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objectIveS
The Fundamental Technology Center was established in 

2006 to support and promote the wide variety of research 
activities of NIRS. This center includes two departments, 
that is, the Department of Technical Support and Develop-
ment and the Department of Safety and Facility Manage-
ment. While the Center provides technologies from basic 
to state-of-art to help NIRS scientists further their research 
studies, it also secures the safety of working environments. 
These two departments work in a complementary manner 
to each other. The Center activities and structures are 
outlined in the next section. 

oveRvIew 
The Center consists of one office and two departments 

with seven sections. Figure 6.1 shows the organizational 
structure. The Planning and Promotion Office is respon-
sible for planning and management of work in the Center 
by providing smooth research support. It also manages 
common use facilities. In addition, the Office sponsors a 
variety of meetings to facilitate the technical development 
of NIRS and to provide a bridge between scientists and 
technologists. The Department of Technical Support and 
Development is aimed at developing advanced technolo-
gies. It consists of the following three sections.
(1) Technical Advancement of the Radiation System 

Section
Maintaining radiation generators
Carrying out R & D of advanced irradiation technolo-
gies
providing quality assurance of radiation fields
Supplying and maintaining common use (basic) 
devices

(2) Radiation Measurement Research Section

shigeo uchida, ph.d.
Director, Fundamental Technology Center 

outline of Research career 
Dr. S. Uchida received his doctor al degree from Kyoto University.  He has about 30 years’ experience in the fields of radioecology and environmental 
radiochemistry;  his special interests are the  behaviors of long-lived radionuclides in the environment, e.g., 63Ni, 79Se, 90Sr, 99Tc, 129I, 137Cs, Th, and 
U. He has worked extensively to improve the models and parameters for radionuclides in soil-to-crop systems. He became Director of the Research, 
Development and Support Center, NIRS in April 2011.  

contact point: s_uchida@nirs.go.jp

Carrying out R & D of radiation measurement 
techniques for radiation biology
Measuring space radiation at space stations 
Constructing standard fields of α particles and other 
particles

(3) Laboratory Animal Science Section
Supplying laboratory animals for biological effect 
studies and medical studies on radiation
Maintaining clean rearing environments for the 
animals
Controlling the hygienic condition of the animals
Carrying out relevant R & D on hygiene and reproduc-
tive engineering

The Department of Safety and Facility Management 
consists of four sections; they are shown below with their 
operations. 
(1) Safety and Risk Management Section

 Planning and promoting safety assurance
 Training employees on safety issues
 Assuring safety on campus
 Protecting the public from nuclear power accidents

(2) Radiation Safety Section
Supervising legal management of radiation and 
radioactive materials
Supervising radiation exposure management
Training employees who deal with radioactive materi-
als and radiation
Assuring safety with respect to radiation
Supervising management of radiation related facilities 
and radioactive waste
 This Section includes the subdivision, Nuclear Fuel 
Control Office, which is concerned with the manage-
ment of radionuclides used in nuclear fuel.

(3) Safety Control Section
Planning of fire control measures

6.  fuNdaMeNtal techNology ceNteR 
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Establishing safety controls of gene recombination 
experiments and hazardous chemicals
Assuring safety in all work environments

(4) Facility Management Section
Supervising management of energy consumption, 

working environments, and general wastes
Supervising construction and maintenance of build-
ings

Fig. 6.1. Organization of the Fundamental Technology Center
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objectIveS
The Department of Technical Support and Development 

was founded in 2006 accompanied by the establishment of 
the Fundamental Technology Center. Since then we have 
played two important roles for NIRS. One role is to carry 
out fundamental developments on radiation measurements, 
irradiation systems, and laboratory animals to promote 
research activities in NIRS. The other is to support 
researchers working in other centers using facilities, 
equipment, and techniques which were mostly developed 
and introduced by NIRS researchers.

 

oveRvIew
The Department consists of three sections with 22 staff 

members. They are Technical Advancement of Radiation 
Systems Section, Radiation Measurement Research 
Section, and Laboratory Animal Sciences Section.
　Every section is proud of its own original state-of-the-art 
technologies and provides them to other researchers to 
promote studies in the field of radiological sciences. It is 
unique that the department consists of  three sections with 
different technologies and has a mixture of scientists and 
technologists. Another feature is that our staff members, 
with completely different specialties, have merged into 
one support team which works together and contributes 
to the success of research activities done in NIRS　and  
in collaborative universities and research institutes 
worldwide.

