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Summary

Phosphoinositides are a vitally important class of intracellular-signaling molecules that regu-
late cellular processes, including signaling through cell-surface receptors, remodeling of the
cytoskeleton, vesicle-mediated protein trafficking, and various nuclear functions. Methods for the
analysis of in vivo phosphoinositide concentration, such as the one described in this chapter en-
able quantification of all phosphoinositides from a population of cells. This method involves
metabolic labeling of cells with myo-[2-3H] inositol, followed by lipid extraction, and quantifi-
cation by high-performance liquid chromatography (HPLC). It provides improved efficiency and
reproducibility when analyzing yeast, plant cells, and is applicable to animal cells as well. In ad-
dition, a technique for determining the intracellular location of phosphoinositides is described.
When quantification and localization techniques are used in parallel, an investigator can identify
cell, and even subcellular concentration changes. The technique described in this chapter uses im-
munodetection with antiphosphoinositide antibodies to determine the localization and relative
concentrations of phosphinositides in fixed cells. The availability of antibodies allows an inves-
tigator to perform immunofluorescence and potentially immunoelectron microscopy of phospho-
inositide localization on particular cellular, organellar, or vesicular membranes.
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1. Introduction

The potential role of phosphoinositides as intracellular signaling molecules
was first reported half a century ago by Hokin and Hokin (7). Since then, a great
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deal has been learned about the complexity of cellular processes regulated by phos-
phoinositides. The growing list of phosphoinositide-regulated cellular processes
includes signaling through cell-surface receptors (2—4), remodeling of the cy-
toskeleton (5,6), vesicle-mediated protein trafficking (7,8), and various nuclear
functions (9-11). Each process can be simultaneously regulated by one or more
specific phosphoinositides, owing to temporally and spatially restricted formation
of phosphoinositides. In addition to phosphatidylinositol (PtdIns) itself, there are
seven known phosphoinositides in eukaryotic cells with phosphate monoesters at-
tached to the 3, 4, or 5 positions of the inositol ring of phosphatidylinositol:
PtdIns(3)P, PtdIns(4)P, PtdIns(5)P, PtdIns(3,4)P,, PtdIns(3,5)P,, PtdIns(4,5)P,,
and PtdIns(3,4,5)P;. The remodeling of phosphoinositide phosphorylation in
space and time is precisely coordinated via regulated actions of phosphati-
dylinositol and phosphoinositide kinases, phosphoinositide phosphatases, and
phospholipases.

Following synthesis at a specific site of action, phosphoinositides recruit and
bind effector (phosphoinositide-binding) proteins and activate a variety of down-
stream signaling cascades. Unique among the phosphoinositides, PtdIns(4,5)P,
either binds effector proteins and/or serves as a precursor for the second mes-
sengers inositol trisphosphate and diacylglycerol. However, binding to proteins
and altering their localization and/or activity appears to be the primary function
of phosphoinositides. Effector protein relocalization involves specific interac-
tions between phosphoinositides and phosphoinositide-binding domains effector-
protein. Among the 10 or more recognition motifs characterized are the PH
(pleckstrin homology) domains, PX (Phox homology) domains, and FYVE
(Fablp, YOTB, Vacl, EEA1) domains. These phosphoinositide-binding motifs
facilitate relocalization, conformational changes, and activation or inactivation
of numerous downstream-effector proteins. This is significant because hundreds
of eukaryotic proteins contain motifs that are likely to confer phosphoinositide
binding. For example, in the human genome, there are approx 150-200 proteins
containing predicted PH domains.

