
Table 1: PIPn Mass Assays

PIPn PIP Mass ELISA Kits Catalog PIP Mass Strip Kits Catalog

PI(3)P PI(3)P Mass ELISA K-3300 °PI(3)P Mass Strip Kit °K-3600
PI(4)P PI(4)P Mass ELISA K-4000E °PI(4)P Mass Strip Kit °K-4000
PI(3,4)P2 PI(3,4)P2 Mass ELISA K-3800 °PI(3,4)P2 Mass Strip Kit °K-3400
PI(4,5)P2 PI(4,5)P2 Mass ELISA K-4500 °PI(4,5)P2 Mass Strip Kit °K-2900
PI(3,4,5)P3 PIP3 Mass ELISA K-2500S °PIP3 Mass Strip Kit °K-2400
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For use with product numbers: K-2500s, K-3300, K-3800, K-4000E, K-4500

Phosphoinisitides (PIPn), phosphorylated forms of Phosphatylinositol (PI), are an important class of lipids involved in cell signaling and membrane 
trafficking events. PIPn is formed when the inositol ring of PI is phosphorylated, by a variety of kinases, on the 3, 4, and 5 hydroxyl groups in seven 
different combinations. All seven variations have been found in animals and six (with the exception of PI(3,4,5)P352) are found in plant cells. These 
lipids have been found to be critical for the regulation of many aspects of membrane homeostasis and signaling with relevance to human physiolo-
gy and disease. The ability to study the relative levels of PIPn is crucial to understanding their functions.

Echelon currently carries 5 PIPn Mass ELISA kits that can measure the relative levels of 5 different PIPn. Each PIPn Mass ELISA employs a lipid 
extraction protocol designed for the extraction of phosphoinositide (PIPn) from millions of cells. These PIPn extractions are then analyzed using a 
competitive ELISA. This document addresses frequently asked questions regarding the use of these assays.  Please also refer to the specific 
products Technical Data Sheets (TDS). For questions e-mail echelon at echelon@echelon-inc.com, or call technical support at 801-588-0455.
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Disclaimer
The PIPn Mass Assays are used to quantify the total amount of a specific lipid that has been extracted from cells. However, since the lipids are 
substrates for enzymes in multiple pathways the data obtained may not correlate with what has been observed with isolated enzyme reactions or 
visualized with immunohistochemistry.   
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Table 2:  Published Cell Lines and Tissue Samples

Cell Line or Tissue and Reference Number PIPn
PIPn Mass Assay
Catalog Number

NIH-3T31, MDA-MB-23118, MDA-MB-468, HL-601, Yeast strain 
BY47423, Human platelets3, Guinea pig brain and kidney4 All PIPn Extraction Protocol

HL-601  and NIH-3T31, Mouse and Human neutrophils2  PIP3 and 
PI(3,4)P2

PIPn Extraction Protocol

A4316
, HeLa24 PI(3)P °K-3600

human T-cells40 PI(3,4)P2 °K-3400
Rat brain5, Lobster Olfactory receptor neurons (ORNs)45 PI(4,5)P2 °K-2900
Rodent Olfactory Ciliary Membranes12 PIP3 °K-2400
Plasmodium falciparum29, Arabidopsis39, Mouse Embryonic 
Fibroblasts (MEF)43 PI(3)P K-3300

Mouse Neutrophils25, Rat basophilic leukemia (RBL-2H3)44 PI(3,4)P2 K-3800
Hippocampal neurons from the fetuses of female rats31, mouse 
cardiac myocytes32 PI(4)P °K-4000

Mouse Dorsal Root Ganglion (DRG) Neurons27, HEK28, 
Hippocampal neurons from the fetuses of female rats31, rat 
liver tissue34, HCC827 and MDA-MB-45337, Arabidopsis39, 
Mouse brain tissue41, Neuroblastoma46, MCF-10A47, Mouse 
Spleen CD4+ T cells48, HER251

PI(4,5)P2 K-4500

Dictyostelium10, 11, Rat endothelial progenitor cells13, Jurkat and 
H920, c-Myc-OX40 T cells26

, Sprague-Dawley rats30, 49, 
Hippocampal neurons from the fetuses of female rats31

, HeLa33, 
rat liver tissue 34, human ovarian cell lines CLDN3 and CLDN435, 
Mouse T-cells36, HCC827 and MDA-MB-45337, 3T3-L1 
adipocytes38, Mouse brain tissue41, Mouse osteoclasts50, HER251

PIP3 K-2500s
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Cells               
The PIPn extraction protocols have been verified using the cells lines:  NIH-3T3, HL-60, MDA-MB-231, and MDA-MB-468. Adherent Cell Lines, 
NIH-3T3 mouse fibroblasts, MDA-MB-231 human breast cancer, and MDA-MB-468 PTEN deficient human breast cancer were used to validate the 
assays.  Table 2 lists the published cell lines and tissue samples that have been used in various assays. 

Counting Cells
Normalize cells by counting or running a cellular protein assay.

Adherent cells can be counted before stimulation or before the cell extraction procedure.  After counting, return cells to a flask for 1 to 3 hours 
for re-attachment.  
Non-adherent cells can be counted before stimulation or before the cell extraction procedure.  After stimulation, spin cells down, decant the 
media and add ice cold 0.5 M TCA and proceed with the cell extraction protocol.  
Count or perform protein assay on a separate flask with the same cell dilution as the flasks to be used for cell extraction.
Counting cells, either by haemocytometer or protein assay, is not recommended after the 0.5 M TCA is added.  
Do not trypsinize cells before adding 0.5 M TCA; it can alter stimulation time and phosphoinositide levels. 
Please refer to the product specific TDS for optimal cell number.  