Here three sections of the Department are brief ly 
introduced and the details on research and support activi-
ties are described in following pages.

1) Technical Advancement of Radiation Systems Sec-

Yoshiyuki shirakawa, ph.d.
Director, Department of Technical Support and Development

outline of Research career
Dr. Shirakawa studied electric and electronic engineering at the Tokyo Institute of Technology, and then started his professional career at Nippon Steel 
Corporation in 1980, where he was in charge of development for monitoring and control of huge blast furnaces for 16 years. While working there, he 
was dispatched to Harwell Laboratory in Oxford for two years to develop a prompt on-line elemental analysis by using neutron and gamma radiation. 
He joined the Faculty of Engineering of Fukui University in 1996, and then moved to NIRS in 1998. His specialty is applied radiation measurement.

contact point: sirakawa@nirs.go.jp

tion
This section carries out maintenance of special and 

original radiation generators such as PIXE (Particle 
Induced Ｘ-Ray Emission), PASTA (PIXE Analysis 
System and Tandem Accelerator), SPICE (Single Particle 
Irradiation System to Cell), NASBEE (Neutron Exposure 
Accelerator System for Biological Experiment), which 
were mainly designed by this section and have been 
constantly modified and advanced. This section also 
provides conventional radiation sources such as X-ray 
radiation generators and gamma-ray radioisotope sources, 
and hundreds of common devices. According to demand, 
we give technical support on correct use of such equipment 
and we advise researchers working in NIRS and other 
institutes. We also contribute to ensure the quality of those 
radiation fields, such as dose, dose rate, and uniformity.

The section performs research and development as 
well as maintenance. The themes are selected from the 
viewpoint of support and promotion of many studies in and 
outside NIRS.  For example, we realized great improve-
ment in the Micro Beam Scanning PIXE by installing a 
new radiation detector and a data acquisition system and 
we have gotten excellent results with SPICE on beam 
focusing, setting a world record of 2 μm focusing.

  　
2) Radiation Measurement Research Section

One of the important roles of this section is to provide 
technical support on radiation measurement and dosimetry 
required for research activities in such fields as radiation 
biology and radiation physics. 

The members in this section perform research and 
development pursuing the state-of-the-art radiation 
detection, measurement and dosimetry. For example, 
we are developing a new CR-39 detector for the precise 
measurement of high LET particles and studying a 

6.1. depaRtMeNt of techNIcal SuppoRt aNd 
developMeNt
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fluorescent nuclear track detector for the measurement of 
heavy charged particles. We also are working to realize 
unique neutron detectors and plastic scintillation detectors 
for multi-uses such as space radiation applications and 
medical applications. 

During the study of new plastic scintillation detectors, 
we found some common plastics such as used in drink 
bottles emitted blue light by bombardment of radiation 
(α particles, β particles, γ rays). This discovery shows the 
possibility that cheaper detectors can be designed and 
made in the near future. 

This section is carrying out the well-known international 
ICCHIBAN Project, which consists of intercomparison 
experiments of several space radiation dosimeters on a 
ground base and in the Russian Service Module of the 
International Space Station.

3) Laboratory Animal Sciences Section
This section has developed and supplied the laboratory 

animals needed for biological effects and medical studies in 
radiological sciences, and we have kept several important 
animal species, for examples, mice, rats and monkeys. Our 
site has 11 animal facilities, and we maintain them under 
clean and hygienic conditions.

This section is carrying out several research programs: 
developing a new genetic monitoring system for the mouse, 
examining cannibalism of mouse-strain differences, and 
shortening the operation time of an isolator.

