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Relative quantitative analysis of human plasma O-sulfotyrosine
using HPLC-MS/MS in linear negative ion mode
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Abstract. Sulfation has been recognized as a key post-trans-
lational modification in regulating various cellular processes.
By contrast, the development of detection methods for protein
sulfation is hindered due to the lack of available immune
antibodies and lability of this modification. Recently, the
serum level of O-sulfotyrosine was reported to be associ-
ated with a decline in renal function, indicating a potential
diagnostic value of the O-sulfotyrosine concentration for
certain diseases. The present study describes a sensitive and
reproducible method for the relative quantitative analysis
of human plasma O-sulfotyrosine using high performance
liquid chromatography (HPLC)-tandem mass spectrom-
etry (MS/MYS) in a linear negative ion mode. The increase in
plasma O-sulfotyrosine levels in patients with chronic kidney
disease was confirmed. This method is sensitive and repro-
ducible with a low extraction effect, good intraday precision
and inter-day repeatability. A significantly increased plasma
O-sulfotyrosine concentration was confirmed in patients with
chronic kidney disease compared to the healthy controls. Thus,
determining the O-sulfotyrosine concentration in plasma may
be an easy method which can reflect the sulfation level in vivo
under physical and pathological conditions.

Introduction

Tyrosine O-sulfation was first described approximately 70 years
ago as a post-translational modification of fibrinogen. At the
beginning of the 1980s, it was found to be a common modifi-
cation where a sulfate group is added to a tyrosine moiety in
eukaryotes (1,2). It has then been reported that approximately 1%
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of proteins undergo tyrosine O-sulfation, a post-translational
modification catalyzed by enzymes termed tyrosyl protein
sulfotransferases (TPSTs) in the trans-Golgi network (3).

The biological function of tyrosine sulfation includes
the modulation of protein-protein interaction, proteolytic
processing and the secretion rates of secretory proteins (4-7).
It has been reported that tyrosine-sulfated proteins play an
important role in infectious diseases, cancer, atherosclerosis
and autoimmune diseases (4,8-10). Given the importance
of modification, much effort has been paid to the detection
of protein tyrosine sulfation and to the identification of the
sulfation sites that establish effects on protein activity (11-13).
However, the development of detection methods is hindered
due to the lack of available antibodies and the lability of this
modification in proteins (14-18).

Recently, the serum level of O-sulfotyrosine, one of the
sulfated metabolites with molecular weight of 261 kDa, was
reported to be associated with a decline in renal function,
independent of the relevant clinical covariates in patients
with type 1 diabetes with impaired kidney function (19). This
revealed an association between the serum O-sulfotyrosine
level and the pathological state, and suggests a potential diag-
nostic value of serum O-sulfotyrosine for certain diseases.
The method for determining the O-sulfotyrosine levels has
not yet been well reported, at least to the best of our knowl-
edge. The present study describes a sensitive and reproducible
method for the relative quantitative analysis of human plasma
O-sulfotyrosine levels using high performance liquid chro-
matography (HPLC)-tandem mass spectrometry (MS/MS),
which may be the basis for future studies.

Materials and methods

Standards, reagents and solvents. The O-sulfotyrosine
standard was purchased from Bachem (E-3645.0001). The
chemical structure of O-sulfotyrosine is presented in Fig. 1.
HPLC-grade methanol (MeOH) was purchased from Thermo
Fisher Scientific, Inc. HPLC-grade acetonitrile (ACN) was
purchased from Sigma-Aldrich; Merck KGaA. HPLC-grade
formic acid (FA) was obtained from Honeywell.

Plasma collection and quality control sample. Blood
samples from patients with (n=5) or without (n=3) chronic
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kidney disease (CKD) were collected from patients at Ruijin
Hospital, Shanghai Jiaotong University School of Medicine,
to confirm the application of the method in question. Samples
were processed as described below. The study protocol was
approved by the Ethics Committee of Ruijin Hospital, Shanghai
Jiaotong University School of Medicine (no. 2018-60). Written
informed consent was obtained from all participants.

Pooled plasma samples were used as the quality
control (QC) sample. QC samples were applied for extraction
repeatability and inter-day/intraday precision validation.

Plasma sample processing. Peripheral venous blood was
collected according to standard procedures in tubes containing
an anticoagulant (2.5% EDTA). Following centrifugation
at 14,000 x g for 10 min at +4°C, platelet-poor plasma was
obtained. Samples were then aliquoted and stored at -80°C
until analysis.

