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Abstract

Although myo-inositol pyrophosphates such as diphosphoinositol pentakisphosphate
(InsP7) are important in biology, little quantitative mammalian information is available
due to the technical difficulty of accurately detecting these materials in biological
samples. We have developed an analytical method whereby InsP; and its precursor
inositol hexakisphosphate (InsP¢) are determined directly and sensitively using tandem
mass spectrometry coupled with hydrophilic interaction liquid chromatography (HILIC).
InsP¢/InsP; peak symmetry is greatly influenced by the buffer salt composition and pH
of the mobile phase in HILIC analysis. Use of 300 mM ammonium carbonate (pH 10.5)
as an aqueous mobile phase resolves each InsP¢/InsP7 on a polymer-based amino HILIC
column with minimal peak tailing. Method validation shows that InsP¢/InsP; can be
quantitated from 20-500 pmol with minimal intra-day/inter-day variance in peak area
and retention time. InsPg concentration in C57BL/6J mouse brain (40.68 + 3.84
pmol/mg wet weight) was determined using the method. HILIC-MS/MS analysis using
HEK293 culture cells confirmed previous observations that InsP; is induced by NaF
treatment and ectopic expression of InsPcK2, a primary kinase for InsP; synthesis. We
have demonstrated that HILIC-MS/MS analysis can quantitate endogenous InsP¢/InsP;
in mouse and human samples and expect that the method will contribute to further

understanding of InsP; functions in mammalian pathophysiology.
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1. Introduction

Myo-inositol phosphates (hereafter InsPs) occur ubiquitously in animal and plant
tissues and play a variety of physiological roles including phosphate storage and signal
transduction [1,2]. Inositol hexakisphosphate (InsP¢) is the most abundant inositol
polyphosphate in mammalian cells and is a precursor of inositol pyrophosphates
including diphosphoinositol pentakisphosphate (InsP;). Among three InsPs kinases
(InsP¢Ks) present in the mammalian genome, InsP¢K1 and InsP¢K2 are primarily
responsible for the generation of InsP; [3,4]. This inositol pyrophosphate triggers
physiological responses that include gene repair [5], tumor growth/metastasis [6], and
neurodegenerative disorders [7-9]. Although inositol pyrophosphates were originally
discovered two decades ago [10,11], a complete description of their roles remains
elusive due to the lack of direct and sensitive methods to confirm their presence in
biological samples.

Many laboratories have developed analytical procedures to detect and quantitate
inositol phosphates. Sensitive and selective methods are required, because mammalian
specimens contain small amounts of InsPs within a complex biological matrix. In early
studies, indirect analyses using radioisotope labeling [12,13] or derivatization [14] were
used to determine InsPs abundances in mammalian tissues and cells. Radioisotopic
detection coupled with ion exchange chromatography has been a powerful approach for
the simultaneous detection of radiolabeled inositol poly/pyrophosphates including
InsP¢/InsP;, which are synthesized by incorporating [*H]inositol into the inositol
phosphate metabolism of cultured cells. Despite the availability of these approaches,
indirect analyses have drawbacks of inconsistent labeling efficiency, use of radioactive

material and limited applicability to different sample types. Subsequently, a number of
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sensitive LC-MS(/MS)-based methods that do not require pretreatment have been
reported in response to the urgent demand for direct analysis of InsPs. Two research
groups have reported reverse phase LC-MS(/MS) assays using ion-pairing agents for
InsPs detection in biological fluids [15,16]. Other groups have advocated ion
chromatography-MS(/MS) analysis for quantitative detection of inositol phosphates in
various biological samples [17-19]. Although these LC-MS(/MS) procedures afford
direct measurement of InsP¢ and lower InsPs including InsP;, LC-MS(/MS) methods for
detection of higher InsPs such as InsP; have not been developed.