Summarizing our 5-year Mid-plan achievements (2006-
2010), 71 original papers were accepted and published and 
17 patent applications were made. Through conferences 
for the media, we have presented some of our significant 
results for introduction to the general public.
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objectIveS
The section has a variety of radiation sources, such 

as X-ray, gamma-ray irradiation fields, and two tandem 
accelerator facilities, such as for the PIXE analysis system 
(PASTA) and the microbeam irradiation system (SPICE), 
and the low energy neutron generators (NASBEE). In 
addition, the section manages, and provides technical 
support for the joint-use facilities in NIRS. Our mission 
is to assure the reliability of the radiation fields for 
physical and biological research projects in NIRS and 
for collaborative research studies, and also to carry out 
developmental research studies related to advancement of 
irradiation systems, fields and applications.

pRogReSS of ReSeaRch
1) Development of Particle Induced X-ray Emission 

(PIXE) analysis system
The electrostatic accelerator facility of NIRS supplies 

protons and helium ions by a Tandetron accelerator 
(HVEE, High Voltage Engineering Europe Ltd.). Three 
horizontal beam lines were developed for PIXE analysis. 
The PIXE Analysis System and Tandetron Accelerator, 
PASTA, consists of a conventional PIXE line for analysis 
under vacuum conditions, an ‘‘in-air” PIXE line, and 
a microbeam scanning PIXE line for two-dimensional 
mapping of multi-elemental distributions. One of the major 
developments of the PIXE analysis system in these past 
five fiscal years was the advancement of the micro-PIXE 
system. A CdTe detector (XR-100T-CdTe, Amptek, active 
area: 25 mm2) was installed in the micro- PIXE system, 
especially for detection of heavier elements than iron. 
The CdTe detector was mounted just behind the sample to 
provide a large solid angle (about 1 psr) against the X-ray 
emission from the sample: in this case, the distance from 
the detector crystal to the sample was set to be 3 mm. A 
glassy carbon disk (f20 mm, t=200 mm, Tokai Carbon 
Co. Ltd. ) was attached in front of the detector window, 
which was used as a proton beam dumper, and also 
functionalized as a beam current monitor for conductivity. 
This advancement enabled studies to detect the distribution 
of anti-cancer drugs that include heavy metal elements, 
such Pt in cis-DDP distributed in mammalian cells, or 

contact point (dr. Y. shirakawa): sirakawa@nirs.go.jp

tissues.
 Another advancement in the PIXE system was the 

development of a technique for quantitative analysis in 
the conventional-PIXE system using spectrum analysis 
software, which derives detection efficiency of the whole 
system from the measurement of standard samples. 
As a result, quantitative analysis was enabled in the 
conventional-PIXE system (Fig. 6.2).

2) Development of microbeam irradiation system, SPICE 
for radiation biological studies
The Single Particle Irradiation system to CEll, SPICE 

is the fourth beam line, which diverges vertically from 
the micro-PIXE line. This microbeam irradiation system 
was developed for low dose radiation effect studies, such 
as for the cellular response of targeted and non-targeted 
effects, and now its is has become the world’s top class 
microbeam irradiation system. SPICE provides a 3.4 MeV 
proton microbeam by using a two two-slit system and a 
mono-block triplet Q lens so as to exclude such low-energy 
particle components by due to scattering seen with the 
collimation method. An approximately, 2 μm in a diameter 
beam are is routinely available. As a routine procedure, cell 
nuclei are fluorescentlyfluoresced, and the X-Y coordinates 
of the cell position in the dish are calculated automatically 
corresponding to the obtained fluorescent images. Each 
nucleus can be irradiated with the pre-set number of 
protons with a probability of 96.6 % accuracy, and it will 
be irradiated according to the calculated coordinates with 
a maximum speed of 400 cells per minutes by controlling 
the voice coil motor stage. These irradiation procedures 
are were developed to beas fully automated and functional. 
An example of irradiated WI38 human normal fibroblast 
cell line is shown in Fig. 6.3.

SPICE is operational and open to domestic and foreign 
research projects for collaborative studies, and it is now 
being prepared as a joint-use research microbeam facility. 
In the past five years, we have started seven collaborative 
research studies including two domestic and two foreign 
universities and institutes to construct new fields in 
microbeam applied radiation biology.

