration®
through a sintered-glass funnel and dried under
vacuum over solid KOH (yield, 5g). The solid is
quite stable and can be stored for an indefinite
period under anhydrous conditions.

Spray reagent

The spray reagent is easily prepared by dissolving
0.75 g of APCOM in 25 ml of 7-9 N H,S80,. If
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necessary, the solution should be filtered through a
sintered-glass funnel to remove any residue that may
be present. The greenish-yellow spray reagent can
be stored in the refrigerator for ready use for an
indefinite period.

It is known that pentachlorooxomolybdates form
para- and diamagnetic dimers through oxobridges in
solutions of HCI (9, 10). Above 8 M HCI, only the
emerald green anion [MoYOCI;]*~ exists and with
increasing dilution, the dimers predominate giving
dark colored solutions. Between 5-6 M HCI, it is
mostly paramagnetic and dark in color whereas
between 1-3 M HCI, it is all diamagnetic and reddish-
brown in color. APCOM has been found unsuitable
as a spray reagent in solutions of HCI, obviously due
to the fact that ClI” ion complexes with molybdenyl
cation [Mo*OJ** to form [MoYOCI;]*~, thus preventing
the liberation of [Mo*OJ**, a species that takes part
in the development of the blue color. We have also
noted that below a concentration of 7 N H,SO;,
APCOM is not satisfactory as a spray reagent owing
to the development of blue color on the background
of the TLC plate within a short time. The greenish-
yellow solution of the spray reagent in 7-9 N H,SO;,
probably containing an equilibrium mixture of
[MoYOCI;]*~ and the paramagnetic dimer

H
O
[Cl,OMoY MoVYOCI; ]*~

O
H

along with a smaller amount of diamagnetic dimer
[CL,OM0YOMoYOCI, ]*~, seems to be ideal as a spray
reagent for phospholipid detection. The appearance
of blue spots is probably due to changes in oxidation
state of MoY to a mean oxidation state between MoV
and Mo"' (9). The mechanism by which only phospho-
lipids take part in oxidation is not yet understood.

Spraying of the TLC plate

After development in.a suitable solvent system, the
TLC plate is dried completely and then sprayed
uniformly with the spray reagent until lightly damp.
Phospholipids show up immediately, giving blue or
sometimes greenish blue spots that change to blue
completely after a few minutes, with the background
remaining faintly yellow. The intensity of the blue
spots increases on standing and becomes most in-
tense after several hours. Fading starts after 24 hr
but the background color remains unchanged. A
representative TLC picture showing a standard

! 1 2

Fig. 1. TLC of phospholipids. TLC was carried out on a silica
gel H plate with chloroform-methanol-7 N NH,;OH 65:27:5
(v/v) and the bands were visualized with APCOM spray reagent.
All bands are blue. S, standard mixture of phospholipids; (1)
phospholipids of mouse brain; (2) phospholipids of goat kidney.

mixture of phospholipids and phospholipid mixtures
from mouse brain and goat kidney is presented
in Fig. 1.
Sensitivity

The sensitivity of the spray reagent was determined
by using standard samples of cardiolipin, lecithin,
lysolecithin, phosphatidylserine, phosphatidic acid,
and sphingomyelin. From 1 to 10 ug of each sample
(by weight) was spotted serially on TLC plates and
developed. The plates were dried completely and then
sprayed uniformly with the spray reagent. For all
the above phospholipid standards, even 1 pg could
be easily detected.
Specificity

The spray reagent has been found to be specific
for all the phospholipid samples we have tested. This
includes cardiolipin, lecithin, lysolecithin, phospha-
tidylethanolamine, phosphatidylinositol, phospha-
tidylserine, phosphatidic acid, and sphingomyelin.
Negative reaction was shown by inorganic phosphates,
neutral glycosphingolipids (cerebroside, ceramide di-
and trihexosides, globoside 1, Forssman glycolipid),
gangliosides (Gyy, Gpias Gpiy, Gri, Tay-Sachs,?
hematosides®), sulfatide, cholesterol and its esters,
desmosterol, and fatty acids and their methyl esters.

* Tay-Sachs ganglioside is used to designate Gy, according to
Svennerholm’s nomenclature (11).

® The term hematoside is used to designate the subcategory of
ganglioside that lacks hexosamine.
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Discussion

The APCOM spray reagent is specific for phospho-
lipids and is more sensitive than the molybdenum
blue reagent of Dittmer and Lester (1) which is used
as a standard spray reagent for phospholipid
detection on thin-layer chromatograms. Moreover,
the APCOM reagent totally eliminates the problem
of the development of blue color in the background,
even on standing for 48 hr. Thus, APCOM should
find wide applications for phospholipid detection
on thin-layer chromatograms.Bf

Manuscript recetved 27 June 1975 and in revised form 10 August 1976;
accepted 11 October 1976.

REFERENCES

1. Dicmer, J. C., and R. L. Lester. 1964. A simple,
specific spray for the detection of phospholipids on
thin-layer chromatograms. J. Lipid Res. 5: 126-127.

2. Folch, J., M. Lees, and G. H. Sloane Stanley. 1957.
A simplified method for the isolation and purification
of total lipides from animal tissues. J. Biol. Chem.
226: 497-509.

3. Ledeen, R. W.,, R. K. Yu, and L. F. Eng. 1973. Gan-
gliosides of human myelin: sialosylgalactosylceramide
(Gy) as a major component. J. Neurochem. 21: 829-839.

10.

11.

12.

Ledeen, R., K. Salsman, and M. Cabrera. 1968.
Gangliosides of bovine adrenal medulla. Biochemistry.
7: 22872295,
Price, H., S. Kundu, and R. Ledeen. 1975. Structure
of gangliosides from adrenal medulla. Biochemistry.
14: 1512-1518.

Marcus, D. M., and R. Janis. 1970. Localization of

glycosphingolipids in human tissues by immuno-
fluorescence. J. I'mmunol. 104: 1530-1539.

. Hakomori, S. 1., and B. Siddiqui. 1974. Isolation and

characterization of glycosphingolipid from animal
cells and their metabolites. In Methods in Enzymology,
Biomembranes, Part B. S. Fleischer and L.. Pascher,
editors. Academic Press, NY. 32: 345-369.

. Saha, H. K., and A. K. Benerjee. 1974. Preparation of

ammonium pentahalooxomolybdates. In Inorganic
Synthesis. G. W. Parshall, editor. McGraw-Hill, New
York, NY. 15: 100-103.

Cotton, F. A., and G. Wilkinson. 1972. Advanced
Inorganic Chemistry. John Wiley, New York, NY.
947-967.

Haight, G. P., Jr. 1962. A spectrophotometric study
of the dimerization of pentavalent molybdenum in
hydrochloric acid. J. Inorg. Nucl. Chem. 24: 663-671.
Svennerholm, L. 1963. Chromatographic separation
of human brain gangliosides. J. Neurochem. 10:
613-623.

Korey, 8. R., and J. Gonatas. 1963. Separation of

human brain gangliosides. Life Sci. 2: 296-302.

130 Journal of Lipid Research Volume 18, 1977 Notes on Methodology

2T0Z ‘6T aunr uo ‘1sanb Aq 610 J'mmm woly papeojumoq


http://www.jlr.org/

