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Abstract

Many useful compounds from natural products have been discovered through
phenotype-based screening. However, the target identification process for compounds is
laborious and time-consuming. With the development of new equipment and
methodologies for biological analyses, a variety of profiling methods that utilize large
sets of experimental data have been established. Here, we highlight the utility of our

identification approaches, MorphoBase and ChemProteoBase.
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Natural products have yielded compounds with novel biological activity and
novel structures that would be difficult to create using synthetic chemistry. Identifying
such useful compounds from natural products using phenotype-based screenings is
important, as understanding the molecular targets of these compounds can help
elucidate their biological functions and potential pharmaceutical applications. For
instance, studies on compounds isolated from microbial products, such as lactacystin (a
proteasome inhibitor)!, trichostatin A2 (a histone deacetylase inhibitor) and rapamycin
(a mammalian target of rapamycin inhibitor)3, have revealed some of the mechanisms
involved in cell survival such as protein degradation, epigenetic gene regulation, and
signal transduction, respectively. These studies also demonstrated that the targets of
these compounds are applicable to cancer chemotherapy, thus leading to the
development of anticancer drugs such as bortezomib, vorinostat and temsirolimus,
respectively.

Therefore, target identification is one of the most important steps in biological
research and drug development. With the development of new equipment and
techniques, many approaches for identifying the target of compounds have been
discovered. However, it is still a laborious and time-consuming process because there
are a wide variety of target candidates in cells, and the strength of the effect and
mechanism of action depend on the compound. Furthermore, DNA or lipids can be
targets for compounds. Therefore, using multiple approaches is essential for the rapid
and accurate identification of targets.

Generally, two fundamentally different approaches exist for identifying
molecular targets after novel biologically active compounds have been obtained. One is
the direct approach and the other is the indirect approach. The direct approach is based
on the detection of a direct interaction between the compound and its target molecule.
Traditionally, affinity beads conjugated with compounds via a suitable functional group
have been used for obtaining binding proteins®, and this method is still widely used.
Improvements to the technology utilized in this process have been made, such as new
methodologies for producing the matrix, linker, and conjugation of compounds™ °. Our
laboratory also developed an easy-to-use and universal coupling method that employs a
photo-activated crosslinking reaction in order to immobilize of compounds to affinity
beads? 8. Moreover, we adapted ribosome display technology for use with pull-down

assays to overcome the limitation of low target protein expression in cell lysates’.
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Recently, target identification methods, such as the drug affinity responsive target
stability (DARTS)'® method and the cellular thermal shift assay (CETSA)'"'?, which
use intact ligands without any additive chemical modifications have been developed;
these methods utilize the principle of protein stability changes, which occur during
interactions with the compound. The molecular targets of many compounds have been
identified using these direct approaches.

Although the direct approach may be the most powerful method, it is
associated with a few problems such as nonspecific binding. Therefore, indirect
approaches can be used to complement the direct approaches. With the development of
new equipment and methodologies for biological analyses, a variety of methods that use
large experimental data sets have been established, such as cancer cell panel profiling!3:
14 chemical genomic profiling!® 16, transcriptomic profiling!?, proteomic profilingl8,
metabolomic profiling!?, and cell morphology profiling20-24. Many of the details of
these methods have been described in previous reviews™ °; thus, in this paper, we
highlight the utility of our phenotypic profiling approaches, namely MorphoBase2> and
ChemProteoBase?6.

MorphoBase is a quick profiling system that is based on the morphological
changes in two cancer cell lines: sr¢”-NRK and HeLa cells. Specifically, we designed a
high-content imaging method that segments the cells and quantifies twelve
morphological parameters of the cells following treatment with ~200 well-characterized
compounds. Furthermore, we developed a data analysis program that incorporates
multivariate statistical tools. Principal component analysis is applied to visualize the
phenotypic responses, and target prediction of a compound is performed by using two
statistical computations: “similarity ranking” as determined by Euclidean distance
metrics and “probability scores”, which are based on the z-scores of a test compound
relative to the 14 target classes. The simplicity of MorphoBase, which requires only the
bright-field cell images and nuclear staining image, makes it an easy and fast way of
obtaining reproducible data in comparison with other methods that require multiple
staining images.

