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ABSTRACT

The occurrence of O-phosphoserine (P-Ser), O-phosphothreonine (P-Thr) and O-phosphotyrosine (P-Tyr) in the hydrolysate of
human urine was demonstrated. Urine samples were separated into non-adsorbed and adsorbed fractions by DEAE-cellulose column
chromatgraphy. After acid and base hydrolyses of these fractions, the O-phosphoamino acids in the hydrolysates were converted into
their N-isobutoxycarbonyl methyl ester derivatives and identified by gas chromatography-mass spectrometry. By gas chromatography
with flame photometric detection, the urinary contents of P-Ser, P-Thr and P-Tyr were estimated to be 945 + 3,109 + 3and 2.9 + 0.2

ng/ml, respectively.

INTRODUCTION

Post-translational modiﬁc/ation of proteins by
the formation of phospho monoesters of serine,
threonine and tyrosine residues is one of the ma-
jor regulatory mechanisms for the control of di-
verse intracellular functions [1-5]. Particularly, it
is noteworthy that abnormal protein phosphory-
lation reactions caused by genctic mutations, the
introduction of viral genomes, or chemical treat-
ment are responsible for malignant neoplasia or
the uncontrolled growth of cells [6,7]. Further-
more, it is reported that Tau proteins from Alz-
heimer’s disease are abnormally phosphorylated
[8-10]. Therefore, if these abnormal phosphory-
lation levels are reflected in biological fluids, a
measurement of the phosphorylated amino acids
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in these samples could be important in the diag-
nosis of these disecases. However, these phospho-
rylated amino acids have not yet been found in
biological fluids.

Recently, we developed a selective and sensi-
tive method for determining O-phosphoamino
acids by gas chromatography (GC) with flame
photometric detection (FPD) [11,12], and ana-
lysed the contents of O-phosphoamino acids in
the tissue samples [13] and the proteins that were
phosphorylated by protein kinases [14]. When
the hydrolysates of human urine samples were
analysed by this method, peaks having the same
retention times as those of O-phosphoserine (P-
Ser), O-phosphothreonine (P-Thr) and O-phos-
photyrosine (P-Tyr) were observed in the chro-
matograms. Therefore, we attempted to identify
these peak components by GC with mass spec-
trometry (MS).
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EXPERIMENTAL

Chemicals

O-Phospho-L-serine (P-Ser), O-phospho-D,L-
threonine (P-Thr) and O-phospho-L-tyrosine (P-
Tyr) were purchased from Sigma (St. Louis, MO,
USA). Standard solutions were prepared con-
taining 0.1 mg/ml of each compound in distilled
water and then stored at 4°C. Isobutyl chlorofor-
mate was obtained from Tokyo Kasei Kogyo
(Tokyo, Japan). N-Methyl-N-nitroso-p-toluene-
sulphonamide to generate diazomethane was ob-
tained from Nacalai Tesque (Kyoto, Japan).
DEAE-cellulose SS was purchased from Nacalai
Tesque. Sephadex G-25 was purchased from
Pharmacia LKB Biotechnology (Uppsala, Swe-
den). Dowex 1-X8 (100200 mesh) and Dowex
50W-X8 (100-200 mesh) were purchased from
Muromachi Kagaku Kogyo (Tokyo, Japan). All
other chemicals were of analytical grade.

Sample preparation for GC-MS analysis
Normal human urine samples were collected
under toluene and kept frozen if not analysed im-
mediately. The following sample treatments were
carried out for the identification of O-phospho-
amino acids in 24-h urine (880 ml) (see Fig. 1).
DEAE-cellulose column chromatography. A
portion (40 ml) of 24-h urine was applied to a
DEAE-cellulose column (40 cm X 2.5 cm 1.D.)
pre-equilibrated with distilled water. The column
was washed with 450 ml of water, and then eluted
with 0.1 M ammonium hydrogencarbonate (pH
8.3). The effluent (flow-rate 55 ml/h) was collect-

Urine

DEAE-cellulose colu{nn chromatography
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ed in 15-ml fractions. The UV absorption of each
fraction was determined manually in a Shimadzu
UV-140 double-beam spectrophotometer at 280
nm. The O-phosphoamino acids in the fractions
were analysed by the previously reported GC~
FPD method [11,13] after acid and base hydro-
lyses of 0.1-0.5 ml of each fraction. Remaining
24-h urine was treated by same procedure. The
non-adsorbed fraction (containing P-Ser and P-
Thr) and the adsorbed fraction (containing P-
Tyr) were separately collected, and called frac-
tion A and fraction B, respectively.