In this study, we describe a sensitive and robust LC-MS/MS method for simultaneous
measurement of InsP; and its precursor InsPg in mouse and human tissue and cell line
using hydrophilic interaction liquid chromatography (HILIC), which provides
chromatographic separation of polar molecules and is compatible with MS detection
[20,21]. We seek to optimize the MS and HILIC conditions to achieve optimal
sensitivity and adequate chromatographic separation. Using HILIC-MS/MS, we are able
to confirm the presence or absence of InsP; and InsPs and determine their

concentrations with high accuracy in mouse brain and human culture cells.
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2. Materials and Methods
2.1. Reagents and materials

LC-MS grade acetonitrile and ammonium bicarbonate were purchased from
Honeywell Burdick & Jackson (Morristown, NJ, USA). Ultrapure water was obtained
from Wako Pure Chemical Industries (Osaka, Japan). Ultrapure-grade ammonium
hydroxide (28% w/v) was obtained from Kanto Chemical (Tokyo, Japan). InsPe,
ammonium formate, and ammonium acetate were purchased from Sigma-Aldrich (St.
Louis, MO, USA). Hexadeutero-myo-inositol trispyrophosphate (ITPP-d¢) was
purchased from Toronto Research Chemicals (North York, Canada). InsP; was
synthesized from myo-inositol using fluorenylmethyl phosphoramidite chemistry as

previously described [22].

2.2. LC separation and chromatographic mobile phase
Chromatographic separation was achieved with an UHPLC-Nexera system (Shimadzu,
Kyoto, Japan). Hydrophilic interaction liquid chromatography was performed using a

2.0 X 150 mm, 5-um HILICpak VG-50 column (Shodex, Tokyo, Japan). This

analytical column is made of a polymer-based packing material, which allows
chromatographic separations to be performed under strongly alkaline conditions. The
column temperature was 45 °C. Optimal aqueous mobile phase conditions (eluent A)
were determined by surveying different concentrations (100, 200, 250, 300, and 350
mM) and pH values (9.0, 9.5, 10.0, 10.5, and 11.0) of ammonium carbonate buffer and
300 mM ammonium formate or ammonium acetate buffer at pH 10.0. Buffer pH was
adjusted by addition of ammonium hydroxide. Acetonitrile was used as the organic
mobile phase (eluent B) at a flow rate of 0.4 mL/min. Linear gradient separation using

6
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ammonium carbonate buffer was achieved by varying the concentrations of the aqueous
and organic phases as follows: 0 to 2 min, 65% B; 2 to 12 min, 65 — 2% B; 12 to 15
min, 2% B. The gradient was then restored to the initial composition (65% B), and the
column was equilibrated for 15 min before the next run. Linear gradient separations
using ammonium formate or ammonium acetate buffers as aqueous eluents were carried
out by the same protocol, but with an initial and final ratio of 50% B. The peak
symmetry of each analyte was established in terms of the tailing factor (TF), which was

calculated at 5% of the peak height according to [23].

2.3. Instrumental analysis

Mass spectrometric analysis was performed by use of an LCMS-8050 triple
quadrupole mass spectrometer (Shimadzu, Kyoto, Japan). The ESI ion source was
operated in the negative ion mode for detection of each analyte. Ion source settings for
the interface, desolvation line, and heat block temperatures were 300, 250, and 400 °C,
respectively. The nebulizer, heating, and drying gas flow rates were 3, 10, and 10 L/min,
respectively. The ion spray voltage was 3 kV. The resolution for ion selection at Q1 and
Q3 were set to unit mass. Data were processed using the Labsolution (version 5.91)
software. Mass spectra of precursors and their fragments were obtained by scanning
each analyte independently with MS1 or in the product ion scan mode. The selected
reaction monitoring (SRM) mode was used to quantitate each analyte. The SRM
transitions, collision energies, and other parameters for InsP determinations were
optimized based on the greatest sensitivity achieved by flow injecting standards into the

MS analyzer. The dwell time for each transition was 80 msec.



145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

2.4. Method validation

The following parameters were assessed for method validation: lower limit of
detection (LLOD), lower limit of quantitation (LLOQ), linearity, and precision.
Calibration standards of each analyte were prepared in 65:35 acetonitrile:water (v/v)
beginning at the LLOD level. The linearity for each analyte was evaluated by
calculating the regression coefficient (R?). LLOD and LLOQ were calculated based on
signal-to-noise (S/N) ratios of 3 and 10, respectively. Precision was evaluated in terms
of repeatability (intra-day) and reproducibility (inter-day). Repeatability was determined
by analyzing three different concentrations of each analyte and calculating the relative
standard deviation (RSD) of the retention time and peak area. Reproducibility was
determined by injecting the analytes used in the repeatability studies on three different

days.

