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1. 脱リン酸化を防ぐ前処理からリン酸化サンプル脱リン酸化を防ぐ前処理からリン酸化サンプル脱リン酸化を防ぐ前処理からリン酸化サンプル脱リン酸化を防ぐ前処理からリン酸化サンプル
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2. ホルマリン固定組織からのプロテオーム解析ホルマリン固定組織からのプロテオーム解析ホルマリン固定組織からのプロテオーム解析ホルマリン固定組織からのプロテオーム解析
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サンプルの保存技術についてサンプルの保存技術についてサンプルの保存技術についてサンプルの保存技術について



Protein Variants

Pre-mRNA

Alternative splicing

translation

Alternative splicing

mRNA

Protein Variants(Isoforms)



Qualitative and Quantitative LC/MS



Diagnosis  :  PSA isoforms

Staging      :  CD44v3 for breast cancer

Example of the Clinical Relevance of Protein Isoforms in Cancer

Staging      :  CD44v3 for breast cancer

Treatment :  Specific Tubulin isoform  - Ineffective for Chemo therapy

Systemic effects :   Myosin Isoforms  - Muscular Atrophy in cancer patients

Drug toxicity  :  Patient specific Drug Toxicity – Cytochrom p-450 isoforms

1Mikolajczyk et al. (2004), Clin. Biochem. 37:519-528.
2Rys, et al. (2003), Pol. J. Pathol. 54, 243-247. 

3Dozier et al, (2003), Breast Cancer Res., 5:R157-69.
4Nakagawa et al. (1997), J. Urol., 157:1260-1264. 

5Diffee et al. (2002), Am. J. Physiol. Cell Physiol., 283:C1376-82. 
6Piver et al. (2004), Biochem. Pharmacol., 68:773-782.



Biological challenge – revealing the true in vivo profile

生体サンプルの生体サンプルの生体サンプルの生体サンプルのin vivo プロファイルを得るには？プロファイルを得るには？プロファイルを得るには？プロファイルを得るには？

Proteins and peptides degrade/change rapidly post-

sampling due to endogenous enzymatic activity

Degradation products interfere with analysis such 

as 2D-gels, mass spectrometry or Western blot

Results not representative of in vivo  state



• 15 seconds
– 25-50% less ATP, 

Post sampling changes in samples

“The sample is alive”

生体サンプルのサンプリング後の変化生体サンプルのサンプリング後の変化生体サンプルのサンプリング後の変化生体サンプルのサンプリング後の変化

– 50% less glucose,  50% more lactate

• 45 seconds
– 75% less glucose,  150% more lactate

• 1 min
– 50% less ATP

– pH drops due to lactate accumulation

CONFIDENTIAL

– pH drops due to lactate accumulation

– 100% less glucose,   200% more lactate

– NA/K ATPase stops working

– K-depolarisation

– Cytoslic Ca increase

Switch from aerobic to anaerobic metabolism
好気的代謝から嫌気的代謝にスイッチ好気的代謝から嫌気的代謝にスイッチ好気的代謝から嫌気的代謝にスイッチ好気的代謝から嫌気的代謝にスイッチ



Protein degradation -> peptides post sampling

Nano-LC MS

蛋白質の蛋白質の蛋白質の蛋白質の デグラデーションデグラデーションデグラデーションデグラデーション

M
w

0 min 10 minRet. time

Source:  Sköld, et al., Proteomics 2007, 7, 4445–4456



Degradation 

Number of detected peptides 

Rapid increase of peptides -> the 

result of degradation

“New” peptides are fragments 

from high abundant proteins

Number of detected peptides 

Sköld, et al., Proteomics 2007, 7(24), pp 4445

min PM



Stabilizor®T1Maintainor®Tissue

Stabilization thru Thermal Denaturation 
熱による蛋白質の安定化熱による蛋白質の安定化熱による蛋白質の安定化熱による蛋白質の安定化

StabilizationTreatment/Storage   
処理と保存処理と保存処理と保存処理と保存 安定化安定化安定化安定化



Stabilizor workflow 安定化処理のワークフロー安定化処理のワークフロー安定化処理のワークフロー安定化処理のワークフロー



MALDI MS ImagingMD LCMS

Multiple downstream applications
処理後のアプリケーション処理後のアプリケーション処理後のアプリケーション処理後のアプリケーション

