National Institute for Basic Biology

Research Support

NIBB CORE RESEARCH FACILITIES

Head

YOSHIDA, Shosei

The NIBB Core Research Facilities were launched in 2010
to support basic biology research in NIBB. They consist of
three facilities that are developing and providing state-of-theart technologies to understand biological functions through
functional genomics, bioimaging, and bioinformatics.
The NIBB Core Research Facilities also act as an intellectual hub to promote collaboration among the researchers of
NIBB and other academic institutions.
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The Functional Genomics Facility is a division of the NIBB
Core Research Facilities and is organized jointly by NIBB
and NIPS for promoting DNA and protein studies. The
facility maintains a wide array of core research equipment,
from standard machinery like ultracentrifuges to cutting
edge tools such as next generation DNA sequencers, which
amount to 60 different kinds of instruments. The facility is
dedicated to fostering collaborations with researchers both
of NIBB and other academic institutions worldwide by providing these tools as well as expertise. Our current focus
is supporting functional genomics studies that utilize mass
spectrometers and DNA sequencers. We also act as a bridge
between experimental biology and bioinformatics.
We recently largely renovated the building of the Functional
Genomics Facility. For example, the Visitors Lab and the
Visitors Office were newly designed so that we can promote
collaboration projects. Indeed, in 2015, more than 200
researchers visited to use our new facility and developed
active collaborations.

Figure 1. Next-generation sequencer

in basic biology.
During 2015 we carried out 44 NGS projects in collaboration with NIBB laboratories as well as the researchers of
other academic institutions. These projects cover a wide
range of species (bacteria, animals, plants, and humans)
including both model and non-model organisms, and various
applications such as genomic re-sequencing, RNA-seq and
ChIP-seq.

Proteomics

Three different types of mass spectrometer and two protein
sequencers, as listed below, are used for proteome studies in our
facility. In 2015, we analyzed approximately 620 samples with
mass spectrometers and 14 samples with protein sequencers.
- LC-MS (AB SCIEX TripleTOF 5600 system)
- LC-MS (Thermo Fisher SCIENTIFIC Orbtrap Elite)
- MALDI-TOF-MS (Bruker Daltonics REFLEX III)
- LC-Q-TOF MS (Waters Q-TOF Premier)
- Protein sequencer (ABI Procise 494 HT; ABI Procise 492
cLC)

Other analytical instruments (excerpts)

- Cell sorter (SONY SH800)
- B ioimaging Analyzer (Fujifilm LAS 3000 mini; GE
FLA9000)
- Laser Capture Microdissection System (Arcturus XT)
- DNA Sequencer (ABI PRISM 310; ABI 3130xl)
- Real Time PCR (ABI 7500)
- Ultra Centrifuge (Beckman XL-80XP etc.)

Representative Instruments
Genomics

The advent of next-generation sequencing (NGS) technologies is transforming today’s biology by ultra-high-throughput
DNA sequencing. Utilizing HiSeq2500, HiSeq1500, and
MiSeq (Illumina), and PacBio RS II (PacificBio Sciences),
the Functional Genomics Facility is committed to joint
research aiming to explore otherwise inaccessible new fields

Figure 2. Triple TOF LC/MS/MS System
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Genome Informatics Training Course

We organize NIBB Genome Informatics Training Courses
every year. In 2014, we provided two three-day training
courses on RNA-seq data analysis. These courses are
designed to introduce the basic knowledge and skills of bioinformatics analysis to biologists who are not familiar with
bioinformatics.
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● Research activity by S. Shigenobu

Figure 3. NIBB Genome Informatics Training Course
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Symbiogenomics

“Nothing, it seems, exists except as part of a network of
interactions.” (Gilbert & Epel, 2008)
Every creature on the earth exists among a network of
various biological interactions. For example, many multicellular organisms, including humans, harbor symbiotic bacteria
in their bodies: some of them provide their hosts with essential nutrients deficient in the host’s diet and others digest
foods indigestible by the host alone. In spite of numerous
examples of symbioses and its intriguing outcomes, the
genetic and molecular basis underlying these interactions
remains elusive. The goal of our group is to establish a new
interdisciplinary science “Symbiogenomics”, where we aim
to understand the network of biological interactions at the
molecular and genetic level. To this end, we take advantage
of state-of-the-art genomics such as next-generation sequencing technologies.