2.5. Mouse and tissue sample preparation

C57 BL/6 mice were maintained in accordance with institutional animal care
guidelines (Tokai University School of Medicine). Eight-week old mice were sacrificed
to harvest their brains. The brains were rinsed with phosphate-buffered saline and frozen
until further use. Frozen brains were homogenized with a Dounce homogenizer in 250
puL ultrapure water. One nmol of ITPP-d¢s was added to the crude lysate as an internal
control (IC). Crude lysate was incubated with 125 puL 2 M perchloric acid on ice for 30
min, and the tissue debris was removed by centrifugation. Clear lysates were treated
with 400 pL. 1 M ammonium acetate, diluted to six-fold volume with ultrapure water,
and adjusted to pH 4 with 10% ammonium hydroxide. After centrifugation, lysates were
placed on an Oasis WAX anion exchange column (Waters Inc., Milford, MA, USA) and

8
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equilibrated with 1 mL 50% MeOH/ultrapure water. The column was rinsed with 1 mL
50% MeOH/ultrapure water, and the sample was eluted with 1 mL 1 M ammonium
formate. Eluted samples were mixed with acetonitrile to achieve a final concentration of

20% MeCN. 50 pL of the mixture was injected into the LC-MS.

2.6. Cell culture, treatments, and sample preparation with titanium dioxide beads
HEK293 cells were cultured in DMEM (Nacalai Tesque, Kyoto, Japan) supplemented
with 10% FBS in 5% CO,. Cells prepared at 60% confluence in 10-cm dishes were
either treated with 50 mM sodium fluoride (Sigma-Aldrich) for 1 h or subjected to
transfection of pEGFP-InsP¢K2 or its empty vector pEGFP-C1 plasmid by
polyethyleneimine “Max” reagent (Polysciences, Inc., Warrington, PA) one day before
harvesting. Cells were washed twice in PBS and lysed with cell lysis buffer (0.01%
Triton X-100, 1 mM EDTA, 20 mM Tris-HCI). A small aliquot was set aside for protein
quantitation and subsequent Western blot analysis. Purification of both InsPs with
titanium dioxide (TiO,) beads was carried out with minor modification of a recently
described procedure [24]. A half-volume of 2 M perchloric acid (PCA) was added in the
cell lysate. After spiking with 1 nmol ITPP-d¢ as an IC, 5 mg of TiO, beads were mixed
in each sample. The beads were incubated at 4 °C for 30 min and washed twice in PCA.
200 pL 10% ammonium hydroxide was added to the beads to elute the InsPs, and the
elution step was repeated for maximum recovery. The total eluate was dried using a
SpeedVac concentrator (Thermo Scientific, Waltham, MA, USA) and reconstituted in
500 pL 100 mM ammonium carbonate/40% MeCN buffer, of which 50 uL was applied

to LC-MS.



193

194

195

196

197

198

199

200

201

202

203

204

2.7. Western blot

Western blot analysis was performed as previously described [25]. Membranes were
incubated with anti-GFP (MBL, Nagoya, Japan) and -actin (Sigma-Aldrich) primary
antibodies overnight at 4 °C. Immunoreactivities of primary antibodies were visualized
with Immobilon-Western Chemiluminescent HRP Substrate (Millipore, Billerica, MA,

USA) and recorded using an Ez-Capture Analyzer (ATTO, Tokyo, Japan).

2.8. Statistical analysis

Data are expressed as mean + SD. Statistical analysis was performed by one-way

analysis of variance (ANOVA) followed by the Bonferroni-type post hoc test.
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3. Results and Discussion
3.1. MS/MS fragments and optimal SRM parameters for InsPs/InsP; and internal
control ITPP-dg

To understand the mass spectrometric ionization and fragmentation of InsP¢/InsP7,
their precursor and product ion spectra were obtained by injecting standards into a
tandem mass spectrometer. MS1 ion scanning of InsPs detected its [M-H] (m/z 658.90)
and [M-2H]* (m/z 329.00) precursor ions (Fig. 1A). MS/MS fragmentation of singly
and doubly deprotonated InsP¢ precursors produced a series of characteristic fragments
corresponding to loss of H,O (18 Da) and/or HPO; (80 Da) (Fig. 1B). The spectrum of
InsP; contained its [M-H] (m/z 739.00) and [M-2H]* (m/z 369.00) precursor ions,
although the signal of the singly deprotonated form was weak (Fig 1C). InsP¢ detected
in the synthetic InsP; standard is an impurity as a result of InsP; hydrolysis. The gel
electrophoretic image and *'P-NMR spectrum of synthetic InsP; standard enabled
quantitation of the InsP¢ impurity (ca. 12%) in the InsP; standard (Supplementary Fig.
1). MS/MS fragmentation of the singly and doubly deprotonated InsP; precursors
produced patterns similar to those of the InsP¢ precursors (Fig. 1D). ITPP-d¢ was used
as an internal control, because it is commercially available and structurally similar to
InsP¢/InsP7. Product ion scanning of ITPP-d¢ precursors ([M-H]', m/z 611.00, [M-2H]%,
m/z 305.00) produced fragments corresponding to loss of water and/or phosphate
molecules as with InsP¢/InsP7 (Supplementary Fig. 2). Thus, InsP¢/InsP; and ITPP-dg
precursor ions are detected primarily in their singly and doubly deprotonated forms.
Collision-induced dissociation preferentially removes water molecules and phosphate
moieties covalently linked to the inositol ring.