3) Development of Neutron exposure Accelerator System 

6.1.1. techNIcal advaNceMeNt of RadIatIoN 
SySteM SectIoN
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for Biological Effect Experiment (NASBEE)
We developed the neutron irradiation facility NASBEE 

which accelerates proton and deuterons to 4MeV with 
the 2MV Tandem accelerator (High Voltage Engineering 
Europa (HVEE)) to produce a neutron irradiation field. 
With NASBEE, the main goal is to elucidate the differences 
of neutron-induced carcinogenesis between childhood and 
adulthood exposures, and identify other significant factors 
which are considered to be targets of carcinogenesis. The 
average irradiation field of 2MeV neutrons generated by a 
Be(d–n)B reaction is established. Dose uniformity in a 240 
mm diameter irradiation field is producible within 72.5% 
with a dose rate of 0.87 Gy/h at a sample target distance 
of 1170mm. Two irradiation rooms, a specific pathogen-
free (SPF) conditioned one and a conventional, are now 
available. Irradiation protocols for in vitro experiments 
have been established and demonstrated by obtaining the 
relative biological effectiveness (RBE) of cell inactivation 
of 3.54 with 10% survival dose (D10). 

Fig.6.2 Comparison of detection efficiency by PIXE analysis of a 
multi-element standard sample with the existing Si(Li) detector and the 
new CdTe detector.

MajoR publIcatIoNS
1. Miyahara, Honma T, Fujisawa T: Irradiation effects of a 

10 MeV neutron beam on a Nd-Fe-B permanent magnet, 
Nuclear Instruments & Methods in Physics Research 
Section B, 268(1), 57-61, 2010

2. Ishikawa T, Iso H, Oikawa M, Konishi T, Kitamura H, 
Higuchi Y,  Suya N, Hamano T, Imaseki H: Develop-
ment of a real-time beam current monitoring system for 
microbeam scanning-PIXE analysis using a ceramic 
channel electron multiplier, Nuclear Instruments & 
Methods in Physics Research Section B, 267(12/13), 
2032-2035 2009

3. Konishi T, Ishikawa T, Iso H, Yasuda N, Oikawa 
M, Higuchi Y,  Kato T, Hafer K, Kodama K, et al.: 
Biological studies using mammalian cell lines and the 
current status of the microbeam irradiation system, 
SPICE, Nuclear Instruments & Methods in Physics 
Research Section B-Beam Interactions with Materials 
and Atoms,267, 2171-2175, 2009

4.  Choi VWY, Konishi T, Oikawa M, Iso H, Cheng S.H, Yu 
KN: Adaptive Response in Zebrafish Embryos Induced 
Using Microbeam Protons as Priming Dose and X-ray 
Photons as Challenging Dose, Journal of Radiation 
Research,51, 657-664, 2010 

5. Suda M, Hagihara T, Suya N, Hamano T, Takada M, 
Konishi T,  Maeda T, Ohmachi Y, Kakinuma S, et 
al.: Specifications of a neutron exposure accelerator 
system for biological effects experiments (NASBEE) in 
NIRS, Radiation Physics and Chemistry, 78, 1216-1219, 
2009

Fig 6.3. Each WI-38 cell nucleus, counter stained in blue was targeted at 
five different positions with 3 µm pitch. At each position, 500 protons were 
delivered and then cells were immune-stained against γ-H2AX (seen in 
aqua-blue), which is known as a marker for DNA double strand breaks. 
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objectIveS
Research work done in radiation biology and physics 

needs reliable dosimetery or measurement data in the 
radiation field. Our members support the activities of NIRS 
researchers using conventional and the latest radiation 
detectors. And, we also propose research topics in various 
new radiation fields like micro-beam and low dose neutron 
facilities to biologists and physicists in order to open new 
areas of the sciences. 

Several detectors have been developed by leading-edge 
techniques and calibrated in various radiation fields like 
that of HIMAC, cyclotrons, neutron fields, precise radia-
tion sources, and so on. Not only detectors themselves but 
also analysis methods including hardware and software, 
simulation codes, and electronics have been developed. 

