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A. Materials and Methods
LIM1215 sub cellular cytosolic extracts
Cytosolic extracts of LIM1215 colonic carcinoma cell lines(1) were used as protein sources in affinity 
experiments, which were prepared following a digitonin extraction process as previously described (2-
4). Briefly, LIM1215 cells were grown to confluence in 10 dishes (10 cm diameter), the culture media 
was then removed, and the dishes were rinsed with cold PBS. Cells (2 x 108 cells) were scraped and 
extracted for 30 min at 4 °C by using cytosol extraction buffer (10 mL of 10 mM Pipes, 100 mM NaCl, 
120 mM sucrose, 2.5 mM MgCl2, 2 mM EGTA, pH 6.8, containing 0.015% (w/v) digitonin) and 
protease (cOmplete, EDTA free, cocktail, Roche) and phosphatase inhibitor (PhosStop, Roche) was 
added. Cell permeation was assessed under a light microscope using 1% eosin. The cytosolic extracts 
were obtained by sequential centrifugation at 480g for 20 minutes followed by 436,000g (Beckman 
rotor TLA100.2, 100 000 rpm) for 15 minutes at 4°C.

Conjugation of amino IP6 with Dynabeads M-270 Carboxylic acid
Procedure for the conjugation of amino IP6 to Dynabeads M-270 was performed at the concentration of 
38 µg amino IP6 per 100 µL Dynabeads. Firstly, 100 µL Dynabeads were washed twice with 100 µL of 
25 mM MES buffer (pH=5) and then amino IP6 (38 µg, 0.051 μmol in 10 µL milliQ H2O) in 50 µL of 
25 mM MES was added to the beads and the suspension was incubated on rotation at room temperature 
for 30 min. A cold EDC solution (3 mg in 30 µL of 100 mM MES buffer) was then added to the 
Dynabeads and mix well, and another 10 µL of 25 mM MES buffer was added to a final volume of 100 
µL for 100 µL beads. The mixture was incubated at 4 degree for 3 hours. Allow the suspension to settle 
on a magnet to separate the supernatant from the given beads, and the beads were washed three times 
with milli Q water and another three times with PBS. The supernatant and washings were kept for 
further analysis of unconjugated amino IP6. The rest of the activated groups on the beads’ surface were 
blocked by incubation with ethanolamine (1 M, pH 8.0, 250 µL) for 1 hour at room temperature. The 
resulting IP6 conjugated Dynabeads were washed three times with PBS and finally stored in 100 µL 
PBS. Blank Dynabeads were always made in parallel with IP6 beads by EDC coupling and 
ethanolamine blockage. 

Fractionation of cytosolic lysates with Mono Q anion-exchange chromatography
LIM1215 cytosolic extracts (4 mL) were diluted to 15 mL with Buffer A (10 mM Tris-HCl (pH 7.5) 
containing 0.1% (v/v) Tween 20) and then injected three times using a superloop (5 mL) onto an anion 
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exchange column (MonoQ HR10/100). The proteins were eluted at 4 °C from the column using a linear 
gradient system with 0% to 100 % of Buffer B (10 mM Tris-HCl (pH 7.5) containing 0.1% (v/v) 
Tween 20, 1 M NaCl) in Buffer A, over 30 column volumes at a flow rate of 3 mL/min. Fractions (8 
mL each) were collected automatically and proteins were detected by absorbance at 280 nm. According 
to the elution profile, every two to three adjacent fractions were combined and concentrated to 0.5 mL. 
The resulting fractions were then submitted to buffer exchange column (Sephadex G-25, GE 
Healthcare Life Sciences, MiniTrap) and proteins were eluted with 1 mL TBS (20 mM Tris-HCl, 150 
mM NaCl, pH 7.35). The samples were then incubated with IP6 beads or blank beads and processed as 
described below.

Affinity capture experiments
Each concentrated sample (1 mL in TBS) of the fractionated cytosolic extracts off the Mono Q column 
were pre-cleared by incubation with blank Dynabeads (15 μL beads bed for 1 mL cell extracts) for 2 h 
at 4 °C to remove proteins which bind non-specifically to the beads. After removal of the blank beads 
by magnet, the pre-cleared supernatant was split into half ( 2 x 500 µL) and incubated for 2 h at 4 °C 
with IP6-Dynabeads or blank beads (15 μL beads for 500 μL of fraction). The beads were then washed 
twice with 200 μL of 10 mM Tris-HCl buffer containing 0.1% (v/v) Chaps and twice with 200 μL TBS 
(Tris buffer Saline, 0.15M NaCl). The bound proteins were then desorbed off the using 25 μL of SDS-
PAGE buffer (LDS NuPAGE sample buffer) at 95 °C for 5 min. Eluted proteins were separated using 
SDS-PAGE (NuPAGE 4-12% Bis-Tris gel) in MES buffer and detected by Coomassie staining 
(Imperial Stain, Pierce) overnight. The protein bands can be visualized by de-staining the protein gel in 
milliQ water.