1.

2.

3.
4.
5.
6.

3.

Extraction Protocol
The cell extraction protocol has been verified internally at Echelon using the cells lines:  NIH-3T3, HL-60, MDA-MB-231, and MDA-MB-468. Please 
also see Table 2 for published cell lines and tissues. 

Solutions for Extraction   
0.5 M TCA:  For 50 mL, dissolve 4.08 g TCA (Trichloroacetic Acid) in dH2O.  Bring volume to 50 mL.

0.5 M TCA should be cold before use.
Store at room temperature. Prolonged storage at 4ºC will cause TCA to precipitate. 
TCA is used to precipitate proteins, DNA and RNA and attenuates cellular production and/or degradation of PIPn

5% TCA with 1 mM EDTA:  For 50 mL, dissolve 2.5 g TCA in dH2O, add 100 μL 0.5 M EDTA, and bring volume to 50 mL with dH2O.
MeOH: CHCl3 (2:1):  For 60 mL, add 40 mL MeOH to 20 mL CHCl3    

CHCl3 will dissolve plastic equipment. Do not use plastic pipettes or containers.  Measure out Chloroform with glass pipette or glass 
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3.

cylinder  and store solution in a glass bottle.  Chloroform melts plastic, which can cause the precipitation in this solution.
MeOH: CHCl3 (2:1) should be prepared in a glass bottle. This solution is not stable long term and should be used within a month of prepa-
ration. It is safe to use plastic ware to transfer this solution. 

MeOH: CHCl3: 12 N HCl (80:40:1):  For 60 mL, combine 40 mL MeOH, 20 mL CHCl3, and 0.5 mL 12 N HCl.    
CHCl3 will dissolve plastic equipment. Do not use plastic pipettes or containers.  Measure out Chloroform with glass pipette or glass 
cylinder and store solution in a glass bottle.  Chloroform melts plastic, which can cause the precipitation in this solution.
Use 12 N concentrated 36% - 38% HCl.  Do not use diluted acid.  
The MeOH: CHCl3: 12 N HCl (80:40:1) solution should be clear.  The solution will become cloudy or precipitate when diluted or impure 
reagents are added together and/or less than 12 N HCl is used. 

0.1 N HCl:  For 50 mL, add 0.42 mL 12 N HCl to 50 mL dH2O.
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PIPn Extraction Protocol    
Volumes are not included in this protocol. Please refer to the specific products TDS for suggested cell number and volumes needed for extraction.

Collect Cells:  
For adherent cells, remove medium by gentle aspiration and immediately add  ice cold 0.5 M TCA.  Incubate cells on ice for 5 minutes.  
Scrape the cells from flask. Use additional 0.5 M TCA if needed and transfer to a centrifuge tube.  Centrifuge at 3,000 RPM (approximately 
900-1,000 RCF) for 7 minutes at 4ºC.  Discard the supernatant. The remaining steps are performed at room temperature.
For non-adherent cells, collect cells into centrifuge tube, spin the cells down, decant media, add ice cold 0.5 M TCA and vortex. Incubate 
cells on ice for 5 minutes.  Centrifuge at 3,000 RPM (approximately 900-1,000 RCF) for 7 minutes at 4ºC.  Discard the supernatant. The 
remaining steps are performed at room temperature.
Tissue samples should be ground in a mortar and pestle under liquid nitrogen and homogenized before the addition of 0.5 M TCA4.

Wash Pellet:  Add 5% TCA/ 1 mM EDTA to the pellet.  Vortex for 30 seconds.  Centrifuge at 3000 RPM for 5 minutes.  Discard the supernatant.  
Repeat wash one more time. 
Note: It is important to remove as much of the supernatant as possible after final wash. Otherwise, too much water will be present to allow a 
single phase to form on subsequent extraction steps.
Extract neutral lipids:  Add MeOH: CHCl3 (2:1) and vortex for 10 minutes at room temperature.  Centrifuge at 3000 RPM for 5 minutes, discard 
the supernatant. Repeat neutral lipid extraction one more time. Depending on the number of cells used, a small white pellet should be visible 
after this step. 
Extract acidic lipids:  Add MeOH: CHCl3:12 N HCl (80:40:1) and vortex for 25 minutes at room temperature. Centrifuge at 3,000 RPM for 5 
minutes. Transfer supernatant to a new tube. Discard pellet.
Phase split:  To supernatant from step 4, add CHCl3 and then the 0.1 N HCl.  Vortex for 30 seconds.  Centrifuge at 3,000 RPM for 5 minutes to 
separate organic and aqueous phases.  Disregard any excess cellular debris that may appear between the two layers. Collect the organic 
(lower) phase, with a positive displacement pipette, into a new vial and dry in a vacuum dryer (45-60 minutes).  Dried lipid can be stored at 
-20ºC for up to 12 months.  The dried lipid should not be visible. If there is a visible substance at the end of this step, it is most likely cell debris 
that was not eliminated in the extraction.    