2D gelsELISA

Western blotLCMD
LCMD-Laser Capture Micro Dissection



Peptidomics: Discovery and potential drugs

ペプチドミクスペプチドミクスペプチドミクスペプチドミクス
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Bioactive peptides as 

potential drugs

Peptides of interest not seen 

when using conventional 

sample preparation

“Several potentially bioactive 

peptides where found when M
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Stabilizor was used”

Data courtesy: Sanofi-Aventis, France



Post translational modifications

• Phosphorylation

翻訳後修飾翻訳後修飾翻訳後修飾翻訳後修飾

• Phosphorylation

• Sumolation

リン酸化修飾リン酸化修飾リン酸化修飾リン酸化修飾

Ｓｕｍｏ化Ｓｕｍｏ化Ｓｕｍｏ化Ｓｕｍｏ化





Inactivation of phosphatases
フォスファターゼの不活化フォスファターゼの不活化フォスファターゼの不活化フォスファターゼの不活化

Svensson et al., Journal of Proteome Research 2009, 8(2), pp 974–981

フォスファターゼ活性フォスファターゼ活性フォスファターゼ活性フォスファターゼ活性



Phosphorylations change rapidly

Western Blot – HT29 XenograftsWestern Blot – Brain tissue

リン酸化の迅速な変化リン酸化の迅速な変化リン酸化の迅速な変化リン酸化の迅速な変化

D 0 1 3 10

Western Blot

Western Blot – HT29 XenograftsWestern Blot – Brain tissue

Source:

Sköld, et al., Proteomics 2007, 7(24), pp 4445

Source:

Baker et al., Clin Cancer Res 2005, 11(12), pp 4339



PhosphoShotgun
Number of identified phosphopeptides

リン酸化プロテオミクスリン酸化プロテオミクスリン酸化プロテオミクスリン酸化プロテオミクス ショットガン解析でのリン酸化ペプチドの同定数ショットガン解析でのリン酸化ペプチドの同定数ショットガン解析でのリン酸化ペプチドの同定数ショットガン解析でのリン酸化ペプチドの同定数

D 5 min RT+D 20 min RT+D Snap frozen
n=3

In collaboration Jesper Olsson, Denmark



Western blot
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Phosphorylated proteins – Stability after stabilization

リン酸化蛋白質リン酸化蛋白質リン酸化蛋白質リン酸化蛋白質―処理後の安定性処理後の安定性処理後の安定性処理後の安定性
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In collaboration with Prof. Per Svenningsson, Karolinska Institutet

n=5



Stabilization of Protein Sumolation

Western blot

SUMO化蛋白質の安定性化蛋白質の安定性化蛋白質の安定性化蛋白質の安定性

Ahmed M, Gardiner KJ. , Journal of Neuroscience Methods. 2011;196:99-106.

FZ – Snap Frozen    ST - Stabilized



0 min

pCREB visualized with IHC from FFPE in coronal sections of mouse brain 

-1 mm-2 mm Surface

0 min

15 min

120 min

Stabilizor T1



サンプルの可溶化



UPX™ Universal Protein Extraction KitUPX™ Universal Protein Extraction KitUPX™ Universal Protein Extraction KitUPX™ Universal Protein Extraction Kit

Extract Membrane Proteins and Soluble Proteins for Mass Spectrometry AnalysisExtract Membrane Proteins and Soluble Proteins for Mass Spectrometry AnalysisExtract Membrane Proteins and Soluble Proteins for Mass Spectrometry AnalysisExtract Membrane Proteins and Soluble Proteins for Mass Spectrometry Analysis



S

PPS Silent® Surfactant

- MS-Compatible Detergent for Solubilizing Membrane Proteins -



S

THE SURFACTANT
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THE CLEAVAGE



S



S



S

ADVANTAGES

• Improves MS analysis of complex protein mixtures

• Disrupts cell membranes

• Solubilizes hydrophobic proteins

• Improves enzymatic digestion

• Cleaves readily at low pH• Cleaves readily at low pH

• Cleavage products have no detergent properties and stay in solution for 

easy removal



貫通型膜たんぱく質は？貫通型膜たんぱく質は？

ＧＰＣＲ

トランスポーター



















翻訳後修飾解析翻訳後修飾解析翻訳後修飾解析翻訳後修飾解析

リン酸化蛋白質リン酸化蛋白質リン酸化蛋白質リン酸化蛋白質



Novel Nanotechnologies for

Cancer Research and

Drug DiscoveryDrug Discovery



Need for new technologies for phosphorylationNeed for new technologies for phosphorylation
detection and identificationdetection and identification

