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Abstract
Phosphoinositides are critical cellular regulators that function by interacting with specific 
lipid binding domains present in proteins. Phosphoinositide-protein interactions can 
mediate localisation, activity and interaction of target proteins and thereby influence 
downstream signalling. Understanding phosphoinositide-protein interactions and 
identifying proteins that interact with phosphoinositides is crucial in understanding 
diseases associated with deregulated phosphoinositide signalling. We show that the 
prolyl-isomerase Pin1 interacts with multiple phosphoinositides of which PtdIn(4,5)P2 
showed the highest affinity. Overexpression of PIP5K to increase cellular PtdIn(4,5)P2 
attenuates Pin1 dependent transcriptional activation of the CDKN1B and CCND1 
promotors. The interaction between Pin1 and phosphoinositides requires a functional 
WW domain present in Pin1, as phophopeptides could compete with phosphoinositides 
for the same binding site. The interaction between phosphoinositides and Pin1 
denotes a novel mode of regulation for Pin1. 
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Introduction
Phosphoinositides (PI) are minor constituents of membranes and are present in 
a variety of sub-cellular organelles such as the plasma membrane, the Golgi, the 
endoplasmic reticulum, lysosomes and also in the nucleus (1-2). To date seven 
phosphorylated version of PIs have been identified including PtdIns3P, PtdIns4P, 
PtdIns5P, PtdIns(3,4)P2, PtdIns(4,5)P2, PtdIns(3,5)P2 and PtdIns(3,4,5)P3. In response to 
both extracellular and intracellular cues the abundance of PIs are tightly modulated by 
an array of lipid kinases, phosphatases and lipases. Deregulation of phosphoinositide 
metabolism can lead to diseases such as cancer, myotubular myopathies and Lowe’ 
syndrome (3-4). Within the nucleus and excluded from the nuclear envelope, PIs 
are present but it is not clear how they are maintained since vesicle or membrane 
structures have not been visualised. PIs may form proteolipid complexes with their 
hydrophobic lipid tails buried within a protein structure that allows presentation of 
the inositol ring for interaction and modification (5), somewhat analogous to binding 
and presentation of inositides by the phosphoinositide transfer protein family. An 
important modus of signalling through PIs is via proteins with lipid binding domains 
(LBD). LBDs can interact with specific PIs to initiate downstream signalling. For 
example the PH-domain of PLCδ1 associates specifically with PIs (4,5)P2, PHD-fingers 
interact with PIs 5P and the FYVE domain interacts with PIs 3P (6). Protein interaction 
with phosphoinositides can regulate localisation, activity and interaction partners. 
Identifying proteins that interact with PIs and understanding how this impinges on 
downstream signalling is crucial to understanding the underlying mechanisms of how 
phosphoinositides impinge on human diseases development.

Pin1 is a member of the Parvulin family of prolyl-isomerases (7) and was 
discovered as a protein that interacts with an essential mitotic kinase NIMA (Never 
In Mitosis Gene A). Pin1 is unique among the parvulins as it binds specifically to 
phosphorylated threonines or serines next to a proline (8). Subsequent isomerisation 
of proline residues lead to changes in the conformation of the peptide backbone 
leading to the regulation of protein catalytic activity, localisation, dephosphorylation 
or degradation (9-10). Pin1 catalyzes the cis-trans isomerization of S/T-P bonds 
interconverting two distinct conformations and effectively allows two different 
binding moieties for targeting proteins such as PP2A, a trans-specific phosphatase 
(11). The fact that proteins can have more than one Pin1 binding sites suggest that 
Pin1 could control many conformations of the same protein. Pin1 therefore acts as 
a downstream signalling cassette for proline directed phosphorylation to regulate 
protein conformation. Pin1 has two well characterised domains that determine 
interaction and activity towards downstream targets. The WW-domain binds 
to a phosphorylated serine or threonine next to a proline and the PPI-domain is 
responsible for its isomerisation activity (12-14). Pin1 has been found to interact with 
a myriad of proteins of which over thirty have been strongly implicated in aging and 
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in human cancer development. Overexpression of Pin1 has been found in several 
human cancers and correlates with worse patient prognosis in prostate cancer. 
(15-17), while in mice, Pin1-/- deletion attenuates tumour development when the 
mice are crossed into some tumour-inducing mouse models (18). Pin1-/- knock-out 
animals show similarities in phenotypes with CCND1 knock-out mice and indeed 
have decreased abundance of CCND1 in many tissues (19). 

