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Abstract

In proteomics, pre-treatment of sample is the most important procedure to remove the matrix for interfacing with mass spectrometry (MS).
Additionally, for the samples with low concentration, the process of pre-concentration is required before MS analysis. We have newly developed
solid-phase extraction (SPE) tool with pipette-tip shape for purification of bio-samples of various characteristics, utilizing monolithic silicagel
as medium. The monolithic silica surface was modified with a C18 phase or coated with titania phase. A C18-bonded tip and a non-modified tip
were used for sample concentration, desaltination and removal of detergents from sample. A titania-coated tip was also applied for purification
and concentration of phosphorylated peptides. This novel pre-treatment method using monolithic silica extraction tip is much effective and
suitable for protein analysis.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Proteomics has recently been recognized as the compre-
hensive identification and the analysis of proteins within
cells. Analyzing/identification of proteins lead the possibil-
ity of establishment of the technology which artificially con-
trols mechanisms of the proliferation differentiation, growth
and aging. Additionally, the necessary information for diag-
nosis and dosing was also acquired by the recognition of the
change in the proteins by stresses such as the disease, the
environments and medicines. The more detailed information
can be obtained with the analysis of protein compared to
the analysis of deoxyribonucleotide acid (DNA) sequence
because it is possible to identify post-translational modifica-
tions [1]. Especially, protein phosphorylation known as the
most common modification of protein is found in nearly all
cellular processes, thus the analysis of phosphorylated pep-
tides and proteins are highly demanded. The characterization
methodology of choice is no longer Edman-based sequenc-
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ing, but rather the more rapid and sensitive approach. Mass
spectrometry (MS) has been extensively used for the analysis
of peptides, proteins and their digests[1]. On the other hand,
the pre-treatment of sample is the most important procedure
in proteomics to remove the matrix such as salts, buffers
and detergents for interface with MS. Reversed-phase pack-
ing or filtration was employed as desalination. Addition-
ally, for the samples with low concentration, the process of
pre-concentration is required before LC–MS analysis.

Today, solid-phase extraction (SPE) is the most pop-
ular sample preparation method for the extraction and
pre-concentration of samples, as well as clean up matrix
interferences and undesired compounds from analytical
samples[2–4]. Most sorption materials for SPE are in the
bead shape. Typically, these beads are packed in a cartridge
or column [5]. However, because these media pass sam-
ple solution by the high-pressure, extra instruments such
as pumping or vacuuming are inevitably needed, and the
intrinsic problem of all particulate media is their inability
to completely fill the available space. In addition, the chan-
neling between particles reduces the extraction efficiency.
Also, development of two-dimensional gel electrophoresis,
with agarose gels in the first dimension (ca. 1.5 mg) it is
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possible to introduce sample amount more than conventional
method[6], led the necessity of pre-enrichment media hav-
ing enough sample capacity. Recently, to solve the problem
pointed out with the particle material, double-pore structure
(macro-pore and meso-pore) silica gel monoliths were de-
veloped by Nakanishi and Soga, which is manufactured by
combining the sol–gel reaction with phase separation and a
subsequent solvent exchange treatment[7]. By controlling
the composition of the starting mixture or changing the
concentrations of alkoxysilane and poly(ethylene glycol)
(PEG), it is possible to control the size of silica skele-
tons and through-pores to produce monolithic silica having
(through-pore size)/(skeleton size) ratios much greater than
those found in a particle-packed column[8]. Cabrera et al.
[9] and Ishizuka et al.[10] applied the monolithic silica to
the packings for conventional/capillary-sized HPLC, and
proved its unique features, including low pressure-drop and
total porosity higher than particle column. Shintani et al.
[11] indicated that the monolithic silica had the application
possibility as a solid-phase microextraction media.

We have developed a novel pre-enrichment medium suit-
able for purification of peptides and proteins, which enables
treatment with relatively low pressure. Monolithic silica
(2.8 mm i.d. × 1 mm), consisting of continuous mesoporous
(∼20 nm pore size) silica skeletons of∼10�m size and
through-pores of∼20�m, was fixed into the 200�l pipette
tip. Monolithic silica surface was modified with a C18 phase
or coated with titania phase. Titania has attracted interest
as an alternative support material to silica in the field of
HPLC packing because of its high chemical stability and
enough rigidity[12,13]. Additionally, its unique amphoteric
ion-exchange properties have been paid attention to. In
column switching HPLC equipped with TiO2 column, phos-
phoamino acid, phosphopeptide and nucleotide base were
separated[14]. Those results indicated the possibility
of its application in the selective analysis of phospho-
peptides by optimizing the eluent condition. C18-bonded
and non-modified tips were used for sample concentra-
tion, desalting and removal of detergents from sample.
Titania-coated tip was also applied for purification and
concentration of phosphorylated peptides.