LC/MS-MS analysis
Tryptic digest: Excised protein gel bands from the SDS-PAGE gel lane were subjected to manual in-gel 
tryptic digestion procedure. Briefly, the gel spots were de-stained and dehydrated with acetonitrile 
before submitted to reduction with 50 mM TCEP solution (50 μL of 0.5M TCEP / 125 μL of 200 mM 
TEAB / 325 μL milliQ water) and alkylation with 100 mM Iodoacetamide solution in 50 mM TEAB 
buffer. Trypsin solution was prepared by adding 50 μL of 50 mM TEAB to each Trypsin single vial (1 
μg trypsin), and rehydrate dried gel plug/bands with approximately 10 μL trypsin working solution for 
60 minutes in fridge. Excess trypsin solution was removed with pipette before adding 35 μL of 50 mM 
TEAB to sample vial to ensure proper hydration during digestion at elevated temperatures. Digestion 
was performed at 37 oC for overnight. The second day, the digestion was stopped by adding 5 μL of 10% 
formic acid before collecting the supernatant for peptide mass mapping on LC/MS/MS.
Mass Spectrometry Analysis Analyses were performed using an ABSCIEX 5600 qTOF LC/MS/MS 
coupled with an Eksigent µLTRA nanoflow LC fitted with a nanoflex chip cube. The ion source was an 
ABsciex nano ionspray III source (2400V) fitted with a new objective 10µm Emitter. The sample was 
loaded onto a cHiPLC Trap, ChormXP, C18-CL, 3μm 120Å with a cHiPLC Column ChromXP, C18-
CL, 3μm, 120Å, separating column (Eksigent USA). Peptides were eluted using a 5-50% Acetonitrile/ 
0.1% Formic acid gradient over 25min. Data dependent acquisition was performed on ions between the 
mass range of 400 - 1600 Da with an intensity threshold of >60cps and product ion scans that covered 
the mass range of 100-1800 Da. 

http://www.google.com.hk/url?sa=t&rct=j&q=Sephadex+G-25+minitrap&source=web&cd=1&ved=0CCwQFjAA&url=http%3A%2F%2Fwww.gelifesciences.com%2Fwebapp%2Fwcs%2Fstores%2Fservlet%2Fcatalog%2F%2FGELifeSciences%2Fproducts%2FAlternativeProductStructure_17402%2F28918007&ei=kAWjUePTMcaCkwWb-oHIAg&usg=AFQjCNFoq3h44kY3seM2NHSBvBGOfRE88A
http://www.google.com.hk/url?sa=t&rct=j&q=Sephadex+G-25+minitrap&source=web&cd=1&ved=0CCwQFjAA&url=http%3A%2F%2Fwww.gelifesciences.com%2Fwebapp%2Fwcs%2Fstores%2Fservlet%2Fcatalog%2F%2FGELifeSciences%2Fproducts%2FAlternativeProductStructure_17402%2F28918007&ei=kAWjUePTMcaCkwWb-oHIAg&usg=AFQjCNFoq3h44kY3seM2NHSBvBGOfRE88A
http://www.piercenet.com/browse.cfm?fldID=FEC8AFFB-91E9-46FC-A43C-B62E51D667A5
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Database Searching and Peptide Identification: 
The MGF files were analyzed using the Mascot search engine (Matrix Science, London, UK; version 
2.4.02) and searched against the LudwigNR_Q314 sequence database (taxonomy filter Homo sapiens) 
including common contaminants (http://www.wehi.edu.au/faculty/advanced_research_technologies/
proteomics/wehi_systems_biology_mascot_server). Search parameters consisted of enzyme Trypsin/P, 
2 missed cleavages, fragment ion mass tolerance of 0.040 Da and a parent ion tolerance of 20 PPM. 
Carbamidomethylation of cysteine was specified as a fixed modification and Gln->pyro-Glu of the 
peptide n-terminus, oxidation of methionine and acetylation of the protein n-terminus were specified as 
variable modifications.

Protein Inference and Validation:
Scaffold (version Scaffold_4.3.4, Proteome Software Inc., Portland, OR) was used to validate MS/MS 
based peptide identifications and protein inferences. Peptide identifications were accepted if they could 
be established at greater than 95.0% probability based on Scaffold’s Local FDR algorithm. Proteins 
were accepted if they could be established at greater than 95.0% probability and contained at least 2 
identified peptides. Proteins inferred on the basis of single peptide identifications were manually 
inspected in accordance with previously established guidelines (5) and included if their probabilities 
were greater than 99% and all major fragment ions were annotated. Proteins that contained similar 
significant scoring peptides that could not be differentiated based on MS/MS analysis alone, were 
grouped into clusters to satisfy the principles of parsimony.

Bioinformatic analysis
Proteins identified on control beads were removed from protein lists of IP6 beads, along with known 
non-specific contaminant protein identified in previous studies, such as keratins, actins, histones, 
tubulins, translation initiation factors, tRNA ligases and ATP synthesase and subunits, heat-shock 
proteins, peroxiredoxins, enolases, vimentins, , glyceraldehyde-3-phosphate dehydrogenases, ribosomal 
proteins and nucleotide interacting proteins (2, 6, 7). 
UniProt (Universal Protein Resource) (http://www.uniprot.org/) was used for protein annotation. 
PANTHER (http://www.pantherdb.org/)  and GOSlim ontology were used for protein function 
classification GeneCodis database (http://genecodis.cnb.csic.es/) (8-10) was used for singular 
enrichment analysis of proteomics data by integrating information of Gene Ontology categories 
(Biological Process, and Molecular Function from http://www.geneontology) and KEGG pathways 
(from http://www.genome.jp/kegg/). p Values are obtained through hypergeometric analysis corrected 
by False Discovery Rate method.
Protein/protein and protein/IP6 interaction network were analysed using the STITCH is a database of 
protein-chemical interactions (http://stitch.embl.de).

