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1. Overview

We developed the original phosphorylation array for reproducing the phosphorylation state 

in the cell onto the glass, named “Phospho-Totum”. Patent Application No. JP6550571

Patent Application No. JP6270221 (US11238959)

Key Applications

Discover Research
• Pathway evaluation
• Compound MoA
• Target discovery
• Biochemical characterization
• Substrate identification

Biomarker and Clinical Research
• Classification Biomarker
• Prognostic Biomarker
• Therapy-predictive Biomarker
• Pharmacodynamic Biomarker

(C)SOCIUM Inc.20203

Analyze Ineterpret
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Phospho-Totum measures "activity" of kinases in cell lysates, 
not the amount of phosphorylated proteins.

2. Basic Concept

1492 proteins located on protein array

phos-tagFor detecting the 
phosphorylation by 
Ser/Thr kinases and 
Tyrosine kinases as well
(Updated in Aug. 2024) 

For detecting the 
phosphorylation by 
Tyrosine kinases 
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Differentiation of “Phospho-Totum” from Other modalities

2. Basic Concept

(C)SOCIUM Inc.20205

"Phospho-Totum." other company's modalities

Composition Whole proteins (kinases and their substrate proteins) Portion (peptide or designated antibody molecule)

Object of measurement Protein Residues (part of protein)

Measurement Environment
Cellular environment (many-to-many kinases and 

target molecules)
Artificial environment (1:1 kinase and target 

molecule)

Number of measurements One time Multiple times depending on the purpose

Estimated Target Activity Amount

◆ Measurement in a state closer to the intracellular environment 

than

→

measurement of the phosphorylation of all proteins in cell lysate

◆ Extraction of a wealth of information from a single measurement

→

From the measurement data, it is possible to estimate the 
experimental condition-specific phosphorylated molecules, 

activation levels (kinase, pathway), etc.
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3. Functions

(C)SOCIUM Inc.20206

One-stop service for phosphorylation analysis

We can

① simultaneously measure phosphorylation levels of 1492 proteins that 

belong to 273 pathways and cover substrates of all 190 kinases coded 

on human genome.

② estimate differentially phosphorylated proteins and their pathways, from 

multiple perspectives.

③ statistically estimate active (and inactive) pathways in 273 pathways, 

based on the consistency between pathway connectivity and  

phosphorylation levels of constituent proteins 

④ quantitatively estimate activities of 190 kinases, based on the 

knowledge of the relationship between kinases and their substrates

Catch the dynamical activity changes on kinases and pathways
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① Phosphorylation array focuses on a comprehensive phosphorylation of 
whole proteins, NOT of peptides or of residues in a protein.

3. Functions

Lysis, 
Reaction

GST-tagged recombinant protein

Fluorescence conjugated Anti-pY antibody or phos-tag 

Reactome

Kinds of Proteins ①
Tyrosine and Serine/Threonine Kinase: 190

Substrate (Y) : 816

Kinds of Proteins ②
Proteins belonging to 273 pathways: 845

Extraction of signaling pathway regulated 

by tyrosine phosphorylation. (273 pathway) Anti-GST Anti-pTyr

or

phos-tag

(C)SOCIUM Inc.20207

Design of Our Phosphorylation Array

Not peptides 

but whole proteins

on the glass 
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② We can estimate the difference between two groups in terms of ratio, 
subtraction, and rank of phosphorylation degrees between two compared 
groups, and unify the differences into one index by meta-analysis technique

3. Functions

(C)SOCIUM Inc.2020
8

Simulated Not-

Stimulated

Phosphorylation 

levels of 1492 

proteins can be 

measured  by 

our arrays for 

two groups such 

as simulated 

and not-

simulated.

[Analysis Policy]

The "difference" in the amount of phosphorylation is defined from three perspectives, and the results 

are integrated.

To detect differences "impartially," analyst preferences for "differences" are eliminated as much as 

possible.

ratio

subtraction

order

meta-analysis

“Fairly” selected 

stimulation-specific  

proteins
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3. Functions

What’s “Pathway Screening” ?