Isolation of P-Ser and P-Thr in fraction A. The
combined fraction A (1320 ml) was concentrated
to ca. 180 ml in a rotary evaporator at 40-45°C
and then precipitated by addition of 20 ml of
50% trichloroacetic acid (TCA). After centrifu-
gation at 15000 g for 15 min at 4°C, the pellet
was washed three times with 20 ml of diethyl
ether and dissolved in 10 ml of 75% methanol.
This solution was equally divided into 32 glass
tubes (50 mm X S mm 1.D.), dried in a Model
RD-41 centrifugal evaporator (Yamato Kagaku,
Tokyo, Japan), and then hydrolysed with 0.2 ml
of 6 M hydrochloric acid in the vapour phase for
2 h at 110°C with a Pico-Tag workstation (Wa-
ters Assoc., Milford, MA, USA). Each hydroly-
sate was extracted twice with 0.4 ml of distilled
water, combined and neutralized with 2 M sodi-
um hydroxide. The hydrolysate extract was made
up to 40 ml with water, and an aliquot (5 ml) of
this solution was applied to a Dowex 1-X8
(AcO™ form) column (5 cm X 0.7 cm 1.D.). The
column was washed with 15 ml of water and then

Non-adsorbed';tion (Fraction A)
TCA precipitation
Acid hydrolysis
Dowex 1 X 8 column chromatography
Derivatization

GC-MS analysis

Adsorbed fratl':tion (Fraction B)
Sephadex G-25 column Chromatography
Base hydrolysis
Dowex 50W X 8 ccllumn chromatography
Derivatlization

GC-MS analysis

Fig. 1. Sample treatment used for the identification of urinary O-phosphoamino acids.
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eluted with 0.1 M hydrochloric acid. The initial
14 ml of the eluate was discarded, and the follow-
ing 4 ml of the eluate (pH 1-2) was collected. The
remaining hydrolysate extract was treated by the
same procedure. The collected eluates were deriv-
atized by the derivatization procedure described
below, and the derivatized samples were com-
bined and used for GC-MS analysis.

Isolation of P-Tyr in fraction B. The combined
fraction B (330 ml) was concentrated to ca. 10 ml
in a rotary evaporator at 40-45°C and then ap-
plied to a Sephadex G-25 column (20 cm x 3.5
cm 1.D.) pre-equilibrated with distilled water.
The column was eluted with water and the ef-
fluent (flow-rate 118 ml/h) was collected in 7.5-ml
fractions. The initial 150 ml of the eluate was dis-
carded, and the following 15 ml of the eluate was
collected. This fraction was evaporated to dry-
ness in a rotary evaporator at 40-45°C, and dis-
solved in 2 ml of water. After this solution was
equally divided into ten polypropylene tubes (9
cm X (.75 cm 1.D.), 0.2 ml of 10 M potassium
hydroxide was added to each tube, and the mix-
ture was hydrolysed for 1 h at 130°C in a Pico-
Tag workstation. Each hydrolysate was neutral-
ized with 6 M hydrochloric acid and made up to 5
ml with water. Each solution was applied onto a
Dowex 50W-X8 (H* form) column (6.2 cm X
0.7 cm 1.D.). The column was eluted with water
and the initial 10 ml of the eluate was collected.
Each collected eluate was derivatized by the de-
rivatization procedure described below, and the
derivatized samples were combined and used for
GC-MS analysis.