Production and purification of recombinant His-tagged bovine beta-arrestin 2
beta-arrestin 2 (P32120: 1-420) was produced as a His-fusion protein in BL21 competent bacterial cells 
using a bovine beta-arrestin 2 cDNA (with a Histidine tag added at the N-terminal, made by DNA 2.0) 
cloned into the expression vector pJExpress404 (11, 12). Briefly, cells were grown in superbroth 
containing 100 ug/mL ampicillin and 1 mM IPTG for 18 h at 30 °C, harvested by centrifugation (12). 
The given pellets were lysed by sonication in lysis buffer (50 mM NaH2PO4, 300 mM NaCl, 20 mM 
Immidazole, pH 7.5) and then purified using NiNTA beads eluted in elution buffer (50 mM NaH2PO4, 

http://www.uniprot.org/
http://www.pantherdb.org/
http://genecodis.cnb.csic.es/
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300 mM NaCl, 250 mM Imidazole, pH 7.5), followed by size exclusion chromatography with a 
SuperdexTM 200 column equilibrated in PBS and connected to an AKTA Purifier System. Protein 
identity was confirmed using LC/MS/MS analysis.

Biosensor Analysis
Experiments were performed using a Biacore 2000 biosensor (Biacore Life Sciences, GE Healthcare). 
Amino coupling of NH2-IP6 derivatives is not feasible due to the negative charged of IP6 molecule that 
inhibited surface enrichment. Therefore, NH2-IP6 analogue (5 µg/µL in PBS), was conjugated to biotin 
using Sulfo-NHS-biotin (Thermo Scientific) (1/2 ratio, 2 hours incubation at RT). Biotin conjugated 
IP6 was separated from free NHS-Biotin using an anion exchange column (SAX Analytical HPLC 
Column, 4.6 x 150 mm, Agilent,) connected to an HP1100 system (Agilent). Biotinated IP6 was eluted 
using a linear 0-2M (NH4)HCO3 generated over 30 minutes at a flow rate of 1 mL/min. Biotin 
derivatised IP6 was then immobilised onto neutravidin derivatised sensor surface according to 
described protocol (4) Various concentrations of His-tagged beta-arrestin 2 (5 μM, 2.5 μM, 1.25 μM, 
0.625 μM, 0.312 μM) were injected over immobilised IP6 (40RU immobilised). A neutravidin channel 
was used as control. Kinetic constants were derived from the resulting sensorgrams with 
BIAEVALUATION 4.1 software (Biacore Life Sciences, GE Healthcare) using Global analysis using a 
1:1 model that includes terms for mass transfer of analyte to the surface. The fit between experimental 
data and fitted curves was estimated by chi-squared analysis using the equation given below:
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where rf is the fitted value at a given point, rx is the experimental value at the same point, n is the 
number of data points and p is the number of degrees of freedom.

Additional experiments with high concentration of Magnesium
In order to investigate the importance of magnesium, further pull-down experiments were carried out, 
using a modified extraction buffer containing no EGTA and 5 mM MgCl2 (10 mL of 10 mM Pipes, 100 
mM NaCl, 120 mM sucrose, 5 mM MgCl2, pH 6.8, containing 0.015% (w/v) digitonin). The resulting 
material was used directly for the affinity step (without further purification on the MonoQ column or 
undergoing any buffer exchange procedure). The results from these experiments were comparable to 
our original experiment. See Data set 5 for the full protein and peptide lists (those highlighted in red 
were previsously identificied in our original experiments). In additions please see Table S3 for the 
biological process enrichment of the newly identified proteins with magnesium (excluding the proteins 
previously identified in the original study).

http://www.biacore.com/lifesciences/index.html
http://www.biacore.com/lifesciences/index.html
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B. Experimental Procedures and Characterization Data

General Synthetic Methods and Apparatus

1H-NMR spectra were recorded on a Varian Unity 500 (500 MHz) instrument, using deuterochloroform 
(or other indicated solvents) as reference or internal deuterium lock. The chemical shift data for each 
signal are given as  in units of parts per million (ppm) relative to residual chloroform (δ 7.26 ppm) or 
other solvent. The number of protons (n) for a given resonance is indicated by n H; the multiplicity of 
each signal is indicated by: s (singlet), d (doublet), t (triplet), q (quartet), and m (multiplet). Broad 
peaks are prefixed with “br”; apparent multiplicity is prefixed with “app”. Coupling constants (J) are 
quoted in Hz and are recorded to the nearest 0.1 Hz. 13C NMR spectra were recorded on Varian Inova 
500 (125 MHz) instruments using the central resonance of the triplet of CDCl3 at δ 77.0 ppm as an 
internal reference. The chemical shift data for each signal are given as δ in units of parts per million 
(ppm). 31P NMR spectra were recorded on a Varian Inova 500 (202 MHz) instrument with proton 
decoupling. The chemical shift data for each signal are given as  in units (ppm), using the chemical 
shift of 85% H3PO4 at  0.00 ppm as an external reference. Infrared spectra were recorded on a Perkin 
Elmer Spectrum One FT-IR spectrometer in the region 4000-650 cm-1. The samples were analysed as 
thin films from dichloromethane or as solutions in the indicated solvents.

Mass spectra were recorded using the LCMS system composed of an Agilent 1100 HPLC connected to 
an Agilent 6220 esiTOF mass spectrometer fitted with a standard Agilent electrospray ion source, in 
the Research Transfer Facility (RTF) at Bio 21 Institute, or a hybrid linear ion trap and Fourier 
transform ion cyclotron resonance (FT-ICR) mass spectrometer (Finnigan LTQ-FT San Jose, CA), 
which is equipped with ESI, by the Mass Spectrometry Service at the University of Melbourne 
chemistry department. Flash chromatography was carried out on silica gel [Merck Kieselgel 60 (230 – 
400 mesh)] under a pressure of nitrogen. Analytical thin layer chromatography (TLC) was done on pre-
coated 0.2 mm thick Merck Kieselgel 60 F254 silica gel plates and visualised by absorption of UV light 
and ethanolic phosphomolybdic acid (PMA) or aqueous potassium permanganate solution.