Our other approach, ChemProteoBase, is a proteomic profiling system that
identifies the targets of compounds with proteome analyses that use two-dimensional
difference gel electrophoresis (2-D DIGE)?6. The expression data that were presented
by ~300 spots were reproducibly detected in all images of HelLa cells treated with
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well-known inhibitors and were successfully classified by cluster analyses according to
their mechanism of action. The mechanism of action of a novel compound can be
accurately established if it induces a proteomic profile that is similar to a profile
induced by a reference compound in the database. To obtain more information about the
effects of compounds linking to the gene ontology or biological pathway, about 90% of
the spots in ChemProteoBase were identified by mass spectrometry. Spot information
and a subset of the expression data for 19 inhibitors are shown on our web site
(http://www.npd.riken.jp/csrs/xtra/ProteomePage/). Currently, the ChemProteoBase
dataset contains the spot expression data from various experiments on ~150 compounds.
Because MorphoBase is a quick profiling system, it is easy to acquire many data-points.
On the other hand, in ChemProteoBase, it is usually difficult to increase the number of
experiments because of the low throughput and high cost. However, ChemProteoBase
may provide additional information such as the proteins in a pathway involving the
compound target and post-transcriptional modification. Recent advancements in the
technology for mass-based proteomic analysis have made it possible to measure more
proteins, thus expanding accuracy of the profiling system. The 2-D DIGE system used
ChemProteoBase system is a conventional system; however, it is easy to use and
reproducible data for constructing the database.

We have found new compounds with novel biological activity by using
various cell-based screening systems. As mentioned above, a variety of methods have
been developed for identifying the targets identification of compounds. However, a
“gold standard” has not yet been established. When we obtain new compounds, we
routinely use MorphoBase and ChemProteoBase as indirect approaches and analyze the
compounds’ binding proteins by using photo-crosslinking affinity beads as a direct
approach (Fig. 1). Based on the results, a validation study is performed. Using these
approaches, we successfully identified the molecular target of several new compounds25:
27-30 (Fig. 2).

Of the compounds we have analyzed, the analysis of pyrrolizilactone in
particular demonstrated the potential power of using both MorphoBase and
ChemProteoBase®'. Pyrrolizilactone was originally isolated from the fraction library of
a microbial culture broth in our laboratory and demonstrated potent inhibition of cancer
cell growth32. Two fungal metabolites that were structurally related to pyrrolizilactone

had been reported, previously, but their targets remained unclear. Therefore, the target
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molecule of pyrrolizilactone was difficult to determine based on its structure.
Furthermore, we could not obtain enough pyrrolizilactone to prepare its affinity beads,
which is a problem that frequently occurs when analyzing natural products. Therefore,
we choose to use our profiling methods, i.e., MorphoBase and ChemProteoBase, to
estimate its molecular target. In MorphoBase, pyrrolizilactone was classified into the
proteasome class with the score 1.71. However, the DNA class had also about the same
score (1.78) and the closest neighbor was a HSP60 inhibitor. Meanwhile, in
ChemProteoBase, pyrrolizilactone was classified into a cluster that included proteasome
inhibitors, HSP90 inhibitors and rapamycin. The two compounds that were the most
similar were proteasome inhibitors, and the HSP27 expression induced by
pyrrolizilactone increased at a greater rate than the rate noted in HSP90-inhibitor-treated
cells. Because profiling analysis can yield multiple candidates targets for a compound, it
is sometimes difficult to reduce the number of targets to only one. Collectively, the
results obtained using MorphoBase and ChemProteoBase suggested that the target
molecules of pyrrolizilactone were the most likely proteasomes. Next, we confirmed the
inhibitory activities of the proteasomes in vitro. Interestingly, pyrrolizilactone
specifically inhibited the trypsin-like activity of proteasome unlike many other
proteasome inhibitors such as MG-132 and lactacystin. Additionally, the intracellular
inhibition of proteasomes resulted in the accumulation of ubiquitinated proteins in HeLa
cells treated with pyrrolizilactone. Thus, we could promptly identify the target of
pyrrolizilactone by using the combined analysis (Fig. 3).

Since the two methods are based on the comparisons to reference compounds,
appropriate reference compounds are necessary for predicting the compound target, thus
analyzing compounds with multiple targets is difficult. However, cell-based profiling
systems, such as our analysis systems, generally require a smaller amount of the test
compounds than do direct methods, and the non-specific interactions of compounds in
cells might not influenced to the results. In the analysis of pyrrolizilactone, HSP90
inhibitors and proteasome inhibitors were classified into the same group by
ChemProteoBase, while MorphoBase clearly separated the two groups. Hence, different
approaches might be complement to the other methods.

In conclusion, although many methods are available for identifying the target
of a compound, for rapid target identification, it is necessary to use a combination of

several methods to take the advantage of the benefits of each method.
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Figure legend

Fig. 1. A schematic demonstrating the experimental process of identifying the target of
new compounds.

Fig. 2. Representative compounds that were analyzed using MorphoBase and
ChemProteoBase.

Fig. 3. Target identification of pyrrolizilactone by using the combined analysis
approaches of MorphoBase and ChemProteoBase.
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Fig. 3
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