I. Genomic revelations of a mutualism: the pea
aphid and its obligate bacterial symbiont

Aphid species bear intracellular symbiotic bacteria in the
cytoplasm of bacteriocytes, specialized cells for harboring the bacteria. The mutualism is so obligate that neither
can reproduce independently. The 464 Mb draft genome
sequence of the pea aphid, Acyrthosiphon pisum, in consort
with that of bacterial symbiont Buchnera aphidicola illustrates the remarkable interdependency between the two
organisms. Genetic capacities of the pea aphid and the
symbiont for amino acid biosynthesis are complementary.
The genome analysis revealed that the pea aphid has undergone characteristic gene losses and duplications. The IMB

antibacterial immune pathway is missing several critical
genes, which might account for the evolutionary success of
aphids to obtain beneficial symbionts. Lineage-specific gene
duplications have occurred in genes in a broad range of functional categories, which include signaling pathways, miRNA
machinery, chromatin modification and mitosis. The importance of these duplications for symbiosis remains to be determined. We found several instances of lateral gene transfer
from bacteria to the pea aphid genome. Some of them are
highly expressed in bacteriocytes.
We recently discovered a novel class of genes in the pea
aphid genome that encode small cysteine-rich proteins with
secretion signals that are expressed exclusively in bacteriocytes of the pea aphid, and named these bacteriocyte-specific
cysteine-rich proteins (BCR). The BCR mRNAs are first
expressed at a developmental time point coincident with the
incorporation of symbionts strictly in the cells that contribute
to the bacteriocyte, and this bacteriocyte-specific expression is maintained throughout the aphid’s life. Some BCRs
showed an antibiotic activity. These results suggest that
BCRs act within bacteriocytes to mediate the symbiosis with
bacterial symbionts, which is reminiscent of the cysteinerich secreted proteins of leguminous plants that also regulate
endosymbionts. Employment of small cysteine-rich peptides
may be a common tactic of host eukaryotes to manipulate
bacterial symbionts.

SPECTROGRAPHY AND BIOIMAGING FACILITY

Specially Appointed Associate Professor:

KAMEI, Yasuhiro

Technical Staff:
Technical Assistant:

KONDO, Maki
TANIGUCHI-SAIDA, Misako
UCHIKAWA, Tamaki
ICHIKAWA, Chiaki
ISHIKAWA, Azusa

The Spectrography and Bioimaging Facility assists both
collaborative and core research by managing and maintaining research tools that use “Light”. The facility also
provides technical support through management of technical
staff assisting in the advancement of collaborative and core
research projects, as well as academic support to researchers
by Dr. Y. Kamei (refer to the Collaborative Research Group
Research Enhancement Strategy Office section). Among its
tools are advanced microscopes for biology and the Okazaki
Large Spectrograph for photobiology. The Okazaki Large
Spectrograph is the world’s largest wide spectrum exposure
mechanism, capable of producing a range of wavelengths
from 250 nm (ultraviolet) to 1,000 nm (infrared) along its 10
meter focal curve; allowing exposure to strong monochromatic light. The facility’s microscopes, which are cutting
edge devices such as confocal and multi-photon excitation
microscopes, are used by both internal and external researchers as vital equipment for core and collaborative research
projects.

Representative Instruments:
Okazaki Large Spectrograph (OLS)

Figure 1. Pea aphids and the bacterial symbiont, Buchnera. Adult aphids
(Left). A developing viviparous embryo which symbionts are infecting
(Right). Scale bar = 20um.
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The spectrograph runs on a 30 kW Xenon arc lamp and
projects a wavelength spectrum from 250 nm (ultraviolet) to
1,000 nm (infrared) onto its 10 m focal curve with an intensity of monochromatic light at each wavelength more than
twice as much as that of the corresponding monochromatic
component of tropical sunlight at noon (Watanabe et al.,
Photochem. Photobiol. 36, 491-498, 1982). The spectrograph
is dedicated to action spectroscopical studies of various lightcontrolled biological processes.
The NIBB Collaborative Research Program for the Use of
the OLS supports about 10 projects every year conducted by

Figure 1. An example of experiments using the Large Spectrograph.
Various color rays (monochromatic light from right side and reflected by
mirrors) were irradiated simultaneously to samples in cooling chambers.
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