A number of studies have been conducted to measure the activities of phos-
phatidylinositol kinases in cell extracts to demonstrate the roles of phospho-
inositides in signaling pathways (reviewed in ref. 12). Although these studies
provided evidence for involvement of phosphoinositides and phosphoinositide
kinases in regulatory systems, further analyses were necessary to demonstrate
in vivo formation of specific phosphoinositides. Methods for the analysis of
in vivo phosphoinositide concentrations such as the one described in this chap-
ter enable quantification of all seven phosphoinositides from a population of
cells. This method involves metabolic labeling of cells with myo-[2-3H] inos-
itol, followed by lipid extraction, and quantification by high-performance
liquid chromatography (HPLC). The procedure described here is a modified
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version of the one developed by Cantley et al. (13). It provides improved ef-
ficiency and reproducibility when analyzing yeast and plant cells (14,15) and
is applicable to animal cells as well (16).

In addition to whole-cell and tissue quantification of phosphoinositides,
techniques have been developed to determine the intracellular localization of
phosphoinositides. When quantification and localization techniques are used in
parallel, an investigator can identify whole-tissue, cell, and even subcellular
concentration changes. This is valuable, because phosphoinositide synthesis or
degradation usually does not occur uniformly throughout the cell. Instead, it oc-
curs at distinct membrane sites like the Golgi or plasma membrane.

Localization of specific phosphoinositides in living cells can be determined
using fluorescence microscopy of cells transfected with gene constructs encod-
ing phosphoinositide-binding proteins fused to the green fluorescent protein
(GFP) (17). Colocalization of the GFP fusion and phosphoinositides occurs via
association of the phosphoinositide-binding domain with phosphoinositides.
This powerful technique has been described several times, and will not be cov-
ered here. A less commonly-used approach is the use of fluorescently labeled
rhodamine to visualize PtdIns(4,5)P, in cells, which localizes intracellular and
intranuclear PtdIns(4,5)P, that cannot be detected by the GFP-PH domain con-
structs (18). An alternative method described in this chapter involves phospho-
inositide immunodetection with antiphosphoinositide antibodies (19-23) to
determine the localization and relative concentrations in fixed cells. The avail-
ability of antibodies allows an investigator to perform immunofluorescence and
potentially immunoelectron microscopy of phosphoinositide localization on
particular cellular, organellar, or vesicular membranes.

1.1. Measurement of Phosphoinositides

Analysis of relative phosphoinositide concentrations using HPLC is some-
times called “headgroup analysis,” because chromatographic separation of the
water-soluble moiety of phosphoinositides (glycerophosphoinositol phos-
phates; gPIPs) is done after removal of the hydrophobic acyl chains (deacyla-
tion). Cells are first metabolically labeled with myo-[2-3H] inositol for 12-24 h.
Before lipid extraction, cells are treated with trichloroacetic acid (TCA) to in-
activate enzymes that might degrade phosphoinositides during the extraction
process. [3H]-Labeled phosphoinositides are extracted with organic solvents,
and deacylated by alkaline treatment. The resulting gPIPs are separated using
strong anion-exchange HPLC. Small fractions are collected and radioactivity is
measured by scintillation counting. Here we present protocols for labeling tis-
sue-culture cells (NIH3T3 fibroblasts and 3T3-L1 preadipocytes), yeast (Sac-
charomyces cerevisiae), and plant cells (Arabidopsis thaliana submerged and
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hydroponic cultures). Lipid extracts from these cells are deacylated and ana-
lyzed by HPLC using the same procedure.

1.2. Immunofluorescence of Phosphoinositides

Monoclonal antibodies (MAbs) directed against PtdIns(4,5)P, and PtdIns
(3,4,5)P; have been developed, and immunofluorescence procedures using these
reagents enable the detection of these phosphoinositide species in fixed mam-
malian cells. When combined with the cellular phosphoinositide analyses de-
scribed earlier, this approach allows an investigator to visualize in a cell the precise
location where modulation of phosphoinositide concentrations is occurring. For
the cellular immunolocalization of phosphoinositides, the cells must first be fixed
with a chemical fixative (e.g., formaldehyde) and then permeabilized with a de-
tergent (e.g., Triton X-100). Nonspecific binding sites in the cells are then blocked
by incubating the cells in a solution containing a blocking reagent such as goat
serum. The cells are incubated with the primary antibody directed against
PtdIns(4,5)P, (20,21) or PtdIns(3,4,5)P; (22). The cells are washed with a buffered
salt solution and then incubated with a fluorophore-tagged secondary antibody.
After a final washing to remove nonspecifically bound secondary antibodies, cells
are visualized by epifluorescence or laser-scanning confocal microscopy.