4.
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Other Things to Consider: PIPn Extraction Protocol
The amount of cells necessary for PIPn quantification needs to be determined for each cell and PIPn. For a starting point please refer to the 
products specific TDS. If larger or smaller amounts of cells are required, over what is specified in the products TDS, the extraction volumes 
will need to be proportionately adjusted.  
For a PIPn extraction positive control, add 20 pmol diC16 PIPn to step 4, of the PIPn extraction protocol, without cells.  Dilute diC 16 PIPn control 
lipid in CHCl3: MeOH: H2O (1: 2: 0.8) solution at 0.2 μM.  See Table 3 for appropriate diC16 PIPn controls.
If air-displacement pipets are being used to dispense volatile solvents or to recover the lower organic phase, then they should first be 
well-primed with the organic solvent so the air inside of the pipet becomes saturated with the vapor; otherwise the first few samples will be 
short-measured. 
Once the extraction solutions are prepared, plastic tips and vials can be used for the remaining steps of the extraction.
Once step 1 of the extraction protocol is complete, the cell pellet does not need to be on ice. 
If you are running a large number of cell extractions, we suggest staggering the flasks during step 1 and 2 to limit the amount of time the PIPn 
is in the TCA solutions. The cell pellet, after the final wash in step 2, can be incubated on ice or at -20ºC for up to 2 hours. Thaw cell pellets 
before continuing with the cell extraction protocol or they will not break apart while vortexing. PIPn may not be stable in TCA.
The approximate end volume from the PIPn extraction takes about 1 hour to dry in a speed vacuum dryer. If you do not have a speed vacuum 
dryer a nitrogen stream or lyophilizer can be utilized.
The dried lipid should not be visible. If there is a visible substance it is most likely cell debris that was not eliminated during the extraction.  
Proceed with detection regardless if a pellet can be seen or not.  If the pellet is visible, it may look colorless, white, yellow, brown, or black. Do 
not attempt to dissolve visible cell debris in the detection assay buffer. This black to yellow substance should also be avoided when pipetting 
the lipid extraction samples into the PIPn Mass ELISA wells. 
Due to the variable nature of cells and the difficulty of the PIPn extraction, we recommend running samples in multiples; multiple dilutions, 
extractions, and times per condition per data point.  
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Table 3: Selectivity
PI(3)P PI(4)P PI(3,4)P2 PI(4,5)P2 PI(3,4,5)P3

K-3300 K-4000E K-3800 K-4500 K-2500s

PI/PIPn
Echelon Catalog 

Number
MW (g/mol)

IC50 ratio
(IC50 of interfering lipid / IC50 of standard curve)

PI P-0016 833.01 272.4 * * 6,889.0 *
PI(3)P P-3016 956.96 1 63.7 * 743.8 *
PI(4)P P-4016 956.96 526.4 1 * 1215.2 *
PI(5)P P-5016 956.96 102.3 ** * 96.2 *

PI(3,4)P2 P-3416 1,080.9 79.2 72.5 1 594.2 3,141.2
PI(3,5)P2 P-3516 1,080.9 48.6 ** * 273.4 17,910.0
PI(4,5)P2 P-4516 1,080.9 94.3 107.9 62.7 1 *

PI(3,4,5)P3 P-3916 1,204.84 31.7 152.2 23.7 51.1 1
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ELISA Detection               
Once PIPn has been extracted from cellular samples, it is brought up into an aqueous buffer before being incubated with a PIPn detector protein. 
The PIPn detector /extraction sample are then transferred to the PIPn-coated plate for competitive binding.  A peroxidase-linked secondary 
detection reagent and colorimetric substrate is used to detect the PIPn detector protein that has bound the plate.  Since this is a competitive ELISA, 
the colorimetric signal is inversely proportional to the amount of PIPn extracted from cells.  The quantity of PIPn may vary for each cell type, stimu-
lant, and number of cells used.  

ELISA Selectivity
The antibodies and binding proteins utilized in each assay have been tested for selectivity of its preferred PIPn over the other synthetic diC 16 PIPn 
(see Table 3 for the catalog numbers of the lipids tested) and have been found selective for the PIPn they were designed to measure. We developed 
the kit’s selectivity based on the IC50 values obtained for each PI/PIPn while also considering the relative levels of PIPn found in cells. Please note, 
that the isolated synthetic diC16 PIPn (shown in Table 3), may not fully represent the complex mixture of lipids and lipid chain lengths present in a 
biological extraction. 

The relative levels of PI/PIPn are dependent upon the cell source, drug treatment, and its disease. For instance, PI(4)P and PI(4,5)P2 constitutes 
about 2-5% of total PtdIns in mammalian cells53,54, with PI(4)P at ~ 50% the amount of PI(4,5)P2, yet, in yeast and plants cells PI(4)P is found at 
levels higher then PI(4,5)P255,56. As another example, PI(3)P is found at 5-10% of PI(4)P in mammalian cells57 but in 

yeast PI(3)P is found at the same levels of PI(4)P58. PI(3,5)P2 levels in yeast are ~50% of PI(4,5)P259,60 but it is significantly lower in mammalian 
cells (1% of PI(4,5)P2)61,62.  Additionally, PI(3)P3, PI(5)P2, PI(3,5)P2 and PI(3,4,5)P3 are all minor lipids in mammalian cells (1-5% of PI(4,5)P2), that 
can substantially increase upon activation. 

As described above, the cell source and treatment of cells can affect the PIPn profile. Due to this, you may experience interference from a second-
ary PIPn. This is most often observed with PI(4,5)P2 because of  its high level in cells compared to the other PIPn. PI(4,5)P2 cross reactivity is of 
greatest concern in the PI(3,4)P2 assay (K-3800). If a sample is highly competitive in an assay and you think a secondary PIPn may be interfering, 
the sample should be titrated until it competes in the lower detection range of the assay. The sample should show dilution linearity. 

