ASBMB

JOURNAL OF LIPID RESEARCH

I

An HPLC procedure for separating polyphospho-
inositides on hydroxylapatite

Larry E. Boyle, Larry A. Sklar, and Alexis E.
Traynor-Kaplan

Department of Immunology, IMM12, Research Institute of
Scripps Clinic, 10666 North Torrey Pines Road, La Jolla,
CA 92037

Abstract We describe a method for separation of several phos-
phoinositides by high performance liquid chromatography
(HPLC) for the purposes of identification, analysis, and possible
purification of cell phospholipid extracts. The phosphoinositides
were separated on an hydroxylapatite column using a solvent
system consisting of tetrahydrofuran-ethanol-water with a gra-
dient of triethylamine phosphate ranging from 1 to 100 mM. In-
creasing triethylamine phosphate concentrations over a series of
isocratic steps resulted in the resolution of [*H]phosphoinositide
standards (phosphatidylinositol, phosphatidylinositol-4-phos-
phate, phosphatidylinositol-4,5-bisphosphate) and their lyso-de-
rivatives. The eluted peaks were collected and quantitated using
scintillation counting, and the samples of the eluates were sub-
jected to further analysis by thin-layer chromatography to verify
their integrity and identity. —Boyle, L. E., L. A. Sklar, and
A. E. Traynor-Kaplan. An HPLC procedure for separating
polyphosphoinositides on hydroxylapatite. J. Lipid Res. 1990. 31:
157-159.
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Several techniques for separating phosphoinositides
have been described and have been reviewed by Hajra,
Fisher, and Agranoff (1). For example, column chromato-
graphy of phospholipids on hydroxylapatite has been used
to separate phosphatidylserine, phosphatidylethanol-
amine, phosphatidylinositol, phosphatidylcholine, cardioli-
pin, and sphingomyelin (2), and DEAE cellulose has been
used to resolve individual phosphoinositides after they
have been converted to their alkali metal salts (3). Schacht
(4) developed a column chromatography technique on
neomycin-adducted glass beads for phospholipids, but the
procedure is not adaptable to HPLC at this time. Hy-
droxylapatite HPLC columns have been widely used for
nucleic acid and peptide chromatography, with isolated
reports for use in lipid purification. HPLC techniques
have also successfully resolved several phospholipids (5)
and some success has been made resolving derivatized
polyphosphoinositides (6). However, none of the proce-
dures have shown resolution of the more phosphorylated
phosphoinositides, phosphatidylinositol-4-phosphate (PIP)
and phosphatidylinositol-4,5-bisphosphate (PIP,) in their
native form nor have they analyzed their lysophosphoino-
sitide derivatives. Primes and coworkers (7) described a
technique for separating phospholipids on hydroxylapa-
tite using a gradient of triethylamine phosphate (TEAP)
in ether-ethanol-water.
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Here we have modified the procedure of Primes et al.
(7) to resolve PI, PIP, PIP,, and their lyso-derivatives on
an hydroxylapatite column. The method used tetrahydro-
furan instead of ether and higher concentrations of tri-
ethylamine phosphate. There are several advantages to
using THF instead of ether. The volatility of ether makes
it difficult to maintain a constant concentration in a mix-
ture. THF is much less volatile but has a similar dielectric
constant. Furthermore, triethylamine phosphate is more
soluble in THF than in ether. The presence of peroxides
in either THF or ether, however, can cause lipid oxidation
which must be kept to a minimum.

MATERIALS AND METHODS

Reagents, phospholipase A, from Russell's Viper venom
(PLA,;), mixed phosphoinositides (bovine brain), PIP,
PI-4,5-P,, were all obtained from Sigma Chemical Com-
pany, St. Louis, MO. HPLC grade tetrahydrofuran, chlo-
roform, methanol, ethanol, and triethylamine were from
Fisher. [2-*H(N)]Myo-inositol-labeled PI, [2-*H(N){ino-
sitol-labeled PIP and -PI-4,5-P, were obtained from New
England Nuclear Corporation, Boston, MA.

The phosphoinositides were chromatographed over a
period ranging up to 75 min at room temperature at a
constant flow of 1 ml/min, using a Perkin-Elmer Chroma-
tograph Series 4 and a 500 uL injection loop. Samples
were filtered through Xydex Teflon filters before injection.
All of the solvents were degassed before use. The hydroxyl-
apatite column was a 100 x 78 mm Bio-Gel HPHT
model from Bio-Rad labs of Richmond, CA. No guard
column was used. We used a multistep gradient starting
with a 1 mM solution of TEAP in THF-ethanol-water
54:31:15 (v/v/v), solvent (A). The elution solvent (B) con-
tained 100 mM TEAP in the same solvent mixture as (A).