2. Materials
2.1. Growth Media

1. NIH3T3 or 3T3-L1 cells are grown in Dulbecco’s Modified Eagle’s
Medium (DMEM) containing 10% calf serum.

2. Ayeast nitrogen base medium containing appropriate supplements and car-
bon source is used for the growth of yeast cells. The “drop-out mix” (24)
is prepared without inositol.

3. Arabidopsis thaliana is grown submerged in a medium composed of 0.5X
Murashige and Skoog (MS) and BS5 vitamins. Alternatively, plants can be
grown hydroponically on the same medium excluding the vitamins.

4. Falcon 2059 tubes (Becton Dickinson Labware, Lincoln Park, NJ).

5. Disposable cell scrapers (Fisher Scientific, Pittsburgh, PA).

2.2. Radiochemicals

1. myo-[2-3H] Inositol (10-25 Ci/mmol) (American Radiolabeled Chemicals,
(ARCQ), St. Louis, MO; Amersham Biosciences, Piscataway, NJ, ICN Biomed-
ical, Irvine, CA; or PerkinElmer Life Sciences, PerkinElmer, Boston, MA).

2. For HPLC standards, PtdIns(4)P [inositol-2-3H] (ARC). PtdIns(4,5)P,
[inositol-2-3H] (ARC or PerkinElmer).
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3.

[32P] PtdIns(3)P is prepared by in vitro phosphorylation of PtdIns by yeast
PtdIns 3-kinase with [y-32P] ATP, followed by separation by thin-layer
chromatography (TLC) and extraction from the TLC media (15).

[32P] PtdIns(3,4)P, and [32P]PtdIns(3,4,5)P; are prepared by in vitro phos-
phorylation of PtdIns(4)P and PtdIns(4,5)P,, respectively, by mammalian
PI 3-kinase with [y-32P] ATP, followed by TLC purification.

PtdIns(3,5)P, [inositol-2-3H] is produced in vivo by salt-stressed yeast
cells (15,25).

2.3. Chromatography Media

1.

2.

Silica gel 60 TLC plates (0.25 mm thick, Merck no. 5724 or equivalent) are
used to purify [32P]-labeled standards prepared by in vitro phosphorylation.
Strong anion-exchange columns Partisil 5 SAX (4.6 mm X 250 mm) or
Partisil 10 SAX (4.6 mm X 250 mm) (Whatman, Clifton, NJ) are used for
HPLC headgroup analysis.

Ion-exchange columns must be fitted with guard columns (e.g., Phe-
nomenex, SecurityGuard™, Torrance, CA, part no. KJO-4282) containing
SAX inserts (Phenomenex, part no. AJO-431).

2.4. Immunofluorescence Reagents

1.

Coverslips and slides (Fisher Scientific, or Ted Pella, Redding, CA).

2. Purified RC6F8 anti-PtdIns(3,4,5)P; IgM and 2C11 anti-PtdIns(4,5)P, IgM

(Echelon Biosciences, Salt Lake City, UT).

High quality formaldehyde (Ted Pella, Redding, CA).

Fluorophore-tagged (e.g., FITC, Texas Red) antimouse IgM secondary
antibodies are available (Jackson ImmunoResearch Laboratories, West
Grove, PA or Rockland, Gilbertsville, PA).

2.5. Other Chemicals

1.

2.

3.

