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1. Affinity1. Affinity --Staining Using A BiotinStaining Using A Biotin --Pendant PhosPendant Phos --Tag MoleculeTag Molecule

IntroductionIntroduction
We have developed a method for on-membrane 

direct identification of phosphoproteins, which are  
detected by a phosphate-binding tag (Phos-tag) 
that has an affinity to phosphate groups with a 
chelated Zn 2+ ion. This rapid profiling approach for 
phosphoproteins combines chemical inkjet 
technology for microdispensing of reagents onto a 
t i ny  reg ion o f  target  p ro te ins  w i th  mass 
spectrometry for on-membrane digested peptides.  
Fur thermore ,  we t r i ed  to  determine the i r 
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.

MethodMethod
Cell lysates of human epidermoid carcinoma 

cells (A-431) with/without stimulation by epi-derma l 
growth factor (EGF) were separated with 2-DE and 
then electroblot ted onto PVDF membrane.  
Phosphoproteins were detected affinity-staining 
with a biotin-pendant Phos-tag ligand according to 
a modified rapid immunodetection approach
described previously 1.  A 0.1% (w/v) PVP-360 
solution (60% MeOH) and 40 mmmmg/mL trypsin solution 
(10 mM NH4HCO3, 10% 2-propanol) was printed 
o n t o  a  m i c r o s c a l e  r e g i o n  o f  d e t e c t e d 
phosphoprotein spots by using chemical inkjet 
printer at a volume of 10 nL and 50 nL, respectivel y 
and was incubated at 37 B]B]B]B] for 3 h.  Direct on-
membrane MS analysis was carried out on digested 
region of target proteins.  These proteins were 

identified by the database search.

Cell lysates of A-431 cells stimulated with EGF 
were separated with 2-DE again and in-gel digestion  
was performed for six proteins identified by a rapi d 
p ho spho p ro t e in  i d en t i f i ca t i on  approach .  
Enrichment of phosphopeptides from in-gel 
digested peptides was achieved by Phos-tag 
agarose.  Phosphorylat ion site of enriched 
phosphopeptide was characterized by MS/MS 

analysis.

ResultsResults
Direct protein identification of Direct protein identification of 

phosphoproteins on PVDF membranephosphoproteins on PVDF membrane
Six proteins, which were detected on blot 

membrane by affinity-staining with Phos-tag 
ligands were identified by direct on-membrane MS 
analysis method and these proteins have been 

already known to be phosphoproteins.

Characterization of phosphorylation siteCharacterization of phosphorylation site
Enrichment of phosphopeptides from in-gel 

digests of ovalbumin could be successfully 
performed by Phos-tag agarose.  Furthermore, 
phosphorylation site (Ser 113) of prostaglandin E 
synthase 3 was characterized by MS/MS analysis of 
bbbb-eliminated phosphopeptides enriched from in-gel 

digests by Phos-tag agarose 2.
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2. On2. On--Membrane PMF Analysis of Phosphoproteins Detected  by PhosMembrane PMF Analysis of Phosphoproteins Detected  by Phos --Tag MoleculesTag Molecules
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blot membrane

removing of Phos-tag

modified rapid 
immunodetection method for 
detection of phosphoproteins

affinity- staining

fluorescence-conjugated
avidin

biotin-pendant Phos-tag

on-membrane PMF analysis

affinity-staining

dry up the blot membrane 

incubate with biotin-
pendant Phos-tag and 
fluorescence-conjugated 
avidin

wash the blot membrane

detect phosphoproteins

remove Phos-tag molecule

stain with Direct Blue 71

microscale on-membrane PMF 
analysis
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affinity-staining

removing of Phos-tag molecule

printing of blocking/wetting solution

printing of trypsin solution

incubation at 37B] for 3 h

printing of matrix solution
Affinity-Staining of Phosphoproteins 

by Phos-tag molecules

direct Blue 71 staining

affinity-staining by Phos-tag

cell lysates of A-431 cells with/without 
stimulation by EGF

2-DE separation/electroblotting

Direct On-Membrane Protein 
Identification

The database search was performed using the Sprot database.

55 mmmmm 
orifice

87 pL 
droplet

microdispensing of enzyme or matrix solution onto 
blot membrane by using chemical inkjet technology

printing head unit
sample stage

monitor camera

scanner
(inside instrument)

chemical inkjet printer

3. Phosphoproteins from EGF3. Phosphoproteins from EGF --Stimulated AStimulated A --431 Cell Lysates 431 Cell Lysates 
Identified Directly on Membrane Using A Database Se archIdentified Directly on Membrane Using A Database Se arch
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4. Phosphorylation Site of Identified Proteins By M S/MS for Phos4. Phosphorylation Site of Identified Proteins By M S/MS for Phos phopeptides Enriched phopeptides Enriched 
from Digested Peptides 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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5. Enrichment of Phosphopeptides from In5. Enrichment of Phosphopeptides from In --Gel Digests of Gel Digests of 
Ovalbumin By PhosOvalbumin By Phos --Tag AgaroseTag Agarose
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5 pmol

2 pmol

1 pmol

0.5 pmol

0.2 pmol

5 pmol

2 pmol

1 pmol

0.5 pmol

0.2 pmol

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�

6. Characterization of Phosphorylation Site by MS/MS  for 6. Characterization of Phosphorylation Site by MS/MS  for bbbbbbbb--eliminated phosphopeptideeliminated phosphopeptide

108-122 + 80 Da

108-122 + 80 Da
(& oxidized form)

108-122
(bbbb-elimination)(a)

(b)

108-122 + 80 Da

108-122 + 80 Da
(& oxidized form)

108-122
(bbbb-elimination)(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 

108-122 DWEDDSDEDMSNFDRH�H�H�H�1955.59 DaH�H�H�H�
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108-122 DWEDDpSDEDMSNFDR

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�

C
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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 1 955.60)
(b) MS/MS analysis of bbbb-eliminated phosphopeptide (m/z 1857.63)


