
   

 

        
1／6    JSPS Core-to-Core Program  FY2011Implementation Plan 

 

Project No. : 22004 
Core Institution in Japan: Kyoto University 

 

 

JSPS Core-to-Core Program 

FY2011 Implementation Plan (Project No. : 22004 ) 

 

 

Research Theme     Collaboration for Chemical Biology and Proteonomics                       
Duration of Project    1st of April, 2010 to 31st of March, 2012   ( 24 months)    
Core Institution in Japan (Co-Chair)    Graduate School of Medicine, Kyoto University        

(Shunichi TAKEDA, Professor) 
 
Implementing Organizations 

 
○ Japan 

 
 
 
Japan 
 
 
 
 

Core Institution Graduate School of Medicine, Kyoto University 

Co-Chair 
(name and title) Shunichi TAKEDA, Professor 

 
Cooperating 
Institutions 
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Objectives of Research Exchange (including the five years after the project finishes) 

 

Results to the present 

The aim of this project is to encourage Japanese scientists to collaborate with two large 
state-of-the-art technology platforms, the Functional Genomics Center Zurich in Switzerland 
as well as National Institute of Health Chemical Genomics Center (NCGC, USA). Both 
institutes are to offer services, including cutting edge proteomic assay such as SILAC (Stable 
Isotope Labeling with Amino acids in Cell culture in Zurich and automated high-throughput 
screening of 800,000 chemical compounds in NCGC. Moreover, NIH (USA) offers the RO3 
grant to foreign scientists who propose innovative drug screening collaborating with NCGC. 
The research leader, Takeda has collaborated with both institutes since four years ago. The 
first objective of this research exchange is to encourage many Japanese scientists in Kyoto 
University and other institutes to collaborate with the Functional Genomics Center Zurich 
and NCGC. Takeda will be able to help Japanese scientists establish new collaboration. The 
second objective is to expose young scientists to bioinformatics, which is essential for 
analyzing huge amounts of data from SILAC and high-throughput screening. 

(1) Functional analysis of the FAN1 nuclease 

Professor Jiricny (University of Zurich) found the KIAA1018 protein as a possible new DNA repair 

factor, and offered collaboration to me for the functional analysis of the KIAA1018 protein. To this end, 

we disrupted the gene encoding the KIAA1018 protein in the chicken DT40 cells, which I developed as 

a very useful genetic model system. The collaborative work is published in the following manuscript 

with a former student of Kyoto University as the first author.  

Ref. Yoshikiyo K, Kratz K, Hirota K, Nishihara K, Takata M, Kurumizaka H, Horimoto S, Takeda S, 

and Jiricny J. (2010) KIAA1018/FAN1 nuclease protects cells against genomic instability induced by 

interstrand cross-linking agents. Proc Natl Acad Sci USA. 107: 21553-7. 

 

(2) Functional analysis of the SLX4 protein 

SLX4 is a chaperon protein and provides docking sites for a few nucleases implicated in the repair of 

DNA lesions induced by interstrand cross-linking agents. We demonstrate that Slx4 is recruited to DNA 

damage sites under the control by proteins involved in the Fanconi anemia repair pathway, as is 

KIAA1018/FAN1. The collaborative work with Professor Jiricny is published in the following 

manuscript. 

Ref. Yamamoto KN, Kobayashi S, Tsuda M, Kurumizaka H, Takata M, Kono K, Jiricny J, Takeda S, 

and Hirota K. (2011) Involvement of SLX4 in interstrand cross-link repair is regulated by the Fanconi 

anemia pathway. Proc Natl Acad Sci USA. 108: 6492-6. 
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(3) Development of new high throughput screening method of mutagenic chemicals 
Growing numbers of chemicals are introduced into commercial use each year, and bacterial or 

mammalian cell-based genotoxicity assays have been developed. However, their specificity is generally 

limited. To solve this problem, we have developed a novel genotoxicity screening using DNA repair 

deficient chicken DT40 cell lines for quantitative high throughput screening (qHTS). DT40 cells 

provide a unique opportunity for screening various types of chemicals for genotoxicity, by simply 

comparing rates of proliferation across different isogenic DNA-repair mutants with that for DNA-repair 

proficient wild-type cells. To test the specificity and sensitivity of our screening method, I collaborated 

with Dr. Tice RR (National Toxicology Program, USA.). Under instruction by Dr. Tice, Dr. Yamamoto, 

a Ph.D. student of Kyoto University analyzed a standard chemical library containing well-characterized 

1405 chemical compounds using our screening method in National Institute of Health, Chemical 

Genomics Center. The collaborative work with Dr. Tice is published in the following manuscript. 

Ref. Yamamoto KN, Hirota K, Kono K, Takeda S, Sakamuru S, Xia M, Huang R, Austin CP, Witt KL, 

Tice RR. (2011) Characterization of environmental chemicals with potential for DNA damage using 

isogenic DNA repair-deficient chicken DT40 cell lines. Environ Mol Mutagen. (in press). 
 
