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Immunocytochemical techniques reveal multiple, distinct cellular pools of PtdIns4P and PtdIns(4,5)P 2
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PtdIns4P is the major precursor for the synthesis of the multifunctional plasma membrane lipid, PtdIns(4,5)P 2 . Yet PtdIns4P also functions as a regulatory lipid in its own right, particularly at the Golgi apparatus. In this paper, we define specific conditions that enable preservation of several organellar membranes for the immunocytochemical detection of PtdIns4P. We report distinct pools of this lipid in both Golgi and plasma membranes, which are synthesised by different PI 4-kinase activities, and also the presence of PtdIns4P in cytoplasmic vesicles which are not readily identifiable as PI 4-kinase containing trafficking intermediates. In addition, we present evidence that the majority of PtdIns4P resides in the plasma membrane, where it is metabolically distinct from the steady-state plasma membrane pool of PtdIns(4,5)P 2 .

Introduction

PtdIns4P is the most functionally diverse of the inositol lipids. Firstly, synthesis of the versatile signalling lipid PtdIns(4,5)P 2 proceeds primarily via 5-phosphorylation of PtdIns4P [START_REF] Balla | Phosphoinositide-derived messengers in endocrine signaling[END_REF]. PtdIns(4,5)P 2 is in turn the precursor for generation of the signalling lipids PtdIns(3,4,5)P 3 and PtdIns(3,4)P 2 [START_REF] Vanhaesebroeck | Synthesis and function of 3-phosphorylated inositol lipids[END_REF]. Therefore, PtdIns4P synthesis can be considered to be a crucial step in the regulation of the numerous cellular processes under the control of these lipids [START_REF] Vanhaesebroeck | Synthesis and function of 3-phosphorylated inositol lipids[END_REF][START_REF] Balla | Phosphatidylinositol 4-kinases: old enzymes with emerging functions[END_REF][START_REF] Di Paolo | Phosphoinositides in cell regulation and membrane dynamics[END_REF]. Secondly, accumulating evidence implicates PtdIns4P as a regulatory molecule in its own right, via interaction with a unique repertoire of binding proteins (reviewed in [START_REF] Vicinanza | The multiple roles of PtdIns(4)P -not just the precursor of PtdIns(4,5)P2[END_REF]). Synthesis of a Golgi pool of PtdIns4P is required for protein secretion in budding yeast [START_REF] Hama | Direct involvement of phosphatidylinositol 4-phosphate in secretion in the yeast Saccharomyces cerevisiae[END_REF][START_REF] Walch-Solimena | The yeast phosphatidylinositol-4-OH kinase pik1 regulates secretion at the Golgi[END_REF], and PtdIns4P's interaction with a variety of adaptor proteins is required for vesicular traffic from the mammalian Golgi apparatus [START_REF] Wang | Phosphatidylinositol 4 phosphate regulates targeting of clathrin adaptor AP-1 complexes to the Golgi[END_REF][START_REF] Wang | PI4P promotes the recruitment of the GGA adaptor proteins to the trans-Golgi network and regulates their recognition of the ubiquitin sorting signal[END_REF][START_REF] Godi | FAPPs control Golgi-to-cell-surface membrane traffic by binding to ARF and PtdIns(4)P[END_REF], where it is also required for non-vesicular transport and synthesis of sphingolipids [START_REF] Tóth | Phosphatidylinositol 4-kinase IIIbeta regulates the transport of ceramide between the endoplasmic reticulum and Golgi[END_REF][START_REF] D'angelo | Glycosphingolipid synthesis requires FAPP2 transfer of glucosylceramide[END_REF]. Beyond the Golgi apparatus, PtdIns4P has been implicated in the control of vesicular traffic in the endocytic pathway [13][14][START_REF] Craige | Phosphatidylinositol-4-Kinase Type II Alpha Contains an AP-3-sorting Motif and a Kinase Domain That Are Both Required for Endosome Traffic[END_REF], and to function in regulated secretory organelles [START_REF] Wiedemann | Chromaffin granule-associated phosphatidylinositol 4-kinase activity is required for stimulated secretion[END_REF][17][START_REF] Wiedemann | An essential role for a small synaptic vesicle-associated phosphatidylinositol 4-kinase in neurotransmitter release[END_REF].

PtdIns4P synthesis is catalysed by PtdIns 4-kinase activity (PI4K), of which there are two evolutionarily diverse kinases; the wortmannin-insensitive type II, and the wortmannin-sensitive type III. α and β isoforms of each are found in mammals (reviewed in [START_REF] Balla | Phosphoinositide-derived messengers in endocrine signaling[END_REF]). Although much is known about the subcellular distribution of these enzymes, this does not necessarily inform as to the distribution of the active population, or localisation of the lipid product. For example PI4K IIIα is found predominantly at the endoplasmic reticulum (ER) [START_REF] Wong | Subcellular locations of phosphatidylinositol 4-kinase isoforms[END_REF], yet is responsible for synthesis of a plasma membrane pool of PtdIns(4,5)P 2 hydrolysed during PLC signalling [START_REF] Balla | Maintenance of Hormone-sensitive Phosphoinositide Pools in the Plasma Membrane Requires Phosphatidylinositol 4-Kinase III{alpha}[END_REF]. Therefore, obtaining information on the subcellular distribution of PtdIns4P will be particularly useful for understanding the diverse functions of this molecule.

Live cell imaging of cells expressing inositol lipid binding domains fused to fluorescent proteins has revolutionised the study of these lipids [21]. However, studies using PtdIns4P-binding proteins have carried a number of caveats. Firstly, a family of PtdIns4P-binding PH domains (including those from FAPP1 and OSBP) were found to detect the lipid in Golgi membranes, but only when it was co-incident with the small GTPase Arf1 [START_REF] Godi | FAPPs control Golgi-to-cell-surface membrane traffic by binding to ARF and PtdIns(4)P[END_REF][START_REF] Levine | Targeting of Golgi-specific pleckstrin homology domains involves both PtdIns 4-kinase-dependent and -independent components[END_REF]. Secondly, the Osh2p PH domain was found to bind PtdIns4P and PtdIns(4,5)P 2 in vitro [START_REF] Roy | Multiple pools of phosphatidylinositol 4-phosphate detected using the pleckstrin homology domain of Osh2p[END_REF], but to report plasma membrane PtdIns4P exclusively when expressed in cells [START_REF] Balla | Maintenance of Hormone-sensitive Phosphoinositide Pools in the Plasma Membrane Requires Phosphatidylinositol 4-Kinase III{alpha}[END_REF][START_REF] Roy | Multiple pools of phosphatidylinositol 4-phosphate detected using the pleckstrin homology domain of Osh2p[END_REF].

