
Rapid OnRapid On --membrane Profiling of membrane Profiling of PhosphoproteinsPhosphoproteins Using the Piezoelectric TechnologyUsing the Piezoelectric Technology

E•E•E•E• M. Furuta 1, T. Nakanishi 1 , and E. Ando 2

1Applications Development Center,  2Clinical and Biotechnology Business Unit,  Shimadzu  Corporation, Kyoto, Japan

IntroductionIntroduction
We have developed direct on-membrane 
mass spectrometric protein identification 
using the piezoelectric technology, which 
enabled to microdispense on microscale
region in combination with a matrix-assisted 
laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS) and 
established an effective rapid profiling 
approach contacting of detection with 
immunostaining (1) or a phosphate binding 
tag (2). This microdispensing function of 
reagents could be used to improve on-
membrane MS analysis in the microscale
region of the protein spots without cross-
contamination between proximate proteins.

MethodsMethods
We analyzed human epidermoid carcinoma 
cell lysates of A-431 cells stimulated with 
epidarmal growth factor (EGF). After 
separation on two-dimensional 
electrophoresis (2-DE), proteins were 
transferred by electroblotting onto a 
membrane for specific detection with an anti-
phosphotyrosine antibody or a phosphate 
binding tag (Phos-tag). The protease and 
MALDI matrix solutions at sub-nanoliter
volume levels were printed onto microscale
regions of the target protein spots utilizing 
the chemical printer. Direct on-membrane 
peptide mass fingerprinting (PMF) was 
performed with the MALDI-TOF MS and the 
Mascot database search. For the 
confirmation of the phosphorylation sites, 
MS/MS analysis was applied on the in-gel 
digests of the corresponding spots.

ResultsResults
Phosphoproteins extracted from phospho-
enriched whole-cell lysates of A-431 
stimulated with EGF, separated by 2-DE and 
electroblotted onto a membrane were 
detected with an anti-phosphotyrosine
antibody or a phosphate binding tag Phos-
tag, and 8 and 6 proteins, respectively, with 
intense signals upon affinity staining were 
identified through the microscale on-
membrane PMF analysis. It was already 
known that these proteins are 
phosphorylated, and our new approach 
proved to be effective at rapid profiling of 
phosphoproteins. Furthermore, we tried to 
determine their phosphorylation sites by 
MS/MS analysis after in-gel digestion of the 
corresponding spots on the 2-DE gel to the 
rapid on-membrane identifications. As one 
example of use of information gained from 
the rapid-profiling approach, we successfully 
characterized a phosphorylation site at Ser-
113 on prostaglandin E synthase 3. This 
effective rapid profiling procedure consisting 
of affinity detection and microscale on-
membrane protein identification, which 
utilizes a combination of piezoelectric 
technology and MALDI-TOF MS become a 
powerful approach in the field of 
phosphoproteomics.

Innovative aspectsInnovative aspects
• Rapid detection of phosphoproteins using 

antibody or phosphate binding tag for direct 
on-membrane MS

• Microscale on-membrane protein digestion 
and MS analysis using the combination of 
piezoelectric chemical printing technology 
and MALDI-TOF MS.
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The database search was performed using the Sprot database.

Phosphoproteins from EGF-Stimulated A-431 Cell Lysates Identified Directly on Membrane 
Using A Database Search
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5. Phosphorylation Site of Identified Proteins By M S/MS for Phos5. Phosphorylation Site of Identified Proteins By M S/MS for Phos phopeptides phopeptides 
Enriched from Digested Peptides Enriched from Digested Peptides 

Rapid profiling of phosphoproteins

Characterization of phosphorylation sites

Phosphopeptide enrichment 
by Phos-tag agarose

in-gel digests

phosphopeptides
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On-membrane direct PMF analysis

2-DE

Detection of phosphoproteins 
by using biotin-pendant Phos-tag

2-DE

MS/MS analysis 
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6. Enrichment of Phosphopeptides from In6. Enrichment of Phosphopeptides from In --Gel Digests of Gel Digests of 
OvalbuminOvalbumin By PhosBy Phos --Tag AgaroseTag Agarose
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MS spectra of in-gel digests of 
ovlabumin separated with SDS-PAGE