Current phosphoprotein detection methods have limitations

1) Antibodies1) Antibodies

- pTyr are most effective for general detection
- Difficult to find, expensive

2) P labeling
- Radioactive
- Not  easy to use for in vivo phosphorylation

3) Phosphoprotein stains

32

3) Phosphoprotein stains
- Effective typically for in-gel staining

4) Mass spectrometry
- Low stoichiometry of phosphorylation



Phosphorylation assays category mapPhosphorylation assays category map
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TymoraTymora nanotechnology productsnanotechnology products

Ti

Mass Spec Analysis

PolyMAC Application

For enrichment of 

Ti

T
i Mass Spec Analysis

ELISA Assay

ImagingTi

pIMAGO

For enrichment of 

phosphorylated 

proteins

For detection and 
Imaging

Kinase Screen

Western Blotting

Ti

T
i

For detection and 

quantitation of 

phosphorylation



Nanotechnology platformNanotechnology platform

Foundation

Soluble Nanopolymer (dendrimer)

T
i

Ti

Soluble Nanopolymer (dendrimer)

Nanoscale size offers numerous advantages

Greatly reduces test result variability

Multi-functionalized  (Multiple groups)

PolyMAC
&

pIMAGO

Ti

Higher Signal Strength (Sensitivity)

Greatly Reduces Off-target Effects (Selectivity) 



Introduction to two novel technologiesIntroduction to two novel technologies

1. PolyMAC – for phosphopeptide enrichment1. PolyMAC – for phosphopeptide enrichment

2. pIMAGO – for phosphoprotein detection

Goal – To develop a phosphopeptide enrichment method with better selectivity,

reproducibility and recovery



Replaced solid phase with soluble nanopolymerReplaced solid phase with soluble nanopolymer

Others:Others:

Metal oxide

beads

Us:

Dendrimer

foundation



Solid-phase beadsPolyMAC

PolyMAC – Polymer-based Metal Affinity Capture

Technology 1:Technology 1:
PolyMACPolyMAC for for phosphopeptidephosphopeptide enrichmentenrichment

Ti

T
i

TiP

Solid-phase beadsPolyMAC

Mixture of peptides

Iliuk et.al. (2010) Mol. Cell. Proteomics 9: 2162-2172.

Phosphopeptide enrichment (isolation) is carried out in homogeneous environment using 

soluble nanopolymer foundation, resulting in improved specificity, higher phosphopeptide 

recovery, and better sample-to-sample reproducibility.



PolyMACPolyMAC--Ti demonstrated superior selectivityTi demonstrated superior selectivity
and recovery compared to TiOand recovery compared to TiO22

SelectivityYield

100 µg of cell lysate digest
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PolyMACPolyMAC--Ti demonstrated better reproducibilityTi demonstrated better reproducibility

Run 1 Run 1

PolyMAC-Ti TiO2

Run 1

16.4%

18.2% 20.0%

55.2%

15.1% 13.3%

37.5%

38.4%

14.0% 10.1%

Run 1

~18% variability of PolyMAC-Ti (other 10% can be attributed to variability of MS)

Run 3Run 2

18.2% 20.0%
11.5%

30.1% 36.0%17.5%
Run 2 Run 3



Increasing phosphopeptide #s with other metalsIncreasing phosphopeptide #s with other metals

Ti
Can use other metals for 

PolyMAC-based enrichment 

to increase coverage

PolyMAC-Ti

362

107

65 157

PolyMAC-Fe

234
52

177

PolyMAC-Zr

ZrFe

Used a combination of PolyMAC technologies to uncover B cell signaling:

In total, identified 13,009 unique phosphopeptides, containing 18,511 phosphosites



Introduction to two novel technologiesIntroduction to two novel technologies

1. PolyMAC – for phosphopeptide enrichment1. PolyMAC – for phosphopeptide enrichment

2. pIMAGO – for phosphoprotein detection

Goal – To develop a method for unbiased selective detection of protein 

phosphorylation independent of sequence microenvironment



Development of kinase inhibitors is expensiveDevelopment of kinase inhibitors is expensive

Radioactive labeling:Radioactive labeling:

- Toxic

- Limited usefulness

Antibodies:Antibodies:

- Very expensive ($400-600 per site)

- Limited availability

- Limited usefulness

Inhibitor screening:Inhibitor screening:

- Expensive (>$3,000 per compound)

- Artificial results



Technology 2:Technology 2:
pIMAGOpIMAGO for for phosphoproteinphosphoprotein detectiondetection

P
Avidin-HRP

pIMAGO (phospho imaging) strategy

P

Phosphoprotein Biotin

Avidin-HRP

Ti

Iliuk et.al. (2011) Anal. Chem. 83: 2767-2774.
Iliuk et.al. (2012) Mol. Cel. Proteomics (Epub ahead of print).

pIMAGO permits highly specific binding to phosphate groups based on titanium

metal ion, independent from amino acid sequence.