To try and clarify the subcellular distribution of PtdIns4P, we have been developing techniques for the immunocytochemical detection of this lipid, using a commercially available antibody. Here, we describe conditions for the cytochemical preservation of a number of organellar membranes, and the detection of PtdIns4P in a subset of these (the plasma membrane and Golgi). Moreover, we have used these techniques to analyse the biosynthesis and biological features of different cellular pools of PtdIns4P and PtdIns(4,5)P 2 .

shaking, cells were harvested by centrifugation at 3000 g, washed twice in ice-cold TBS (150 mM NaCl, 10 mM Tris-HCl, pH 8.0) and re-suspended in 20 ml TBS with 1 mM EDTA, 0.5 mM PMSF, 4 µg/ml pepstatin A, 1 mM benzamidine HCl and 0.1% (v/v) β-mercaptoethanol. The suspension was lysed by incubation with 2 mg lysozyme for 30 minutes at 4˚C with gentle agitation, followed by sonication and further agitation for 30 minutes at 4˚C with Triton-X100 added to 1% (w/v). Insoluble material was removed by centrifugation at 18,000 g for 20 minutes at 4˚C, and the cleared lysate added to 2.5 ml packed reduced glutathione (GSH) sepharose; GSTtagged proteins were left to bind overnight at 4˚C with gentle agitation. After two washes with cold TBS, proteins were eluted twice by addition of 50 mM GSH in TBS (pH re-adjusted to 8.0). The eluates were pooled and concentrated by dialysis in 3.5 K molecular weight cut-off dialysis membrane against 8 K polyethylene glycol in buffer A, before further extensive dialysis in buffer A. Proteins were quantified by the Bradford reagent and by Coomassie staining of polyacrylamide gels with densitometric analysis of BSA standards; comparison of the two results estimated the proteins as 95% pure. Proteins were flash frozen in liquid nitrogen in single use aliquots and stored at -80˚C. For use as probes for lipids, aliquots were stored in 50% glycerol at -20˚C.

Cells

Cells (except DT-40) were grown in growth medium (DME supplemented with 10% (v/v) FBS, 100 µg/ml penicillin, 100 u/ml streptomycin) at 37˚C, 10% CO 2 in a humidified atmosphere, and were passaged twice per week by gentle dissociation with TrypLE (all from Invitrogen). DT-40 cells were cultured as described previously [START_REF] Richardson | Genomic tagging of endogenous type IIbeta phosphatidylinositol 5-phosphate 4kinase in DT40 cells reveals a nuclear localisation[END_REF]. 1000-2000 cells were plated the day before transfection or staining in a final volume of 25 µl on Teflon-coated glass slides containing eight 6 mm wells (catalogue No. MIC3424, Scientific Laboratory Supplies) pre-coated with poly-L-lysine. For DT-40 cells, slides were also coated with Cell-Tak according to the manufacturer's instructions (BD Biosciences). For transfection, 5 µl of Opti-MEM (Invitrogen) containing 50 ng DNA and 150 ng lipofectamine 2000 (Invitrogen), pre-complexed for 20 minutes, was added to the adherent cells in 25 µl growth medium. This was replaced with 25 µl of fresh growth medium after 4 hours.

Where treated with inhibitors prior to fixation, the indicated agents were applied in DME (without phenol red or sodium pyruvate) supplemented with 25 mM HEPES (Invitrogen) and 10% FBS.

Plasma membrane staining

This is modification from a previously published protocol [START_REF] Hammond | Elimination of plasma membrane phosphatidylinositol (4,5)-bisphosphate is required for exocytosis from mast cells[END_REF]. Cells in 25 µl medium were rapidly fixed by the addition of 25 µl aldehyde in PBS to achieve a final concentration of 4% FA and 0.2 % GA; fixation was allowed to proceed for 15 minutes at room temperature before rinsing three times with PBS + 50 mM NH 4 Cl. Slides were then placed on a metal plate in a deep ice bath and chilled for at least 2 minutes. All subsequent steps were performed on ice, with all solutions pre-chilled. Cells were blocked and permeabilised for 45 minutes with a solution of buffer A containing 5% (v/v) normal goat serum (NGS), 50 mM NH 4 Cl and 0.5% saponin. 100 nM GST-PH-PLCδ1 was included at this stage when the protein was used as a probe for PtdIns(4,5)P 2 , and GST-tagged protein was then removed by two rinses with buffer A. Primary antibodies were applied in buffer A with 5% NGS and 0.1% saponin for 1 hour. After two washes in buffer A, antibodies were detected with secondary antibodies in buffer A with 5% NGS and 0.1% saponin for 45 minutes. Slides were then rinsed four times with buffer A, and cells were post-fixed in 2% FA in PBS for 10 minutes on ice, before warming to room temperature for an additional 5 minutes. FA was removed by three rinses in PBS + 50 mM NH 4 Cl, followed by one rinse in distilled water. Wells were then dried, covered with 3 µl ProLong Gold (Invitrogen) supplemented with 1 µg/ml 4´,6-diamidino-2-phenylindole (DAPI) and covered with 22x22 mm glass cover slips (N o 1 thickness, Scientific Laboratory Supplies), and sealed with nail varnish.

Golgi staining

All steps were performed at room temperature. Cells in 25 µl medium were fixed by the addition of 25 µl pre-warmed FA in PBS to a final concentration of 2%, and incubated for 15 minutes. After removing FA with three rinses in PBS containing 50 mM NH 4 Cl, cells were permeabilised for 5 minutes by the addition of 20 µM digitonin in buffer A for 5 minutes. Digitonin was removed by three rinses in buffer A, and cells were blocked for 45 minutes with buffer A supplemented with 5% (v/v) NGS and 50 mM NH 4 Cl. When staining for PtdIns3P, 0.5 µg/ml GST-2xFYVE-Hrs was included at this stage. After removing GST-tagged proteins by two washes in buffer A, primary and secondary antibodies were applied in buffer A with 5% NGS, before post-fixation for 5 minutes in 2% FA and mounting, as described above for the plasma membrane protocol.

Lipid dyes

When staining for surface glycoproteins, 50 µg/ml AlexaFluor555-conjugated wheatgerm agglutinin (Invitrogen) was applied to the cells on ice for 5 minutes in DME (without phenol red or sodium pyruvate) supplemented with 25 mM HEPES (Invitrogen) and 10% FBS, rinsed twice in the same solution and then fixed as above. Staining for plasma membrane PtdIns(4,5)P 2 or endosomal PtdIns3P were performed as described in the preceding two sections. For staining of the endoplasmic reticulum, after post-fixation and rinsing in PBS/NH 4 Cl, cells were incubated for 1 minute with 3,3'-dihexyloxacarbocyanine iodide (DiOC 6 ; Invitrogen) in PBS, rinsed once with distilled water and mounted in ProLong Gold with 1 µg/ml DAPI as above. A similar protocol was used to stain cells with 500 µM 1,1'-dioctadecyl-3,3,3',3'tetramethylindodicarbocyanine perchlorate (DiD; Invitrogen). For Golgi staining, the slides were chilled on ice for two minutes after post-fixation and rinsing. They were incubated with a 5 µM solution of N-(ε-7-nitrobenz-2-oxa-1,3-diazol-4-ylaminocaproyl)-D-erythro-sphingosine (NBD C 6 -ceramide) complexed to BSA (Invitrogen) in PBS for 30 minutes on ice. Unbound ceramide was removed with two rinses in ice-cold PBS, and extra-Golgi ceramide was extracted by four washes with 3% (w/v) defatted-BSA (Sigma) in PBS over 1 hour at room temperature. Finally, slides were stained for 5 minutes in 1 µg/ml DAPI (PBS), rinsed once in distilled water and mounted in Fluoromount-G (Southern Biotech). Note that we found retention of this latter dye was poor in glycerol-based mountants, hence the use of aqueous Fluoromount-G. Furthermore, slides stained with NBD-C 6 -ceramide were imaged promptly after staining, since we noticed progressive loss of the stain from the Golgi over a time course of hours.