MS spectra after phospho-enrichment 
of in-gel digests of ovlabumin 

separated with SDS-PAGE

340-359 H�2088.91 DaH�

59-84 H�2915.34 DaH�

62-84 H�2511.14 DaH�carbamidomethylH�CH�

340-359 H�2088.91 DaH�

62-84 H�2525.15 DaH�propionamideH�CH�

7. Characterization of Phosphorylation Site by MS/M S for 7. Characterization of Phosphorylation Site by MS/M S for bbbbbbbb--eliminated phosphopeptideeliminated phosphopeptide

108-122 + 80 Da
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(& oxidized form)

108-122
(bbbb-e limination)(a)

(b)

108-122 + 80 Da

108-122 + 80 Da
(& oxidized form)

108-122
(bbbb-e limination)(a)

(b)

(a) MS analysis after enrichment of phosphopeptides  using in-gel digests
(b) MS analysis of in-gel digests without enrichmen t of phosphopeptides 
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phosphopeptide 
H�H�H�H�m/z 1955.60H�H�H�H�

phosphopeptide 
with bbbb-elimination

H�H�H�H�m/z 1857.63H�H�H�H�
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Enrichment of phosphopeptides from prostaglandin E synthase 3Enrichment of phosphopeptides from prostaglandin E synthase 3
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Observed an MS peak of a phosphopeptide

Observed an MS peak of a phosphopeptide
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(a) MS/MS analysis of enriched phosphopeptide (m/z 1955.60)
(b) MS/MS analysis of bbbb-eliminated phosphopeptide (m/z 1857.63)

2. Scheme for On2. Scheme for On --Membrane PMF Analysis of Membrane PMF Analysis of PhosphoproteinsPhosphoproteins Using the Using the 
Piezoelectric TechnologyPiezoelectric Technology

affinity-staining

removing of Antibody/ Phos-tag molecule

printing of blocking/wetting solution

printing of trypsin solution

incubation at 37B] for 3 h

printing of matrix solution

Direct On-Membrane Protein 
Identification

55 mmmmm 
orifice

87 pL 
droplet

microdispensing of enzyme or matrix solution onto b lot 
membrane by using piezoelectric chemical inkjet tec hnology

printing head unit
sample stage

monitor camera

scanner
(inside instrument)

chemical printer

3. 3. OnOn--Membrane PMF Analysis of Membrane PMF Analysis of PhosphoproteinsPhosphoproteins Detected  by Detected  by AntiAnti --phosphotyrosinephosphotyrosine AntibodyAntibody

accession No. prote in name M.W. score matched peptides
protein 1 P13639 Elongation factor 2 96115 80 12
proteins 2 P26038 Moesin 67761 70 10
proteins 3 P15311 Ezrin (p81) 69339 63 10
proteins 4 P31948 Stress-induced-phosphoprotein 1 (STI1) 63227 75 11
proteins 5 P14618 Pyruvate kinase isozymes M1/M2 58339118 11
proteins 6 P04406 Glyceraldehyde-3-phosphate dehydrogenase 36070 118 10
proteins 7 P08107 Heat shock 70 kDa protein 1 70294 181 18
proteins 8 P38646 Stress-70 protein, mitochondrial precursor 73920 164 16

The database search was performed using the Sprot database.

* Many phosphoproteins were detected by Anti-phosphotyrosine
antibody and relatively abundant eight proteins were subjected to 
direct on-membrane protein identification.  

Direct Blue 71 staining

affinity-staining by anti-phosphotyrosine antibody

A-431 A-431+EGF

Phosphoproteins from EGF-stimulated A-431 cell lysates identified directly on membrane using a database 
search. 

P-WED-307

HUPO 2008

Accession No. Protein name M.W. Mascot
score

spot 1 P05387 60S acidic ribosomal protein P2 11658 34
spot 2 Q15185 Prostaglandin E synthase 3 18971 86
spot 3 P33316 Deoxyuridine 5'-triphosphate nucleotidohydrolase 26975 58
spot 4 P04792 Heat-shock protein beta-1 22826 62
spot 5 P04792 Heat-shock protein beta-1 22826 114
spot 6 P04792 Heat-shock protein beta-1 22826 83