(C)SOCIUM Inc.2020

③ Identifying Activated/Inactivated Pathway
Saito, S., Aburatani, S. and Horimoto, K,  BMC Sys. Biol. 2, 84, 2008.



confidential

10

3. Functions

_ﾁﾛｼﾝｷﾅｰｾﾞ活性化解析

430

Phosphorylation levels 

of 816 substrates of 

190 kinases

Activity of 185 kinases 

Mathematical Ways
In general, one kinase phosphorylates different substrates , and the information on the 

pairs of kinase and its substrate have accumulated in the database. Here, we assume that 

as a first approximation, the phosphorylation degrees of substrates are expressed by a 

linear combination of kinase activity as follows: 
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Where pi (i=1,2, ···, s) and aj (j=1, 2, ···, k) are phosphorylation degree of i th substrate 

and phosphorylation activity of k th kinase, respectively, and 

δ𝑘𝑠 =

 
  
 

  
 

1

𝑛𝑠
   𝑖𝑓  𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑠 𝑖𝑠 𝑎 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒 𝑜𝑓 𝑘 𝑡ℎ 𝑘𝑖𝑛𝑎𝑠𝑒,

𝑎𝑛𝑑 𝑛𝑠  𝑖𝑠 𝑎 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑢𝑏𝑠𝑢𝑟𝑎𝑡𝑒𝑠 
𝑜𝑓 𝑘 𝑡ℎ 𝑘𝑖𝑛𝑎𝑠𝑒

0                                                                   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

In Eqn (1), the problem is attributed to solve a system of linear simultaneous equations 

for phosphorylation activity of kinases { aj} from the measured phosphorylation degrees 

of substrates {pi} and the information on kinase-substrate pairs {δks}.  

④ We can estimate the activity of kinases in sample 
based on phosphorylation levels of corresponding 

substrates on the array

Characterization of 

Chemical Compound
High-content 

analysis

Data set of phosphorylation patterns of 

167 commercialized TKI
（Phosphorylation pattern of 1471 proteins (left) and 
Activity patterns of 106 kinases (right)

Similar patterns 

of TKIs with 

given chemical 

compound

High correlated TKI with given chemical 

compound

Phenotypic Netwrok Screening

Given 

Chemical 

Compound

816

190

◆ Formulate the following relationship:                             
[Substrate phosphorylation level][Kinase-substrate 
relationship] [Kinase activity]

◆ Numerical analysis of the above equation system
◆ Define the activity score based on the numerical values 

obtained from the above analysis 

(C)SOCIUM Inc.2020
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③＆④ SOCIUM can identify the target and pathway of kinase inhibitor from 
two analytical methods.

3. Functions

Target

Just 1 experiment ･･･
④ Analysis of Kinase Activities

③ Analysis of Active Pathway

Pathway

Inhibitory Pathway

(C)SOCIUM Inc.2020

“Pathway Screening”

Two analytical methods can be 

used in one experiment to infer 

targets and mechanism of  

actions.

11
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Phospho-Totum show high accuracy with small sample volumes.

3. Functions

R² = 0.9408
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The total signal intensity increased linearly when 

reacting cell lysates up to 100 mg from 10 mg.

Phospho-Totum represented high 

simultaneous reproducibility 

(R2=0.94).

Cell Lysate

10, 30, 100, 300 mg

Cell Lysate

100 mg

Use the same cell extract.

K562 PC9 MCF7

K562

(C)SOCIUM Inc.2020
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Overview of Computational System
3. Functions

(C)SOCIUM Inc.2020(C)SOCIUM Inc.202013

Horimoto, K., Suyama, Y., Sasaki, T., Fukui, K., Sun, M., Feng, L., Tang, Y., Zhang,
Y., Chen, D., Han F., The Journal of Biomedical Research. 38(3): 195-205, 2024
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Various application fields in “Phospho-Totum”

4. Application Examples

1. Examination of the time course of activated pathway after EGF treatment.

2. Identification of tyrosine kinases with changed activity by treatment with 

EGFR inhibitor.

3. Examination of the difference in activated pathway by treatment with 5 

Bcr-Abl inhibitors.

4. Examination of TKI-resistance acquisition mechanism in lung cells

5. Target kinase identification of chemical compound 

6. Elucidation of the mechanism of the synergistic effect of using a 

combination of two drugs. 
(C)SOCIUM Inc.2020
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1 Trace time course of activation pathway after EGF treatment.

