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We established a comprehensive chemical genomics (CG) analysis pipeline,
employing various diagnostic sets of mutant budding yeast, Saccharomyces cerevisiae. We assembled a
set of ~5,000 non-essential genes as viable haploid deletion mutants (HAP), and we generated several
strain sets that span ~1,000 essential yeast genes, including a set of heterozygous diploid
deletion mutants (HET), a set of temperature-sensitive (TS) mutants and a set of gene overexpression

(MoBY) strains. We also established the fission yeast Schizosaccharomyces pombe version of CG

pipeline with a set of ~2,200 non-essential genes (SpHAP). CG profiles of all strain collections
often provide complementary evidence for target identification. We screened these HAP/HET/TS/MoBY
strains against bioactive compounds. Moreover, we launched a human cell CG screening system. Thus,
advancing our platform from yeast to human CG screening will yield high-quality molecules that are
relevant for the development of drug leads.
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Linking bioactive compounds (ligands) to their cellular targets is important because it enables us
to assess the biological roles of natural products and the potential of small molecules for drug
development. Nevertheless, target identification of bioactive ligands remains a major challenge.

Whole-cell screening approaches are advantageous because they identify bioavailable molecules
and provide readouts based on general bioactivity, such as a particular phenotypic response.
Chemical genomics expands traditional whole cell screening because it reveals specific compound-
dependent phenotypes, such as growth rates associated with particular genetic perturbations, in an
unbiased manner.

We developed a high-throughput chemical genetic platform to functionally annotate large
compound collections, linking compounds to a general bioprocess in a rapid and systematic manner,
in a study funded by KAKENHI and RIKEN. To do so, we constructed a diagnostic set of 310 viable
yeast gene deletion mutants, which span all major biological processes, within a drug-sensitized,
genetic background. We also developed a highly multiplexed (768-plex) barcode sequencing
protocol, allowing us to decipher rich chemical-genetic profiles for ~10,000 compounds from the
RIKEN Natural Product Depository (NPDepo) library (Ref. 1-4). This approach enabled the
prediction of the general biological process targeted by the compound, but not the precise molecular
target.

2. WIEOEK

The project proposed here will establish a chemical genomics approach for precise molecular target
identification, based on growth profiling of yeast essential gene mutant collections, the identification
of mutations that confer drug-resistance in yeast, analysis of phenotypes from genetic suppressors, and
a biochemical validation system designed to detect ligand-target interactions.

Our new target identification pipeline will enable the discovery of precise chemical probes on an
unprecedented scale. We will focus largely on the RIKEN Natural Product Depository (NPDepo)
library, but we will also study bioactive ligands provided by collaborative scientists. Importantly, our
approach can be generally applied and will readily transpose to other species and cell lines, including
human cells.

3. WHIEDTTikE

We will develop an integrated and high-throughput yeast chemical genomics approach to more
precisely link bioactive compounds (ligands) to their target molecules. In this project, we will
construct a quantitative system for measuring the fitness of heterozygous (HET) diploid (for drug-
induced haploinsufficiency) and temperature-sensitive (TS) (for comparisons to genome-wide yeast
synthetic lethal data) mutant strains for essential genes and a high-throughput pipeline for
identification of mutations that confer drug-resistance by next generation sequencing and
complementation cloning using the MoBY-ORF collection. Furthermore, we will validate ligand-
target interactions that are revealed by our chemical genomics analyses.

4. WHIERCR

For comprehensive chemical genomics (CG) analysis, we have employed various diagnostic sets
of mutant budding yeast, Saccharomyces cerevisiae. We assembled a set of ~5,000 non-essential
genes as viable haploid deletion mutants (HAP), and we generated several strain sets that span
~1,000 essential yeast genes, including a set of heterozygous diploid deletion mutants (HET), a set
of conditional temperature-sensitive (TS) mutants and a set of gene overexpression (MoBY) strains
(Ref. 5). CG profiles of all four strain collections often provide complementary evidence for target
identification. For instance, the mode of action of tunicamycin, a “gold standard” compound that
directly targets Alg7, thereby blocking the glycosylation pathway and inducing the unfolded protein
response, is consistently indicated by the different CG profiles derived from HAP/HET/TS/MoBY
data (Fig. 1).
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In particular, we use our powerful platform to assay uncharacterized bioactive compounds derived
from the NPDepo and the University of Tokyo Drug Discovery Initiative libraries. We obtained
~5,000 CG profiles so far, and many compounds have clear CG profiles that are indicative of
selective cellular targets. Drug-resistant mutant analysis and biochemical assays can be employed to
validate our target predictions. For example, we identified and validated inhibitors of the fatty acid
synthase, Fas1 (Iyer, Li, Yashiroda, Boone, et al., Submitted). Further, we identified the molecular
target for clionamine, a lead compound for host-directed therapy against M. tuberculosis (Ref. 5).
Using the S. cerevisiae HAP chemical genomics (CG) analysis, we predicted a target of jervine. The
yeast CG profile for jervine is the most similar to the one for D75-4590, a specific p-1,6-glucan
biosynthesis inhibitor. A biochemical assay and yeast mutant analysis revealed that jervine inhibits
the biosynthesis of B-1,6-glucan by acting on both Kre6 and Sknl (Ref. 6). In addition to the the S.
cerevisiae CG pipeline, we successfully established the S. pombe CG pipeline by constructing a
barcoded deletion mutant library in a drug-hypersensitive background that consists of ~2,200 strains.
Using this S. pombe system, we screened genes that conferred altered sensitivity to momilactone B
(MB). The FYPO (the fission yeast phenotype ontology) term enrichment analysis indicated that the
sensitized genes were involved in septum formation and we confirmed that S. pombe wild-type cells
treated with MB showed abnormal morphology such as branched, elongated, and multiseptated cells
with branch forming adjacent to septum. The data suggests MB affects septum formation and
microtubule structure of fission yeast (Ref. 7).

In summary, we have a robust pipeline that integrates various types of CG data, covering both
essential and non-essential S. cerevisiae genes, in order to make precise target predictions. Our
system is used to identify lead compounds for druggable essential genes. Applications range from
antifungal/antimicrobial discovery to host-directed therapies for human pathogens. Moreover, we
successfully scaled and applied this CG approach to other species, including Candida albicans (Ref.
8), S. pombe (Ref. 7), and human cells. We have also collaborated with other Research Area Groups
and analyzed their compounds using our yeast and human CG pipelines.
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Fig. 1 CG profiles of HAP/HET/TS/MoBY strains against tunicamycin
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