Preparing the PIPn Extraction Sample for Detection in the ELISA Assay
Ensure the dried PIPn extractions tare at room temperature. The room tempera-
ture PIPn extractions are then resuspended in assay buffer according to the 
product specific TDS before being vortexed for 1 min or sonicated for 5-10 min (or 
both) to solubilize the lipids. 

When only vortexing is utilized to dissolve the PIP n extraction sample, lower 
amounts of PIPn are measured (see figure 1) and greater day to day variation is 
observed. The vortexed sample may not show dilution linearity. When the same 
sample is sonicated, however, we observe greater amounts of measurable PIPn 
(see figure 1), consistent day to day variation (inter assay CV = 4.90%) and dilution 
linearity (2.89% at 1:3 dilution).  

It can be difficult, however, to reproduce conditions of sonication; due to variation 
in the number of vials between batches, temperature of the water bath, and 
sonicator tuning.  The suggested sonication time of 5-10 min was developed using 
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a water bath sonicator. The results observed with your water bath sonicator may be different. It is suggested that your sonicator is tested with 
extraction samples for day to day variation and time dependent consistency. If you are running other lipid mass assays you may want to consider 
dissolving your lipids the same manner. How you dissolve the lipid will affect how it goes into solution and can cause inconstancies in your data if it 
is not held constant.

Other Things to Consider: ELISA Detection
It is very important for the PIPn Standard and the extraction samples to be at room temperature before they are solubilized. Not doing so will 
affect how they behave in the assays. 
We have not extensively tested the use of water bath sonication with ice, except to note that less than expected PIPn was measured as 
compared to same sample without ice. 
Any yellow to black precipitate in the PIPn extraction sample is not PIPn and should be avoided when pipetting the cell samples into the PIPn 
Mass ELISA wells.  
Cell dilutions higher than six may not work well on the ELISA.  We recommend reducing the number of cells used before further diluting the 
cell extraction samples.  Dilute cell extraction samples as needed.

4.

2.

3.

1.

Quantification: PIPn Mass ELISA             
To quantify the relative PIPn levels in the PIPn extractions, plot the absorbance (O.D) values obtained vs. PIPn standard to generate a PIPn standard 
curve.  Cellular PIPn levels can then be estimated by comparing the O.D. values of the PIPn extraction samples to the O.D. values on the standard 
curve.  

PIP3 Mass ELISA Kit (catalog K-2500s) Example
Figure 2: PI(3,4,5)P3 levels were calculated using Graphpad Prism software and nonlinear regression Sigmoidal Dose Response (variable slope) 
analysis.  Breast cancer cell lines MDA-MB-231 and MDA-MB-468 (PTEN-/-) were extracted from 12-well plates and run on the PIP3 Mass ELISA 
Kit (K-2500s). The cells were serum starved for 5 hours before they were stimulated with 10 ng/mL PDGF for 5 min or 300 nM Wortmannin for 3 
hours respectively. 

Cell lipid extractions, 
from three different 
cell lines, were run with 
PIP3 Mass ELISA. An 
anverage of 5x106 cells 
were used per data 
point.

For examples of other kits, contact echelon@echelon-inc.com to see a poster presented at AACR in 2009 for products K-2500s, K-3300, K-3800, 
K-4000, and K-4500.

Sample normalization with PI(4,5)P2
PI(4,5)P2 is the most abundant PIPn in mammalian cells and therefore can be used to normalize samples by using the PI(4,5)P2 measurement as a 
indicator of total phosphoinositide. This method has been used most recently in a publication by Costa, et al in 201551 for the measurement of 
PI(3,4,5)P3. This publication justified the use of this PIPn over the others due to its high abundance63 and PI3K’s lack of influence over its levels64. 
To use this control each extraction sample will need to be split into two vials at the end of the extraction, before the sample is dried. For example: if 
1.5 mL of the lower (organic) layer is collected then 1.45 mL is transferred to one vial for PI(3,4,5)P3 detection in the PIP3 Mass ELISA (K-2500s)  and 
0.05 mL is transferred to another vial for PI(4,5)P2 detection in the PI(4,5)P2 mass ELISA (K-4500). These are both dried and then brought up 
according to the protocol of the specific PIPn Mass ELISA kit being used. Once the ELISA’s are run and the results quantified the pmol values are 
then entered into this formula: 

PI(3,4,5)P3/PI(4,5)P2 = % total PI(4,5)P2



Echelon Biosciences Inc.

Echelon Biosciences Inc.

Technical Data Sheet  Rev. 7, 08-31-18 - For research use only. Not intended or approved for diagnostic or therapeutic use. Page 6 of 8

Ph:    866-588-0455
Fax:  801-588-0497 Echelon-inc.com

References

PIPn Extraction Protocols
Gray, H. Olsson, I. H. Batty, L. Priganica, and C. P. Downes, Nonradioactive methods for the assay of phosphoinosited 3-kinases and phospho-
inositide phosphatases and selective detection of signaling lipids in cell and tissue extracts, Analytical Biochemistry, 313, 234-245, (2003).
Guillou, H., Lecureuil, C., Anderson, K.E., Suire, S., Ferguson, G.J., Ellson, C.D., Gray, A., Divecha, N., Hawkins, P.T., Stephens, L.R.  Use of GRP1 
PH domain as a tool to measure the relative levels of PtdIns(3,4,5)P3 through a protein-lipid overlay approach.  J. Lipid Res, 48, 726 – 732 
(2007).
Pettitt, T.R., Dove, S.K., Lubben, A., Calaminus, S.D.J., Wakelam, M.J.O., Analysis of intact phosphoinositides in biological samples, J. Lipid Res, 
47, 1588-1596, (2006).
Jochen Schacht.  Purification of polyphosphoinositides by  chromatography on immobilized neomycin.  J. Lipid Res, 19, 1063 – 1067 (1978).