Microscopy

Images were acquired on a Leica SP5 confocal microscope attached to a Leica DMI6000 inverted microscope stand. Excitation and emission settings for the different fluors were: for AlexaFluor488 and DiOC 6 , excitation with the 488 nm line of an Argon-ion laser and emission detected at 500-550 nm; the same settings were used for NBD-C 6 -ceramide, except the 458 nm line of the laser was used; for AlexaFluor555, excitation was with a 543 nm HeNe laser, and emission collected 555-620 nm; for AlexaFluor647 and DiD, excitation was with a 633 nm HeNe laser and emission was 650-700 nm; for DAPI, excitation was with a 405 nm diode laser and emission was 415-485 nm. Each colour fluor was scanned sequentially to avoid bleed-through, or else scanned in pairs that were spectrally well separated (DAPI with AlexaFluor555, AlexaFluor488 with AlexaFluor647 or DiD) to avoid cross-talk. Lack of cross-talk was confirmed by imaging samples where individual fluor-labelled probes had been omitted.

For the high-resolution images shown in the figures, a 63 x 1.4 NA plan apochromatic oil-immersion objective was used, and the pinhole was set to a diameter corresponding to 1 Airy unit (optical section ~240 nm) for true confocal images. When acquiring z-stacks, images were scanned at ~120 nm intervals throughout the depth of the cells being imaged. For lower resolution images used for quantification, a 20 x 0.7 NA plan-apochromatic multi-immersion objective was used, and the pinhole was opened fully to give an optical section ~ 3 µm. Single scans were acquired for Golgi-stained specimens, and z-stacks of three scans at 1.5 µm intervals were acquired for plasma membrane-stained specimens, such that the entire depth of the cells was captured. 8-bit images were acquired with gain and offsets adjusted such that the entire dynamic range was used, but with little or no pixel saturation.

Quantitative image analysis

All analysis was performed using the open access programme ImageJ version 1.38 (http://rsb.info.nih.gov/ij/). Images were imported from the Leica image format (.lif) using the LOCI bioformats importer plugin (http://www.loci.wisc.edu/ome/ formats.html). Automated custom macros were written to quantify inositol lipid staining in the images as follows:

Plasma membrane staining: Along with PtdIns4P and/or PtdIns(4,5)P 2 staining, cells were also stained with DAPI for nuclei and DiD for whole cell fluorescence. Image stacks were reduced to a single, 8-bit image by use of the average intensity projection function. The nuclei and DiD images were subject to a 5x5 median-pixel intensity filter, the latter was background-subtracted, and both were converted to binary images. The Watershed algorithm plugin (http://rsb.info.nih.gov/ij/plugins/ watershed.html) was run on the binary nuclei image, and the resulting watershed lines were subtracted from the binary DiD image via the image calculator command to produce segmentation of touching cells. This resulted in a segmented picture of cells, which was used as a mask for the inositol lipid staining. The in-built "Analyze particles" function was then used to measure the area and integrated pixel intensity of cells that were not touching the edges of the image field.

GFP-expressing cells: a similar procedure was used as above, except the GFP signal was used to produce the mask without need for DiD or DAPI staining (since GFP expression was sparse and rarely produced more than two touching cells). Essentially, the averaged stack was background subtracted and heavily median filtered (8x8 pixels) to produce the binary mask, which was again subjected to watershed segmentation to separate touching cells.

Golgi staining: in addition to PtdIns4P, cells were also stained for giantin. The giantin staining was subject to a 5x5 median-pixel intensity filter and converted to a binary image by autothresholding; this was dilated by a single pixel using the "dilate" command. The resulting binary image was used as a mask for the PtdIns4P staining image, which was analysed using the "analyze particles" command as above.

Thus integrated pixel intensity measurements for each cell (or Golgi complex) in a field was obtained. Typically, for each experiment three randomly selected fields were imaged per condition. In order for results to be pooled across independent experiments, integrated pixel intensity I was normalised as follows: ! Normalised integrated fluorescence intensity = I " I bg ( )

I ctrl " I bg ( )
Where I ctrl is the intensity for the control sample and I bg is the intensity of the background specimen, in which anti-PtdIns4P/PtdIns(4,5)P 2 probes were omitted. Pooled normalised data were subjected to a Kruskal-Wallis test with Dunn's multiple comparison post-test using Prism4 Software (Graphpad). Data are presented as means ± S.E.M. Statistically significant deviations from control are denoted as * = P < 0.05, ** = P < 0.01, *** = P < 0.001.

Co-localisation analysis: this was performed on zoomed images of Golgi stacks such as those shown in figure 3A, using the Mander's coefficients plugin (http://www.macbiophotonics.ca/imagej/index.htm). This calculates the Pearson's correlation coefficient (r) between pixel intensities in the two channels. A c c e p t e d M a n u s c r i p t
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Results and Discussion

Preservation of cellular membranes for immunocytochemistry

We have previously established conditions for staining of plasma membrane PtdIns(4,5)P 2 using a specific monoclonal antibody [START_REF] Hammond | Elimination of plasma membrane phosphatidylinositol (4,5)-bisphosphate is required for exocytosis from mast cells[END_REF]. Applying these conditions with a monoclonal anti-PtdIns4P antibody yielded plasma membrane staining in HeLa cells. The staining appeared specific, since it was abolished by pre-incubation of the antibody with liposomes containing 5 mol % di-palmitoyl PtdIns4P, but not with any other inositol lipid (figure 1). However, we were surprised to see such an exclusive plasma membrane staining, given the extensive evidence for a Golgi pool of PtdIns4P (see Introduction).

Preservation of plasma membrane PtdIns(4,5)P 2 requires a number of specific conditions, notably: the inclusion of GA, either alone or in conjunction with FA; use of saponin as the permeabilising detergent; and finally, maintaining temperatures ≤ 4˚C during fixation and staining [START_REF] Hammond | Elimination of plasma membrane phosphatidylinositol (4,5)-bisphosphate is required for exocytosis from mast cells[END_REF]. However, staining of Golgi membranes with the fluorescent lipid NBD-C 6 -ceramide was abolished by low concentrations of saponin [30]. Therefore, we undertook a comprehensive study of conditions that would preserve various cellular membranes. Although there are many commercially available markers for cellular organelles, these tend to be antibodies raised against endogenous proteins, which will be cross-linked by aldehydes during fixation and hence become resistant to extraction by detergents. This is in marked contrast to the lipids, which generally do not contain primary amines and are therefore not crosslinked during fixation. For these reasons, we chose probes that either detect endogenous lipids, or else are fluorescent lipids themselves and can intercalate into the bilayer. Such probes should provide an indication of the integrity of the endogenous organellar membranes. COS-7 fibroblasts were used for this purpose, since these cells have a large, flat cytoplasm in which visualisation of various organelles is convenient.

