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Genome Science Laboratory has been leading Genome
Research in RIKEN. We developed the basic technologies
to analyze functional genomics and explore the resource
of genes. We are collaborating with the Genomic Sci-
ences Center, RIKEN, and establishing the RIKEN Mouse
Genome Encyclopedia. We are further working on the im-
provement and development of full-length cDNA library
construction technology and also on research fields using
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maximizing the value of the encyclopedia. Through these
researched, the phenotypes of organisms will be under-
stood.

1. Development of technology for single cell li-
brary construction

It is important to distinguish expression in tissues and
the gene expression from purified cells of a single type. For
this purpose, we have been developing a library method
which works based on a single-tube protocol, using 100-
1,000 cells as a source of RNA, with the aim towards fur-
ther reducing the amount. Then, we are applying these
to the characterization of the plasticity in the visual cor-
tex, with particular emphasis to the interneuron which is a
candidate to be responsible for the visual cortex plasticity,
the parvalbumin cells.

To develop the new technologies, we are currently test-
ing a combination of enzymes, which function efficiently
in the compatible reaction buffers. This single-tube pro-
tocol by itself is an important milestone which will be in-
novative enough to be published. It consists of five re-
actions: dephosphorylation, decapping, ligation, reverse-
transcription, and amplification. The amplified material
will then be handled with the existing CAGE protocol.

We have also developed a system which allows dramat-
ically improved collection of living cells from tissue such as
the adult brain. Harvesting living cells has been easy for
young tissues, but has traditionally being limited for the
harvesting of adult nervous tissue.

We are further planning to adapt the above methodolo-
gies to single cells. In this step, the fate of low-expressed
transcripts will be carefully followed. In contrary to in ho-
mogeneous extracts of 100-1,000 cells, the loss of material
followed by amplification results in the total disappearance
of low-copy transcripts. Thus, the pre-amplification steps
will be tuned to minimize the loss of material.

The single cells will be lysed in the same tube as the
subsequent reactions, again to ensure that low-copy tran-
scripts will be kept. Thus, we will develop lysis conditions
which do not inhibit the subsequent enzymatic reactions.
We are in the development step in which we have the buffer
condition which are compatible to let all the enzymes work
in the same tube.

The CAGE technology allows the study of the promoter
usage, and to correlate expression level to promoter ele-
ments. This level of description is one step deeper than
the traditional transcriptome studies in particular when
single cell types out of a complex cell mixture are tested.
In parallel to the protocol development, we are acquir-
ing knowledge and experience on “promotome” analysis
through the exploration of the data from tissue-wide ex-
periments. Three main approaches are used:

(1) Unsupervised clustering

Transcription start site usage clustering is more pre-
cise than gene expression level clustering, and is the tool
of choice for subsequent transcription factor binding site
prediction near covariant promoters.

(2) Learning algorithms

This is a complementary approach to unsupervised
clustering: learning algorithms are trained with a data set
defined by the researcher, and used to retrieve genes which
fit a particular time-course, or whose expression is similar
to given components of a molecular pathway.

(3) Networks

Network modeling is an increasingly important tool to
interface the complex data with physiological questions.
By analyzing the dynamics of the transcriptional network
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in a single cell, we will determine the sub-network of genes
implicated in the studied process.

With the single-cell libraries, probes and CAGE tech-
nology, and advanced data mining, our aim is to under-
stand the molecular basis of single-cell participation in
physiological processes.

Currently, we are gaining experience in both the tran-
scriptional factor binding site/network analysis and mak-
ing the bioinformatical tools for the analysis, and progress-
ing towards the construction of single cell CAGE libraries.

In parallel with the new approach, we are also testing
the same cell type, and the whole brain tissues (visual
cortex) on normal arrays and have a handful of candidate
genes that are candidate to be responsible for the brain
plasticity.

2. DNA polymerase library construction

There are many kinds of DNA polymerases from var-
ious organisms. Some of them would be applicable for
the researches and/or industries. This study is to con-
struct the library of DNA polymerase genes and enzymes
by cloning and expression of DNA polymerases from the
bacterial storage of the Microbe Division, Department of
Biological Systems, RIKEN Bioresource Center. The char-
acteristic thermophilic and mesophilic DNA polymerases
were cloned from some bacteria. One of them showed par-
ticular activities, so that it is now analyzed in detail. Such
a systematic analysis of DNA polymerases of some genus
would show the position of bacterial classification and evo-
lution.