Derivatization procedure

O-Phosphoamino acids were derivatized as
previously described [11]. After the sample was
adjusted to pH 10 with 2 M sodium hydroxide if
necessary, 0.1 ml of isobutyl chloroformate was
added and the mixture was shaken with a shaker
set at 3000 rpm (up and down) for 10 min at
room temperature. The reaction mixture was
acidified to pH 1-2 with 2 M hydrochloric acid
and extracted with 3 m! of diethyl ether in order
to remove the excess of reagent. The ether extract
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was discarded, and the aqueous layer was sat-
urated with sodium chloride and extracted twice
with 3 ml of diethyl ether containing 10% 2-pro-
panol. The pooled ether extracts were methylated
by bubbling diazomethane, generated according
to the micro-scale procedure of Schienk and Gel-
lerman [15], through the solution until a yellow
tinge became visible. After standing for 5 min at
room temperature, the solvents were removed by
evaporation to dryness at 80°C under a stream of
dry air. The residue was dissolved in 0.1 ml of
ethyl acetate, and 1 ul of this solution was ana-
lysed by GC or GC-MS.

Gas chromatography

GC analysis was carried out with a Shimadzu
14A gas chromatograph equipped with a flame
ionization detector and flame photometric detec-
tor (P-filter). Fused-silica capillary columns con-
taining cross-linked DB-1701 (J & W, Folsom,
CA, USA, 15 m x 0.53 mm IL.D., 1.0 um film
thickness, for the P-Ser and P-Thr analysis) or
DB-5(J & W, 15m X 0.53 mm L.D., 1.0 um film
thickness, for the P-Tyr analysis) were used. Col-
umn temperatures: 220°C for DB-1701, and pro-
grammed at 3°C/min from 230 to 280°C for
DB-5. Injection and detector temperatures:
260°C for DB-1701, and 290°C for DB-5. The ni-
trogen flow-rate was 10 ml/min.

Gas chromatography-mass spectrometry

A Hewlett-Packard 5890A gas chromatograph
was operated in conjunction with a VG Analyt-
ical 70-SE mass spectrometer and a VG 11-250]
mass data system. Fused-silica capillary columns
containing cross-linked OV-1 (Quadrex, New
Haven, CT, USA, 50m X 0.25mm I.D., 0.25 yum
film thickness, for the P-Ser and P-Thr analysis)
or OV-17 (Quadrex, 25 m x 0.25 mm 1.D., 0.25
pm film thickness, for the P-Tyr analysis) were
used. Column temperature: isothermal at 190°C
for 15 min, then programmed at 6°C/min to
260°C (for OV-1) or at 3°C/min from 220 to
260°C for OV-17; injection temperature, 260°C;
ion-source temperature, 250°C; ionizing voltage,
40 eV; helium flow-rate, 8 ml/min.
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RESULTS AND DISCUSSION

When the acid and base hydrolysates of human
urine samples were directly analysed by GC-
FPD, which is highly selective for phosphorus
compounds, peaks having the same retention
times as those of P-Ser, P-Thr and P-Tyr were
observed in the chromatograms. However, these
peaks could not be confirmed by non-selective
GC with flame ionization detection (FID) be-
cause of interferences. Therefore, we attempted
to identify these peak components by GC-MS
after partial purification of urine samples. The
sample preparation for GC-MS is outlined in
Fig. 1. In the first place, urine samples were chro-
matographed on a DEAE-cellulose column. Rep-
resentative data of the elution profile and the O-
phosphoamino acid contents are shown in Fig. 2.
The O-phosphoamino acids in each fraction were
measured by GC-FPD method [11,13] after re-
lease from proteins by acid and base hydrolyses.
Most of P-Ser and P-Thr were eluted in the non-
adsorbed fraction (fraction A), but P-Tyr was not
detected in this fraction. On the other hand, P-
Tyr was eluted with 0.1 A/ ammonium hydrogen-
carbonate in the adsorbed fraction (fraction B) as
single peak, and P-Ser was also detected in this
fraction. These results indicate that several pro-
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teins containing O-phosphoamino acids exist in
urine, and that these proteins differ in their prop-
erties.