A total of 50 ul of plasma samples or QC samples were
deproteinized by the addition of 250 ul pre-cooled methanol
followed by incubation at -20°C for 20 min. Following centrif-
ugation at 14,000 x g for 15 min at +4°C, the supernatant was
collected. The supernatant was dried using a vacuum drier
(Savant Speed-Vac; Thermo Fisher Scientific Inc.) to change
the solvent, and the dried deposit was then re-dissolved in
100 g ultrapure water. Following centrifugation at 14,000 x g
for 15 min at +4°C, 4 ul of supernatant were used for further
analysis.

Stock solutions, calibrators and samples for the lower limit of
quantification (LLOQ) and limit of detection (LOD). A stock
solution of O-sulfotyrosine standard was prepared at a concen-
tration of 10 mg/ml in ultrapure water and was kept at -20°C
until use. Working solutions for calibrators and QC samples
were made on the test day.

The calibration standard working solutions were prepared
by diluting the stock solution to the final concentrations of
500, 400, 300, 200, 100, 50, 25, 10, 5,2, 1 and 0.5 ng/ml.

Standard working solutions for LOD were prepared at final
concentrations of 2, 1, 0.5,0.2, 0.1 and 0.05 ng/ml. Working
solutions for LLOQ were prepared at concentrations of 10, 5,
2,1,0.5,0.2,0.1 and 0.05 ng/ml. A total of 4 ul of working
solutions were used for each test in later analyses.

Samples for the matrix effect. Samples for the extraction effect
detection were prepared by dissolving O-sulfotyrosine stan-
dard in 50 ul QC sample to final concentrations of 500, 400,
300, 200, 100, 50 and 25 ng/ml. A blank QC sample was used
as a corrective sample. Samples were deproteinized by the
addition of 250 ul pre-cooled methanol followed by incubation
at -20°C for 20 min. Following centrifugation at 14,000 x g for
15 min at +4°C, the supernatant was collected and dried using
a vacuum drier, and the dried deposit was then re-dissolved in
100 g ultrapure water.

Another set of O-sulfotyrosine standard calibration
samples was prepared in ultrapure water at concentrations of
500, 400, 300, 200, 100, 50 and 25 ng/ml.

Samples for extraction recovery. A total of 250 ul of working
solutions of O-sulfotyrosine standard samples for recovery
detection were prepared in methanol at concentrations of 400,

200 and 100 ng/ml. A total of 50 ul QC samples were then
added to each working solution tube, followed by incubation
at -20°C for 20 min. Following centrifugation at 14,000 x g
for 15 min at +4°C, the supernatant was collected and dried
using a vacuum drier. The deposit was then re-dissolved in
250 pl ultrapure water. Following centrifugation at 14,000 x g
for 15 min at +4°C, 4 pl of supernatant were used for further
analysis.

LC-MS/MS conditions. Chromatographic separation was
performed using a Waters® ACQUITY UPLC I-Class system
(Waters Corporation) with a Waters ACQUITY UPLC HSS T3
(2.1x100 mm, 1.8 ym) column, maintained at 45°C. The autos-
ampler was maintained at 8°C, and the flow rate was set at
1 ml/min. The analytical separation was run for 4 min using a
gradient elution composed of solvent A (99.9% H,0/0.1% FA)
and solvent B (acetonitrile) as follows: The gradient was
10% B to 30% B in 2 min (0-2 min), to 90% B in 0.5 min
(2-2.5 min), at 90% B for 1 min (2.5-3.5 min), to 10% B in
0.01 min (3.5-3.51 min), at 10% B for 0.49 min (3.51-4 min).
The sample injection volume was 4 ul.

The HPLC system was coupled with a SCIEX™ x 5500
QTrap® mass spectrometer (AB SCIEX, LLC) equipped with
electrospray ionization (ESI) ion source operating in a nega-
tive mode. The source parameters were optimized as follows:
Source temperature, +550°C; ion source gas 1 (Gasl), 55 psi;
ion source gas 2 (Gas2), 55 psi; curtain gas (CUR) pressure,
35 psi; and ionspray voltage floating (ISVF), 4500 V. Analysis
was performed in a multiple reaction monitoring (MRM)
mode by monitoring the ion transitions (Table I).

Method validation

System suitability, LLOQ and LOD. Five consecutive runs of
the QC sample were used to evaluate the system suitability,
which was acceptable when the relative standard deviation
(RSD%) was <15%. LOD was defined as the concentration at
which the signal-to-noise ratio (S/N) was at least 3:1. LLOQ
was defined as the concentration at which the S/N was at
least 10:1.