2. Experimental

2.1. Chemicals and reagents

Phosphorylated and unmodified synthetic peptides, Tyr–
Ser–Lys–Ile–Glu–Lys–Ile–Gly–Glu–Asp–Thr[PO3H2]–
Tyr–Gly–Val–Val–Tyr–Lys–Gly–Arg (Pep1;Mr: 2227.5),
Tyr–Ser–Lys–Ile–Glu–Lys–Ile–Gly–Glu–Asp–Thr–Tyr[PO3
H2]–Gly–Val–Val–Tyr–Lys–Gly–Arg (Pep2;Mr: 2227.5),
Tyr–Ser–Lys–Ile–Glu–Lys–Ile–Gly–Glu–Asp–Thr[PO3
H2]–Tyr[PO3H2]–Gly–Val–Val–Tyr–Lys–Gly–Arg (Pep3;
Mr: 2307.5), Tyr–Ser–Lys–Ile–Glu–Lys–Ile–Gly–Glu–
Asp–Thr–Tyr–Gly–Val–Val–Tyr–Lys–Gly–Arg (Pep4;Mr:

2147.5) were kindly provided by Dr. N. Yumoto (AIST)
[15]. Standard peptides, Thr–Arg–Asp–Ile–Tyr[PO3H2]–
Glu–Thy–Asp–Tyr–Tyr–Arg–Lys (Pep5;Mr: 1702.8) and
Thr–Arg–Asp–Ile–Tyr–Glu–Thy–Asp–Tyr–Tyr–Arg–Lys
(Pep6; Mr: 1622.8), were obtained from Sigma (USA).
HPLC-grade acetonitrile (Kishida Chemicals, Japan) and
water (Milli-Q system; Millipore, USA) were used in
the preparation of the mobile phase. Trifluoroacetic acid
(TFA) and formic acid were of HPLC grade, and pur-
chased from Wako (Japan). Bradykinin, angiotensin II,
insulin, cytochrome c,�-lactoglobulin, bovine serum al-
bumin (BSA) and catalase were provided by Sigma.
Tris buffer was prepared from Trizma base (Sigma),
and phosphate buffer was prepared from sodium dihy-
drogenphosphate, 2-hydrate and disodium hydrogenphos-
phate, anhydrous (Kishida Chemicals). All other reagents
were of analytical grade, and purchased from Kishida
Chemicals.

2.2. Instrumentation

2.2.1. HPLC analysis
The HPLC system consisted of PU610 pumps (GL Sci-

ences, Japan), an L-7400 UV detector (HITACHI, Japan),
a model 8125 sample injector (Rheodyne, USA), a model
DM-22AP low-volume dynamic mixer (GL Sciences) and
a model 554 LC column oven (GL Sciences). Data acquisi-
tion and processing were performed using a V-station chro-
matography manager (GL Sciences). The reversed-phase
analytical column was Inertsil WP300 C18 (5�m, 150 mm×
2.1 mm i.d., GL Sciences). Eluents A and B were acetoni-
trile and water, respectively, both containing 0.1% TFA.
The flow-rate was typically 0.3 ml/min. In quantification
of peptides and proteins, samples were dissolved in buffer
solution, and analyzed by reversed-phase chromatography.

2.2.2. HPLC–MS analysis
A MonoCap for peptide column (150 mm× 0.1 mm i.d.,

through-pore 2�m, meso-pore 15 nm; GL Sciences) was
used for the HPLC–MS system consisting of PU711 mi-
croflow pumps (GL Sciences) and internal sample injec-
tor model C4 (0.1�l; VICI Valco, USA). MS detection
was performed on an Accu-TOF instrument (JEOL, Japan)
equipped with a metal nano-sprayer (GL Sciences) as metal-
lic nano-ESI tip (50�m i.d., 365�m o.d., 20�m tip orifice
i.d., 4 cm length). Mass center software (JEOL) was used
for data acquisition and data analysis. Eluents A and B were
acetonitrile and water, respectively, both containing 0.05%
trifluoroacetic acid. Typical flow-rate was 0.5�l/min (split
flow). Elution of peptides was separated/analyzed with fol-
lowing linear gradient: 0 min, 20% B; 0–10 min, 20–60% B.
Sample injection volume was 0.1�l. Electrospray ionization
was performed on the positive ion mode with nitrogen as
drying gas. The extract source conditions were as follows:
needle voltage, 2500 V; ring voltage, 10 V; orifice 1 voltage,
70 V; orifice 2 voltage, 5 V.
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2.3. Sampling procedure