Fraction A was precipitated with TCA after
concentration. The resulting pellet was hydro-
lysed with 6 M hydrochloric acid for release of
P-Ser and P-Thr from proteins, because the O-
phosphate linkages of serine and threonine resid-
ues are more stable to acid than to base. The re-
sulting acid hydrolysate was purified by Dowex
1-X8 column chromatography. On the other
hand, fraction B was desalted by Sephadex G-25
column chromatography and hydrolysed with 5
M potassium hydroxide for release of P-Tyr from
proteins, because the O-phosphate linkage of ty-
rosine residue is more stable to base than to acid.
The resulting base hydrolysate was purified by
Dowex 50W-X8 column chromatography.

The O-phosphoamino acids isolated from frac-
tions A and B could be conveniently converted
into their N-isobutoxycarbonyl methyl ester de-
rivatives by the previous method [11] and identi-
fied by GC-MS. As shown in Fig. 3A,CandE, a
molecular ion peak (M*) was not observed for
each of the authentic derivatives but the promi-
nent fragment ion peaks, M* — 59 (COOCH3),
M* — 73 [(CH3).CHCH 0] and m/z 109 [PO-
(OCH3),] were characteristic and useful for

& 0 20 30 40 30 60

Fraction number (15mi/tube)

76 80 90

Fig. 2. Column chromatography of a urine sample containing O-phosphoamino acids on DEAE-ceilulose. Chromatographic condi-
tions as in Experimental. (@) Absorbance at 280 nm; (O) P-Ser; (A) P-Thr; (CI) P-Tyr.
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Fig. 3. GC-MS spectra obtained from N-isobutoxycarbonyl methyl ester derivatives of authentic P-Ser, P-Thr and P-Tyr, and from
urine hydrolysate. (A) Authentic P-Ser; (B) peak identified as P-Ser in acid hydrolysate of urine; (C) authentic P-Thr; (D) peak identified
as P-Thr in acid hydrolysate of urine; (E) authentic P-Tyr; (F) peak identified as P-Tyr in base hydrolysate of urine.

structure elucidation. As shown in Fig. 3B, D and
F, the mass spectra obtained from the urine sam-
ples agreed with those of the authentic deriva-
tives of O-phosphoamino acids. These results
clearly indicate that P-Ser, P-Thr and P-Tyr were
present in urine hydrolysates.

The urinary contents of P-Ser, P-Thr and P-
Tyr, as measured by GC-FPD after partial acid
and base hydrolyses of urine sample according to

the previous method [13], were estimated to be
945 + 3,109 £+ 3and 2.9 + 0.2 ng/ml (n = 4),
respectively. On the other hand, the total serine,
threonine and tyrosine contents, measured by the
previous GC-FID method [16] after complete
hydrolysis of urine sample with 6 M hydrochloric
acid at 150°C for 1 h, were 118 + 6, 57 + 3 and
126 + 31 ug/ml (n = 4), respectively. These re-
sults show that P-Ser, P-Thr and P-Tyr in urine
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were less than 0.8, 0.2 and 0.002% of total serine,
threonine and tyrosine, respectively. In addition,
free O-phosphoamino acids in non-hydrolysed
urine sample were measured by the previous GC-
FPD method [17] after clean-up of the sample by
ion-exchange column chromatography. Free P-
Ser was found in urine at a concentration of 33 +
2 ng/ml (n = 4) but free P-Thr and P-Tyr were
not detected at all. These results indicate that
most of O-phosphoamino acids exist in the
bound form in urine. Similarly, these O-phos-
phoamino acids were also found in other healthy
human urine samples by GC-FPD method.

The present results are interesting in connec-
tion with protein phosphorylation in the tissues.
Although the physiological significance and ori-
gin of urinary O-phosphoamino acids are not
known, the existence and occasional contents of
these O-phosphoamino acids in urine suggest
that the urinary O-phosphoamino acid level may
reflect the in vivo phosphorylation level. An in-
vestigation of the behaviour of O-phosphoamino
acids in vivo is now in progress in our laboratory.
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