Solvents such as n-hexane and N,N-dimethylformamide were purchased from Aldrich and dried by 
sitting over freshly activated 4Å molecular sieves for 1 hour. Anhydrous THF, diethyl ether, and 
dichloromethane were dried by passage through a packed column of activated neutral alumina under a 
nitrogen atmosphere, and toluene being passed through a coloumn with additional R3-11 copper-based 
catalyst (BASF Australia) (14). Petroleum ether refers to the fraction of boiling point range 40-60 °C. 
Procedures using moisture or air sensitive reagents were undertaken in a nitrogen-filled dual manifold 
employing standard Schlenk line techniques. Brine refers to a saturated aqueous solution of sodium 
chloride. Where appropriate and if not stated otherwise, all reactions were performed in flame-dried 
apparatus under an atmosphere of dry nitrogen. Melting points were determined with an Electrothermal 
Engineering IA9100 or a Büchi 510 melting point apparatus and are uncorrected.
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Experimental Procedures and Characterization Data

The following compounds were synthesised following literature procedures: 
1 (15, 16), 2 (17), 10 (18), (benzyloxy)bis(N,N-diisopropylamino) phosphine (19, 20) and 
bis(benzyloxy)(N,N-diisopropylamino)phosphine (21).

1,3-O-Methylene-2,4,6-tri-O-p-methoxybenzyl-myo-inositol (3)

To a solution of 2 (10.0 g, 18.2 mmol, 1 equiv.) in dichloromethane (90 mL) under nitrogen at 0 0C was 
added diisobutyl aluminium hydride (45.5 mL, 1.5 M solution in toluene, 2.5 equiv.) dropwise. The 
colorless solution was stirred at 0 0C for 30 min and then was allowed to warm up to room temperature 
and stirred for 4 h. The resulting solution was transferred via cannula into a vigorously stirring solution 
of sodium potassium tartrate (1 M, 100 mL) and saturated ammonium chloride solution (100 mL) at 0 
°C, and the mixture was kept stirring at 0 °C for 2 h followed by stirring at room temperature for a 
further 3 h to solubilize the aluminum salts. Dichloromethane was added and the organic phase was 
separated, the aqueous phase was extracted with dichloromethane. The combined organic fractions 
were washed with brine, dried over MgSO4 and concentrated to afford viscous yellow clear oil. Flash 
chromatography (30 - 50% ethyl acetate/ petroleum spirit) afforded the acetal 3 as pale yellow oil and 
solidifies when left in freezer (9.75 g, 98%). 
Rf 0.52 (30% ethyl acetate in petroleum spirits); max (neat)/cm-1 3500-3300 (br s), 2912, 1612, 1512, 
1464, 1302, 1244, 1174, 1137, 1074, 1030, 818; H (500 MHz; CDCl3) 7.27 (d, J = 8 Hz, 2H), 7.21 (d, 
J = 9 Hz, 4H), 6.86 (d, J = 8 Hz, 6H), 5.55 (d, J = 5 Hz, 1H), 4.68 (d, J = 5 Hz, 1H), 4.63-4.50 (m, 6H), 
4.42-4.40 (m, 2H), 4.27 (s, 1H), 4.01 (t, J = 3 Hz, 2H), 3.95 (d, J = 10 Hz, 1H), 3.82 (s, 6H), 3.80 (s, 
3H), 3.00 (d, J = 10, 1H); C (125 MHz; CDCl3) 130.0, 129.5, 129.2, 113.9, 113.8, 85.6, 80.6, 72.7, 
71.6, 70.3, 69.7, 69.6, 55.24, 55.22; HRMS (ESI+) m/z 575.2251 (575.2266 calc. for C31H36O9Na 
(M+Na)+).

5-O-Allyl-1,3-O-methylene-2,4,6-tri-O-p-methoxybenzyl-myo-inositol (4)

To a stirred solution of the alcohol 3 (500 mg, 0.91 mmol) in dry DMF (15 mL) under nitrogen at 0 °C 
was added sodium hydride (80 mg, 60% dispersion in mineral oil, 2.0 mmol) and imidazole (catalytic, 
15 mg). The suspension was stirred at 0 °C for 15 min followed by at room temperature for 30 min, and 
then cooled to 0 °C for the addition of allyl bromide (166 mg, 119 uL, 1.37 mmol). The reaction 
mixture was stirred at room temperature overnight and quenched by addition of ethanol (2.0 mL), 
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followed by water (2.0 mL). The solvent was removed in vacuo.  The residue was partitioned between 
ethyl acetate (50 mL) and water (50 mL) and the organic layer was separated. The aqueous phase was 
extracted with ethyl acetate (4 × 50 mL) the combined organic extracts washed with brine and dried 
over MgSO4. Evaporation and chromatography (30% ethyl acetate/petroleum spirit) afforded the acetal 
4 as a clear yellow oil (480 mg, 0.81 mol, 89%).
Rf 0.30 (30% EtOAc in petroleum spirits); max (neat)/cm-1 2907, 1612, 1586, 1512, 1464, 1302, 1245, 
1174, 1076, 1031, 1010, 818; H (500 MHz; CDCl3) 7.29 (d, J = 9 Hz, 2H), 7.24 (d, J = 9 Hz, 4H), 
6.88-6.84 (m, 6H), 5.89 (ddd, J = 23, 11, 6 Hz, 1H), 5.25 (dd, J = 3, 2 Hz, 1H), 5.22 (dd, J = 3, 2 Hz, 
1H), 5.18-5.16 (m, 1H), 5.16-5.13 (m,1H), 4.81 (d, J = 6 Hz, 1H), 4.59 (d, J = 11 Hz, 2H), 4.58 (s, 2H), 
4.52 (d, J = 11 Hz, 2H), 4.20 (br s, 2H), 4.13 (t, J = 1 Hz, 1H), 4.12 (t, J = 1Hz, 1H), 3.86 (d, J = 6 Hz, 
2H), 3.81 (s, 6H), 3.80 (s, 3H), 3.77 (t, J = 2 Hz, 1H), 3.49 (t, J = 6 Hz, 1H); C (125 MHz; CDCl3) 
159.3, 135.0, 129.8, 129.7, 129.5, 129.4, 116.9, 113.9, 113.8, 85.4, 81.7, 80.3, 72.6, 72.1, 71.5, 70.6, 
69.8, 55.3; HRMS (ESI+) m/z 615.2580 (615.2565 calc. for C34H40O9Na (M+Na)+).