In case of the performance examination of C18-bonded,
non-modified and titania-coated tips, each Pep1–6 standard
sample was dissolved in 50 mM Tris–HCl (pH 7.0) contain-
ing 10 mM NaCl, 20 mM ammonium hydrogen carbonate
buffer (pH 8.0) and 50 mM Tris–HCl (pH 7.0) respectively.
Trypsin digestion was prepared according to the following
process: samples in 50 mM ammonium hydrogen carbon-
ate were added with 1:100 (v/v) modified sequencing grade
trypsin (Promega, USA) and incubated overnight at 37◦C.
Samples were stored at 20◦C before analysis.

2.4. Preparation of monolithic silica material

Tetraethoxysilane (TEOS; Shin-Etsu Chemical, Japan)
was added to 1 M aqueous solution of nitric acid (in the
presence of polyethylene oxide (PEO; Aldrich, USA) with
an average molecular mass of 100 000) andd-glucitol
(Nacalai Tesque, Japan)[7]. The mixture was stirred for
15 min at room temperature. The solution was kept at 40◦C
for gelation and aging over 15 h. The aged gel was im-
mersed in 1.5 M aqueous urea solution at 110◦C for 20 h.
After drying at 40◦C for 24 h, the gel was heat-treated
at 600◦C for 5 h. The silica rod of 2.8 mm diameter and
1 mm thickness was cut. The size of meso-pore and sur-
face was analyzed by a Autosurb-3B nitrogen absorption
system (Quantachrome, USA). The surface of monolithic
silica was chemically modified to C18 [16] for applying to
the reversed solid phase, which was employed as desali-
nation of protein/peptide sample for MS analysis. Carbon
content was ca. 12%, which was determined with thermo-
gravimetric analysis by WS002 (MAC Science Co., Japan).
Furthermore, titania gel was coated with monolithic silica
by immersing the silica gel disc in titanium tetraisopropox-
ide diluted in 2-propanol. Monolithic silica gel was fixed
into 200�l pipette tip by supersonic adhesion.

3. Result and discussion

3.1. C18-bonded monolithic silica extraction tip

Conditioning the tip was performed with the wetting and
equilibration solutions to ensure optimum binding to ana-
lytes. During sample application, the peptides and proteins
have a strong affinity with the hydrophobic monolithic silica
surface. Salts, detergents and other hydrophilic contaminants
present in samples unretained the C18-phased monolithic
silica. Residual contaminants which were weakly bound to
the monolith silica were washed from the tip with a slightly
acidic water rinse. The target peptides and proteins were
concentrated and purified on the monolithic surface, and
recovered with a slightly acidic aqueous–organic solvent.
The experimental procedure is shown inTable 1. Fig. 1 il-
lustrates the obtained chromatograms of 60�g cytochrome

Table 1
Purification profile of proteins/peptides on C18-bonded tip

Pre-treat sample Adjust sample to 0.1% trifluoroacetic acid (0.1%
TFA)

Wet tip Aspirate 200�l acetonitrile (0.1% TFA) solution
and discard solvent

Equilibrate Aspirate 200�l acetonitrile and discard solvent
Apply sample Aspirate up to sample into tip and dispense, six to

eight times repetition
Rinse tip Aspirate 200�l acetonitrile (0.1% TFA) solution

and discard solvent
Elute sample Aspirate 100�l 60% acetonitrile (0.1% TFA)

solution and dispense into tube, five times repetition

c which was pre-treated by C18-bonded tip.Fig. 1A is
the result of an untreated sample, whileFig. 1B that of a
treated sample. The recovery was 94%. Necessary sensitiv-
ity in analyzing the recent proteins/peptides analysis with
MS is assumed to be in the order of fmol–pmol. Since the
sample capacity of C18-bonded tip was in the nmol order,
those have enough performance for the analysis of proteins.
Fig. 2 is the analytical results of the five-fold concentration