3. NanoLEGO Project

In the NanoLEGO project, we develop new functional
molecules (NanoLEGO) by combining several biological
molecules qualified for self-assembly in nano-scale.

(1) Creation of the NanoLEGO structure

We conceive that establishment of the NanoLEGO
structure with orderly form has need of two elements; i)
the binding element for connecting between NanoLEGO
molecules, ii) the structural elements as the backbone of
the figuration.

First, we constructed the pGvH plasmid, an expression
vector fused GST- and His-tag to target protein. Candi-
dates of 30 pairs of interacting proteins from mouse cDNA
selected by the mammalian 2-hybrid assay were introduced
to this vector, and we checked the expression and solubility
of the fusion proteins. Then, an interaction protein pair,
TIP-1 and (-catenin C-terminal domain was selected and
used as binding elements for developing of NanoLEGO.
TIP-1 is a protein consisted of a PDZ domain only, and
interact with (-catenin C-terminal peptide sequences. In
this study, we constructed a peptide of the B-catenin C-
terminal amino acids of 10 residues, and demonstrated an
interaction between TIP-1 and this peptide with 10~7 or-
der Kp value assayed by BIACORE.

Second, CutA protein, a homo-tetramer protein of Py-
rococcus horikoshii OT3, was applied as the candidate for
structural elements. We constructed a Cut A-fusion protein
conjugated binding elements of TIP-1 or the [-catenin C-
terminal peptide. These fusion proteins were expressed in
E. coli transformants and purified as soluble proteins that
formed a homo-trimer, and we expected the fusion pro-
teins had three directional binding sites. Then, we exam-
ined the behavior of the two mixed CutA fusion proteins in
solution. Unfortunately, the mixture of two CutA-fusion
formed hetero-dimer only. Currently, we try to construct
several new NanoLEGO fusion proteins with homo-dimer
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and tetramers as the structural elements, and also consider
the environmental conditions to build NanoLEGO struc-
ture with objective form, linear, flat, or three dimensional.

(2) Analysis of the supramolecule using PPI assay

To understand the alignment control by self-assemble
capacity of biological molecule, we analyzed the
supramolecule using several PPI assays. The SMN (Sur-
vival Motor neuron) complex, a supramolecule related to
the splicing of RNA, consists of the SMN protein and six
Gemins (Gemin2, 3, 4, 5, 6 and 7). First, we analyzed the
PPI for these components of the SMN complex by M2H
method. The results were two novel interactions, a hetero-
interaction of Gemin2—-Gemin7 and a self-interaction of
Gemin2. Next, we developed a novel in vitro pull-down
assay using Streptavidin beads, with the coprecipitation of
a biotinyl protein and 3°S-labeled protein produced by in
vitro transcription/translation system. Using this method,
we also detected two novel interactions identified in our
M2H assay. Furthermore, we noticed that the complex
with three molecules, SMN, Gemin2 and Gemin7, pre-
sented higher stability than the complex with two compo-
nents, SMN-Gemin2 or SMN-Gemin7. This result suggests
that the higher order interaction of three components in-
cluded the Gemin2-Gemin7 interaction contribute to the
stabilization of the SMIN complex.

4. Research on alternative splicing

Through genome analyses, it has been shown that more
than half of the human/mouse genes are alternatively
spliced, resulting in producing many diverse proteins from
a single gene. Although it has been known that the re-
sulting splice variants play pivotal roles biologically, the
detail of splice variants mapped on the same loci was not
investigated in recent genome-wide analyses focusing on
discovery of new genes. To understand the biological sig-
nificance of splice variants and utilize biological resource
more efficiently, we are developing a system which allows
us to specifically enrich splice variants and to detect alter-
native exons.

We carried out preliminary experiments by using the
RIKEN mouse full-length ¢cDNAs and annotation results
of the FANTOM consortium. We tried to optimize the
conditions under which the cDNAs harboring target exons
are efficiently collected using biotinated DNA. In addition,
we modified the Rolling Circle Amplification method and
investigated optimal conditions to detect alternative exons.
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