Dosimetry of space radiation is another object of interest 
and several detectors for space radiation measurements 
were developed. Under a collaboration with the Institute 
of Bio-Medical Problems (IBMP), Russian Academy of 
Science, there were several opportunities to measure 
space radiation in the International Space Station (ISS). 
Also, the international intercomparison program of space 
radiation detectors, the ICCHIBAN (InterComparison for 
Cosmic-rays with Heavy Ion Beams At NIRS) Project, is 
ongoing to understand and standardize detectors for space 
radiation dosimetry.

After the accident at the Fukushima Dai-ichi Nuclear 
Power Plant in, some members visited there and carried 
out a radiation survey for residents near the plant and 
workers; as well, radiation measurements were made in 
Fukushima City.

pRogReSS of ReSeaRch
Passive detectors 

Development of a f luorescent nuclear track detector 
technique

A new optical, non-destructive method of detecting 
and imaging individual heavy charged particle tracks 
using Fluorescent Nuclear Track Detectors (FNTD) was 
investigated as a possible spectroscopic technology for 
heavy charged particles of low and high linear energy 

contact point (dr. Y. shirakawa): sirakawa@nirs.go.jp

transfer (LET). The technique uses new luminescent 
aluminum oxide single crystals having aggregate oxygen 
vacancy defects and doped with Mg (Al2O3:C,Mg) in 
combination with laser scanning confocal fluorescence 
microscopy. Spectroscopic capabilities of this new method 
were demonstrated for energetic heavy ions of LET∞H2O 
ranging from 1 to 730 keV/µm. Applications of this 
technology include neutron detection and dosimetry, a 
radiobiology study using protons and heavy ions, micro-
dosimetry, space radiation dosimetry, and nuclear and 
particle physics research. [Done in collaboration with: 
Landauer Inc. (USA) and Nagase Landauer Inc. (Japan)]

Development of the new CR-39 technology for high 
LET particle measurements

High LET secondary particles produced by target 
fragmentation reactions may give dose contributions 
in proton therapy and space radiation fields. They 
result in a continuous LET distribution higher than 
about 30 keV/μm. Controlling the detector response and 
LET detection threshold of CR-39 detectors will allow the 
measurement of selectively high LET secondary particles 
without recording low LET particles. As one approach, we 
have developed a new type copolymer detector of CR-39 
and DAP resin detectors. The CR-39/DAP copolymer 
has the unique characteristic to degrade the sensitivity 
to the high LET particles. As another approach, we have 
developed a novel etching techniques called the two-step 
etching method using PEW-x solution [17wt% KOH + 
xwt% C2H5OH + (83-x)wt% H2O] for pre-etching and 
7N NaOH solution for post-etching. This makes it easy 
to increase the detection threshold as shown in Fig. 6.4 
and improve the charge resolution for high LET particles 
in CR-39 detectors. Developed technologies to control 
detector response and detection threshold allow selective 
measurement of high LET secondary particles produced 
by target fragmentation reactions in radiation cancer 
therapy fields.

 

6.1.2. RadIatIoN MeaSuReMeNtS ReSeaRch
 SectIoN
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Development of the particle tracking algorithm in 
CR-39 detectors

A new method to trace heavy ion trajectories in a 
stack consisting of interleaved CR-39 detectors and target 
material layers has been developed for the measurement 
of projectile fragmentation cross sections of heavy ions 
in matter. A high speed imaging microscope with special 
track analysis software was utilized to extract the charge 
information from multiple ion tracks belonging to a single 
fragmentation event. The projectile total and partial charge 
changing cross sections for Fe and Mg ions on several 
targets such as carbon, polyethylene and aluminum were 
obtained in the medium energy region of several hundred 
MeV/n. Results were in good agreement with those 
obtained by other investigators. This method allows precise 
and fast measurements of the projectile charge changing 
cross section with higher statistics, and will be applicable 
to the precise measurement of the LET spectrum in particle 
therapies and space dosimetry.

Neutron detectors 
Measurement of neutrons is one of most important tasks 

in radiation measurements. In order to support biology 
experiments in the neutron exposure facility NASBEE, 
characterization of the neutron field has been done for 
LET distribution, energy distribution, spatial distribution 
and other factors.