Figure 2 shows the results from such a study, where strength of fixation was varied (by increasing FA concentration and adding GA), staining at room temperature was compared to staining on ice, and digitonin verses saponin were compared as the permeabilising detergents. Using NBD-C 6 -ceramide as a post-fixation marker for Golgi membranes [30], it is clear that staining is abolished by saponin, whereas it persists when digitonin is employed (figure 2A). Fixation and temperature conditions did not seem to drastically affect the staining in the presence of digitonin, although distinct Golgi staining was clearer when GA was omitted -probably due to the reduced autofluorescence of the cells.

To follow the integrity of the plasma membrane under these conditions, we used anti-PtdIns(4,5)P 2 antibodies, since this lipid is known to be enriched at the plasma membrane [START_REF] Watt | Subcellular localization of phosphatidylinositol 4,5-bisphosphate using the pleckstrin homology domain of phospholipase C delta1[END_REF][START_REF] Tran | Cellular distribution of polyphosphoinositides in rat hepatocytes[END_REF][START_REF] Stauffer | Receptor-induced transient reduction in plasma membrane PtdIns(4,5)P2 concentration monitored in living cells[END_REF][34]. PtdIns(4,5)P 2 staining was patchy at best when digitonin was used to permeabilise cells, whereas saponin gave a much more uniform pattern (figure 2B).

Staining was more even and consistent when performed on ice, and also after fixation with increasing concentrations of FA, with the best results obtained after fixation with a FA/GA mix (figure 2B). Hence the conditions to best preserve plasma membrane staining are diametrically opposed to those for Golgi staining.

Given the different conditions required for preservation of Golgi and plasma membranes, we decided to expand the repertoire of membranes tested under these conditions. PtdIns3P is enriched on endosomal membranes and can be detected using a tandem FYVE domain probe from Hrs, which labels scattered cytosolic puncta [START_REF] Gillooly | Localization of phosphatidylinositol 3phosphate in yeast and mammalian cells[END_REF].

We therefore used a GST-tagged version as a probe for endosomal membrane integrity, using anti-GST antibodies to detect the bound protein. Punctate staining was abolished by use of GA in the fixative, or when performing staining on ice (figure 2C). Whereas limited punctate staining was observed at room temperature in FAfixed cells permeabilised with saponin, by far the clearest labelling was seen with digitonin permeabilisation. Under these conditions, the labelling appeared specific, since it co-localised with an expressed GFP-2xFYVE-Hrs probe, and staining was inhibited by pre-treatment of cells with the PI3K inhibitor wortmannin (supplemental figure 1).

Finally, we used the fluorescent lipid DiOC 6 , which labels a continuous thread-like lattice corresponding to the endoplasmic reticulum (ER), as opposed to the brightly stained snake-or sausage-like mitochondria [35]. No great disparity was seen in cells permeabilised with saponin or digitonin (figure 2D), although ice-cold temperatures during permeabilisation and staining produced the best preservation of the ER network, with optimal results observed after GA/FA fixation.

Taking all these results into account, we decided to proceed with two distinct staining protocols. The first ("Golgi staining protocol") relies on fixation in 2% FA and a short permeabilisation step with digitonin, with all steps performed at room temperature. This protocol is expected to produce good preservation of Golgi membranes, as well as other endomembranes such as those containing PtdIns3P (figure 2 A & C), but at the expense of plasma membrane integrity (figure 2 B). Note that we found the best results (in terms of Golgi labelling) were obtained when a short (5 minute) permeabilisation step with digitonin was performed, since longer incubations were detrimental. Similarly, we tried a number of concentrations of digitonin, and found 20 µM to be in the optimal range (not shown).

The second procedure ("plasma membrane staining protocol") was selected for its ability to preserve the plasma membrane: namely, fixation with a GA/FA mix, permeabilising with saponin and performing all post-fixation steps on ice (figure 2B). Under these conditions, good preservation of ER membranes is to be expected (figure 2D), although Golgi and endosomal membrane staining will be abolished (figure 2A &C). This procedure is a modification of our previously published method [START_REF] Hammond | Elimination of plasma membrane phosphatidylinositol (4,5)-bisphosphate is required for exocytosis from mast cells[END_REF]. Firstly, fixation in the new protocol was performed at room temperature for 15 minutes, since temperature during fixation was not found to be critical for preservation of plasma membrane staining (GH, unpublished observations). Secondly, GA concentrations of 0.05% and greater were sufficient to produce an optimal plasma membrane labelling, although higher concentrations caused elevated levels of autofluorescence. Thirdly, considerably shorter incubation periods (see Experimental section) were found to be sufficient compared to the previous report, and even to produce better results. Finally, although the concentration of saponin (0.1-0.5%) is relatively high, we found less even and intense staining of the plasma membrane at lower concentrations. Similarly, inclusion of saponin throughout the staining protocol was found to be optimal, and exposure of cells to shorter periods of saponin permeabilisation produced less labelling (not shown). We have also tried tween-20 as the permeabilising agent, since this was shown to produce staining of the plasma membrane and nuclear envelope with anti-PtdIns(3,4)P 2 antibodies [36]. However, this did not produce such a consistent membrane labelling with anti-PtdIns(4,5)P 2 when compared to saponin (not shown).

The use of cooler temperatures during staining has been noted by other groups staining for PtdIns(4,5)P 2 using various probes [START_REF] Watt | Subcellular localization of phosphatidylinositol 4,5-bisphosphate using the pleckstrin homology domain of phospholipase C delta1[END_REF][START_REF] Tran | Cellular distribution of polyphosphoinositides in rat hepatocytes[END_REF]. Furthermore, recent studies using various probes for PtdIns(4,5)P 2 and PtdIns(3,4,5)P 3 have described fixation with GA/FA coupled with saponin permeabilisation, resulting in good retention of labelling at the plasma membrane [START_REF] Yip | Quantification of PtdIns(3,4,5)P(3) dynamics in EGF-stimulated carcinoma cells: a comparison of PHdomain-mediated methods with immunological methods[END_REF][START_REF] Laux | GAP43, MARCKS, and CAP23 modulate PI(4,5)P(2) at plasmalemmal rafts, and regulate cell cortex actin dynamics through a common mechanism[END_REF][START_REF] Micheva | Regulation of presynaptic phosphatidylinositol 4,5-biphosphate by neuronal activity[END_REF][START_REF] Sharma | Immunostaining evidence for PI(4,5)P2 localization at the leading edge of chemoattractant-stimulated HL-60 cells[END_REF]. It has also been reported that calcium should be sequestered during fixation with EGTA to prevent PtdIns(4,5)P 2 breakdown [START_REF] Tran | Cellular distribution of polyphosphoinositides in rat hepatocytes[END_REF], though when comparing fixation using a GA/FA mix, we have seen no difference between cells fixed in the presence or absence of EGTA (unpublished observations). Together, these studies demonstrate the general application of the above conditions for staining of inositol lipids.