5-O-Allyl- myo-inositol (5)

To a solution of 4 (470mg, 0.79 mmol) in methanol (23.5 mL) was added concentrated hydrochloric 
acid (5.9 mL). The mixture was stirred at 80 C for 4 h then cooled to rt and concentrated to complete 
dryness by high vacuum overnight. The residue was suspended in ethyl acetate (10 mL) and stirred for 
one hour. The suspension was submitted to centrifugation (3500 rpm, 9 min) and the supernatant was 
discarded. The white solid on the bottom was washed with more ethyl acetate (3500 rpm, 9 min x 2). 
The product 5 was collected as white solids after complete dryness (165 mg, 0.75 mmol, 95%).
m.p. 239 – 241 C; max (neat)/cm-1 3340-3000, 1138, 1032, 724; H (500 MHz; DMSO) 5.94 (qd, J = 
10, 5 Hz, 1H), 5.23 (dd, J = 17, 2 Hz, 1H), 5.06 (d, J = 10 Hz, 1H), 4.57-4.35 (m, 5H), 4.23 (d, J = 5 
Hz, 2H), 3.69 (dd, J = 6, 3 Hz, 1H), 3.45 (dt, J = 9, 5 Hz, 3H), 3.13 (m, 2H), 2.84 (t, J = 9 Hz, 1H); C 
(125 MHz; DMSO) 136.8, 115.1, 83.6, 72.7, 72.4, 71.8; HRMS (ESI+) m/z 243.0845 (243.0839 calc. 
for C9H16O6Na (M+Na)+).

5-O-Allyl-myo-inositol-1,2,3,4,6- pentakis(dibenzyl)phosphate (6)

To the solution of 1H-tetrazole in acetonitrile (12.80 mL, 0.45M, 5.76 mmol, 25 equiv.) was added to 
phosphoramidite Bis(benzyloxy)(N,N-diisopropylamino)phosphine (BnO)2PNiPr2 (1 M in CH2Cl2, 2.88 
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mL, 2.88 mmol, 12.5 equiv.) under nitrogen. A solution of the penta-ol 11 (50 mg, 0.23 mmol, 1 equiv.) 
in dry DMF (5.0 mL) was added to the mixture dropwise. After stirring at room temperature overnight 
the reaction mixture was cooled to -78 °C followed by addition of mCPBA (1.06 g, 4.31 mmol, 18.75 
equiv.). The resulting reaction mixture was then warmed to room temperature, stirred for 1 h, and then 
quenched with sat. NaHSO3 (25 mL) and diluted with ethyl acetate (50 mL). The aqueous layer was 

separated and extracted with more ethyl acetate (3 x 50 mL). The combined organic extract was 
washed with brine and dried over MgSO4. The solvent was removed in vacuo to give the crude product. 

Flash chromatography (50% -100 % ethyl acetate/petroleum spirit) afforded the product 6 (314 mg, 
90%) as a colorless gum.
Rf 0.55 (1:1 ethyl acetate/petroleum spirit); max (neat)/cm-1 3040-3000, 1457, 1279, 1019, 887, 738, 
696; H (600 MHz; CDCl3) 7.33-7.10 (m, 50H), 5,85 (m, 1H), 5.59 (d, J = 9 Hz, 1H), 5.20-4.90 (m, 
24H) 4.33 (t, J = 9 Hz, 2H), 4.26 (d, J = 6 Hz, 2H), 3.41 (t, J = 9 Hz, 1H); C (125 MHz; CDCl3) 135.9, 
135.8, 135.7, 135.6, 134.4, 128.4, 128.3, 128.2, 128.1, 128.0, 127.9, 117.5, 77.9, 76.1, 74.1, 73.8, 73.7, 
70.1, 70.0, 69.8, 69.7, 69.6, 69.5, 69.4; P (202 MHz; CDCl3) -0.85 (2 P), -1.50 (2 P), -2.86 (1 P); 
HRMS (ESI+) m/z 1543.3889  (1543.3851 calc. for C79H81O21P5Na (M+Na)+); 783.6905 (783.6911 
calc. for C79H81O21P5Na (M+2Na)2+).

myo-inositol-1,2,3,4,6-pentakis(dibenzyl)phosphate (7)