4. Application Examples

We were able to visualize the signal 
transduction flow after EGF treatment, 
which is transmitted from the cell 
membrane into the nucleus.

(C)SOCIUM Inc.2020

EGFR activation 
Just after EGF stimuli

Phosphorylation 
of cytosol proteins

Signal into nuclei for DNA 
synthesis and cell growth

H. Kagiwada, T. Kiboku, H. Matsuo, M. Kitazawa, K. Fukui, K. Horimoto: 
Proteomics, 21(16):e2000251, 2021.
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2 Target/Off-target tyrosine kinase by treatment with EGFR inhibitor.

4. Application Examples

EGF-stimulus: down
Erlotinib treatment : up

EGF-stimulus: up
Erlotinib treatment : down

EGF-stimulus

E
rl

o
ti
n
ib

tr
e
a
tm

e
n
t

Erlotinib target kinase

We were able to investigate the target and detour route of Erlotinib 
by estimating the degree of each tyrosine kinases activity.

(C)SOCIUM Inc.2020

Bypass by Erlotinib treatment
    Next drug target?

Feng, L., Chen, X., Sheng, G., Li, Y., Li, Y., Zhang, Y., Yao, K., Wu, Z., Zhang, R., Kiboku, T. Kawasaki, A., Horimoto, K.,

Tang, Y., Sun, M., Han, F., Chen, D. Journal of Medicinal Chemistry (in press, Publication Date (Web):October 20, 2023)



confidential

17

3 A discrepancy in mechanism of action among 5 Bcr-Abl inhibitors.

4. Application Examples

Inactive pathway
Active pathway

(C)SOCIUM Inc.2020

Purpose：
Identify difference in MoA among 
Bcr-Abl inhibitors

Sample：
Cell lysate after drug treated K562 
cells

Difference  of active pathways
among Bcr-Abl inhibitors 
were detected.
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4 Acquisition mechanism of EGFR inhibitor resistance.

4. Application Examples

Investigation of active pathway by treatment 
with EGFR inhibitor using Phospho-Totum.

Using Phospho-Totum, we could provide 
the data to help elucidate the mechanism 
of acquisition of EGFR inhibitor resistance.

IGF1R bypass contributes the acquisition of 
EGFR inhibitor resistance

(C)SOCIUM Inc.2020

Tadashi Manabe et al. (2020) Mol Cancer Res. 18:549‐559. 

Identification of activated pathway in EGFR 
resistant cell using Phospho-Totum.
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5 Target kinase identification of chemical compound

4. Application Examples

Application of Network Analysis Approach for Drug Discovery to Target Identification

Journal of Medicinal Chemistry 66(21): 
14609-14622, 2023
Journal of Biomedical Research. 38(3): 
195-205, 2024

Known (Dasatinib) case 

Target-Unknown case 

(Prediction) (Verification)



confidential

6. Elucidation of the mechanism of the synergistic effect 
of using a combination of two drugs. 

4. Application Examples

Detecting differences in mechanisms between a single drug and a combination of two 
drug administrations.

Signal transduction and Target Therapy, 

10, 50 (2025). 

Changes of phosphorylation degrees of pathwaysChanges of phosphorylation degrees of substrates

Comprehensive measurement of  phosphorylation degrees

iv
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6. Elucidation of the mechanism of the synergistic effect 
of using a combination of two drugs. 

4. Application Examples

Detecting differences in mechanisms between a single drug and a combination of two 
drug administrations.

Signal transduction and Target Therapy, 

10, 50 (2025). 

Changes in pathway activity (numerical) Changes in kinase activityChanges in pathway activity (visualization)
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Papers

4. Application Examples

(C)SOCIUM Inc.2020

1. X. Hu, L. Li, J. Nkwocha, M. Kmieciak, S. Shang, L. Cowart, Y. Yue, K. Horimoto, A. Hawkridge, A. Rijal, A. G. Mauro, F. N. Salloum, 
L. Hazlehurst, K. Sdrimas, Z. Moore,  L. Zhou, G. D. Ginder, S. Grant: Src inhibition potentiates MCL-1 antagonist activity in acute 
myeloid leukemia. Sig Transduct Target Ther 10, 50 2025. https://doi.org/10.1038/s41392-025-02125-x

2. R. Shimizu, Ryogo, K. Murai, K. Tanaka, Y. Sato, N. Takeda, S. Nakasyo, T. Shirasaki, K. Kawaguchi, T. Shimakami, K. Nio, Y. 
Nakaya, H. Kagiwada, K. Horimoto, M. Mizokami, S. Kaneko, K. Murata, T. Yamashita, M. Honda: Nucleos(t)ide analogs for 
hepatitis B virus infection differentially regulate the growth factor signaling in hepatocytes. Hepatology Communications 
8(1):e0351, January 2024. 