4,

All eight forms of nonradioactive phosphoinositides, with different acyl-
chain lengths and a variety of reporter groups (Echelon Biosciences).
Additional natural and synthetic phosphoinositides (Avanti Polar Lipids,
Alabaster, AL; Matreya State College, PA; and Calbiochem, San Diego, CA).
Organic solvents and all other chemicals can be purchased from several
commercial sources (see Subheading 4.) for methylamine.

Scintillation cocktail must be miscible with aqueous solutions in order to
provide consistent results when counting fractions.

2.6. Lipid Handling

Lipid extracts and deacylated lipids should be dried under a stream of nitro-

gen gas or in a Speed-Vac concentrator (Thermo Savant, Holbrook, NY). Dried
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lipids should be re-suspended using an bath sonicator such as Bransonic table-
top cleaners (Branson Ultrasonics, Danbury, CT). A TLC tank is used for stan-
dard preparation by in vitro phosphorylation.

2.7. HPLC

Headgroup analysis can be performed with a Beckman System Gold HPLC
with 32 Karat software (Beckman Coulter, Fullerton, CA) or equivalent. The
system should be equipped with pumps for dual solvent delivery, an ultraviolet
(UV) detector, and a fraction collector. The fraction collector is fitted with a
rack for liquid-scintillation vials. Alternatively, an on-line radioactivity detec-
tor (e.g., B-RAM, INUS, Tampa, FL) can be used to detect separated gPIPs, in
lieu of fraction collection and scintillation counting.

2.8. Microscopy

Epifluorescence or laser scanning confocal microscopes are used to examine
cells labeled with fluorescently tagged antibodies. For the work presented in this
chapter, cells were examined using a Nikon TE-300 inverted microscope inter-
faced with a Bio-Rad MRC 1024 confocal system (Bio-Rad Laboratories,
Hercules, CA). Images are collected using 60X oil-immersion objective. De-
pending on the fluorophore, appropriate excitation wavelengths and emission
filters are used.

3. Methods
3.1. Labeling and Lipid Extraction of Yeast Cells

1. A synthetic medium containing 5 pCi/mL of myo-[2-3H] inositol is inocu-
lated with a small amount of fresh culture to give an Ay, of 0.01. A5 mL
culture is sufficient for each sample.

2. Cells are grown with shaking (200 rpm) until the A, is 0.6-1.0, typi-
cally 14-20 h at 30°C.

3. Growth is terminated by addition of TCA (final concentration 5%), fol-
lowed by incubation on ice for 1 h in polypropylene tubes (Falcon 2059).
This treatment prevents degradation of lipids by lipases during manipula-
tion of the cells (26). It is important to avoid excessive exposure to TCA
(higher concentrations, higher temperatures, or prolonged periods), be-
cause lipids can be degraded by the acid (26).

4. Cells are harvested by centrifugation, and washed twice with 1 mL of H,O.

The washed pellet can be stored at —80°C or used directly in step 6.

6. This procedure relies on a solvent for extraction that is very effective for
yeast cells (26) and can be used for other cells as well (15,16). The extrac-
tion solvent contains 95% ethanol/H,O/diethyl ether/pyridine/conc. NH,OH

e
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8.

(15/15/5/1/0.018 v/v). This solution without H,O (called EEP solvent) can
be prepared for use in a series of experiments for a few days, but long-term
storage of EEP solvent is not recommended.

. Washed yeast cells (5 mL of culture in late-log phase growth) are suspended

in 0.5 mL of H,O and 0.75 mL of EEP solvent is added. Extraction is con-
ducted at 57°C for 30 min with occasional mixing. While the mixture is still
warm, cell debris is removed by centrifugation for 5 min at 5000 g at room
temperature. The supernatant fluid is dried under a stream of N, or in a
Speed-Vac concentrator with appropriate traps.

Extracted lipids can be stored at —80°C or immediately deacylated.

3.2. Labeling and Lipid Extraction of Mammalian Cells

1.

2.

o

10.

11.