Multiple biotin or fluorescent molecules can be used for detection.



pIMAGOpIMAGO detection in microarrays (on plate)detection in microarrays (on plate)

P

Unbiased detection of any phosphorylation event in array format

Unphosphorylated
Protein

Phosphorylated
Protein

Incubation
with pIMAGO

Detection
P

Iliuk et.al. (2011) Anal. Chem. 83: 2767-2774.



pIMAGO-ELISA

Cdk-Cdh1 kinase assay

pIMAGO-ELISA

Cdk-Acm1 kinase assay

pIMAGOpIMAGO utility for utility for in vitroin vitro Ser/Ser/ThrThr kinasekinase assaysassays

Cdk-Cdh1 kinase assayCdk-Acm1 kinase assay



pIMAGOpIMAGO use for kinase profilinguse for kinase profiling



pIMAGOpIMAGO use for kinase inhibitor screeninguse for kinase inhibitor screening

Test of Syk Kinase Inhibitor - Piceatannol

Inactive Syk 10ug/mL 20ug/mL 100ug/mL
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pIMAGOpIMAGO Capability for Multiplexed DetectionCapability for Multiplexed Detection

Multiplexed detection of phosphorylated protein Band3
using pIMAGO and anti-Band3 antibody 

pBand3

pIMAGO

Anti-Band3

100ng 50ng 25ng 12.5ng 6.25ng 3.13ng
pBand3
amount

Multiplexed
(overlay)



pIMAGOpIMAGO detetiondetetion in Western Blots (onin Western Blots (on--membrane)membrane)

PVDF
membrane

sheet

Electric
current

SDS-
polyacrylamide

gel

Incubation
with 

pIMAGO

Incubation
with

avidin-HRP
and detection

sheet

Iliuk et.al. (2012) Mol. Cel. Proteomics (Epub ahead of print).



pIMAGOpIMAGO shows good selectivity toward shows good selectivity toward phosphoproteinsphosphoproteins

Imaging of 6 proteins (2 phosphorylated)

ovalbumin

β-casein

catalase

BSA

Protein amount

P

P β-casein

β-lactoglobulin

α-lactalbumin

P

SDS-PAGE Dot-blot



band3

Syk tyrosine kinase with its substrate band 3

pIMAGO was

pIMAGO

α-pTyr

Cdk serine kinase with its substrate Cdc6

band3

band3

pIMAGO was

successfully

utilized for imaging

of in vitro

kinase assay

Coomassie

α-pTyr

pIMAGO

Coomassie

Cdc6

Cdc6



pIMAGO detection

Protein amount

Multiplex of Cdk1-RBER and
Cdk1-RB-CTF kinase assays

pIMAGOpIMAGO--based multiplexed detection on membranebased multiplexed detection on membrane

Detection in Western Blot format

R-squared = 0.997

pIMAGO detection
of 5 protein mixture
(1 phosphoprotein)

IR detection

Cdk1-RB-CTF kinase assays

pIMAGO

Total protein

Multiplex



� In vitro kinase and phosphatase assays

� Kinase/phosphatase profiling and inhibitor screening

Potential applications of Potential applications of pIMAGOpIMAGO

� Kinase/phosphatase profiling and inhibitor screening

� Determination and relative quantitation of protein 

phosphorylation

� Analyses of kinase/phosphatase effects on in vivo protein 
phosphorylation

� Analyses of stimuli effects on in vivo protein � Analyses of stimuli effects on in vivo protein 

phosphorylation

� Determination of phosphorylation status of proteins in a 
complex



蛋白質の容器への吸着蛋白質の容器への吸着蛋白質の容器への吸着蛋白質の容器への吸着

低吸着チューブの開発低吸着チューブの開発低吸着チューブの開発低吸着チューブの開発低吸着チューブの開発低吸着チューブの開発低吸着チューブの開発低吸着チューブの開発