For optimal separation of the phosphoinositides, the
steps of the gradient were as follows. After loading the lip-
id material onto the column for 3 min with 100% buffer
A, the concentration of TEAP was increased linearly over
18 min to 16 mM. This concentration was maintained for
an additional 15 min. The TEAP concentration was then
increased linearly to 100 mM over a period of 30 min and
maintained at 100 mM for an additional 10 min. Keeping
the buffers at pH 6.5 provided the best combination of
HPHT column life and phosphoinositide stability. TEAP
was prepared by adding the triethylamine to the desired
final proportion in buffer A or B, adjusting the pH with
HPLC grade phosphoric acid, and then adding the THE.

Abbreviations: HPLC, high performance liquid chromatography;
TLC, thin-layer chromatography; TEAP, triethylamine phosphate;
THE, tetrahydrofuran; PI, phosphatidylinositol; PIP, phosphatidylinosi-
tol-4-phosphate; PIP,, phosphatidylinositol-4,5-bisphosphate; PLA,,
phospholipase Ay; BHT, butylated hydroxytoluene.
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Stock solutions of the standards for injection were pre-
pared by suspending 7.5 ul of *H standard (0.01 mCi/ml)
in 2 ml of CHCI;-MeOH 1:1 with 0.02 mg/ml of unlabeled
phosphoinositides (bovine braine) added as a carrier. The
lysophosphoinositides were prepared from the *H stan-
dards using PLA, by the following method. 7.5 ul of the
*H standard was dissolved in H,O-saturated CHCI; and
dried under nitrogen. Four hundred and fifty pl of buffer
(30 mM HEPES, 110 mM NaCl, 10 mM KCI, 1 mM
MgCl,, 10 mM glucose, 1.53 mM Ca®, pH 6.5) and 1.38
units of PLA, were then added. After incubating the solu-
tion overnight at 36°C, cold ethanol was added and the
mixture was filtered through a 0.45 um Xydex Teflon filter
syringe to remove the protein.

The HPLC eluates were prepared for TLC analysis by
the use of a phospholipid extraction procedure. The
eluates (0.5 ml) were added to 5 ml of a mixture of chloro-
form-methanol-BHT 1:2:5 containing 0.04 mg phospho-
inositides per ml. Chloroform (3 ml) was then added.
Subsequent lipid extraction was carried out according to
Schacht (4). Then the combined lower phases of each fraction
were dried under nitrogen and resuspended in chloroform for
spotting on EM Science silica gel 60 TLC plates. The plates
were impregnated with a 1.2% solution of potassium oxalate
in methanol-water 2:3 and activated at 110°C for 20 min.
The plates were developed in chloroform-acetone-metha-
nol-acetic acid-water 80:36:26:24:14. After the plates were
dried the phosphoinositides were visualized by iodine stain-
ing. The regions corresponding the authentic PI, PIP, and
PIP, were scraped from the plates and counted by scintilla-
tion counting.

RESULIS AND DISCUSSION

The goal of these studies was twofold: 1) to define a rapid
HPLC separation condition for polyphosphoinositides; and
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Fig. 1. HPLC resolution of phosphoinositide standards. *H-labeled PI,
PI-4-P, and PI-4,5-P, were injected together, and the eluates were collected
over 75 min in 1-min fractions. The PI standard can be seen at 5 min (at
approximately 5 mMm TEAP), followed by PIP at 30 min (16 mmMm), and
PIP, at 50 min (35-45 mM). The standards were contaminated with small
amounts of lysoPIP (40 min) and lysoPIP, (55 min) respectively. This figure
is representative of four elution profiles.
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Fig. 2. Resolution of PIP from LysoPIP. The PIP standard was combined
and injected with newly prepared lysoPIP. The PIP peak can be seen at 30
min with the lysoPIP at 43 min. Smaller unknown peaks are at 55 and 65
min. The gradient used was a modification of that seen in Fig. 1; the
amount of water as part of the total solvent mixture was increased isocrati-
cally by 10% after 36 min to favor the complete elution of the lysoPIP.