Although Pin1 activity has been implicated in the regulation of numerous cellular 
processes, it is still not clear exactly how Pin1 itself might be regulated. Pin1 can be 
phosphorylated at serine 16 and serine 71, by cyclic AMP-Kinase (12) and DAPkinase1 
(20) respectively and phosphorylation of either site leads to inhibition of Pin1 function. 
Recently we found that Pin1 interacts with and regulates a phosphoinositide kinase 
that regulates the levels of PtdIns5P and PtdIns(4,5)P2. Deletion of Pin1 increased 
PtdIns5P levels in response to cellular stressors (21). Since proteins that interact with 
phospholipid kinases often interact with the lipid that they generate we investigated 
if Pin1 might associate with phosphoinositides directly. Using Surface Plasmon 
Resonance (SPR) we identified that Pin1 interacted with at least three different 
phosphoinositides and showed some specificity towards PtdIns(4,5)P2. When cellular 
levels of PtdIns(4,5)P2 were increased by overexpressing PIP5K, the family of enzymes 
responsible for the synthesis of the major pools of PtdIns(4,5)P2, Pin1 enhanced 
transcriptional activation of the promoters of CDKN1B and CCND1 was attenuated. 
Mechanistically we show that the interaction between Pin1 and phosphoinositides 
requires a functional WW domain and that phosphopeptides and phosphoinositides 
compete for the same binding site. We suggest that interaction between the WW 
domain of Pin1 and phosphoinositides represent a novel mode of regulation. 

Materials and methods
Cell Culture, transfections and reagents
HeLa and HEK293 cells were cultured according to ATCC recommendations. Transient 
transfection in HEK293 cells was performed using the calcium phosphate method. 
Myc-PIP5KA, Myc-PIP5KB and Myc-PIP5KC were derived from human sequences. 
GST-Pin1, GST-Pin1-PPI and GST-Pin1-PPI were a gift from S.Cooke (Babraham 
Institute, Cambridge). Anti-Myc antibody was a mouse monoclonal supernatant from 
clone 9E10. Protein G sepharose and glutathione agarose were purchased from 
GE Healthcare.

GST-fusion protein production 
Bacterial colonies transformed with the GST-Pin1 vectors were diluted into 5 ml of LB 
medium containing ampicillin (50 µg/ml) and grown overnight. Cultures were diluted to 
100ml, grown at 37°C for 1 hour and the IPTG (100 µM final concentration) was added 
and the cultures were grown overnight at 30°C. Cells were collected by centrifugation 
(400 rpm for 10 minutes), washed with PBS and resuspended in 5 mls of PBS. Cells 
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were disrupted by sonication (Diagenode cell disruptor set at the high intensity setting) 
and Triton-X-100 was added to a final concentration of 1%. Cell debris was removed 
by centrifugation and the supernatant was incubated with glutathione agarose beads 
for 2 hours. After extensive washing (PBS-1% Triton-X-100), the bound proteins were 
eluted using 10mM reduced glutathione in 50 mM Tris pH 8, 0.3 M NaCl. Purification 
of the eluted proteins were quantitated using Biorad reagent, run on a SDS-PAGE gel 
and stained with coomassie blue. 

Preparation of SPR lipid sensor chips
To prepare a hydrophobic SPR sensor chip for the capture of single molecules/micelles 
a GLC chip (Bio-Rad) was used. The long chain hydrocarbon molecule undecylamine 
(C11H25N) was covalently coupled to reactive carboxylic groups of the GLC chip to 
create a hydrophobic surface. Sulpho-N-hydroxysuccinimide (sulpho-NHS) (Bio-Rad) 
and 1-ethyl-3-[3-dimethyl-aminopropyl]carbodiimide hydrochloride (EDC or EDAC) 
were used in the formation of an amine-reactive ester bond, which can react with 
undecylamine. Under these conditions, undecylamine is positively charged and is 
attracted to the negative chip surface via electrostatic interactions. Its amine group 
can form an ester bond with a previously activated carboxylic group, resulting in stable 
and covalent coupling of undecylamine to the sensor chip surface. 