Matrix effect (ME) and extraction recovery. Linear asso-
ciations of responses of standard dissolved in QC sample (Sm)
or ultrapure water (Ss) were made to validate the matrix effect.
ME was defined as (1 - Sm/Ss) x 100%. A ME <20% was
considered acceptable.

The extraction recovery was determined by comparing
the peak area of QC samples in triplicate to the peak area of
processed QC samples spiked with standard at 400, 200 and
100 ng/ml concentrations. The percentage recoveries were
calculated for each spiked concentration.

Intraday precision and interday repeatability. Intraday
precision was assessed by analyzing the QC sample in
5 replicates on the same day and was expressed as RSD%.
The repeatability of the method (interday) was examined,
calculating the RSD% in triplicate on 3 days. The performance
of the assay was acceptable if the intraday and interday preci-
sions were <15%.

Linear model generation. Triplicates of the sample readings
were averaged and the reading of the blank control sample was
deducted. A linear model was then made. The R* value was
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Table I. Parameters for method validation.

ITon pair and voltage by MRM mode

Analyte Q1 (m/z) Q3 (m/z) DP (V) CE (eV) CXP (V) EP (V)
O-Sulfotyrosine 260.2* 180.0* -65 -26 -9 -10
260.2 199 -60 -23 -14 -10
260.2 119.1 -55 -33 -13 -10
Parameters of the standard curve
Analyte Linear range (ng/ml) Linear curve R? value
O-Sulfotyrosine 0.5-500 y=13823x-1693.3 0.9991
Extraction recovery analysis
Theoretical Concentration Recovery
Sample name concentration (ng/ml) (ng/ml) rate
QC-O-sulfotyrosine-100 100 75.55135 75.55%
QC-O-sulfotyrosine-200 200 139.8574 69.93%
QC-0O-sulfotyrosine-400 400 279.6056 69.90%

*Quantitative ion pair. DP, declustering potential; CE, collision energy; CXP, cell exit potential; EP, entrance pressure.

T -
o
o e
K
%
i

Figure 1. Chemical structure of O-sulfotyrosine.

calculated to determine the overall goodness of fit. For that
portion of the curve where the association of the concentration
to read out exhibited a linear relation, R? values >0.99 repre-
sented a good fit.

Statistical analysis. The peak area of O-sulfotyrosine was
extracted using Analyst software 1.6.3. The Student's t-test was
used to evaluate differences between 2 groups. A two-tailed
P-value of <0.05 was considered to indicate a statistically
significant difference. Statistical analysis was performed using
SPSS 16.0 for Windows (SPSS, Inc.).

Results and Discussion

The present study focused on developing an easy, rapid
and cost-effective assay for the determination of plasma

O-sulfotyrosine concentrations to facilitate basic and clinical
studies.

Method development. Analysis was performed in MRM mode
by monitoring the ion transitions in the present study. An
extracted ion chromatogram (XIC) was generated to extract
the peak area of selected product ions with predefined m/z.
The schematic diagram of MRM and XIC for sulfotyrosine is
presented in Fig. 2. The product ions with an m/z of 180.0 was
selected as quantitative ion pair according to its stability and
repeatability.

The MRM mode can be briefly described as follows, based
on the predesigned transition lists, the first quadrupole (Q1)
of the MS is able to select and transmit to the second quadru-
pole (Q2) for further fragmentation. The resultant product ions
are transmitted to the third quadrupole (Q3), which detects
only product ions with selected predefined m/z (180.0). The
detected signals are recorded as a XIC chromatogram for the
precursor-fragment ion pair.

MeOH denaturation was selected as the deproteinization
method for plasma samples for ideal sample preparation as
it is cost-effective, rapid and useful for multiple analyses at
simultaneously (20), allowing for the translation of this MRM
method to the clinical chemistry routine.

Mass spectrometric analysis in the negative mode can
provide a more direct approach to detecting tyrosine sulfation
based on the greater stability of sulfopeptides as gas-phase
anions (21). Although the sulfate ester bond is considered as
labile and particularly susceptible to acidic hydrolysis, tyrosine
sulfate is often used to withstand the pH in the range of 1-3 and
during reversed-phase chromatography and mass spectrom-
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Figure 2. (A) Schematic diagram and (B) extracted ion chromatogram of multiple reaction monitoring for O-sulfotyrosine.
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Figure 3. Extracted ion chromatograms for (A) pure solvent, (B) O-sulfotyrosine standard, (C) plasma sample, and (D) quality control sample. RT, retention time.

etry, which is possible when the temperature is kept at room
temperature or below and the exposure time is limited (18).
The typically extracted ion chromatograms of blank pure
water, O-sulfotyrosine standard, a plasma sample obtained
from a patient with CKD, and a QC sample are illustrated
in Fig. 3. Each run lasted 4 min. A narrow LC peak width
(measured as the full width at half maximum) smaller than
10 sec was observed.