2) to develop a procedure for purification of lysoPIP afte: its
enzymatic production. We found that the degree of phospho-
rylation of the phosphoinositides was a factor in their interac-
tion with the hydroxylapatite such that elution times were
reliably manipulated according to the TEAP concentration.
Separation of PI, PIP, and PIP; is shown in (Fig. 1). We
were able to achieve essentially baseline separation of PI, PIP,
and PIP, peaks. The PI standard eluted at approximately 5
mM TEAP, with PIP following at 16 mM TEAP and PIP,
at 35-45 mM TEAP. All of the standards were also run se-
parately to verify elution tires and sample purity. Percent re-
covery evaluated from these runs consistently ranged from 90
to 99%. As suggested from further experiments (shown be-
low), the small peak near 40 min and the shoulder on the
PIP, were probably associated with lysoPIP and lysoPIP,,
small amounts of which might have been present as impuri-
ties.

To check the integrity of the resolved phosphoinositides,
predetermined amounts of the HPLC peak eluates were
subjected to a lipid extraction and spotted on TLC after
adding nonradioactive phosphoinositides. The nonradio-
active lipids served both as carrier during the extraction
and for visualization of mass by iodine staining on the
plates. In all cases the bulk (typically greater than 80%)
of the eluted radioactivity from HPLC comigrated on
TLC with the authentic radioactive standard spotted
directly onto the plate. These results verified the identity
of the eluted materials and confirmed that their integrity
was maintained through the HPLC, extraction, and re-
covery protocols.

Because we and other investigators (8, 9) have been inte-
rested in possible roles of lysolipids as intracellular signals
derived from the activation of PLA,, we defined HPLC con-
ditions to resolve lysoPIP prepared from PIP and lysoPIP,
from PIP; as illustrated in Fig. 2 and Fig. 3, respectively.
The gradient used for PIP and lysoPIP was slightly modi-
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fied from the conditions shown in Fig. 1. While the PIP
standard again eluted at 30 min, the lysoPIP yielded a
consistent peak eluting at 43 min. By increasing the water
concentration after 36 min, we were able to improve reso-
lution of the lyso-derivatives, probably a result of their
greater hydrophilicity compared to their parent com-
pounds. Smaller unknown peaks, probably contaminants,
migrated in Fig. 2 at 55 and 65 min.

In order to resolve lysoPIP, (Fig. 3), the gradient used
a higher TEAP concentration while following the same
time profile as Figs. 1 and 2 to speed the elution of the
more slowly migrating species, PIP; and lysoPIP,. The
PIP, peak was centered at 30 min while the lysoPIP,
eluted at 43 min. Under these new conditions, the elution
pattern closely followed that of PIP and lysoPIP. Since no
authentic standards of the lysophospholipids were avail-
able, we did not attempt to verify further the integrity of
the eluates.

It is worthwhile to comment about the anticipated utili-
ty of these HPLC procedures at their current stage of de-
velopment. Because of the hope of using these methods on
phosphoinositides extracted from cells or membranes la-
beled with 2P, we characterized the behavior of several
32P-labeled compounds using the gradient described for
Fig. 1. These included 3?P-labeled ATP, pyrophosphate, and
orthophosphate. These phospholipid precursors were all re-
solved from the [*H]phosphoinositide standards. All three of
the phosphate compounds eluted in broad peaks at approxi-
mately 50 to 65 min, the center of the peak appearing at or

near 60 min.
Because of the small quantities available we have not

yet attempted to resolve even more highly phosphorylated
compounds, such as PIP; recently observed by us (10). It
is likely, however, that the elution conditions of Fig. 1
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Fig. 3. Resolution of PIP, from LysoPIP,. PIP, standard was combined
with lysoPIP,. The PIP, peak is centered at 30 min, while the lysoPIP; is

at 43 min. The gradient corresponded to that of Fig. 2 but with higher start-
ing TEAP concentrations to expedite elution.
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could be modified such that PIP, is eluted by a step to 35
mM TEAP and that PIP; could be resolved and subsequent-
ly eluted by a step to 100 mM TEAP.

Our initial success at resolving phosphoinositide standards
by HPLC, maintaining their integrity through extraction and
subsequent TLC analysis, and finally the resolution of the
standards from synthetically derived lyso compounds as well
as from 3?P-labeled phospholipid precursors suggests that
these methods should find application in analysis and
preparation of phosphoinositides from whole cell and tissue
extracts. 0B
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