PIPn Mass Assays
Musse, A.A., Gao, W., Rangaraj, G., Boggs, J.M., Harauz, G.  Myelin basic protein co-distributes with other PI(4,5)P2-sequestering proteins in 
Triton X-100 detergent-resistant membrane microdomains.  Neuroscience Letters, Vol 450 (1) 32-36; Nov 9, 2008. 
Cao, C., Backer, J. M., Laporte, J., Bedrick, E. J., and Wandinger-Ness, A., Sequential Actions of Myotubularin Lipid Phosphatases Regulate 
Endosomal PI(3)P and Growth Factor Receptor Trafficking, Molecular Biology of the Cell Vol. 19, Issue 8, 3334-3346, August 2008.  see figure 
1B.  
Kattla, J. J., Carew, R. M., Heljic, M., Godson, C., Brazil, D.P., Protein kinase B/Akt activity is involved in renal TGF-1 driven epithelial-mesenchy-
mal transition in vitro and in vivo, Am J Physiol Renal Physiol, 0058.2007v1; May 21, 2008.  see supplemental figure 1B.
Costa, C., Barberis, L., Ambrogio, C., Manazza, A. D., Patrucco, E., Azzolino, O., Neilsen, P. O.,  Ciraolo, E., Altruda, F., Prestwich, G. D., Chiarle, R., 
Wymann, M., Ridley, A., and Hirsch, E., Negative feedback regulation of Rac in leukocytes from mice expressing a constitutively active phos-
phatidylinositol 3-kinase γ,  Cell Biology PNAS, Vol 104(36); Sep 4, 2007.  see figure 1D.
Wenting Zhu, Chinmay M. Trivedi, Diane Zhou, Lijun Yuan, Min Min Lu, Jonathan A. Epstein, Inpp5f is a polyphosphoinositide phosphatase that 
regulates cardiac hypertrophic responsiveness, Circulation Research, American Heart Association, 2009; 105: 1240-1247;  Oct 29, 2009.  See 
figure 3F. 
Regina Teo, Kimberley J. Lewis, Josephine E. Forde, W. Jonathan Ryves, Jonathan V. Reddy, Benjamin J. Rogers, and Adrian J. Harwood, 
Glycogen Synthase Kinase-3 Is Required for Efficient Dictyostelium Chemotaxis, Molecular Biology of the Cell, Vol. 21, 2788 – 2796, Aug 1, 2010.  
See figure 4D.
Jason S. King, Regina Teo, Jonathan Ryves, Jonathan V. Reddy, Owen Peters, Ben Orabi, Robin S.B. Williams, and Adrian J. Harwood, The Mood 
Stabilizer Lithium Suppresses PIP3 Signalling in Dictyostelium and Human Cells, Disease Models and Mechanisms, 2009 May – Jun; 2(5-6): 
306-312.  See figure 3D.
Kirill Ukhanov, Elizabeth A. Corey, Daniela Brunert, Katharina Klasen, and Barry W. Ache, Inhibitory Odorant Signaling in Mammalian Olfacto-
ry Receptor Neurons, Journal of Neurophysiology, 2010 February; 103(2): 1114-1122.  See figure 1D. 
Guangxu Zhu, Mingbao Song, Huxuan Wang, Gang Zhao, Zhengping Yu, Yangquang Yin, Xiaohui Zhao, Lan Huang, Young Environment Reverses 
the Declined Activity of Aged Rat-Derived Endothelial Progenitor Cells:  Involvement of the Phosphatidylinositol 3-Kinase/Akt Signaling 
Pathway,  Annals of Vascular Surgery, July 2009, Vol 23, Issue 4, 519-543. 
Matthias D. Sury, Lorianne Vorlet-Fawer, Claudia Agarinis, Shida Yousefi, Denis Grandgirard, Stephen L. Leib, and Stephan Christen, Resto-
ration of Akt Activity by the Bisperoxovanadium Compound bpV(pic) Attenuates Hippocampal Apoptosis in Experimental Neonatal Pneumo-
coccal Meningitis, Neurobiology of Disease, Jan 2011, Vol 41, Issue 1, 201 – 208.
Bruce J. Shenker, Kathleen Boesze-Battaglia, Ali Zekavat, Lisa Walker, Dave Besack, and Hydar Ali, Inhibition of Mast Cell Degranulation by a 
Chimeric Toxin Containing a Novel Phosphatidylinositol-3,4,5-triphosphate Phosphatase, Molecular Immunology, Dec 2010, Vol 48, Issue 1, 
203 – 210.
Lijun Liu, Xiaochen Zhao, Sandrine V. Pierre, and Amir Askari, Association of PI3K-Akt Signaling Pathway With Digitalis-Induced Hypertrophy 
of Cardiac Myocytes., American Journal of Physiology:  Cell Physiology, Nov 2007, vol 293, no 5, C1489 – C1497, See figure 3A.
Yasuo To, Kazuhiro Ito, Yasuo Kizawa, Marco Failla, Misako Ito, Tadashi Kusama, W. Mark Elliott, James C. Hogg, Ian M. Adcock, Peter J. Barnes, 
Targeting Phosphoinositide-3-Kinase-δ with Theophylline Reverses Corticosteroid Insensitivity in Chronic Obstructive Pulmonary Disease, 
American Journal of Respiratory and Critical Care Medicine, March 2010, vol 182, 897 – 904.
Guanglei Zhuang, Sonja Hunter, Yoonha Hwang, and Jin Chen, Regulation of EPHA2 Receptor Endocytosis by SHIP2 Lipid Phosphatase via PI3 
Kinase-Dependent RAC1 Activation, J Biol Chem, Jan 2007, 282(4):2683-94, see figure 5C.
V. Wells, J. Downward, and L. Mallucci, Functional Inhibition of PI3K by the βGBP Molecule Suppresses Ras-MAPK Signaling to Block Cell 
Proliferation, Oncogene, July 2007,  26, 7709-7714.
Beneteau M., Pizon M., Chaigne-Delalande B., Daburon S., Moreau P., De Giorgi F., Ichas F., Rebillard A., Dimanche-Boitrel MT., Taupin JL., 
Moreau JF., Legembre  P., Localization of Fas/CD95 into the Lipid Rafts on Down-Modulation of the Phosphatidylinositol 3-Kinase Signaling 
Pathway,  Mol Cancer Res.  2008  Apr; 6(4): 604 – 13.  See figure 2B.
K.  Rehani, D.A. Scott, D. Renaud, H. Hamza, L.R. Williams, H. Wang, M. Martin, Cotinine-Induced Convergence of the Cholinergic and PI3 
Kinase-Dependent Anti-Inflammatory Pathways in Innate Immune Cells, BBA, Molecular Cell Research, Vol 1783, Issue 3, March 2008; 
375-382.
Shenker BJ, Blakic M, Walker LP, Besack D, Jaffe E, LaBelle E, Boesze-Battaglia K.  A Novel Mode of Action for a Microbial-Derived Immuno-
toxin:  The Cytolethal Distending Toxin Subunit B Exhibits Phosphatidylinositol 3,4,5-triphosphate Phosphatase, J Immunol, 2007 Apr 15; 
178(8): 5099 – 108.  See figure 9A.

