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Chemical probes of embryonic signaling and patterning 
James K. Chen 

 

Embryonic development can be described as a series of chemical 
interactions and reactions that are executed with spatial and temporal 
precision.  While molecular biology and genetics have been the primary 
tools of developmental biologists, chemistry can provide a unique window 
into embryological processes. Unconstrained by Nature’s molecular 
architecture, synthetic compounds can control these events with cellular 
resolution and within seconds.  

Here I describe two examples of how chemical tools can be used 
to interrogate the signaling pathways that regulate embryonic 
development. First, by conducting a highthroughput screen for Hedgehog 
pathway inhibitors, we have identified a small molecule that blocks Gli 
transcription factor function and primary cilia formation.  

Through cell-based and in vitro studies, we have established that 
this compound targets the AAA+ ATPase cytoplasmic dynein, which is 
required for retrograde ciliary trafficking and therefore Gli regulation. Using 
this molecular probe, we have also interrogated other dynein-dependent 
processes, such as mitotic spindle assembly and organelle transport. 
Second, we show how temporal, tissue-specific changes in transcription 
factor function can be discerned by integrating caged antisense 
oligonucleotides, photoactivatable fluorophores, fluorescence-activated 
cell sorting, and microarray technologies. As a proof of principle, we have 
dynamically profiled No tail-a (Ntla)/Brachyury-dependent genes at 
different stages of axial mesoderm development in zebrafish.  

These studies have identified discrete sets of Ntla-dependent 
transcripts that are coincident with notochord cell fate commitment or 
differentiation, revealing a surprising degree of transcription factor 
plasticity within a single cell lineage. 
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Chemical genomics based on fission yeast collections expressing yeast and human 
ORFeomes  

 
Minoru Yoshida 

Chemical Genomics Research Group, RIKEN Advanced Science Institute 
 
The discovery of chemical compounds that can inhibit functions of specific proteins has 
had a significant impact on developments in the biological sciences. An essential but 
challenging step in the development of small molecules into biochemical tools or 
therapeutic drugs is target identification. The major approach to target identification has 
been the detection of physical interaction between the small molecule and its target. 
However, such interactions are not always detectable, because of their varied strength 
and stability as well as the constraints on complex formation in vitro. Here we show a 
novel approach using a genome-wide overexpression screen of fission yeast 
Schizosaccharomyces pombe ORFs for systematic target identification of bioactive 
small-molecules. We succeeded in cloning all the ORFs (ORFeome) of S. pombe, and 
expressed them under the control of an inducible promoter. Using this ORFeome 
collection, we generated a chemical-genomic profile of theonellamide F, a marine 
sponge-derived fungicide, using a collection of fission yeast strains in which each 
introduced ORF can be overexpressed, and showed that the target is associated with 
membrane-associated molecules showing polarized distribution. Indeed, theonellamide 
F bound ergosterol and induced β-glucan synthesis by activating Rho1. However, the 
induced phenotypic changes were totally different from those by known sterol-binding 
molecules such as polyene antibiotics. Thus, theonellamides represent a novel class of 
sterol-binding molecules that activates the Rho1 pathway, and the fission yeast 
ORFeome provides a useful platform to predict the mode of action of bioactive 
compounds.  Furthermore, we expressed a human ORFeome in S. pombe, and found 
more than 1,000 human genes that inhibit the yeast growth by overexpression. Such the 
“Humanized” yeast collection provides an effective screening method to identify 
compounds that control human disease-related genes. A specific inhibitor is expected to 
restore the growth arrest by gene overexpression. We screened the RIKEN NPDepo 
chemical library, identified chemicals that recovered the lethality of poly(ADP-ribose) 
polymerases, PARP10 and tankyrase 1, and examined specific inhibitory activity of the 
hit compounds using mammalian and yeast cells. Thus the yeast cells expressing the 
yeast and human ORFeomes will serve as a living test tube for a variety of chemical 
genomics. 
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A Powerful Genetic Strategy to Screen for Inhibitors of MAP Kinase 
Signaling and its Application to Genomic Drug Discovery 

 
Reiko Sugiura 

 
Mitogen-activated protein kinases (MAPKs), found in all eukaryotes, are 
signal-transducing enzymes playing a central role in a variety of biological 
processes.  The Pmk1 MAPK signaling pathway regulates cytokinesis and cell 
integrity in fission yeast.  We have demonstrated that MAPK and calcineurin 
phosphatase act antagonistically in the Cl- homeostasis in fission yeast and 
developed a genetic screen that aims to identify negative regulators of the Pmk1 
MAPK signalling.   