For labeling NIH 3T3 fibroblasts or 3T3-L1 preadipocytes, cells should be
grown to at least 60% confluency in 75 cm? flasks.

Cells are washed and then labeled for 36 h with myo-[2-3H] inositol
(20 pCi/mL) in inositol-free DMEM + 10% calf serum.

. After 24 h, the medium should be removed and replaced with a fresh myo-

[2-3H] inositol-containing medium. At this point, if growth-factor stimula-
tion (e.g., with PDGF to activate PI 3-kinase) is part of the experiment, cells
are serum deprived for 2 h in inositol-free and serum-free DMEM contain-
ing 0.2% BSA and 10 pCi/mL myo-(2-3H)-inositol, followed by platelet-
derived growth factor (PDGF) (50 ng/mL) stimulation and harvest.

. For cell harvest, ice-cold TCA is added to the medium in the flasks to a final

concentration of 10%. The flasks containing the 10% TCA are incubated on
ice for 1 h with the cells immersed in the solution.

Cells are released from the flasks by gently scraping with a disposable cell
scraper followed by pipeting them into 15- or 50-mL conical screw-cap
centrifuge tubes.

Centrifuge the samples for 5 min at 5000 g.

. Remove supernatant fluid and add 5 mL of a 5% TCA, 1 mM EDTA solu-

tion to the pellets.

. After the cells are resuspended, they should be centrifuged as above and the

supernatant removed. Pellets can be stored at —80°C, or lipids can be ex-
tracted immediately.

. Lipids are extracted from the cell pellet by resuspending cells in 0.75 mL

chloroform/methanol/HCI (40/80/1 v/v) and vortexing the cells vigorously
every 60 s for 15 s. Cells must be kept on ice between vortexing.

Add 0.25 mL of chloroform and 0.45 mL of 0.1 M HCI to the cells and vor-
tex the tube.

Samples are centrifuged at 5000 g for 2 min, and the bottom, organic layer
is transferred to another tube for continued processing.
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Ammonia (50 pL. of a 1 M solution) is added to the cells and the solutions
in the tubes are dried in a Speed-Vac concentrator or under nitrogen. The
samples can then be deacylated (see Subheading 3.4.) or stored at —80°C
prior to deacylation.

Labeling and Lipid Extraction of Plant Cells

Two-week-old A. thaliana plants grown in a liquid medium (0.5X MS basal
salt mixture, pH 5.8) containing B5 vitamins are submerged in 1 mL of the
same medium with reduced myo-inositol (10 uM) and 50 nCi/mL of myo-
[2-3H] inositol. Labeling is accomplished in 1.6-mL microcentrifuge tubes
for 20 h on a gyratory shaker (80 rpm) at 22-26°C. Alternatively, seeds can
be germinated and plants grown hydroponically in 0.5X MS basal salt mix-
ture, pH 5.8. Labeling of the hydroponically grown plants is achieved by
placing the roots in a 2.0 mL cup containing the 0.5X MS medium and
100 uCi/mL of myo-[2-3H] inositol.

Growth of radiolabeled A. thaliana plants is terminated by addition of TCA
(final conc. = 5%) followed by incubation on ice for 1 h.

. Plantlets are washed 5 times with 10 mL of H,O (room temperature) and

transferred into a 5-mL Dounce tissue grinder after resuspension in 0.5 mL
of H,O, and 0.75 mL of EEP solvent. Tissues are homogenized and trans-
ferred into microcentrifuge tubes and incubated at 57°C for 30 min.

Cell debris is removed by centrifugation and the supernatant is dried under
a stream of N, or in a Speed-Vac concentrator.

Deacylation of Glycerolipids

Lipids are deacylated by the method of Serunian et al. (13) with minor mod-

ifica

tions. All the procedures are carried out in 1.6 mL or 2-mL plastic micro-

centrifuge tubes.

1.