Golgi staining protocol

Staining of COS-7 cells with anti-PtdIns4P using the "Golgi staining protocol" described above produced labelling of peri-nuclear structures resembling the Golgi apparatus (figures 3-6). To formally identify this structure as the Golgi, we performed co-localisation experiments with the PH domain from FAPP1, since this protein exhibits PtdIns4P-dependent localisation to Golgi membranes [START_REF] Godi | FAPPs control Golgi-to-cell-surface membrane traffic by binding to ARF and PtdIns(4)P[END_REF][START_REF] Levine | Targeting of Golgi-specific pleckstrin homology domains involves both PtdIns 4-kinase-dependent and -independent components[END_REF][START_REF] Balla | A plasma membrane pool of phosphatidylinositol 4-phosphate is generated by phosphatidylinositol 4-kinase type-III alpha: studies with the PH domains of the oxysterol binding protein and FAPP1[END_REF]41]. COS-7 cells were either transfected with a GFP-tagged FAPP1 PH domain, or else colabelled with a GST-conjugated recombinant version. In either case, good overlap was seen between these probes and anti-PtdIns4P (figure 3A). Green fluorescence of PH-FAPP1 was generally seen to be co-incident with red staining of the antibody, but there were regions of red fluorescence devoid of PH domain labelling (figure 3A). This is perhaps explained by the fact that PH-FAPP1 detects PtdIns4P only where it is co-incident with the small GTPase Arf1 [START_REF] Godi | FAPPs control Golgi-to-cell-surface membrane traffic by binding to ARF and PtdIns(4)P[END_REF][START_REF] Levine | Targeting of Golgi-specific pleckstrin homology domains involves both PtdIns 4-kinase-dependent and -independent components[END_REF].

We also performed co-localisation experiments with other markers of the Golgi apparatus, namely the cis/medial resident giantin and GM130 proteins, the trans-Golgi recruited clathrin adaptor AP-1 and the Golgi-late endosome cycling mannose-6-phosphate receptor (M6PR); all showed staining tightly juxtaposed with the PtdIns4P antibody (figures 3A and supplemental figure 2). Furthermore, PtdIns4P synthesis is important for ER-Golgi trafficking from ER exit sites [START_REF] Blumental-Perry | Phosphatidylinositol 4-phosphate formation at ER exit sites regulates ER export[END_REF], so we colabelled the cells with p115, a marker of the ER-Golgi intermediate compartment (ERGIC) and cis-Golgi membranes ( [START_REF] Nelson | The membrane transport factor TAP/p115 cycles between the Golgi and earlier secretory compartments and contains distinct domains required for its localization and function[END_REF][START_REF] Shorter | Sequential tethering of Golgins and catalysis of SNAREpin assembly by the vesicletethering protein p115[END_REF]; figure 3A), which again showed a distribution tightly juxtaposed with PtdIns4P staining. We quantified the overlap using Pearson's correlation coefficient (r), a simple metric that measures the degree of correlation between pixel intensities in the two channels, and hence degree of overlap. This analysis was calibrated by establishing the maximum degree of co-localisation (theoretically, r = 1 and actually = 0.97) by detecting anti-PtdIns4P with two different colour secondary antibodies (figure 3B). The minimum overlap (theoretically, r = 0) was measured by correlating anti-PtdIns4P staining without another marker present (r = 0.19, figure 3B). All of the Golgi markers showed a very similar degree of overlap with PtdIns4P, regardless of their localisation at cis/medial/trans compartments, or the ERGIC (figure 3B and table 1). In addition, none of the markers were as tightly distributed with PtdIns4P-labelling as with the PtdIns4P-reporter PH-FAPP1 (figure 3B and table 1). Together, these results confirm staining of the Golgi apparatus with anti-PtdIns4P antibody, although it is not possible to pin down the sub-Golgi localisation of the signal at the resolution of light. We observed similar staining tightly juxtaposed with giantin in a number of different cell lines from diverse lineages, including epithelial cells (CHO, HEK-293, HeLa), a chicken B-cell lymphoma (DT40) and a neuroblastoma/motor neuron fusion cell line (NSC-34), as shown in figure 3C.

Whereas Golgi staining is apparent with anti-PtdIns4P, no such staining is observed with anti-PtdIns(4,5)P 2 under the same conditions (supplemental figure 3), consistent with the observation that PtdIns(4,5)P 2 is not prevalent in the Golgi [START_REF] Watt | Subcellular localization of phosphatidylinositol 4,5-bisphosphate using the pleckstrin homology domain of phospholipase C delta1[END_REF]. Replacing digitonin with triton X-100, which would be expected to completely solubilise the Golgi membranes in fixed cells [30], abolishes Golgi staining with anti-PtdIns4P (supplemental figure 3). On the other hand, the same treatment unmasks a speckled nuclear staining with anti-PtdIns(4,5)P 2 , as has already been well characterised with this antibody [45,46]. This observation underscores the importance of selecting appropriate conditions for detection of lipids in specific membranes (compare anti-PtdIns(4,5)P 2 labelling in figure 2B with that after triton in supplemental figure 3).

In addition to the peri-nuclear Golgi staining, anti-PtdIns4P also labelled a few scattered cytosolic puncta (see PtdIns4P channel in figures 3-6). Since several studies have identified the presence of type II PI4Ks in endocytic compartments [13-15], we undertook co-labelling experiments to test whether anti-PtdIns4P stained these structures. Specifically, PtdIns4P has been reported to interact directly with the clathrin adaptor AP-1 at trans-Golgi membranes [START_REF] Wang | Phosphatidylinositol 4 phosphate regulates targeting of clathrin adaptor AP-1 complexes to the Golgi[END_REF], and PI4K IIα has been shown to localise to lyso/endosomal structures containing the clathrin adaptor AP-3 [START_REF] Craige | Phosphatidylinositol-4-Kinase Type II Alpha Contains an AP-3-sorting Motif and a Kinase Domain That Are Both Required for Endosome Traffic[END_REF]. However, the anti-PtdIns4P positive puncta were clearly distinct from the cytosolic structures labelled with probes against either adaptor (figure 3A). Despite the perinuclear enrichment of AP-3 staining, labelling was poorly co-incident with the Golgi PtdIns4P signal (figure 3A) -as shown by co-localisation analysis (figure 3B and table 1).

Type IIα PI4K has been reported at specific endosomal compartments containing internalised EGF receptors [14]. To further explore the distribution of such endosomes, COS-7 cells were loaded with fluorescent EGF for 30 minutes, before fixing and co-staining with anti-PtdIns4P. The cells were also stained with GST-2xFYVE-Hrs, a probe for PtdIns3P, which is known to be prevalent in endosomes [START_REF] Gillooly | Localization of phosphatidylinositol 3phosphate in yeast and mammalian cells[END_REF]. Figure 4 shows that cytosolic PtdIns4P-labelled puncta were excluded from the EGF-containing structures, as well as from PtdIns3P-containing endosomes -despite the fact that the majority of EGF puncta appeared to be within PtdIns3P-labelled endosomes (figure 4). Therefore, the punctate cytosolic structures labelled with anti-PtdIns4P do not correlate with membranes known to contain PtdIns4P (or enzymes that synthesize it); their specific identity and functional relevance of PtdIns4P in such compartments is a future avenue of research.