Fig. 1. The comparison of cytochrome c, with/without purification by
C18-bonded tip: (A) without and (B) with purification. Sample: 60�g
cytochrome c containing 10 mM NaCl in Tris–HCl (pH 7.6). Gradient:
A–B (80:20) in 20 min to A–B (40:60). Detection: UV at 280 nm. Sample
volume: 10�l.
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Fig. 2. The purification/enrichment of tryptic digest of�-lactoglobulin
with C18-bonded tip. (A) Chromatogram of sample without purification.
(B) Chromatogram of sample with purification. Sample: tryptic digest of
10�g �-lactoglobulin. Gradient: A–B (90:10) in 20 min to A–B (40:60).
Detection: UV at 210 nm. Sample volume: 10�l.

of tryptic digests of�-lactoglobulin (10�g). One hundred
microliters tryptic digests of�-lactoglobulin were concen-
trated on the C18 surface, and then extracted by 20�l eluent.
Fig. 2B is the result of concentrated analysis, andFig. 2A
the direct analysis of digests. The substances which were
not confirmed by direct injection of the sample were clearly
detected by using C18-bonded tip. The recovery rate of
protein standards was shown inTable 2. Results indicated

Table 2
The recovery of protein/peptide purified with C18-bonded tip (n = 6)

Sample Mr Average
recovery (%)

R.S.D. (%)
(n = 6)

Angiotensin II 1 046 91 3.5
Bradykinin 1 060 90 1.7
Insulin 6 000 92 2.4
Cytochrome c 12 500 94 2.1
�-Lactoglobulin 360 000 80 3.0
BSA 640 000 24 11
Catalase 2 000 000 9.0 15

The recovery rate is calculated by the following formula:

recovery(%) = (Ielute/Itotal) × 100

whereIelute represents the amount eluted from the tip, andItotal the amount
introduced to the tip. Gradient: A–B (90:10) in (20 min) to A–B (40:60).
Detection: UV at 280 nm. Sample volume: 10�l.

Table 3
Purification profile of protein/peptides on non-modified tip

Rinse tip Aspirate 200�l acetonitrile and discard solvent
Equilibrate Aspirate 200�l 20 mM hydrogen carbonate buffer

(pH 8.0)
Apply sample Aspirate up to sample into tip and dispense, six to

eight times repetition
Rinse tip Aspirate 200�l hydrogen carbonate buffer (pH 8.0)
Elute sample Aspirate 100�l 20% acetonitrile (0.1% TFA)

solution and dispense into tube, five times repetition

the fact that the proteins having large molecular mass had
some difficulties in enough infiltration in the interior of the
meso-pore because the meso-pore size of monolithic silica
used was 20 nm and C18 had high hydrophobic properties.
Conventional procedure of protein identification is as fol-
lows: firstly, the proteins are separated by two-dimensional
electrophoresis; secondly, targeted gel spots are in-gel di-
gested; and finally, peptides are analyzed/identified by MS.
Since the identification of peptides is the main aim of
protein analysis, it is reasonable to assume that the newly
developed C18-bonded tip, which has an adsorption ability
of proteins ofMr till ca. 40 000, has enough performance.

3.2. Non-modified monolithic extraction tip

In reversed-phase chromatography, silanol is known as
tailing factor. The silanol group dissociates at pH∼5. It is
known that a characteristic of silanol group is the adsorp-
tion of basic material. We investigated whether dissociation
was utilized in peptide and protein purification. Condition-
ing the tip was employed with the wetting and equilibration
solutions to ensure optimum binding. Sample was ab-
sorbed to solid phase (non-modified), and acid material and
negative-charged material passed though the tip and were
washed out from the tip with basic buffer. The target pep-
tides and proteins were retained/concentrated and purified
with a acidic aqueous–organic solvent because silanol group
was inhibited by acidic condition. The procedure is shown in
Table 3. Recovery of some proteins is shown inTable 4. The

Table 4
The recovery of protein purified with non-modified tip (n = 5)

Sample pI Average
recovery (%)

R.S.D. (%)
(n = 5)