Dried lipids are resuspended in 0.5 mL of methylamine reagent (42.8% of
25% methylamine, 45.7% of methanol, 11.4% of n-butanol) by bath soni-
cation, incubated at 53°C for 50 min, and dried in a Speed-Vac concentra-
tor (see Note 1).

. Deacylated lipids are suspended in 0.75 mL H,O by sonication and then ex-

tracted 3 times with 0.5 mL n-butanol/petroleum ether/ethyl formate
(20/4/1 v/v) or until the aqueous phase is no longer cloudy. The aqueous
phase is dried in a Speed-Vac concentrator and suspended in 200 pL of H,O.
A small portion (10-20 pL) of each sample is used to determine the radio-
activity by liquid-scintillation counting. For preparation of loading samples
for HPLC, standardization can be done using the [3H] counts, which is a
close approximation of the content of PtdIns (phosphoinositides are minor
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components). Alternatively, cell number, protein contents, or lipid phos-
phate radioactivity could be used for the same purpose.

3.5. Headgroup Analysis

1. It is useful to include AMP, ADP, and ATP in each sample in order to mon-
itor the column performance by UV absorption. Typically, a portion of each
sample (1.5-2.5 X 106 cpm) is mixed with 40 nmoles each of AMP, ADP,
and ATP. Glycerophosphoinositol monophosphate species [gPI(3)P, gPI(4)P,
and gPI(5)P] elute between AMP and ADP, glycerophosphoinositol bis-
phosphate species [gPI(3,5)P,, gP1(3,4)P,, and gPI(4,5)P,] elute between
ADP and ATP, and gPI(3,4,5)P; elutes after ATP.

2. Phosphoinositides are resolved with the following mobile phase of ammo-
nium phosphate (pH 3.8; flow rate of 1 mL/min; see Notes 2—4).

a. Gradient I for separation of gPI(3)P, gP1(4)P, gPI(3,4)P,, gPI1(3,5)P,, and
gPI(4,5)P,
5 mL of 10 mM
40 mL of a linear gradient, 10 mM to 0.7 M
2 mL of a linear gradient, 0.7 to 1 M
3mLof 1 M
b. Gradient II for separation of gPI(3)P, gPI(4)P, gPI(3,4)P,, gPI(3,5)P,,
gPI(4,5)P,, and gPI(3,4,5)P;
5 mL of 10 mM
60 mL of a linear gradient, 10 mM to 0.8 M
2 mL of a linear gradient, 0.8 to 1 M
3mLof 1 M

Fractions are collected every 0.3 min (0.3 mL/fraction), mixed with 2 mL of
water-miscible scintillation cocktail, and counted in a liquid scintillation
counter (see Notes 5 and 6).

3.6. HPLC Standards

1. [3H]-Labeled standards obtained from commercial sources are mixed with
small amounts of non-radioactive carrier lipids (any phospholipids) and
deacylated (see Subheading 3.4.). In vitro phosphorylation of PtdIns,
PtdIns(4)P, and PtdIns(4,5)P, is performed as previously described (27).

2. Desired substrates are sonicated in 20 mM HEPES, pH 7.5, and mixed with
60 uM ATP, 0.2 mCi/mL [y-32P] ATP, 10 mM MgCl,, and appropriate en-
zyme sources in a total volume 50 pL. The mixture is incubated for 5 min
or longer, depending on the enzyme sources, at room temperature.



252

10.

3.7.
1.

Hama et al.

. The reaction is terminated by the addition of 80 uL. 1 M HCI and the lipids

are extracted with 160 pL of chloroform/methanol (1/1). The lower organic
phase is dried and re-dissolved in chloroform for TLC.