4.

2.

3.

1.

8.

6.

7.

5.

12.

10.

11.

9.

16.

14.

15.

13.

20.

18.

19.

17.

22.

21.



Echelon Biosciences Inc.

Echelon Biosciences Inc.

Technical Data Sheet  Rev. 7, 08-31-18 - For research use only. Not intended or approved for diagnostic or therapeutic use. Page 7 of 8

Ph:    866-588-0455
Fax:  801-588-0497 Echelon-inc.com

Larmonier CB, Midura-Kiela MT, Ramalingam R, Laubitz D, Janikashvili N, Larmonier N, Ghishan FK, Kiela PR.  Modulation of Neutrophil 
Motility by Curcumin:  Implications for Inflammatory Bowel Disease, Inflamm Bowel Dis.  2001 Feb; 17(2): 503-15.
Razidlo G.L., Katafiasz D., Taylor G.S..  Myotubularin Regulates Akt-dependent Survival Signaling via Phosphatidylinpsotol 3-Phosphate.  J 
Biol Chem, 2011 Jun 3;286(22):  20005 – 19. Epub 2011 Apr 8.  See figures 4B and 4C.
Mondal, S., Subramanian, K., Sakai, J., Bajrami, B., Luo, H. R.  Phosphoinositide lipid phosphatase SHIP1 and PTEN coordinate to regulate cell 
migration and adhesion.  Mol. Biol. Cell February 9, 2012. Mbc. E11-10-0889.   See figure 6B.
So, T., Choi, H., Croft, M.  OX40 Complexes with Phosphoinositide 3-Kinase and Protein Kinase B (PKB) To Augment TCR-Dependent PKB 
Signaling. The Journal of Immunology.  March 15, 2011.  Vol. 186 no. 63547-3555.
Sowa, N. A., Street, S.E., Vihko, P., Zylka, M.J.  Prostatic Acid Phosphatase Reduces Thermal Sensitivity and Chronic Pain Sensitization by 
Depleting Phosphatidylinositol 4,5-Bisphosphate.  The Journal of Neurosciences, August 4, 2010.   30(31):  10282-10293.  See figure 3.
Lev, S., Katz, B., Tzarfaty, V., and Minke, B.  Signal-dependent Hydrolysis of Phosphatidylinositol 4,5-Bisphosphate without Activation of Phos-
pholipase C Implications on Gating of Drosophila TRPL (Transient Receptor Potential-Like) Channel.   Journal of Biological Chemistry.  Janu-
ary 6, 2012.  287, 1436-1447. 
Bhattacharjee, S., Stahelin, R. V., Speicher, K.D., Speicher, D.W., Haldar, K.  Endoplasmic Reticulum PI(3)P Lipid Binding Targets Malaria 
Proteins to the Host Cell.  Cell, Vol. 148, Issue 1-2, 20 January 2012, pages 201-212.  See Figure 4.  
Bernard, J.R., Liao, Y.H., Doerner, P.G. III, Ding, Z., Hsieh, M., Wang, W., Nelson, J.L., Ivy, J.L.  An amino acid mixture is essential to optimize 
insulin-stimulated glucose uptake and GLUT4 translocation in perfused rodent hindlimb muscle.Journal of Applied Physiology.   July 1, 2012.  
Vol 113 no. 97-104.  
Guillermo Esteban-Pretel1, María Pilar Marín1, Ana María Romero, Joaquín Timoneda, Xavier Ponsoda, Raúl Ballestín and Jaime 
Renau-Piqueras.  Polyphosphoinositide Metabolism and Golgi Complex Morphology in Hippocampal Neurons in Primary Culture is Altered by 
Chronic Ethanol Exposure.  Alcohol and Alcoholism Vol. 0, No. 0, pp. 1–13, 2012.  See Figure 5.
Zhang, L., Malik, S., Pang, J., Wang, H., Park, K.M., Yule, D.I., Blaxall, B.C., Smrcka, A.V.  Phospholipase C � hydrolyzes perinuclear phosphatidy-
linositol 4-phosphate to regulate cardiac hypertrophy.  Cell.  2013 March 28; 153(1): 216-27.
Hakryul Jo, Pang-Kuo Lo, Yitang Li, Fabien Loison, Sarash Green, Jake Wang, Leslie E. Silberstein, Keqiang Ye, Hexin Chen, and Hongbo R. 
Luo.  Deactivation of Akt by small molecule inhibitor targeting pleckstrin homology domain and facilitating Akt ubiquination.  Proc Natl Acad 
Sci USA.  2011 Apr 19; 108 (16): 6486-91.
Manna P, Jain SK.  Decreased hepatic phosphatidylinositol-3,4,5-triphosphate (PIP3) levels and impaired glucose homeostasis in type 1 and 
type 2 diabetic rats.  Cell Physiol Biochem.  2012; 30(6):1363-70.