Lipids (phosphoinositide or PC single molecules/micelles) were injected at 
30 µl/min for 400 s at 25°C onto the activated GLC sensor chip surface. The running 
buffer (RB) used for phosphoinositide single molecule/micelle chips was PBS, while 
PBS supplemented with 10  µM ZnSO4 was used for when binding of recombinant 
GST-tagged PHD-finger domains was tested. Measurements of protein binding to 
phosphoinositide single molecules/micelles were referenced by subtracting the 
binding response generated in the respective reference PC channel employing 
ProteON™ manager software (Bio-Rad).

Affinity pull downs
GST-fusion protein affinity pull down assays in cell lysates used 1µg of GST-protein 
(with tube rotation for 1 hour at 4°C). Affinity purified proteins were collected using 
glutathione beads (with tube rotation for 1 hour at 4°C). After extensive washing (four 
times using 50mM Tris pH 7.5, 5mM EDTA, 150mM NaCl and 0.1% Tween 20), the 
purified proteins were separated by SDS-PAGE for Western blotting. 

Lipid kinase assay
To determine PIP5K activity GST pull-downs were performed followed by lipid kinases 
assays. A mixture of PtdIns4P (0.5 nmole) together with 5 nmoles of phosphatidylserine 
was the substrate for immunopurified PIP5K. The radiolabelled reaction products 
were subjected to TLC analysis. Phosphorimaging (Pharos FX Plus molecular imager 
with Image One software, Biorad) was used to visualise radioactivity in spots on the 
TLC plate.
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Luciferase assays
Reporter assays were performed using the Dual-GLO® Luciferase System (Promega). 
Cells transfected with a renilla vector CCND1-luc or CDKN1B were lysed in passive lysis 
buffer and transferred to a white polystyrene 96-well plate (Corning). Luminescence 
was measured using a POLARstar Omega plate reader (BMG).