MS source parameters were optimized to maximize the sensitivity of SRM detection.

11
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The most easily detected SRM transitions in Table 1 for InsP¢, InsP7, and ITPP-dg were
m/z 658.90 > 561.00, m/z 369.00 > 319.95, and m/z 305.00 > 78.90, respectively. Given
the InsP fragmentation patterns, product ions at m/z 561.00 (InsP¢), 319.95 (InsP7), and
78.90 (ITPP-d¢) are assigned to [M-HPOs-H,O-HJ, [M-HPOs-H,0-2H]%, and [POs],
respectively. The most intense SRM transitions were used for quantitative analysis; the

remaining transitions were used for identification.

3.2. Aqueous mobile phase for efficient chromatographic separation of InsP¢/InsP;
The highly polar nature of the phosphoric acid group complicates the
chromatographic separation of phosphate compounds by interacting electrostatically
with metal ions on the inner wall of the stainless steel tube and capillary sprayer. This
property results in severe peak tailing [26,27]. Asakawa et al. reported that a carbonate
modifier and an extremely alkaline aqueous mobile phase mitigate the severe peak
tailing of phosphate compounds such as nucleotide phosphates by suppressing their
interaction with metal ions [28]. Thus, we used ammonium carbonate buffer as an
aqueous mobile phase and acetonitrile (a conventional organic sorbent for HILIC
analysis) as an organic mobile phase and sought to determine a suitable ammonium
carbonate concentration to minimize InsP¢/InsP; peak tailing in HILIC separations on a
polymer-based amino column (Fig. 2A). We used different concentrations of ammonium
carbonate buffer in strongly alkaline solution (pH 10.0) to circumvent the effect of pH
on peak tailing. 100-300 mM ammonium carbonate decreased InsPs and InsP; peak
tailing in a concentration dependent manner. Further increases in ammonium carbonate
concentration offered little improvement, which indicates that 300 mM is optimal for

peak tailing reduction. The same concentration of ammonium acetate or ammonium

12
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formate did not improve peak shapes consistent with a previous report that these anions
have minimal impact on the peak tailing of phosphate compounds [28]. The effect of
aqueous mobile phase pH on peak tailing was investigated in 300 mM ammonium
carbonate buffer at pH 9.0-11.0 (Fig. 2B). Maximum suppression occurred at pH 10.5.
Thus, InsPg, InsP7, and ITPP-d¢ SRM peaks with acceptable tailing were observed with
ammonium carbonate (pH 10.5) mobile phase (Fig. 2C). The retention time of InsP,
InsP7, and ITPP-d6 were 5.8, 6.1, and 4.5 min, respectively. Thus, 300 mM ammonium
carbonate pH 10.5 and acetonitrile were determined to be suitable mobile phases for
InsP¢/InsP; HILIC analysis.

Baseline resolution of InsP¢ and InsP; was not achieved under these chromatographic
conditions, although each SRM peak was visibly detectable. McIntyre et al. pointed out
that in-source fragmentation of higher InsPs produces fragment ions isobaric with lower
InsPs and thereby can cause errors in quantitating lower InsPs [29]. We did not observe
InsPs peak co-chromatographed with InsP;, which implies that minimal isobaric InsPs
fragments are produced by InsP; decomposition at the ESI ion source. Thus, the
influence of in-source InsP; fragmentation on InsPs quantitation is limited under our
analytical conditions. However, further exploration of chromatographic conditions
providing complete separation of InsP; and InsP¢ SRM peaks may be needed to
establish reliable quantitative analysis. Factors inducing in-source fragmentation of
InsP7 should be avoided for accurate quantitation as long as InsPs and InsP7 are not fully

resolved.