Lin X, Shang X, Manorek G, Howell SB.  Regulation of the Epithelial-Mesenchymal Transition by Claudin-3 and Claudin-4.  PLoS One.  2013 Jun 
21;8(6)e67496.  See figure 7.
Guo H, Qiao G, Ying H, Li Z, Zhao Y, Liang Y, Yang L, Lipkowitz S, Penninger JM, Langdon WY, Shang J.  E3 Ubiquitin Ligase Cbl-b Regulates Pten 
via Nedd4 in T Cells Independently of Its Ubiquitin Ligase Activity.  Cell Rep. 2012 May 31;1(5):472-82.  See figure 1.
Turke AB, Song Y, Costa C, Cook R, Arteaga CL, Asara JM, Engelman JA.  MEK inhibition leads to PI3K/AKT activation by relieving a negative 
feedback on ERBB receptors.  Cancer Res. 2012 Jul 1;72(13):3228-37.  See figure 1C.
Veilleux A, Houde VP, Bellmann K, Marette A.  Chronic inhibition of the m TORC1/S6K1 pathway increases insulin-induced PI3K activity but 
inhibits Akt2 and glucose transport stimulation in 3T3-L1 adipocytes.  Mol Endocrinol.  2010 Apr;24(4):766-78.  See figure 6A.
Aggarwal C, Labuz J, Gabrys H.  Phosphoinositides play differential roles in regulating phototropin1-and phototropin2-mediated chloroplast 
movements in Arabidopsis.  PLoS One.  2013 Feb 6;8(2):e55393.
Stephanie Jean Harris.  Characterization of SHIP-1 as a Regulator of T Lymphocyte Function.  Sept 2010.  University of Bath  Department of 
Pharmacy and Pharmacology.  
Trovo L, Ahmed T, Callaerts-Vegh Z, Buzzi A, Bagni C, Chuah M, Vandendriessche T, D’Hooge R, Balschun D, Cotti CG.  Low hippocampan 
PI(4,5)P2 contributes to reduced cognition in old mice as a result of loss of MARCKS.  Nat Neurosci. 2013 Apr; 16(4): 449-55.  See figure 1.
Bhattacharjee S, Stahelin RV, Speicher KD, Speicher DW, Haldar K.  Endoplasmic reticulum PI(3)P lipid binding targets malaria proteins to the 
host cell.  Cell. 2012 Jan 20; 148 (1-2): 201-12.  See figure 4E.
Kim J, Kim YC, Fang C, Russell RC, Kim JH, Fan Q, Liu R, Zhong Q, Guan KL.  Differential regulation of distinct Vps34 complexes by AMPK in 
nutrient stress autophagy.  Cell 2013 Jan 17;152(1-2):290-303.  See figure 7D.
Shenker BJ, Boesze-Battaglia K, Zekavat A, Walker L, Besack D, Ali H.  Inhibition of mast cell degranulation by a chimeric toxin containing a 
novel phosphatidylinositol-3,4,5-triphosphate phosphatase.  Mol Immunol. 2010 Nov-Dec;48(1-3):203-10.  See figure 4.
Bobkov YV, Pezier A, Corey EA, Ache BW.  Phosphatidylinositol 4,5-bisphosphate-dependent regulation of the output in lobster olfactory 
receptor neurons.  J Exp Biol.  2010 May;213(Pt 9): 1417-24.  See figure 3.
Chen X, Pan M, Han L, Hao X, Dong Q.  miR-338-3p suppresses neuroblastoma proliferation, invasion and migration through targeting 
PREX2a.  FEBS Lett.  2013 Nov 15;587(22):3729-37.
Xiong X, Xu Q, Huang Y, Singh RD, Anderson R, Leof E, Hu J, Ling K.  An association between type Iγ PI4P 5-kinse and Exo70 directs E-cadherin 
clustering and epithelial polarization.  Mol Biol Cell 2012 Jan;23(1):87-98.
Fan YY, Monk JM, Hou TY, Callway E, Vincent L, Weeks B, Yang P, Chapkin RS.  Characterization of an arachidonic acid-deficient (Fads 1 knock-
out) mouse model.  J Lipid Res. 2012 Jul;53(7):1287-95.  See figure 7.
Chang P, Walker MC, Williams RS.  Seizure-induced reduction in PIP3 levels contributes to seizure-activity and is rescued by valporic acid.  
Neurobiol Dis.  2014 Feb;62:296-306. 
Shinohara M, Nakamura M, Masuda H, Hirose J, Kadono Y, Iwasawa M, Nagase Y, Ueki K, Kadowaki T, Sasaki T, Kato S, Nakamura H, Tanaka S, 
Takayanagi H.  Class 1A phosphatidylinositol 3-kinase regulates osteoclastic bone resorption through protein kinase B-mediated vesicle 
transport.  J Bone Miner Res.  2012 Dec;27(12):2464-75.  See figure 1.   