Results
Pin1 associates with Phosphoinositides
On the basis of our recent findings that Pin1 can interact with a phosphoinositide 
kinase and plays a role in modifying the levels of the mono-phosphoinositide PtdIns5P 
(21) we questioned if Pin1 could interact with phosphoinositides. In order to study 
binding to multiple phosphoinositides simultaneously and in real time, we made use 
of Surface Plasmon Resonance (SPR). A SPR sensor chip was loaded with PtdIns3P, 
PtdIns5P and PtdIns(4,5)P2 and referenced against phosphatidylcholine. Lipids 
were presented as micelles and loaded on to an activated GLC sensor chip. Typical 
phosphoinositide binding domains (PH-PLCd1, 2xPHD-ING2 and 2xFYVE-EEA1) were 
used as positive controls to check the integrity and validity of the chip (6). PH-PLCδ1 
associated strongly with PtdIns(4,5)P2, 2xPHD-ING2 with PtdIns5P and 2xFYVE-EEA1 
with PtdIns3P as described previously (Figure 1A-C). The method of lipid presentation 
has been developed to observe interaction of PHD fingers with phosphoinositides 
and will be described in detail elsewhere. PHD finger containing proteins are localised 
in the nucleus where they interact with nuclear lipids and are unlikely to interact 
with a membrane environment. Therefore it was not surprising that we have been 
unable to observe PHD finger/PI interaction when PIs are presented in liposomes 
of phosphatidylcholine (data not shown), however they show strong interaction 
with phosphoinositides presented on nitrocellulose membranes. We suggest that 
the presentation on membranes or in the SPR described above might reflect the 
manner in which PI are presented in the nucleus. Under these conditions, however, 
PLCδ1 showed increased promiscuous binding to PtdIns5P and PtdIns3P which is not 
observed when PIs are presented in artificial liposomes made of phosphatidylcholine. 
However we have observed a similar increase in binding promiscuity of PLCδ1 when 
phosphoinositides are presented in liposomes containing endogenous levels of 
phosphatidylethanolamine. These data illustrate how lipid presentation dictates lipid 
interaction specificity. It should be noted that GST alone never showed interaction 
with any of the lipids (Figure 1D). Recombinant GST-Pin1-WT was purified from 
bacteria, and quantified by comparison to BSA standards after gel electrophoresis 
and coomassie blue staining and tested for its interaction with phosphoinositides. 
GST-Pin1 interacted most strongly with PtdIns(4,5)P2 but also interacted with PtdIns3P 
and PtdIns5P (Figure 1E). 
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Figure 1. SPR analysis of phosphoinositide binding proteins. Proteins with typical phosphoinositide 
binding domains were tested on a SPR sensor chip containing phosphoinositide micelles. 
A.  Association of PH-PLCd1 was determined to test the integrity of PtdIns(4,5)P2 containing 
micelles. B. 2XPHD-ING2 to test PtdIns5P and 2xFYVE-EEA1 (C.) to test PtdIns3P. D. GST alone 
was used as control. E. Association of GST-Pin1-WT with phosphoinositide micelles was tested 
by SPR. Data are representative of four to six different injections and have been carried out using 
two different SPR chips.
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Pin1 interacts with PIP5K, the major regulator of cellular PtdIns(4,5)P2 
Many targets that interact with phosphoinositdes also interact with enzymes that 
regulate their synthesis. This might help to localise target proteins with specific lipid 
pools thereby increasing interaction specificity. Our previous studies showed that 
Pin1 could interact with the PIP4K family of lipid kinases. Although these enzymes 
synthesise PtdIns(4,5)P2 by phosphorylating PtdIns5P, it is unlikely that they are 
responsible for the majority of PtdIns(4,5)P2 synthesis as the the levels of their substrate 
is very low. PIP5Ks phosphorylate PtdIns4P to generate PtdIns(4,5)P2 and the level of 
PtdIns4P is approximately 10-20 times higher than the level of PtdIns5P. We assessed 
the ability of GST-Pin1 to affinity purify an endogenous PIP5K from HeLa cell lysates. 
After affinity purification, PIP5K activity was measured using PtdIns4P and 32P-ATP. 
GST-Pin1 purified a PIP5K enzymatic activity from lysates (Figure 2A) and the amount 
of activity purified was reduced when a mutant of Pin1 that is unable to interact with 
phosphorylated peptides was used (Figure 2A). There are three major isoforms of 
PIP5K that synthesise PtdIns(4,5)P2 and we assessed if Pin1 showed isoform binding 
specificity. Myc-PIP5K1A, Myc-PIP5K1B and Myc-PIP5K1C were transiently expressed 
in HEK293 cells. Affinity purification by GST-Pin1-WT, GST-Pin1-WW and GST-Pin1-
PPI followed by western blotting was used to assess interaction. All three PIP5K 
isoforms interacted with wild type GST-Pin1 and GST-Pin1-PPI, while the interaction 
with GST-Pin1-WW was dramatically decreased. No interaction was observed with 
GST alone (Figure 2B). Next we overexpressed Myc-PIP5K1A in HEK293 cells and 
measured PIP5K activity that was affinity purified by GST-Pin1-WT, GST-Pin1-WW and 
GST-Pin1-PPI. Half of the beads were used to determine the amount of PIP5K1A that 
was affinity purified. The other half was used to measure PIP5K activity. The amount of 
PIP5K activity isolated was dependent upon phosphorylation as there was no PIP5K 
activity associated with GST-Pin1-WW. Additionally, although a similar amount of 
Myc-PIP5K1A was affinity purified by Wild type and GST-Pin1-PPI, the PIP5K activity 
associated with GST-Pin1-PPI was higher than in the wild type pull down (Figure 2C). 
These data show that Pin1 interacts with a PIP5K in a phosphorylation dependent 
manner and that the proline isomerase activity of Pin1 might act to negatively 
regulate PIP5K activity. 