To further assess the specificity of Golgi staining with anti-PtdIns4P, we used GSTtagged PH-FAPP1 at high concentration (10 µM) to sequester the endogenous PtdIns4P. This protein indeed abolishes staining, whereas GST alone is without affect (figure 5A &B). GST-PH-PLCδ1, which should be rather more specific for PtdIns(4,5)P 2 over PtdIns4P [START_REF] Garcia | The pleckstrin homology domain of phospholipase C-delta 1 binds with high affinity to phosphatidylinositol 4,5bisphosphate in bilayer membranes[END_REF][START_REF] Lemmon | Specific and high-affinity binding of inositol phosphates to an isolated pleckstrin homology domain[END_REF] did not abolish Golgi staining (figure 5A), but quantitative analysis revealed an approximately 50% decrease in staining intensity (figure 5B). This might suggest that some of the observed signal with anti-PtdIns4P is due to the presence of PtdIns(4,5)P 2 , since PH-FAPP1 can bind both lipids in vitro [START_REF] Roy | Multiple pools of phosphatidylinositol 4-phosphate detected using the pleckstrin homology domain of Osh2p[END_REF]. This seems unlikely, however, given the specificity of the antibody for exogenous competing lipid (figure 1), as well as the fact that anti-PtdIns(4,5)P 2 does not label the Golgi (supplemental figure 3), which is known to contain relatively little PtdIns(4,5)P 2 anyway [START_REF] Watt | Subcellular localization of phosphatidylinositol 4,5-bisphosphate using the pleckstrin homology domain of phospholipase C delta1[END_REF]. Rather, we suspect the partial competition is due to some weak PtdIns4P binding by PH-PLCδ1, which may be exacerbated by the high concentration of protein used plus the presence of the GST tag, which effectively increases affinity [START_REF] Narayan | Determining selectivity of phosphoinositidebinding domains[END_REF].

PtdIns4P is synthesised by at least two Golgi resident PI4Ks: PI4K IIα and PI4K IIIβ [START_REF] Balla | Phosphoinositide-derived messengers in endocrine signaling[END_REF]41], although evidence suggests that PI4K IIβ may also play a role here, too [START_REF] Wei | Type II phosphatidylinositol 4kinase beta is a cytosolic and peripheral membrane protein that is recruited to the plasma membrane and activated by Rac-GTP[END_REF].

To address the relative contributions of these isoforms to Golgi PtdIns4P staining, we incubated cells for 30 minutes before fixation with a high concentration of wortmannin (10 µM) that should abolish type IIIβ (and α) activity [START_REF] Tóth | Phosphatidylinositol 4-kinase IIIbeta regulates the transport of ceramide between the endoplasmic reticulum and Golgi[END_REF]. Figure 6 shows that wortmannin produces no detectable change in PtdIns4P staining intensity at the Golgi, despite the fact that it induces partial dissociation of PtdIns4P-bound proteins [START_REF] Balla | A plasma membrane pool of phosphatidylinositol 4-phosphate is generated by phosphatidylinositol 4-kinase type-III alpha: studies with the PH domains of the oxysterol binding protein and FAPP1[END_REF] and a redistribution of Golgi PtdIns4P [41] over this time period. This result suggests that the type III enzyme contributes a relatively small or slowly turned-over fraction of the steady-state PtdIns4P levels at the Golgi, despite the functional importance of this enzyme to Golgi function [START_REF] Tóth | Phosphatidylinositol 4-kinase IIIbeta regulates the transport of ceramide between the endoplasmic reticulum and Golgi[END_REF][START_REF] Godi | ARF mediates recruitment of PtdIns-4-OH kinasebeta and stimulates synthesis of PtdIns(4,5)P2 on the Golgi complex[END_REF]. It also infers that a type II activity generates the majority of the steady-state pool. However, unambiguous assignment of 4-kinase activities to distinct pools of PtdIns4P are hampered by a lack of pharmacological inhibitors of the type II enzymes, and RNAinterference based methods have been shown to produce only very minor effects on cellular PtdIns4P levels [START_REF] Balla | Maintenance of Hormone-sensitive Phosphoinositide Pools in the Plasma Membrane Requires Phosphatidylinositol 4-Kinase III{alpha}[END_REF].

We also tested the arsenical compound phenylarsine oxide (PAO) (figure 6). Surprisingly, 10 µM PAO dramatically reduced Golgi PtdIns4P staining (figure 6B), resulting in scattered cytosolic puncta (figure 6A). PAO reacts with sulfhydryl groups, and its affects are reversed by a powerful reducing agent such as DTT, but not by the weaker β-mercaptoethanol (figure 6B), consistent with earlier reports [START_REF] Balla | Maintenance of Hormone-sensitive Phosphoinositide Pools in the Plasma Membrane Requires Phosphatidylinositol 4-Kinase III{alpha}[END_REF]. PAO primarily inhibits PI4K IIIα at this concentration, which should also be blocked by 10 µM wortmannin [13]. Therefore, this result is unlikely to be due to a direct affect of PAO on Golgi PI4Ks.

In parallel experiments, we measured the effects of these compounds on GST-2xFYVE-Hrs staining of endosomal PtdIns3P (supplemental figure 1). Whereas PAO had no effect on staining, wortmannin caused a dramatic diminution of staining at 300 nM, a concentration selective for PI3K over PI4K.

Plasma membrane staining

Consistent with the observations from figure 1, staining of cells using the "plasma membrane staining" protocol generates surface labelling of cells with anti-PtdIns4P. This can be seen in COS-7 cells co-stained with AlexaFluor 555-conjugated wheat germ agglutinin to label surface glycoproteins (figure 7A &B). Due to the flattened nature of adherent COS-7 cells, the plasma membrane does not appear as a ring of fluorescence in confocal optical sections, although sections through the z-axis reveal the surface nature of the labelling (figure 7A). A clearer example of this surface labelling is seen in COS-7 cells adhered to glass for just 20 minutes prior to fixation, before they have had time to spread. These cells clearly show a ring of surface labelling in both x-y and z confocal sections (figure 7B). Like Golgi staining, this surface labelling was also observed in a number of other cell types (figure 7C). Note that in subsequent experiments, to more clearly show changes in whole-cell plasma membrane labelling, maximum intensity projections from confocal sections spanning the entire depth of the cells are shown. Hence the staining appears rather uniform across the cells.