Our genetic screen based on the functional interaction between 
calcineurin and Pmk1 MAPK has efficiently isolated negative regulators of the 
Pmk1 MAPK pathway.  These include pmp1+ encoding a dual-specificity MAPK 
phosphatase, ptc1+ and ptc3+ encoding a serine/threonine protein phosphatase, 
pek1+ encoding a MAPK kinase and rnc1+ encoding a KH-type RNA-binding 
protein.  We also demonstrated that Rnc1 plays a crucial role in negative 
feedback regulation of MAPK signalling, by binding and stabilizing the mRNA of 
a MAPK phosphatase at the post-transcriptional level (Sugiura et al., Nature 
2003).  Most recently, we also identified several targets of Pmk1 MAPK, 
including ecm33+ encoding a cell surface protein, nrd1+ encoding an RRM-type 
RNA-binding protein (Satoh et al., Mol. Biol. Cell 2008), and atf1+ encoding a 
transcription factor, and developed an in vivo real-time monitoring system of the 
Pmk1 MAPK activation (Takada et al., Mol. Biol. Cell 2007, 2010). 

As MAPK signal transduction pathways are one of the most attractive 
targets for cancer therapy, inhibitors that target this signaling appear to be 
promising drug candidates for the treatment of cancer.  Here, I first give an 
overview of the use of fission yeast as a model system for drug discovery and 
then, I introduce our molecular genetic strategy to identify regulators of MAPK 
signaling and the application of this approach to drug discovery (Sugiura et al., 
Drug Discovery; Sourcebook of Models for Biomedical Research, 2008). 
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Small Molecule Tools for Cell Biology and Cell Therapy 
MOTONARI UESUGI 

Institute for Integrated Cell-Material Sciences, and Institute for Chemical Research, 
Kyoto University, Japan 

 
In human history, bioactive small molecules have had three primary uses: as medicines, 

agrochemicals, and biological tools. Among them, what our laboratory has done in the past was the 
discovery and use of biological tools. Our laboratory has been discovering and designing small 
organic molecules with unique activities, and using them as tools, we have been understanding and 
controlling cell physiology.  

In addition to tool discovery, our laboratory has recently become interested in exploring 
another application of small molecules: small molecule tools for cell therapy. Although small 
molecule drugs will continue to be important, cell therapy will be a powerful approach to curing 
difficult diseases that small molecule drugs are unable to handle. However, there are a number of 
potential problems in bringing cell therapy technologies to the clinic, including high cost, potential 
contamination, low stability, and tumorigenesis. Stable, completely defined small molecule tools, 
which are usually amenable to cost-effective mass production, may be able to help the clinical use 
of cell therapy. 

Through screening chemical libraries, we have been discovering unique synthetic molecules 
that modulate or detect fundamental characteristics of human cells useful for cell therapy. Some of 
such molecules may serve as tools for cell engineering or cell therapy as well as basic cell 
biological research. This presentation provides a quick overview of our recent research programs 
with a special emphasis on the discovery and utilization of “adhesamine.” This dumbbell-shaped 
synthetic molecule enhanced attachment and growth of cells by binding to heparan sulfate on cell 
membrane and thereby clustering syndecan. Using this molecule as a lead, we were able to design 
small synthetic molecules with fibronectin-like properties, which boost culture, expansion, and 
transplantation of clinically useful cells. 

Other small-molecule tools we newly discovered may be discussed in the presentation. 
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