TI 4.5 15 –
BSA 4.7 23 –
�-Lactoglobulin 5.2 16 13
Ribonuclease A 8.7 69 4.1
Cytochrome c 9.0 91 2.1
Lysozyme 9.3 90 2.3

TI: trypsin inhibitor; pI: isoelectric point.
The recovery rate is calculated by the following formula:

recovery(%) = (Ielute/Itotal) × 100

whereIelute represents the amount eluted from the tip, andItotal the amount
introduced to the tip. Sample: protein standards dissolved in 20 mM
ammonium hydrogen carbonate buffer (pH 8.0). Detection: 280 nm.
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Table 5
The pH effect of buffer solution dissolved (n = 3) on recovery of protein
purified with non-modified tip

pH Average recovery (%) R.S.D. (%) (n = 3)

5.8 82 2.1
7.0 87 1.7
8.0 91 1.6
9.2 92 1.0

Sample: cytochrome c dissolved in phosphate buffer (pH 5.8–8.0) and
Tris–HCl (pH 9.2). Detection: 280 nm.

higher the isoelectric point of protein was, the more excel-
lent recovery rate was obtained. The pH influence of buffer
solution was examined by cytochrome c which obtained
high recovery rate by experiment (Table 5). Obtained results
suggested that a better recovery rate was acquired by higher
pH. Dissociation of silanol influenced the adsorption of pro-
teins. Reversed phase has deficient performance in the abil-
ity to trap high hydrophilic substances, where non-modified
tip has interaction with. Therefore, non-modified tip has the
possibility of being an alternative to reversed phase.

3.3. Titania-coated monolithic silica extraction tip

The precise site of phosphorylation is identified by MS.
A common problem with such analysis is that the amount
of protein which has undergone phosphorylation tend to
be small compared to the unphosphorylated form. That
led to the fact that the amount of phosphorylated material

Table 6
Purification profile of phosphorylated peptides on titania-coated tip

Rinse tip Adjust sample to 200�l 0.1% formic acid and
discard solvent

Wet tip Aspirate 200�l 0.1% formic acid solution
Apply sample Aspirate up to sample into tip and dispense, 20

times repetition
Rinse tip Aspirate 200�l 0.1% trifluoroacetic acid solution

10 cycle
Elute sample Aspirate 100�l 200 mM phosphate buffer (pH 7.6)

and dispense into tube, 10 times repetition

The recovery rate is calculated by the following formula:

recovery(%) = (Ielute/Itotal) × 100

whereIelute represents the amount eluted from the tip, andItotal the amount
introduced to the tip. Gradient: A–B (90:10) in (8 min) to A–B (60:40).
Detection: UV at 210 nm. Sample volume: 10�l.

Table 7
The recovery of protein/peptide purified with titania-coated tip (n = 5)

Average recovery (%) R.S.D. (%) (n = 5)

Pep1 58 10
Pep2 60 8.6
Pep3 70 6.5
Pep4 14 20
Pep5 67 4.9
Pep6 6.0 33

is, after purification of a protein, insufficient for analysis.
In addition, in such analysis the signal from phosphory-
lated material must be measured against a high level of
back-ground signal that arises from unphosphorylated pro-
tein. To overcome difficulties, we had a strategy of coating
titania on silica to apply to the purification of phospho-
peptides. For coating the surface of monolithic silica, the

Fig. 3. Chromatogram of the mixture of phosphorylated and
non-phosphorylated peptides with/without purification by C18-bonded
tip. (A) Sample without purification; P and NP indicate phosphorylated
peptide and non-phosphopeptide, respectively. (B) Sample with purifica-
tion by non-modified tip. (C) Sample with purification by titania-coated
tip. Sample: Standard peptides dissolved 50 mM Tris–HCl (pH 7.6), 1�g
phosphopeptide (0.01 mg/ml), 5�g non-phosphopeptide (0.05 mg/ml).
Gradient: A–B (90:10) in 20 min to A–B (60:40). Detection: UV at
210 nm. Sample volume: 10�l.
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procedure was carried out[7]. For conditioning the tip,
the equilibration solutions were passed through to ensure
optimum binding. Phosphopeptides were retained more
strongly than non-phosphorylated form on the titania-coated
packing in the tip, thus non-phosphopeptides were possibly
passed through the titania on a slightly acidic condition,
where phosphopeptides were still trapped, and they were
eluted with phosphate buffer by the competition with the
free phosphate group. The procedure is shown inTable 6.