To a solution of the penta-phosphate 6 (120mg, 0.079 mmol, 1 equiv.) in MeOH (5 mL) was added 
palladium dichloride (20 mg, 0.095 mmol, 1.5 equiv.) in a single portion. The resulting suspension was 
stirred vigorously for 3 h. The solvent was dried and the given dark residue was suspended in CH2Cl2 
(20 mL) and H2O2 (20 mL, 15% v/v in H2O) for 15 min. The reaction mixture was filtered though 
Celite to remove Pd catalyst, and washed with CH2Cl2. The organic phase was separated and the aquase 
phase was extracted with more CH2Cl2 (3 x 50 mL) and then the solvent was removed in vacuo before 
re-suspension in CH2Cl2 (20 mL) and H2O2 (6 mL, 30%) for 20 min. The organic phase was then 
separated from aqueous phase and then extracted with CH2Cl2 (20 mL x 4). The combined organic 
phase was washed with sat. NaHCO3 (20 mL) and brine (20 mL) and dried over MgSO4. The solvent 
was removed in vacuo to give the crude product. Flash chromatography (50%-80 % ethyl 
acetate/petroleum spirit) afforded the product 7 (99 mg, 85%) as a colorless oil.
Rf 0.33 (1:1 ethyl acetate/petroleum spirit); max (neat)/cm-1 3040-2950, 1456, 1274, 1216, 1034, 1017, 
896, 737, 696; H (500 MHz; CDCl3) 7.31-7.07 (m, 50H), 5.52 (d, J = 9 Hz, 1H), 5.26 (d, J = 2 Hz, 1H), 
5.13-4.91 (m, 20H), 4.83 (dd, J = 18, 9 Hz, 2H), 4.41 (t, J = 10 Hz, 2H), 3.78 (dt, J = 9, 2 Hz, 1H); C 
(125 MHz; CDCl3) 135.6, 135.5, 128.5, 128.4, 128.3, 128.1, 127.9, 127.8, 78.2, 76.5, 73.6, 72.3, 70.0, 
69.9, 69.7; P (202 MHz; CDCl3) -0.16 (2 P), -1.58 (2 P), -2.51 (1 P); HRMS (ESI+) m/z 1503.3572 
(1503.3538 calc. for C76H77O21P5Na (M+Na)+); 763.1736 (763.1715 calc. for C76H77O21P5Na2 

(M+2Na)2+).
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Benzyloxy-N-diisopropylamino ethoxy ethyl-phosphine (11)

Firstly, Cbz protected 2-(2-aminoethoxy)ethanol was synthesised by treatment of 2-(2-
aminoethoxy)ethanol with benzyl chloroformate in aqueous NaOH and quenched with 1 M HCl. The 
compound was purified by flash chromatography (1:1 DCM:EA to 100% EA) as an oil as reported.(17) 
To synthesise the phosphoramidite, a solution of the (aminoethoxy)ethanol (66 mg, 0.28 mmol, 1 
equiv.) in dry dichloromethane (2 mL) was added to a stirred solution of (benzyloxy)bis(N,N-
diisopropylamino)phosphine (0.75 mmol, 3 equiv.) and 1H-tetrazole (1.78 mL, 0.45 M, 0.80 mmol, 3.2 
equiv.) in dry dichloromethane (1 mL) under nitrogen. After stirring at room temperature overnight, the 
reaction mixture was diluted with dichloromethane (10 mL) and quenched by addition of saturated 
sodium hydrogencarbonate solution (10 mL).  The organic phase was separated and the aqueous phase 
was extracted with dichloromethane (3 x 10 mL).  The combined organic phases were washed with 
brine (50 mL), dried over MgSO4 and the solvent was removed in vacuo. Flash chromatography 
(5/15/80 triethylamine/ethyl acetate/petroleum spirit) afforded the phosphoramidite (130 mg, 0.28 
mmol, quantit.) as a pale oil. Rf 0.9 (50% ethyl acetate in petroleum spirit); H (500 MHz; CDCl3) 7.40-
7.25 (m, 10H), 5.32 (br s, 1H), 5.10 (s, 2H), 4.76 (dd, J = 12, 8 Hz, 1H), 4.67 (dd, J = 12, 8 Hz, 1H), 
3.85-3.70 (m, 2H), 3.69-3.61 (m, 4H), 3.61-3.53 (m, 2H), 3.39 (dd, J = 10, 5 Hz, 2H), 1.19 (t, J = 7, 7 
Hz, 12H); C (125 MHz; CDCl3) 156.4, 139.4, 136.6, 128.4, 128.2, 128.1, 128.0, 127.2, 127.012, 71.2, 
71.1, 69.9, 66.6, 65.4, 65.2, 62.8, 62.6, 43.0, 42.9, 40.9, 24.6, 24.5; P (202 MHz; CDCl3) 147.7; 
HRMS (ESI+) m/z 477.2539 (477.2518  calc. for  C25H38N2O5P (M+H)+).

5-O-(Benzyloxycarbonyl amino) ethoxy ethyl-benzylphosphoryl-myo-inositol 1,2,3,4,6-pentakis 
(dibenzyl) phosphate (8)

To a solution of 1H-tetrazole in acetonitrile  (0.34 ml, 0.45M, 0.15 mmol, 7 equiv.) was added a 
solution of phosphoramidite 11 (64 mg, 0.134 mmol, 6 equiv.) in dry dichloromethane (2 mL) under 
nitrogen. After stirred at room temperature for 30 min, a solution of 7 (28 mg, 0.0189 mmol, 1 equiv.) 
in dry dichloromethane (1 mL) was added to the mixture dropwise. After stirring at room temperature 
overnight, mCPBA (50 mg, 70%, 0.201 mmol, 9 equiv.) was added in a single portion at -78 oC and 
stirred for 30 min. Then the mixture was warmed up to room temperature and after stirring for 1.5 h, 
the reaction mixture was worked up by dilution with NaHSO3 (2 mL) and dichloromethane (5 mL). 
The organic phase was washed with NaHCO3, brine and dried through MgSO4. The organic extract was 

concentrated in vacuo to give the crude product.  Flash chromatography eluting with 50-100% ethyl 
acetate/petroleum spirit afforded the protected lipid 8 (22 mg, 11.8 μmol, 62%) as a colorless oil. 
Rf = 0.25 (60% ethyl acetate/petroleum spirit); νmax (neat)/cm –1 1627, 1277, 1018, 738, 698; H (500 
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MHz, CDCl3) 7.40-7.00 (m, 60H), 5.61 (d, J = 9 Hz, 1H), 5.57 (t, J = 5 Hz, 1H), 5.25-4.85 (m, 27H), 