(4) Development of new high throughput screening method for the identification of 
chemical inhibitors against the Tdp1 repair enzyme 

Camptothecin, a Top1 poison, is a widely used anti-malignant agent. Camptothecin induces a 

single-strand-break, which is converted into a double strand break (DSB) during DNA replication. This 

is the mechanism underlying the killing of cycling malignant cells by camptothecin, since even a single 

unrepaired DSB can activate the apoptosis program. The single-strand-break induced by camptothecin 

is dominantly repaired by thyrosyl-DNA phosphodiesterase (Tdp1)-mediated pathway, while the DSB 

is repaired by homologous recombination. Therefore, the combinational usage of camptothecin and the 

chemicals that inhibit the Tdp1-mediated pathway and/or homologous recombination will enhance the 

cytocidal effect of camptothecin than camptothecin alone. 

To identify an inhibitor against Tdp1, Dr. Pommier, Y. (National Institute of Health) screened a 

chemical library containing 400,000 chemical compounds in National Institute of Health, Chemical 

Genomics Center, using an in vitro screening method with purified Tdp1 enzyme. However, he has 

failed to identify potent inhibitors, as identified chemical compounds work only in vitro but not in cells. 

He then offered collaboration to me, and I generated DT40 cells deficient in Tdp1 (TDP1-/- cells) as 

well as TDP1-/- cells reconstituted with a human Tdp1 transgene (TDP1-/-;hTdp1 cells). Tdp1 inhibitor 

is expected to potentiate cell killing by camptothecin only in TDP1-/-;hTdp1 cells but not in TDP1-/- 

cells. Dr. Pommier has already done a preliminary experiment, and confirmed that this screening 

method has sufficient sensitivity. 
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(5) Analysis of molecular mechanism underlying the induction of DNA damage by 
topoisomerase inhibitors 

Topoisomerase inhibitors such as camptothecin, kill cycling cells by inducing DSBs. It 
remains elusive whether Topoisomerase inhibitors induce DSBs in distinct manners. To 
characterize DSBs, I sent a master-course student, Ms. Maede to Dr. Pommier’s laboratory 
in National Institute of Health. She checked cellular resistance of 50 isogenic DT40 
mutants deficient in individual DNA damage response (DDR) factors to chemotherapeutic 
topoisomerase inhibitors, including camptothecin, etoposide, ICRF-193 and 
camptothecin-like chemicals (NSC743400, NSC725776 and MJ-III-65). The attached 
histograms show the relative LD50% concentration, which reduces cellular viability to 
50% relative to non-treated cells, and the most left and right columns show the list of 
genes that are disrupted in the 50 isogenic DT40 mutants. The sensitivity profile is 
distinctly different among the four camptothecin-like chemicals, indicating that the four 
agents induce DSBs in distict manners. We proved that the isogenic DT40 mutants are 
very useful to examine the structure of DNA lesions induced by chemotherapeutic agents. 
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Summary of FY 2011 Exchange Plan 

Joint Research 

(1) Setting up the experimental condition of Stable Isotope Labeling with Amino acids in 
Cell culture (SILAC) 
Professors Jiricny and Takeda have optimized the SILAC (Stable Isotope Labeling with Amino acids in 

Cell culture) protocol for DT40 cells. This new method allows an accurate comparison of both 

abundance and post-translational modification of more than 5,000 proteins between e.g. treated with 

chemotherapeutic agents versus untreated cell extracts in wild-type and gene-disrupted DT40 clones. The 

combination of reverse genetics and SILAC thus represents a significant contribution to the identification 

of enzyme substrates and the components of complex protein machineries. In an initial collaborative 

work, Takeda wishes to comprehensively analyze substrates of ubiquitylation enzymes including 

BRCA1, RAD18, RNF8, RNF168, RNF169, and UBC13, which are all involved in DNA damage 

responses. 

At the University of Zurich, Professors Jiricny helped establish a large state-of-the-art 

technology platform, the Functional Genomics Center Zurich (www.fgcz.ch), and extensively used this 

facility for high-throughput proteomic assays. Prof. Koji Hirota and his co-workers visited Zurich twice 

so far and a further visit is planned for the coming summer in 2011. Prof. Hirota has spent a large part of 

his time with the mass spectrometrists at the Functional Genomics Center Zurich and has been able to 

make substantial progress is establishing a SILAC technology pipeline, together with bioinformaticians 

in Kyoto, who have generated a chicken protein database. 

 

(2) Analysis of molecular mechanism underlying the induction of DNA damage by anti-malignant 

agents 

We will extend the collaboration written in (5) of “Results to the present” section, and analyze around 

200 anti-malignant agents. 

 

(3) Development of Bioinformatics method for the data-mining of the PubChem database 

All data obtained in National Institute of Health, Chemical Genomics Center are deposited in the 

PubChem web site, and open to the public. The data will be extremely useful for establishing methods to 

predict the biological effects of given chemical compounds in future. To this end, I will send a few 

informaticians to the Chemical Genomics Center. 
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Seminar 
1. Organizing a Seminar “Analysis of SILAC” at University of Zurich. 
2. Organizing a Seminar “Screening of chemical agents that enhance the effect of 

radiotherapy” at NIH. 
 
Researcher Exchanges 
1. Sending a researcher to “Response to DNA damage: from molecular mechanism to human 

disease” held in Nether lands from April 3 to 8, 2011. 
2. Sending a researcher to “International Congress of Radiation Research” held in Poland from 

August 28 to September 1, 2011. 
 