Titania-coated silica was investigated for the ability of pe-
culiar recognition of the phosphopeptides. One microgram
of Pep5 and 10�g of non-phosphopeptide Pep6 were dis-
solved with Tris–HCl (pH 7.6) and 0.1% formic acid.Fig. 3A
is the result of untreated sample. This sample was purified
with non-modified monolithic silica tip and titania-coated
monolithic silica. In non-modified tip, neither of the pep-
tides were detected (Fig. 3B). However, titania-coated tip
had the ability to retain selectively concentrated phospho-
peptide. This result indicated that titania-coated tip retained
specifically phosphopeptides, and selectively concentrated
phosphopeptide (Fig. 3C). The recovery rate of phospho-
peptides and non-phosphopeptide standards was shown in
Table 7. Experimental data indicate that titania-coated tip
retained and eluted single- or multiple-phosphopeptides,
respectively.

Fig. 4. Purification of tryptic digest of�-casein by titania-coated tip.
Chromatogram of sample without purification. Chromatogram of sample
with purification. Sample: 50�g tryptic digest of 0.5 mg/ml�-casein.
Gradient: A–B (90:10) in 15 min to A–B (40:60). Detection: UV at
210 nm. Sample volume: 10�l.

3.4. Detection of phosphopeptide fromβ-casein tryptic
digestion

Tryptic digest of 50�g �-casein purified with titania-
coated monolithic extraction tip was introduced to HPLC.
No peaks were detected in the refined sample at UV
210 nm (Fig. 4B), while two peaks were observed at the
unrefinement (Fig. 4A). Target peptides were dissolved
in the phosphate buffer that had the possibility of de-
crease of sensitivity in LC–MS analysis. Thus, phosphate
buffer was changed to water or water containing organic
solvent suitable for LC–MS analysis, and introduced to
nano-LC–MS. Fig. 5A was the analytical result of to-
tal ion chromatogram of the sample. Since the ionization
of second peak having large mass was not enough, only
one peak was recognized. The selective ion mass spec-
trum of this peak is shown inFig. 5B. The experimen-
tally obtained 1032 [M + 2H]2+ and 688 [M + 3H]3+
peaks agreed with the single-phosphorylated peptide rep-
resenting the amino acid sequence from residues 48 to 63
(Phe–Gln–Ser[PO3H2]–Glu–Glu–Gln–Gln–Gln–Thr–Glu–
Asp–Glu–Leu–Gln–Asp–Lys,Mr: 2062). The result indi-
cates that it has possibility of simplifying the isolation
and identification of phosphopeptides from protein digests
through specific interaction of phosphate groups. Specific
phosphorylation of serine, threonine and tyrosine residues
is the most common mechanism for the regulation of

Fig. 5. Result of phosphorylated peptide derived from�-casein puri-
fied with titania-coated tip. Total ion chromatogram of sample. SIM of
single-phosphopeptides (FQSpEEQQQTEDELQDK); 1032 and 688 peaks
indicate the single-phosphorylated peptide representing the amino acid
sequence from residues 48 to 63.
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cellular protein activity.Fig. 5 and Table 7 indicate that
titania-coated monolithic silica tip had the retention ability
of the phosphopeptides.

4. Conclusion

A common platform of pre-treatment tip, which corre-
spond to bio-samples of various characteristics (hydrophilic,
hydrophobic, phosphorylated form and so on), was devel-
oped by chemically changing the surface of monolithic
silica. Those have enough sample capacity and mini-
mum dead volume for protein/peptide analysis. Addition-
ally, the tip-shape has an advantage of easy applicability.
Non-modified and C18-bonded tips were employed for
the desalination and exclusion of impurities, where their
ion-exchange or hydrophobic property was functional. Also,
titania-coated tip, which has the characteristics of peculiar
recognition of the phosphorylated substances, was applied to
the isolation of phosphopeptides from non-phosphorylated
form. Titania-coated tip simplifies the isolation and iden-
tification of phosphopeptides from protein digests through
specific interaction of phosphate groups. It is an ideal tool
for enrichment of phosphorylated peptides from enzymatic
digests to MS.

Newly developed pipette-tip tool has the suitability for
combining automated system, which lead to the shortening
of analytical time. A further kind of chemical modification
of the surface of monolithic silica would also be required
for coping with the analysis of biological samples having
wide variety of properties.
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