PIP5K inhibits Pin1 dependent transcription of CCND1 and CDKN1B
Pin1 predominantly resides in the nucleus and has been shown to regulate 
transcription of numerous genes including NFΚB (22), Jun, Fos and CCND1 and 
CDKN1B (16, 23). PIP5K and PtdIns(4,5)P2 have also been found in the nucleus and 
have been suggested to impinge on transcription and splicing. We therefore assessed 
if PIP5K overexpression and PtdIns(4,5)P2 synthesis could regulate Pin1 dependent 
transcription. Pin1 dose dependently activated luciferase transcription from both the 
CDKN1B promoter and the CCND1 promoter (Figure 3A and B). To test the effect of 
increased levels of PtdIns(4,5)P2 upon Pin1 dependent transcription of CCND1 and 
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CDKN1B, we overexpressed PIP5K. Pin1 induced a robust activation of the CCND1and 
CDKN1B promoter (Figure 3C and D). Although, expression of PIP5K alone did not 
significantly affect basal transcription, its co-expression attenuated Pin1 mediated 
transcription (Figure 3C and D). These data show that PIP5K expression attenuates 
Pin1 mediated transcription and that this might occur as a consequence of enhanced 
PtdIns(4,5)P2 generation. 

   

Figure 2. Pin1 interacts with PIP5kinases in a phosphorylation dependent manner. A. HeLa 
cell lysates were incubated with GST-Pin1 or GST-Pin1-WW before the addition of glutathione-
sepharose beads. Endogenous PIP5K activity bound to the washed beads was determined. The 
panel shows a section of the TLC plate corresponding to the PtdIns(4,5)P2 spot. B. HEK293 
cells were transiently transfected with Myc-PIP5KA, Myc-PIP5KB and Myc-PIP5KC. Lysates were 
used for affinity purification with GST-Pin1, GST-Pin1-WW, GST-Pin1-PPI or GST. Bound proteins 
were analyzed by Western blotting with a Myc antibody. Five percent of the total input was 
also analyzed. C. Myc-PIP5KA was overexpressed in HEK293 cells. Lysates were incubated with 
GST-Pin1, GST-Pin1-WW or GST-Pin1-PPI before the addition of glutathione-sepharose beads. 
Half of the washed beads were used to determine PIP5K activity and the other half was used to 
determine the amount of Myc-tagged PIP5KA bound to the beads. The panels show Western 
blotting detection of myc-tagged PIP5KA protein and a scan of the section of the TLC plate 
corresponding to the PtdIns(4,5)P2 spot.
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PtdIns(4,5)P2 interacts with the WW domain of Pin1 and competes for 
phospho-peptide interaction 
As PIP5K attenuated Pin1 mediated transcription we postulated that the interaction 
between PtdIns(4,5)P2 and Pin1 might overlap the site required for phospho-peptide 
binding. We therefore purified GST-WT, PPI and WW from bacteria and assessed their 
interaction with phosphoinositides using SPR (Figure 4). Surprisingly the ability of GST-
Pin1-PPI to interact with PtdIns(4,5)P2 was increased approximately two fold (400 to 
800 RU units). Interaction of the WW mutant with phosphoinositides was severely 
reduced (400 to 150 RU units). These data suggest that phosphoinositides interact 
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Figure 3. Expression of PIP5K inhibits Pin1 dependent transcription of CCND1and CDNK1B. 
A and B. HeLa cells were transfected with either CCND1-luc or CDNK1B-luc and Renilla 
together with increasing concentrations of HA-Pin1. A luciferase reporter assay was performed 
and data are presented as corrected over Renilla. C. and D. HeLa cells were transfected with 
plasmids encoding GFP-PIP5K or Myc-PIP5K alone or together with HA-Pin1 and CCND1-luc or 