26.

24.

25.

23.

30.

28.

29.

27.

34.

32.

33.

31.

38.

36.

37.

35.

42.

40.

41.

39.

44.

43.

46.

45.

50.

48.

49.

47.



Echelon Biosciences Inc.

Echelon Biosciences Inc.

Technical Data Sheet  Rev. 7, 08-31-18 - For research use only. Not intended or approved for diagnostic or therapeutic use. Page 8 of 8

Ph:    866-588-0455
Fax:  801-588-0497 Echelon-inc.com

Costa, C., H. Ebi, et al. (2015). "Measurement of PIP3 levels reveals an unexpected role for p110beta in early adaptive responses to p110al-
pha-specific inhibitors in luminal breast cancer." Cancer Cell 27(1): 97-108.

Background
Muller-Roeber B, Pical C. Inositol Phospholipid Metabolism in Arabidopsis. Characterized and Putative Isoforms of Inositol Phospholipid 
Kinase and Phosphoinositide-Specific Phospholipase C. 2002.
Xu C, Watras J, Loew LM. Kinetic analysis of receptor-activated phosphoinositide turnover. J Cell Biol. 2003; 161:779–791.10.1083/-
jcb.200301070
Willars GB, Nahorski SR, Challiss RA. Differential regulation of muscarinic acetylcholine receptor-sensitive polyphosphoinositide pools and 
consequences for signaling in human neuroblastoma cells. J Biol Chem. 1998; 273:5037–5046.10.1074/jbc.273.9.5037
Munnik T, Testerink C. Plant phospholipid signaling: “in a nutshell”. J Lipid Res. 2009; 50(Suppl):S260–5.10.1194/jlr.R800098-JLR200 
Gary JD, Wurmser AE, Bonangelino CJ, Weisman LS, Emr SD. Fab1p is essential for PtdIns(3)P 5-kinase activity and the maintenance of 
vacuolar size and membrane homeostasis. J Cell Biol. 1998; 143:65–79.
Zolov SN, Bridges D, Zhang Y, Lee WW, Riehle E, Verma R, et al. In vivo, Pikfyve generates PI(3,5)P2, which serves as both a signaling lipid and 
the major precursor for PI5P. Proceedings of the National Academy of Sciences. 2012; 109:17472–17477.10.1073/pnas.1203106109
Stack JH, DeWald DB, Takegawa K, Emr SD. Vesicle-mediated protein transport: regulatory interactions between the Vps15 protein kinase 
and the Vps34 PtdIns 3-kinase essential for protein sorting to the vacuole in yeast. J Cell Biol. 1995; 129:321–334.
Gary JD, Wurmser AE, Bonangelino CJ, Weisman LS, Emr SD. Fab1p is essential for PtdIns(3)P 5-kinase activity and the maintenance of 
vacuolar size and membrane homeostasis. J Cell Biol. 1998; 143:65–79.
Bonangelino CJ, Nau JJ, Duex JE, Brinkman M, Wurmser AE, Gary JD, et al. Osmotic stress-induced increase of phosphatidylinositol 3,5-bis-
phosphate requires Vac14p, an activator of the lipid kinase Fab1p. J Cell Biol. 2002; 156:1015–1028.10.1083/jcb.200201002
Zolov SN, Bridges D, Zhang Y, Lee WW, Riehle E, Verma R, et al. In vivo, Pikfyve generates PI(3,5)P2, which serves as both a signaling lipid and 
the major precursor for PI5P. Proceedings of the National Academy of Sciences. 2012; 109:17472–17477.10.1073/pnas.1203106109
Sbrissa D, Ikonomov OC, Filios C, Delvecchio K, Shisheva A. Functional dissociation between PIKfyve-synthesized PtdIns5P and PtdIns(3,5)P2 
by means of the PIKfyve inhibitor YM201636. Am J Physiol Cell Physiol. 201210.1152/ajpcell.00105.2012
Guillou, H., Stephens, L.R., and Hawkins, P.T. (2007). Quantitative measurement of phosphatidylinositol 3,4,5-trisphosphate. Methods 
Enzymol. 434, 117–130.
Condliffe, A.M., Davidson, K., Anderson, K.E., Ellson, C.D., Crabbe, T., Okkenhaug, K., Vanhaesebroeck, B., Turner, M., Webb, L., Wymann, M.P., et 
al. (2005). Sequential activation of class IB and class IA PI3K is important for the primed respiratory burst of human but not murine neutro-
phils. Blood 106, 1432–1440.

54.

52.

53.

51.

58.

56.

57.

55.

62.

60.

61.

59.

64.

63.