. Entire samples are spotted onto silica gel 60 TLC plates that have been pre-

treated with trans-1,2-diaminocyclohexane-N, N,N',N'-tetraacetic acid, and
developed with a solvent containing 75 mL of methanol, 60 mL of chloro-
form, 45 mL of pyridine, 12g of boric acid, 7.5 mL of H,0, 88 % (v/v) 3 mL
of formic acid, 0.375g of 2,6-di-tert-butyl-4-methylphenol, and 75 pL of
ethoxyquin (28). (Note: It is necessary to dissolve the boric acid in water
prior to the addition of organic solvents.)

. After development, TLC plates are completely dried and exposed to X-ray

films for 1-2 h at room temperature to identify the phosphoinositide spots
(carried-over [y-32P] ATP stays at the origin).

The spots of desired products can be identified by comparison to non-
radioactive phosphoinositides run on the same TLC system and stained
by iodine vapor. The TLC plate is overlaid on the X-ray film, and the
area on the TLC plate corresponding to the radioactive products is marked.

. The silica matrices are carefully scraped off from the TLC plates and col-

lected in 1.5-mL tubes. It is advisable to remove the silica surrounding the
marked spots first, and then recover the spots.

. Lipids are extracted from the matrices with a solvent containing chloro-

form/methanol/H,O (16/16/5). The extracted phosphoinositides are mixed
with carrier lipids and deacylated (see Subheading 3.4.).

. The enzyme used for preparation of PtdIns(3)P is obtained by ammonium

sulfate precipitation (25-30%) of yeast cytosol from a strain overexpress-
ing the PtdIns 3-kinase Vps15p/Vps34p complex (strain TVY614 [29] car-
rying pJSY324.15 [30] and pPHYS52 [31]).

Similarly, mammalian cell extracts may also be used for preparation of Pt-
dIns(3,4)P, and PtdIns(3,4,5)P;. The most effective extracts are prepared
from tissue-culture cells transfected with an expression vector for the p110
subunit of PI 3-kinase (32).

Immunolocalization of Phosphoinositides

NIH3T3 cells at logarithmic stage on coverslips are serum-starved over-
night and stimulated with insulin (100 ng/mL) or PDGF (50 ng/mL).
Growth factor stimulation is typically done for 1-15 min.

. Reactions are stopped by washing the cells with cold tris-buffered saline

(TBS) and cells are processed for immunofluorescence.

. Cells on glass coverslips are fixed with 2% formaldehyde (in cell media)

for 20 min, and then permeabilized with 0.5% Triton X-100 in TBS for
15 min at room temperature.
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Fig. 1. HPLC chromatograms of glycerophosphoinositols from mammalian, plant,
and yeast cells. The NIH3T3 fibroblast cells (A) were stimulated with platelet derived
growth factor (PDGF) for 5 min prior to harvest and analysis of glycerophosphoinosi-
tols (Gradient II). Plant cells (B) and yeast cells (C) were subjected to 0.25 M NaCl for
30 min and 1.0 M NaCl shock for 20 min, respectively, prior to lipid extraction and
headgroup analysis (Gradient I). Then lipids were extracted, deacylated, and glyc-
erophosphoinositols analyzed by HPLC using a Partisil 10 SAX column and gradients
described in the text. Fractions were collected, counted in a scintillation counter, and
counts in each fraction were plotted. gPI(3)P is glycerophosphoinositol 3-phosphate,
gPI(4)P is glycerophosphoinositol 4-phosphate, and all other glycerophosphoinositols
are likewise designated.
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Fig. 2. Immunofluorescence detection of PtdIns(4,5)P, and PtdIns(3,4,5)P; in
PDGF-stimulated 3T3 L1 preadipocytes. Cells were stimulated with PDGF (50 ng/mL)
for 5 min and then prepared for immunofluorescence detection of phosphoinositides as
described in the text. The control cells (left panel) were not incubated with antiphos-
phoinositide antibody. Cells that were probed with anti-PtdIns(3,4,5)P; antibody (mid-
dle panel) displayed primarily cytosolic and membrane staining, and those probed with
anti-PtdIns(4,5)P, antibody (right panel) displayed primarily nuclear staining.