CDNK1B -luc. Luciferase reporter analyses were performed and data are presented as corrected 
over Renilla.
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with Pin1 partly through the WW domain. To assess if the phosphorylated peptides and 
phosphoinositides share an interaction site on Pin1 we carried out competition assays 
with phosphorylated peptides derived from PIP4K2B and assessed interaction with 
phosphoinositides by SPR. As a control we utilised non-phosphorylated peptides. We 
previously showed that Pin1 exclusively interacts with the phosphorylated peptides and 
that this interaction was completely attenuated by mutation of the WW domain mutant 
(21). Incubation of GST-WT-Pin1 with 1μM non-phosphorylated peptide did not reduce 
the interaction of Pin1 with phosphoinositides to a significant extent while 10μM non-
phosphorylated partially reduced the interaction (400 to 250 RU units). Incubation with 
1μM phosphorylated peptide reduced the interaction with phosphoinositides (400 to 
150 RU Units) and 10μM phosphorylated peptide dramatically reduced interaction 
(400-45 RU Units) (Figure 5A). When competition assays were carried out with the WW 
domain mutant we did not observe any phosphopeptide dependent reductions in the 
residual phosphoinositide binding (Figure 5B). Phosphopeptide competition with the 
PPI mutant showed similar reductions in phosphoinositide interaction as the wild type 
Pin1 (Supplementary Figure 1). These data demonstrate that the phosphopeptide 
interaction site of Pin1 overlaps with the novel PtdIns(4,5)P2 interaction site revealed 
in this study. 
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Figure 4. Coomassie stained gel of recombinant GST-Pin1-WT and the phospho-binding 
mutant GST-Pin1-WW and prolyl-isomerase activity mutant GST-Pin1-PPI used for SPR analysis. 
Association of GST-Pin1-WT, GST-Pin1-WW and GST-Pin1-PPI with PtdIns(4,5)P2 was tested by 
SPR. Data are representative of four to six different injections and have been carried out using 
two different SPR chips. 
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Discussion
In this study we provide evidence that the phosphospecific prolyl-isomerase Pin1 
interacts with phosphoinositides. Pin1 is known to interact with a subset of proteins 
that have been phosphorylated by proline directed kinases and to catalyse the 
isomerisation of a nearby proline residue. The interaction between phosphorylated 
proteins and Pin1 occurs through the WW domain and we show that the interaction 
between Pin1 and phosphoinositides also overlaps with this binding site. Mutations 
within the WW domain, which attenuate interaction with phospho-peptides, reduce 
the interaction of Pin1 with phosphoinositides and phospho-peptides are able to 
compete for the interaction of phosphoinositides with Pin1. The data suggest that 
cellular PtdIns(4,5)P2 levels might not only act to regulate the localisation of Pin1, 
as demonstrated for other phosphoinositide interaction proteins, but also may 
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Figure 5. Phospho-peptides compete for Pin1 interaction with phosphoinositides by SPR analysis. 
A. SPR analysis of GST-Pin1-WT binding to PtdIns(4,5)P2 in the presence of phosphorylated and 
non-phosphorylated peptides (peptide concentration 1uM and 10 uM). B. SPR analysis of GST-
Pin1-WW binding to PtdIns(4,5)P2 in the presence of phosphorylated (PP) and non-phosphorylated 
(NP) peptides (peptide concentration 1uM and 10 uM).