3. Horimoto, K., Suyama, Y., Sasaki, T., Fukui, K., Sun, M., Feng, L., Tang, Y., Zhang, Y., Chen, D., Han F. : Phosphorylated protein 
chip combined with artificial intelligence tools for precise drug screening. The Journal of Biomedical Research. 38(3): 195-205, 
2024

4. Feng, L., Chen, X., Sheng, G., Li, Y., Li, Y., Zhang, Y., Yao, K., Wu, Z., Zhang, R., Kiboku, T. Kawasaki, A., Horimoto, K., Tang, Y., 
Sun, M., Han, F., Chen, D. : Synthesis and Bioevaluation of 3-(Arylmethylene) indole Derivatives: Discovery of a Novel ALK 
Modulator with Anti-glioblastoma Activities. Journal of Medicinal Chemistry 66(21): 14609-14622, 2023

5. Kagiwada, H., Motono, C., Horimoto, K., Fukui, K. : Phosprof: pathway analysis database of drug response based on 
phosphorylation activity measurements. Database. Vol. 2022: article ID baac072, 2022

6. H. Kagiwada, T. Kiboku, H. Matsuo, M. Kitazawa, K. Fukui, K. Horimoto: Assessing the activation/inhibition of tyrosine kinase-
related pathways with a newly developed platform, Proteomics, 21(16):e2000251, 2021.

7. T. Tomonari, Y. Sato, H. Tanaka, T. Tanaka, Y. Fujino, Y. Mitsui, A. Hirao, K. Okamoto, H. Miyamoto, N. Muguruma, H. Kagiwada, M. 
Kitazawa, K. Fukui, K. Horimoto, T. Takayama: Potential use of lenvatinib for patients with unresectable hepatocellular carcinoma 
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I., Hayashi, Y., Fukui, K., Horimoto, K., Fukunaga, K., Soejima, K.: IGF2 autocrine-mediated IGF1R activation is a clinically relevant 
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5. Suggestions for application

(C)SOCIUM Inc.202023

First, predict the whole from the overall picture, 
and then check the details later.

SOCIUM other companies

Evaluate Kinase Activity (or inhibitory 
effects)

kinase activity estimation experiment

Decipher the Compound’s Mechanism 
of Action

pathway activity estimation experiment

Kinase Selectivity Profiling (or off-target 
effects)

substrate measurement  & kinase and 
pathway activity estimation

experiment

Target Engagement and Functionality 

inside Living Cells

computational prediction including the 
network analysis

combination of experiments

Further work such as preclinical testing X brute force (?)

Example 1) Developing Kinase Drug & Elucidating Resistance Mechanisms

“First, predict the whole”

✓ One experiment and 
computational predictions 

“check the details later.”

✓ Various experiments
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5.  Suggestions for application

(C)SOCIUM Inc.202024

First, predict the whole from the overall picture, 
and then check the details later.
Example 2) Quantitively estimating the phosphatase effects on the 

phosphorylation state

“First, predict the whole”

✓ One experiment and 
computational predictions 

“check the details later.”

✓ Various experiments

Cell Lysate Phosphorylation Reaction 

phosphatase inhibitors phosphatase inhibitors

DMSO 〇 〇
catch the phosphorylation activity

Condition 1 〇 〇

DMSO × ×
catch the phosphatase effects

Condition 1 × ×
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Contact To:

Michio Shigemori (重盛三千緒) 
(michio.shigemori@socium.co.jp)

Business Administration Department

SOCIUM Inc.

Phone: +81 3-6869-7996

HP: https://socium.co.jp/

Strictly CONFIDENTIAL SOCIUM Inc.25
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