4. After blocking with 10% goat serum in TBS, either RC6F8 MAb (anti-
PtdIns(3,4,5)P; antibody) ascites (1:50 dilution) or 2C11 (anti-PtdIns(4,5)P,
antibody) ascites (1:5000 dilution) is added and incubated at room temper-
ature for 1 h.

5. After washing three times with the blocking solution, fluorophore-labeled
antimouse IgM (1:2000 dilution) is added and incubated at room tempera-
ture for 1 h.

6. Cells are washed three times with deionized water and observed using a
laser scanning confocal microscope or fluorescent microscope.

4. Notes

1. For deacylation of lipids, we have experienced variations in efficiencies
depending on the source of methylamine. It is advised to test deacylation
with nonradioactive phospholipids, followed by TLC.

2. Ammonium phosphate (used for HPLC mobile phase) contains surprisingly
large quantities of impurities. It is necessary to remove the impurities by
filtration through nitrocellulose membranes (0.45 pm). Once prepared, the
buffers are easily contaminated by molds. It is not recommended to store
ammonium phosphate solutions for an extended period.

3. The samples applied onto the HPLC columns contain some H,O-insoluble
materials as well as small amount of lipids that are carried over through ex-
tractions. After repeated uses, columns start to lose resolution. When the
number of counts in the fractions in-between the gPI(3)P and gPI(4)P peaks
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is above background (loss of baseline resolution), the guard column should
be replaced with a new one.

4. A new SAX column should be conditioned first by running left-over sam-
ples or nonradioactive samples. For unknown reasons, a significant portion
of sample is so tightly bound to a new column that it never elutes. We have
also observed that a very small portion of bound species remains bound
throughout the gradient even at 1 M ammonium phosphate. When the same
gradient is run without injecting a sample, sometimes small glycerophos-
phoinositol peaks elute. To avoid any interference from a previous column
run, we typically apply two “cleaning cycles” of 10 mL linear gradient of
10 mM to 1 M ammonium phosphate between each HPLC run.

5. Recently, a nonradioactive method was reported (33). In this method, gPIPs
are separated by anion-exchange HPLC and detected by conductivity mea-
surements. Although the apparent resolution of this procedure is not as
high, it is less expensive and avoids the use of radioactive materials. In ad-
dition, a sensitive mass assay for PtdIns(3,4,5)P; has been reported, but this
only works with this phosphoinositide and requires an isotope-dilution
method with deacylation and analysis of the Ins(1,3,4,5)P, head group (34).
A third approach is the use of matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS), which has been used
for the detection and quantification of phosphoinositides (35).

6. Phosphoinositides from cell extracts and in vitro enzyme-catalyzed reac-
tions may also be analyzed by competitive displacement reactions using
tagged and/or labeled PH domains as probes. Stable complexes are formed
between a biotinylated target lipid and an appropriate PH domain, and phos-
phoinositides present in samples are detected by their ability to compete for
binding to the PH domain. The complexes are detected using time-resolved
FRET (36). This concept has been independently used to develop a competi-
tive fluorescence polarization (FP)-based assay amenable to high throughput
screening. The FP assay has been used to determine activity of phosphoinosi-
tide 3-kinase (PI 3-K) and the type-II SH2-domain-containing inositol
5-phosphatase (SHIP2) (37). This assay is based on the interaction of specific
phosphoinositide binding proteins with fluorophore-labeled phosphoinosi-
tide and inositol phosphate tracers. The enzyme reaction products are de-
tected by their ability to compete with the fluorescent tracers for protein
binding, leading to an increase in the amount of free tracer and a decrease in
polarization values. The antilipid and competitive assay methodologies offer
new opportunities in detection of phosphoinositide abnormalities in cancer
cells, discovery of new anticancer agents targeted at inhibition of PI 3-
kinase, and targeted monitoring of the effects of these agents in vivo (38).
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