3.3. Method validation

The calibration curve linearity, retention time and peak area precision, and lower limit
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of detection (LLOD) and quantitation (LLOQ) were evaluated with corresponding
standards to validate the sensitivity and robustness of the LC-MS/MS method (Table 2).
Linearity was evaluated over concentrations ranging from the LLOD to the highest
calibration point (500 pmol) using the external quantitation method. Linear calibration
curves were observed for InsPs, InsP;, and ITPP-dg over the entire concentration range.
The linear regression coefficient (R?) was greater than 0.99 for all analytes. Intra- and
inter-day variations in retention time were less than 7%, and peak area variations were
less than 16%. The LLOD was 5 pmol, 2 pmol, and 20 fmol for InsPg¢, InsP;, and
ITPP-ds, respectively, and the LLOQ was 20 pmol for InsPs and InsP; and 50 fmol for
ITPP-d¢. These sensitivities are comparable to those of a previously reported LC-MS
method for InsP¢ quantitation [15]. Thus, our LC-MS/MS method provides a sensitive

and robust determination of InsP¢/InsP; concentrations at the picomole level.

3.4. Absolute abundance of endogenous InsP¢/InsP; in mouse brain and human
culture cells

We assessed the applicability of HILIC-MS/MS to the quantitative analysis of
mammalian-derived InsP¢/InsP; by examining the endogenous InsP¢/InsP; content in
C57BL/6J mouse brain. Fig. 3A shows SRM chromatograms of non-spiked mouse brain
samples and those spiked with InsPe/InsP; before sample preparation. The prominent
InsP¢ peak in the non-spiked sample has the same retention time as the InsP¢ peak of the
InsP¢/InsP7-spiked sample. Quantitative analysis reveals that the presence of 40.68+3.84
pmol/mg wet weight InsPg in normal C57BL/6J mouse brain. This value is roughly
comparable to the InsPs concentration in rat brain (194.7+£25.5 pmol/mg of protein),

which was measured by in vitro InsP phosphorylation with [y->*P]ATP [30]. In contrast
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to InsPs, endogenous InsP; was not detected in mouse brain. In light of previous reports
that InsP¢ kinase activity is triggered by various stresses and thereby dormant in normal
circumstances [31], it is reasonable to assume that the InsP; level is negligible in normal
mouse brain. InsP is induced by NaF treatment of mammalian cells, which is attributed
to the inhibitory action of fluoride ion on intracellular pyrophosphatase activity [10].
Our observations using HEK293 cells show that NaF treatment causes a significant
increase in the InsP; level (11.10£2.20 vs. 1047.16=171.98 pmol/mg protein, P < 0.05)
accompanied by a small decrease in InsPs (2.84+0.57 vs. 2.00+0.50 nmol/mg protein, P
= 0.057) (Fig. 3B and C). The increase in InsP; is almost equivalent to the extent of
InsP¢ reduction in NaF-treated cells, which is consistent with the view that the
intracellular InsPg pool is a dominant source of InsP; production [32]. We also utilized
HILIC-MS/MS to investigate the InsP; level in InsPcK2-overexpressing cells (Fig. 3E).
The analysis reveals that InsP¢K2 ectopic expression produces an approximately 10-fold
enhancement of InsP; induction over the vector control (Fig. 3D and F). In summary,
our HILIC-MS/MS method is applicable to the quantitative analysis of mouse- and

human-derived InsP¢/InsP-.
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4. Conclusion

We have developed a novel HILIC-MS/MS method for separating and quantitating
InsP; and its InsP¢ precursor. This sensitive and direct method of InsP; analysis is
notable, because previous methods have required radioisotope labelling with *H or **P,
and no LC-MS assays for InsP; have been reported. MS parameters and LC conditions
were refined to establish the greatest sensitivity of detection and optimum
chromatographic behavior on a polymer-based amino HILIC column. The
HILIC-MS/MS method enables the simultaneous quantitation of InsPe¢/InsP; at the
picomole level in a single chromatographic run of 30 min. Using this analytical
procedure, we have successfully determined the absolute concentration of endogenous
InsPg¢/InsP; in mouse brain and human cultured cells. We are confident that this
HILIC-MS/MS method will provide new insights into the pathogenic role of inositol
pyrophosphate by facilitating in-depth investigations of cancer and various

neurodegenerative disorders.
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Figure captions

Fig. 1. Precursor/product ion spectra of InsP¢/P;. Chemical structures (upper) and
precursor ion spectra (lower) of InsP¢ (A) and InsP; (C). Product ion mass spectra
derived from singly (upper) and doubly (lower) deprotonated precursor ions of InsPg

(B) and InsP; (D).