We again assessed the specificity of staining by sequestration of endogenous PtdIns4P with GST-PH-FAPP1. As seen for Golgi staining, this completely abolished staining whereas GST was without effect (figure 8). However, the PtdIns(4,5)P 2sequestering PH domain from PLCδ1 produced a near ablation of staining (figure 8). This is in marked contrast to parallel experiments using anti-PtdIns(4,5)P 2 antibody, where only GST-PH-PLCδ1 was able to abolish staining, consistent with our earlier report [START_REF] Hammond | Elimination of plasma membrane phosphatidylinositol (4,5)-bisphosphate is required for exocytosis from mast cells[END_REF]. Given the specific competition of PtdIns4P staining by exogenous PtdIns4P over PtdIns(4,5)P 2 (figure 1), it seems unlikely that this result reflects reactivity of anti-PtdIns4P with plasma membrane PtdIns(4,5)P 2 . As argued above, it may simply reflect binding of high concentrations of GST-PH-PLCδ1 to plasma membrane PtdIns4P. However, given the enrichment of PtdIns(4,5)P 2 at the plasma membrane, cross-reactivity was more of a concern than for Golgi staining, so we conceived further experiments to eliminate this possibility.

Expression of an inositol 5-phosphatase activity would be expected to decrease PtdIns(4,5)P 2 levels in the plasma membrane without depletion of PtdIns4P. To this end, we transfected COS-7 cells with GFP-tagged Pharbin, an enzyme with PtdIns(4,5)P 2 5-phosphatase activity [52]. Cells were then fixed and co-stained with anti-PtdIns4P and GST-PH-PLCδ1 to follow PtdIns(4,5)P 2 [START_REF] Watt | Subcellular localization of phosphatidylinositol 4,5-bisphosphate using the pleckstrin homology domain of phospholipase C delta1[END_REF]. Over-expressed Pharbin was localised throughout the cytosol and particularly enriched on the Golgi, as previously reported [52,[START_REF] Kong | Cloning and characterization of a 72-kDa inositol-polyphosphate 5-phosphatase localized to the Golgi network[END_REF]. Despite its preference for PtdIns(3,4,5)P 3 as a substrate [START_REF] Kong | Cloning and characterization of a 72-kDa inositol-polyphosphate 5-phosphatase localized to the Golgi network[END_REF], the over-expressed enzyme caused reduction in the intensity of PtdIns(4,5)P 2 staining with the PH domain relative to neighbouring cells without visible expression, an affect not seen in GFP-expressing cells or in cells expressing a mutant Pharbin, with the putative catalytic aspartate 559 residue mutated to alanine (figure 9A). Quantification of fluorescence images showed that Pharbin caused an ~50% decrease in PtdIns(4,5)P 2 staining (figure 9B). Importantly, no reduction in PtdIns4P staining was detected (figure 9B), and in fact, quantification revealed a slight increase in PtdIns4P staining. This is probably not due to catalytic production of PtdIns4P by Pharbin, however, since it is also seen with the inactive mutant (figure 9B).

Together, these experiments provide evidence for the existence of a substantial pool of plasma membrane PtdIns4P, as has been reported in cells expressing GFP-fusions of the PtdIns4P-binding PH domain from Osh2p [START_REF] Balla | Maintenance of Hormone-sensitive Phosphoinositide Pools in the Plasma Membrane Requires Phosphatidylinositol 4-Kinase III{alpha}[END_REF][START_REF] Roy | Multiple pools of phosphatidylinositol 4-phosphate detected using the pleckstrin homology domain of Osh2p[END_REF]. It has been shown that a plasma membrane pool of PtdIns(4,5)P 2 required for PLC signalling is synthesised via PI4K IIIα [START_REF] Balla | Maintenance of Hormone-sensitive Phosphoinositide Pools in the Plasma Membrane Requires Phosphatidylinositol 4-Kinase III{alpha}[END_REF][START_REF] Balla | A plasma membrane pool of phosphatidylinositol 4-phosphate is generated by phosphatidylinositol 4-kinase type-III alpha: studies with the PH domains of the oxysterol binding protein and FAPP1[END_REF][START_REF] Nakanishi | A wortmannin-sensitive phosphatidylinositol 4-kinase that regulates hormone-sensitive pools of inositolphospholipids[END_REF]. PI4K IIIα is uniquely sensitive to wortmannin and 10 µM PAO [13], so we pre-incubated cells with these drugs for 30 minutes prior to fixation and staining for plasma membrane PtdIns4P and PtdIns(4,5)P 2 . Wortmannin abolishes plasma membrane PtdIns4P staining at high (10 µM) but not lower (300 nM) concentrations specific for PI3K (figure 10). PAO also abolishes plasma membrane PtdIns4P staining (figure 10), and this is reversed by DTT and not by βmercaptoethanol, as previously reported [START_REF] Balla | Maintenance of Hormone-sensitive Phosphoinositide Pools in the Plasma Membrane Requires Phosphatidylinositol 4-Kinase III{alpha}[END_REF]. Surprisingly, plasma membrane PtdIns(4,5)P 2 staining was completely unaffected by treatment with either drug (figure 10). A similar observation has been made after metabolic labelling of inositol lipids with 2-[ 3 H]-inositol or [ 32 P]-phosphate [START_REF] Balla | Maintenance of Hormone-sensitive Phosphoinositide Pools in the Plasma Membrane Requires Phosphatidylinositol 4-Kinase III{alpha}[END_REF][START_REF] Willars | Differential regulation of muscarinic acetylcholine receptor-sensitive polyphosphoinositide pools and consequences for signaling in human neuroblastoma cells[END_REF], and suggests that the steadystate plasma membrane PtdIns(4,5)P 2 is turning-over much more slowly than the PtdIns4P pool, or else is synthesised from PtdIns4P made by an entirely different PI4K activity. Either way, this observation indicates that despite being the precursor for PtdIns(4,5)P 2 synthesis, plasma membrane PtdIns4P pools are metabolically distinct from the steady-state PtdIns(4,5)P 2 pool.

Previous reports using anti-PtdIns4P antibodies have not generated evidence for plasma membrane PtdIns4P [START_REF] Wang | Phosphatidylinositol 4 phosphate regulates targeting of clathrin adaptor AP-1 complexes to the Golgi[END_REF]56], although the conditions used for staining in those experiments were not particularly amenable for the preservation of the plasma membrane (figure 2). In this study, we provide unambiguous evidence for distinct pools of PtdIns4P in Golgi and plasma membranes. What is the relative abundance of these two pools? As mentioned above, pre-treatment of cells with 10 µM wortmannin causes an ~80% drop in total cellular PtdIns4P levels as measured by metabolic labelling with 32 P [20, 54, 55], and complete ablation of plasma membrane PtdIns4P (figure 10). Conversely, selective depletion of Golgi PtdIns4P with a Golgi-localised Sac1 mutant causes a reduction in radiolabelled PtdIns4P levels of ~20% [56].