4.50-4.32 (m, 2H), 4.14-4.05 (m, 1H), 4.04-3.92 (m, 1H), 3.42-3.33 (m, 2H), 3.33-3.25 (m, 2H), 3.17 
(dd, J = 10, 5 Hz, 2H); C (125 MHz, CDCl3) 156.5, 136.7, 136.0, 135.9, 135.8, 135.7, 135.6, 128.4, 
128.3, 128.20, 128.1, 128.0, 127.9, 127.8, 75.1, 74.6, 74.5, 73.3, 70.0, 69.9, 69.8, 69.7, 69.4, 67.2, 67.1, 
66.4, 40.8; P (202 MHz, CDCl3) -1.0 (1P), -1.2 (2P), -1.6 (2P), -2.5 (1P); HRMS (ESI+) m/z 
1894.4798 (1894.4722 calc. for C95H99NO27P6Na (M+Na)+); 958.7304 (958.7307 calc. for 
C95H99NO27P6Na2 (M+2Na)2+).

5-O-Aminoethoxyethyl-phosphoryl-myo-inositol 1,2,3,4,6-pentakisphosphate (12)

A solution of protected intermediate 8 (10 mg, 5.4 μmol, 1 equiv.) in 200 uL dry CDCl3 was added 
(iodomethyl)trimethylsilane solution (0.162 mmol, 22 uL, 30 equiv.) at 0 oC, stirred for 10 min and 
then warmed up to room temperature for further 45 min. The reaction was monitored by TLC until the 
starting material 8 was consumed. The reaction mixture was concentrated at 0 oC in vacuo to give a 
brown residue. 2 mL of dry THF and 2 mL of DMF was added to re-dissolve the residue and then was 
dried again in vacuo at 0 oC. The given residue was dried under high vacuum for 3 days before exposed 
to 2 mL dry MeOH for 20 min at 0 oC followed by 50 min at room temperature. The solvent was 
evaporated off and given residue was dissolved up in 5 mL ethyl acetate and 3 mL milli Q water. The 
water was separated and was washed with more ethyl acetate (2 mL X 4) followed by CHCl3 (2 mL X 
2). The water phase was lyophilized to give 18 as a slight yellow solid (2.4 mg, 3.22 μmol, 60%).
H (500 MHz, D2O) 5.04-4.95 (m, 1H), 4.62 (dd, J = 11, 7 Hz, 2H), 4.47-4.40 (m, 3H), 4.28-4.19 (m, 
2H), 3.87-3.67 (m, 4H), 3.26 (dd, J = 9, 4 Hz, 2H) ; C (125 MHz, D2O/CD3OD) 76.7, 76.2, 75.5, 73.0, 
71.6, 69.9, 66.3, 66.0, 60.4, 39.1; HRMS (ESI+) m/z 747.9384 (747.9371 calc. for C10H28NO25P6 
(M+H)+); 769.9208 (769.9190 calc. for C10H27NO25P6Na [(M+Na-H)+H]+); P (202 MHz; D2O) 0.5 
(6P); HRMS (ESI-) m/z 745.9244 (745.9225 calc. for C10H26NO25P6 (M-H)-); 767.9058 (767.9045 calc. 
for C10H26NO25P6Na [(M+Na-H)-H]-); 372.4585 (372.4576 calc. for C10H25NO25P6 (M-2H)2-). 

The phosphorus NMR spectrum recorded of the free acid form of 12 (~5 mM in D2O) is broad, 
consistent with previous observation (22). The spectrum behavior of IP6 has been extensively studied 
previously (22-25) and the broadening of the free acid form of IP6 was reported. The complication of 
the phosphorus spectrum of IP6 was observed and was stated to be highly sensitive to the specific 
nature of the solvating medium (cation types, pH, the ionic strength and concentration etc) (22, 25). 
Variation in any of the conditions can cause shifts in the spectrum.  The broadening of resonances in 
the proton NMR spectrum of the free acid form was also observed due to the presence of an 
interconverting mixture of the axial/equatorial conformers.(22, 25) To maintain the purity of final 
compound and avoid possible contaminations, the phosphors NMR was not further tuned by changing 
pH or introducing ions/salts to the solvent system.
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5-OH-tethered IP6 conjugated-Dynabeads (13)

Firstly, Dynabeads M-270 Carboxylic Acid (Invitrogen, DYNAL) suspension 200 uL (0.90 μmol 
activate chemical functionality, 4.5 μmol/mL, 150 μmol/g activate chemical functionality at 
concentration of 30 mg/mL) was washed twice with 25 mM MES (pH = 5), using the equal volume of 
Dynabeads (200 μl) pipetted out of the vial, for ten minutes with good mixing each time. NH2-IP6 12 
(76 μg, 0.1012 μmol in 20 uL milliQ H2O,) in 100 μL of 25 mM MES (pH = 5) was added to the 
washed Dynabeads. Mix well and incubate with slow tilt rotation at room temperature for 30 minutes.
Immediately before use dissolve 6 mg EDC in 60 uL of cold 100 mM MES (pH = 5) and add EDC 
solution to the Dynabeads/ligand suspension. Mix well. Add another 20 uL of 25 mM MES (pH = 5) to 
make the final volume of 200 μL. Incubate the given suspension for four hours or longer at 4 0C with 
slow tilt rotation. To remove any uncoupled NH2-IP6, place the tube containing given Dynabeads on 
the magnet for 1 min to remove the supernatant  and the beads were washed three times with milliQ 
water (200 μL x 3), and then three times with PBS (200 μL x 3). The supernatant and all the washes 
were kept for further analysis. 

