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We developed the technologies for direct monitoring of human kinome activities at a large scale
in this program to facilitate a molecular target drug discovery and a personalized medicine. We
designed kinase-specific substrate peptides based on the in vitro kinase-substrate relationships
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and developed a method for monitoring of kinase activities in vitro and in vivo.

To design the kinase-specific substrate peptides for each kinase, about 400 recombinant human
kinases were prepared by using an insect cell expression system (Carna Biosciences, Inc, Kirii
group), and then in vitro reactions of recombinant human kinases in crude cell extracts were
individually performed (Kyoto University, Ishihama group). The phosphorylated substrates were
identified with quantitative phosphoproteomics approach based on hydroxy acid-modified metal
oxide chromatography and nanoLLC-MS/MS. We profiled 433 kinds of wild-type human kinases
by using in vitro kinase assay, and then more than 180,000 kinase-substrate relationships were
identified. Based on the kinase-substrate relationships, about 1,500 phosphorylation motifs were
extracted and position weight matrixes (PWMs) were calculated for each kinase. Using a scoring
algorithm with the information, artificial kinase-specific substrate peptides targeting for 210
serine/threonine kinases and 78 tyrosine kinases were designed and synthesized (Kyoto
University, Sugiyama group). In vitro kinase assay using the synthetic substrate peptides and a
recombinant kinase showed most of the designed substrate peptides were exclusively or highly-
selectively phosphorylated with a specific kinase as shown in the in silico prediction. The
similarity score to PWM showed a high correlation with phosphorylation stoichiometry of the
substrates. It suggested that sensitivity is also predictable with the scoring. Furthermore the
designed kinase-specific substrate peptides showed higher specificities compared to well-known
substrate peptides.

Using the synthetic kinase- specific substrate peptides, activities of protein kinases in a crude
extract of HeLa cell were measured in vitro. Phosphorylated substrate peptides were quantified
with nanoLC-MS/MS (Kyoto University, Ishihama and Sugiyama groups). The kinase activities
were able to be measured with a high linearity, reproducibility and sensitivity. Spiking recovery
test revealed some substrate peptides showed low recovery due to a degradation by endogenous
proteases. Modification at N and C terminus of the substrate peptides improved the sensitivity
of measurement of kinase activity. The assay system was successfully applied to profiling of
kinase inhibitors. We also developed and optimized a method for cytosolic delivery of the
substrate peptides (Kyoto University, Futaki group) to monitor kinase activities in vivo. After in
vivo reaction, substrate peptides were extracted and measured in the same manner as the in vitro
assay, we found the peptides were phosphorylated with an endogenous kinases (Kyoto University,
Ishihama group). The phosphorylation level of the substrate peptides were increased by cell
stimulation. It showed kinase activity is able to be monitored in vivo using the cytosolic delivery

of the substrate peptides.
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