87

4

Pin1 associates with phosphoinositides and overexpression of PIP5K inhibits Pin1 mediated...

suppress the function of Pin1 on other substrates. In this respect we observed that 
overexpression of PIP5K in cells, an enzyme that increases the levels of PtdIns(4,5)P2 
also suppressed the ability of Pin1 to enhance transcription from the CDKN1B and 
CCND1 promoter, two known transcriptional targets of Pin1. Finally we found that the 
family of PIP5Ks, that regulate cellular PtdIns(4,5)P2 synthesis, interact with Pin1 in a 
phosphorylation dependent manner suggesting that proline directed phosphorylation 
might target Pin1 to domains rich in PtdIns(4,5)P2. 

Pin1 is a critical regulator of many cellular processes and has been linked to human 
diseases such as cancer and Alzheimers and also to the aging process (24-25). Pin1 has 
been shown to interact with and possibly regulate over thirty proteins involved in cancer 
development. However, little is known about how Pin1 might be regulated in vivo. Pin1 
is phosphorylated at serine 16 and serine 71 (20) both of which negatively regulate 
Pin1. Serine 16 phosphorylation inhibits Pin1 interaction with phosphopeptides and 
serine 71 phosphorylation inhibits the prolyl-isomerase activity. This study suggests 
that phosphoinositides are negative regulators of Pin1 and together with our previous 
study (21) builds on the concept that Pin1 and phosphoinositide signalling are 
intimately connected. Our previous study demonstrated that Pin1 interacted with the 
family of PIP4K through the direct phosphorylation of threonine 322 and serine 326 
in response to oxidative stress. Interestingly, in Pin1 knock out MEFs we showed that 
the level of PtdIns5P, the substrate for PIP4K, is increased in response to oxidative 
stress. However in Pin1 knock out MEFs we did not observe significant changes in 
the total cellular PtdIns(4,5)P2 levels, suggesting that Pin1 might act on PIP5K to 
regulate a specific pool of PtdIns(4,5)P2. Conceptually, the ability of Pin1 to interact 
with phosphorylated lipid kinases and phosphoinositides suggest that Pin1 could 
modulate membrane phosphoinositde remodelling in response to proline directed 
protein phosphorylation. 

Pin1 interaction with phosphoinositides could act to sequester Pin1 to specific 
membrane domains. The fact that were show that Pin1 can interact with various 
phosphoinositides, including PtdIns(4,5)P2, PtdIns3P and PtdIns5P suggest that the 
sequestration could occur in the plasmamembrane and nucleus (PtdIns(4,5)P2 and 
PtdIns5P) and to endocytic compartments (PtdIns3P). The sequestration might act to 
inhibit Pin1 or to concentrate and provide a ready pool of Pin1 to interact with and 
regulate co-localised phosphorylated proteins. The demonstration that overexpression 
of an enzyme that generates PtdIns(4,5)P2 can inhibit Pin1 mediated enhancement 
of transcription suggests that PtdIns(4,5)P2 can sequester and inhibit Pin1. We 
have shown that the enhancement of transcription from the CDKN1B promoter is 
dependent on both an intact PPI and WW domain (data not shown). The role of Pin1 
in transcriptional control is complex. It can both positively and negatively regulate 
the activity of transcription factors such as NFΚb, FOXO and Myc (22, 26-27), and can 
also inhibit transcription directly through inducing the hyperphosphorylation of RNA 
polymerase (28). Exactly how PtdIns(4,5)P2 signalling regulates transcription mediated 
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by Pin1 remains to be determined, however it is interesting to note that Pin1 and 
PtdIns(4,5)P2 localise to nuclear SC35 positive speckles that are thought to sequester 
components such as splicing factors and RNA polymerase required for transcription. 

The WW domain are 38-40 amino acid structural motifs that function as interaction 
modules and are classed into five groups of which group IV interacts specifically with 
phosphopeptides (29). Group IV consists of a number of proteins including PDX-1 
C-terminus-interacting factor 1, PinA and SSPl1. Whether all group IV proteins interact 
with phosphoinositide remains to be determined. Although, structural analysis will be 
required to determine exactly how Pin1 interacts with phosphoinositides, arginine 17 
and serine 16 which are crucial for interaction with the phosphate group of the peptide 
(29) might be required for interaction with phosphoinositides. Our study demonstrating 
an interaction between Pin1 and phosphoinositides is reminiscent of a previous study 
demonstrating that SH2 domains, which are well characterised to interact with tyrosine 
phosphorylated proteins, are also able to interact with phosphoinositides. In that 
study the authors also demonstrated that phosphoinositide interaction competed 
for tyrosine phosphopeptide binding suggesting that phosphoinositide production 
in response to insulin signalling might negatively regulate tyrosine phosphorylation 
driven downstream signalling (30). 

Our studies suggest that Pin1 interacts with phosphoinositides and that 
modulating the abundance of phosphoinositides or PIP5K may influence Pin1 
functions such as transcription. As yet we do not know if phosphoinositides binding 
inhibits all phosphopeptide interaction with Pin1 or if specific phosphoinositides 
inhibit specific subsets of phospho-peptides from interacting. In this way Pin1 binding 
to phosphoinositides may be an important way to regulate downstream specificity 
for Pin1. 
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Supplementary Figure 1. SPR analysis of GST-Pin1-PPI binding to PtdIns(4,5)P2 in the presence 
of phosphorylated (PP) and non-phosphorylated (NP) peptides (peptide concentration 1uM and 
10 uM).
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