Fig. 2. Optimal aqueous mobile phase conditions in HILIC analysis of InsP¢/P; and
ITPP-d¢. Tailing factor of InsP¢/P; and ITPP-ds peaks as a function of (A) different
concentrations of ammonium carbonate (100-350 mM), 300 mM ammonium acetate
(AA), and 300 mM ammonium formate (AF) and (B) alkaline pH values of 300 mM
ammonium carbonate (pH 9.0-11.0). Values represent the mean + SD of three injections.
(C) SRM chromatograms of InsP¢/P; and ITPP-ds using 300 mM ammonium carbonate
(pH 10.5) as an aqueous mobile phase of HILIC analysis. 500 pmol of each analyte was

injected into LC-MS. The SRM peak of InsP¢ (broken line) is overlaid on that of InsP-.

Fig. 3. Quantitative HILIC-MS/MS analysis of endogenous InsP¢/P; in mammalian
samples. (A) SRM chromatograms of InsP¢/P; and ITPP-d¢ in non-spiked (upper) or
InsP¢/P7-spiked mouse brain sample (lower). (B) SRM chromatograms of InsP¢/P; and
ITPP-d¢ in untreated (left) and NaF-treated HEK293 cells (right). (C) Concentration of
endogenous InsP¢/P7 in HEK293 cells with and without NaF treatment. Values represent
the mean + SD of three injections and are expressed as moles per mg of total cell
proteins, *P<0.05 vs. untreated. (D) SRM chromatograms of InsP¢/P; and ITPP-ds in
HEK293 cells transfected with empty vector (Ctrl, left) or InsP¢K2 (right). (E)
Representative Western blot image of InsP¢K2 protein overexpressed in HEK293 cells.
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[-actin protein was used as a loading control. (F) Ten-fold enhancement of endogenous
InsP7 induction in InsP¢K2-overexpressing HEK293 cells. Values represent the mean +

SD of three injections and are expressed relative to Ctrl, *P<0.05 vs. Ctrl.
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Figure 3
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Tables

Table 1. Optimized SRM conditions for InsP¢/P; and ITPP-ds. Parameters determined
by flow injection analysis of 500 pmol of the corresponding standard. Relative

intensities are expressed vs. the least sensitive transition of each analyte.

Qlpre bias  Collision  Q3pre bias  Relative

Transition . .
V) energy (V) V) intensity
658.90 > 561.00 20 28 26 2.7
658.90 > 462.95 24 33 14 2.3
658.90 > 158.95 20 50 25 1.9
InsPg
329.00 > 279.95 24 13 11 1.0
329.00 > 158.95 17 31 28 1.2
329.00 > 78.95 24 54 17 2.0
739.00 > 640.80 38 29 20 1.9
739.00 > 542.70 26 39 26 1.7
739.00 > 462.60 28 45 29 1.0
InsP,
369.00 > 319.95 26 13 13 6.7
369.00 > 158.95 13 38 13 2.8
369.00 > 79.00 14 51 13 4.2
611.00 > 530.85 22 31 36 8.2
611.00 >450.95 32 40 19 1.6
ITPP-d6  611.00> 158.90 22 55 25 1.0
305.00 > 158.95 22 31 14 6.3

305.00 > 78.90 21 44 12 14.2




Table 2. Validation results for quantitation of InsP¢/P7; and ITPP-dg. Low concentration: 20 pmol, Middle concentration: 100 pmol, High

concentration: 500 pmol. Variables x and y in the regression equation denote analyte concentration and peak area, respectively.

intra-day precision (%) inter-day precision (%)
LLOD LLOQ

linearity peak area retention time peak area retention time
(pmol/mL)  (pmol/mL)

Low Middle High Low Middle High Low Middle High Low Middle High

y=4791x-28064

InsPg 100 400 9.67 201 569 221 0.19 020 1229 1268 1494  2.88 0.56  0.51
(R?=0.9922)
y=2989x-25178

InsP, 40 400 15.05 3.63 347 325 061 026 980 1388 354 6.2 052 037
(R?=0.9953)

¥=9396x+36042

ITPP-dg 0.4 1.0 4.02 353 348 014 016 012 534 530  1.68  0.87 0.96  0.77
(R?=0.9977)