Method validation

Calibration curve and LLOQ and LOD. The relevant param-
eters of the standard curve are shown in Table I and Fig. 4.
The LOD was 0.2 ng/ml when defined as the concentration
at which the signal-to-noise ratio was at least 3:1. The LLOQ

was 0.5 ng/ml when defined as the concentration at which the
signal-to-noise ratio was at least 10:1.

Matrix effect and absolute recovery. The matrix effect
reached a low value of 9.87%, indicating an insignificant
matrix effect of plasma substrates. The curves for the 2 groups
of samples prepared in different solvents are shown in Fig. 5.
The extraction recovery was analyzed at 3 concentrations, and
the recovery rate is shown in Table I.

Intraday precision and interday repeatability. QC samples
were injected 5 times on the same day, and the test results
are presented in Table II. The RSD% was 5.42%, indicating
an acceptable intraday precision. QC samples were tested
every other day 3 times to evaluate interday repeatability.
The test results are also presented Table II. The RSD% of the
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Table II. Intraday and interday precision test for QC sample.

Intraday precision test

Sample Analyte peak

name area (counts) RSD

QC-1-rel 5.53E+05 542%
QC-1-re2 5.76E+05

QC-1-re3 6.07E+05

QC-1-re4 5.99E+05

QC-1-re5 6.15E+05

Interday precision test

Sample Analyte peak

name area (counts) RSD

QC-1-day1 5.51E+05 3.89%
QC-1-day2 5.53E+05

QC-1-day3 5.90E+05

RSD, relative standard deviation.
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Figure 4. Standard curve of O-sulfotyrosine detection.

O-sulfotyrosine peak area of three QC samples was 3.89%,
indicating good interday repeatability

Application on clinical samples. Blood samples from
patients with or without CKD were collected, and plasma
O-sulfotyrosine levels were determined following the
completion of the validation process to demonstrate the
utility of this method. The results revealed that the plasma
concentration of O-sulfotyrosine was significantly increased
in patients with CKD (Fig. 6). As early as the 1950s,
Tallan et al reported that O-sulfotyrosine was detected in
normal human urine, indicating that O-sulfotyrosine can
be filtered by the glomerulus (22). It was hypothesized that
the increase in the plasma O-sulfotyrosine concentration
in patients with CKD may be partially attributed to an
impaired glomerular filtration function and may be also
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Figure 5. Matrix effect analysis. The green curve represents the calibration

curve for standard samples prepared in plasma as the solvent, and the red
curve is the standard curve prepared in ultrapure water.
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Figure 6. Plasma O-sulfotyrosine level is significantly increased in
patients with CKD compared to those without CKD (non-CKD). "P<0.05.
CKD,chronic kidney disease.

partly due to increased post-translational modifications in
tissues due to inorganic sulfate, the substrate for sulfation,
markedly increased in patients with CKD (23-25). Future
functional studies are required to validate such a hypoth-
esis. Moreover, the question remains as to whether the
plasma O-sulfotyrosine concentration contributes to disease
progression or whether it is merely a biomarker for certain
pathological conditions. However, a previous study reported
an association between the serum level of O-sulfotyrosine
and a decline in renal function in patients with impaired
kidney function (19).

In conclusion, the present study presents an applicable,
reproducible and sensitive method for the relative quantita-
tive analysis of human plasma O-sulfotyrosine levels using
HPLC-MS/MS in a linear negative ion mode. The current
method requires a short chromatographic run time, a rapid
sample preparation process and a small volume of plasma
necessary for the analysis. However, as an external standard
method, it generates some accidental and systemic errors due
to the standard substance and the sample to be tested are tested
independently, and the standard substance matrix differs from
the sample to be tested. Therefore, in future experiments, a
method of isotope internal standard should be used to create
absolute quantitative detection.
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In general, this assay is expected to find wide application
in nephrological studies. In the future, absolute quantification
is recommended to explore the exact association of the plasma
O-sulfotyrosine level and pathologic condition, and the diag-
nostic value for certain diseases.
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