The procedure was repeated three times with NH2-IP6 12 (0.354 μmol) used for coupling to make 700 
uL of IP6 conjugated Dynabeads M-270. The supernatant and washes from three experiments were 
combined for lyophilization to obtain more accurate 1H-NMR analysis of any uncoupled NH2-IP6 left. 
To the combined supernatant and washes (containing unreacted amino-IP6 12) was added a solution of 
myo-inositol orthoformate (0.526 μmol, 100 μL, C = 1.0 mg/mL in D2O), and no NH2-IP6 was observed 
in the given 1H NMR compared to its own 1H NMR spectrum carefully, and with sharp signals from 
myo-inositol orthoformate as reference. Therefore, all of NH2-IP6 was coupled to Dynabeads M-270 
and the loading is the ratio (as a percentage) of moles of NH2-IP6 (0.1012 μmol) to beads (0.90 μmol), 
which is 11%.
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D Summary and captions for supporting information figures, tables and datasets: 

Fig. S1. Interaction of IP6 beads with cytosolic fractions following Mono Q anion exchange chromatography 

referring to Experiment 2. (A) Chromatographic profile of LIM1215 cytosolic extracts on Mono Q (see 

Materials and Methods for chromatographic conditions). (B) SDSPAGE analysis of proteins purified using 

IP6 beads. Fractions (8 mL each) where indicated were pooled, combined and concentrated by centrifugation 

into 0.5 mL of volume and then buffer exchanged to 1 mL in TBS before incubation with blank beads (lanes 

on the left) or IP6 beads (lanes on the right). After incubation and extensive washings, retained proteins on 

beads were subjected to SDS-PAGE and excised bands (indicated by numbers) were taken for MS-MS 

analysis. (C) Specific IP6 interacting proteins identified by MS-MS analysis. Specific binding proteins were 

identified by comparison with blank derivatised beads used under the same experimental conditions. Non 

specific binding proteins were removed.

Fig. S2. Singular enrichment analysis in biological processes (Fig. S2.A) and KEGG pathways (Fig. S2.B) 

of IP6 binding proteins using GeneCodis3 database. The figure is categorized by the most number of 

proteins identified in the first annotations found using GeneCodis3.
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Fig. S3. String analysis of protein-protein interactions of identified IP6 specific proteins generated by 

STRING 9.05 database (http://string-db.org). Disconnected proteins were not shown. The interactions are 

shown as various coloured lines between proteins and the required confidence (score) is above medium 

confidence 0.400. 

Table S1-Specific IP6 binding proteins isolated in both experiments. MudPIT scores and numbers of 
significant unique peptides identified are shown in brackets. 

Table S2-Proteins identified as potential β-arrestin interactors. The IP6 binding proteins we identified 

were compared with the previously reported β-arrestin 1 and β-arrestin 2 interacters (26 27). The overlapped 

proteins shown in the list are potentially pulled down complexed with β-arrestins.

Table S3 - Biological process enrichment of the newly identified proteins with magnesium (excluding 
the proteins previously identified in the original study).

Dataset 1- Summery of specific proteins identified with IP6 beads for two experiments using the 

ABSCIEX 5600 qTOF mass spectrometer. Non-specific proteins were removed. Annotations and legends for 

MS results are identical to Datset 2 and 3.

Dataset 2-A.Data analysis of proteins identified on blank beads using the ABSCIEX 5600 qTOF mass 

spectrometer. Original results were searched using the MASCOT version 2.3.01 search algorithm against 

SWISSPROT database. The MS/MS results interpretation and mass spectrometric annotations can be found 

on Mascot website (http://www.matrixscience.com/). Each peptide match/hit is listed individually with all 

mass spectrometric parameters including score, rank, sequence etc 

(http://www.matrixscience.com/help/export_help.html). Protein list is ordered by numbers of peptide hits 

found for each protein. B. Data analysis of proteins identified on IP6 beads using the ABSCIEX 

5600 qTOF mass spectrometer.

Dataset 3- A. Singular Enrichment Analysis of Biological Process. The table shows the top single 

biological process annotations found by GeneCodis3. NGR = Number of annotated genes in the reference 

list, TNGR = Total number of genes in the reference list; NG = Number of annotated genes in the input list, 

TNG = Total number of genes in the input list, Hyp = Hypergeometric pValue, Hyp* = Corrected 

hypergeometric pValue. Dataset 3- B. Singular Enrichment Analysis of KEGG Pathways. The table 

shows the top single KEGG pathway annotations found by GeneCodis3. 

Dataset 4-NMR Spectra

Dataset 5 – Proteins identified from the additional experiments with 5 mM Magnesium – proteins 

identified in the previous experiments with no magnesium present are highlighted in red. Data set includes 

both the protein report and the peptide report.

http://string-db.org/
http://www.matrixscience.com/
http://www.matrixscience.com/help/export_help.html