Therefore, it appears that the major pool of PtdIns4P turning over in resting cells is present in the plasma membrane. 3B. Numbers in parentheses represent number of cells for each marker (n). Anti-PtdIns4P was stained with AlexaFluor555-conjugated secondary antibody, and Pearson's correlation coefficient (r) between this and the AlexaFuor488-conjugated antibody staining of the second probe was quantified as described in the Experimental section. For anti-PtdIns4P with itself, AlexaFluor488 and AlexaFluor555 goat anti-mouse secondary antibodies were used to produce a "perfect" co-localisation; for "none", an AlexaFluor488-conjugated goat anti-rabbit secondary was used without primary antibody. "n.s.", not significant; * P < 0.05; **, P < 0.01; ***, P < 0.001. Licenced copy. Copying is not permitted, except with prior permission and as allowed by law. Licenced copy. Copying is not permitted, except with prior permission and as allowed by law.
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Figure 1 :

 1 Figure 1: Specificity of anti-PtdIns4PHeLa cells were fixed with 4% FA plus 0.2% GA and stained on ice with saponin permeabilisation as described in the text. Anti-PtdIns4P antibody was pre-absorbed with POPC liposomes containing 5 mol % of the indicated inositol lipid for one hour at room temperature prior to applying to the cells on ice. Anti-PtdIns4P staining is yellow, and DAPI-stained nuclei are in blue. Scale bar = 20 µm. Images are single confocal optical sections.

Figure 2 :

 2 Figure 2: Effect of fixation, detergent and temperature on the retention of various organelle-specific lipid stains Cells were fixed with the indicated concentration of aldehyde, then stained at the designated temperature after permeabilisation with digitonin or saponin. See Materials and Methods for details. Agents were used that specifically label the Golgi (NBD-ceramide, a), plasma membrane (anti-PtdIns(4,5)P 2 , b), endosomes (GST-2x-FYVE-Hrs binding to PtdIns3P (c), or endoplasmic reticulum (DiOC 6 , d). DAPIstained nuclei are shown in blue. Scale bars = 20 µm.

Figure 3 :

 3 Figure 3: Anti-PtdIns4P stains the Golgi apparatus at room temperature after 2% formaldehyde fixation and digitonin permeabilisation a) COS-7 cells were stained with anti-PtdIns4P, and where indicated were either expressing GFP-tagged PH domain from FAPP1 (expressed for 24 hours), or costained with the purified GST tagged FAPP1 PH domain, or antibodies against the indicated markers. Scale bars = 5 µm. b) Pearson's correlation coefficients for colocalised intensity were calculated between PtdIns4P staining and the indicated marker, as described in Materials and Methods; images not shown in a) are shown in supplemental figure 2; data are means ± S.E.M., and a statistical comparison is presented in table 1. c) anti-PtdIns4P and giantin staining in a variety of cell types. Scale bars = 20 µm. Images are single confocal optical sections.

Figure 4 :

 4 Figure 4: Co-localisation of PtdIns4P and PtdIns3P with internalised EGF COS-7 cells were serum starved overnight, then incubated for 30 minutes with 10 µg/ml AlexaFluor488-conjugated EGF, prior to fixing and staining for PtdIns4P and PtdIns3P as described in figure 3. Images labelled "zoom" show the enlarged region outlined in the panels above. Scale bars = 5 µm. Images are single confocal optical sections.

Figure 5 :

 5 Figure 5: Competition for Golgi PtdIns4P staining by PH-FAPP1 a) 10 µM of the indicated GST-tagged fusion proteins were included with the primary anti-PtdIns4P and anti-giantin antibodies applied to COS-7 cells. Staining conditions are as figure 3. Single confocal optical sections are shown; scale bar = 20 µm. b) Quantification of anti-PtdIns4P staining (n = 207). See Materials and Methods for details. *** P < 0.001.

Figure 6 :

 6 Figure 6: Effect of PI4K inhibitors on Golgi PtdIns4P staining a) COS-7 cells were pre-treated for 30 min at 37˚C with 0.1% DMSO (ctrl), 10 µM PAO with 1 mM β-mercaptoethanol or DTT, 300 nM or 10 µM wortmannin (Wmn) as indicated, prior to fixation and staining as described in figure 3. Single confocal

Figure 7 :

 7 Figure 7: Anti-PtdIns4P stains the plasma membrane of cells fixed with FA and GA, saponin permeabilised and stained on ice. a) COS-7 cells grown overnight prior to fixation and staining or b) fixed and stained 20 minutes after seeding on poly-L-lysine. In both cases, cells were incubated for 5 min on ice with 50 µg/ml AlexaFluor555-conjugated WGA prior to fixing to label the plasma membrane. c) Different cell types stained with anti-PtdIns4P using the above conditions. All images show single confocal optical sections in the xy plane (top), or sections through the z plane (bottom). Scale bars = 20 µm.

Figure 8 :

 8 Figure 8: Competition for plasma membrane PtdIns4P staining by PH-FAPP1 a) The indicated GST-tagged fusion proteins were included at 10 µM with the primary anti-PtdIns4P or anti-PtdIns(4,5)P 2 antibodies applied to COS-7 cells. Staining conditions are as in figure 7. Images are maximum intensity projections of confocal sections spanning the entire depth of the cells; scale bar = 20 µm. DAPI stained nuclei are shown in blue to show the presence of cells where lipid staining is absent. b) Quantification of staining (n = 126 cells for anti-PtdIns4P and 123 cells for anti-PtdIns(4,5)P 2 ). See Materials and Methods for details. *** P < 0.001.

Figure 9 :

 9 Figure 9: Effect of a 5-phosphatase on plasma membrane PtdIns4P/PtdIns(4,5)P 2 staining. COS-7 cells were transfected with GFP, GFP-Pharbin or the putatively inactive mutant of the latter, D559A, for 18 hours prior to fixation and staining as described in figure 7. a) Representative images of COS-7 cells transfected with each construct; images are maximum intensity projections of confocal sections spanning the entire depth of the cells; scale bar = 20 µm. b) Quantification of staining (n = 93 cells). See Materials and Methods for details. * P < 0.05, ** P < 0.01.

Figure 10 :Figure 1 Biochemical 2 Biochemical

 1012 Figure 10: Effect of PI4K inhibitors on plasma membrane PtdIns4P and PtdIns(4,5)P 2 staining a) COS-7 cells were pre-treated for 30 min at 37˚C with 0.1% DMSO (ctrl), 10 µM PAO with 1 mM β-mercaptoethanol or DTT, 300 nM or 10 µM wortmannin (Wmn) as indicated, prior to fixation and staining with anti-PtdIns4P and GST-PH-PLCδ1 as described in figure 7. Images are maximum intensity projections of confocal sections spanning the entire depth of the cells; scale bar = 20 µm. b) Quantification of staining (n = 136 cells). See Materials and Methods for details. *** P < 0.001.

  Figure 3

Figure 5

 5 Figure 4

  Figure6

  Figure 7

  Figure 9

  Biochemical Journal Immediate Publication. Published on 09 Jun 2009 as manuscript BJ20090428 THIS IS NOT THE VERSION OF RECORD -see doi:10.1042/BJ20090428 A c c e p t e d M a n u s c r i p t

Table 1 : co-localisation between anti-PtdIns4P and Golgi markers

 1 Results of a Kruskal-Wallis test with Dunn's multiple comparison test for differences between the Pearson's correlation coefficients (r) presented in figure
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