In order to measure high energy neutrons onboard 
an aircraft, a newly developed phoswitch-type neutron 
detector was used which can distinguished neutrons and 
protons at high altitude. This onboard study provides 
the first experimental neutron energy spectrum in the 
high-energy region (over 10 MeV) with a high energy 
resolution. For future use of the phoswitch detector in 
space environment, the detector was tested to simulate 
launching into space.

 It was found that a silicon detector had a funnel effect 
for charged particles. The charge-collection lengths were 
independent of particle species, energies and stopping 
powers but dependent on the original depletion layer 
thickness. An empirical equation as a function of the 
depletion layer thickness was introduced to calculate the 
charge-collection length and the deposited energy in the 
silicon detectors.

Scintillation detectors 
Organic scintillators have lower response to gamma 

rays, but we found that their combination with inorganic 
scintillators led to much higher capabilities (high signal-to-
noise (SN) ratio, high energy, time and position resolution) 
than each scintillator alone. In addition, because the main 
detector is an organic scintillator, the total cost and weight 
are very low.

Some prototype detectors were developed to confirm 
the capabilities. The CROSS-mini was developed to 
achieve high sensitivity. A plastic scintillator plate as an 
organic scintillator and two NaI(Tl) plates as an inorganic 
scintillator were adopted in the CROSS-mini. As the next 
prototype, CROSS-Zero was developed to confirm possible 
use as a diagnostic device for small animals (Fig. 6.5). 
These developments were successful and this new idea 
of organic scintillators will bring new applications of 
radiation detectors with high performance.

A new method was developed to obtain reliable 
calibrations using radioisotope sources. This has 
proven to be a powerful tool to obtain detector re-
sponse with high accuracy. Not only conversion electrons 
but also α particles, β particles, γ rays and X-rays from 
radioisotope sources can be studied with this method.

At the same time, we looked for cheaper organic 
scintillators and found a plastic commonly used to make 
drink bottles was a good candidate. We succeeded for the 

Fig.6.4. Variation of detector responses for the two-step etching method, single etching of 7N NaOH solution, and PEW-45 etching solution as a function 
of LET. The responses smoothly shifted to higher LET region as the ethanol concentration is increased in the PEW etching solution.
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first time in the world to measure radiation (α particles, 
β particles, γ rays, and internal conversion electrons) 
discharged from a radiation source using this plastic 
material.

ICCHIBAN program 
ICCHIBAN (InterComparison for Cosmic-ray with 

Heavy Ion Beams At NIRS) was started in 2002 and 13 
experiments using HIMAC and other accelerator facilities 
worldwide have been done. Space radiation dosimeters 
and monitors were irradiated with beams and compared to 
each other in an international collaboration to understand 
their responses and to set a standard methodology of 
measurement and analysis.

From the ground base experiments, we established 
the standardization for heavy ion beams. However, 
from our recent space intercomparison experiments 
(Space-ICCHIBAN-1 to 3), it was recommended that 
an international society for space radiation be set up for 
monitoring requests and performing intercomparisons and 
calibration research in order to understand the responses of 
luminescence detectors (TLD, OSL, RPL and so on) in the 
low LET region. For this purpose, the 2nd and 3rd intercom-
parison experiments (Proton -ICCHIBAN-2 and -3) were 
performed in the cyclotron facility in NIRS (Figs. 6.6 and 
6.7). For these experiments, luminescence detectors which 

have been used for radiation measurements in the space 
environment by institutes and universities worldwide, 
were collected and brought to NIRS and exposed to 30 to 

230 MeV proton beams in 2010 and 2011.  A total of 13 
institutes and universities in 10 countries participated in 
these experiments. The intercomparison results have been 
discussed in some international workshops and we will 
prepare a new standard for space radiation monitoring in 
the near future.

MajoR publIcatIoNS
1. Yasuda N, Kodaira S, Kurano M, Kawashima H, Tawara 

H, Doke T, Ogura K, Hasebe N: High speed microscope 
for large scale ultra heavy nuclei search using solid state 
track detector, Journal of the Physical Society of Japan, 
78(Suppl.A), 142-145, 2009

2. Kodaira S, Yasuda N, Kawashima H, Kurano M, Hasebe 
N, Doke T, Ota S, Ogura K: Control of the detection 
threshold of CR-39 PNTD for measuring ultra heavy 
nuclei in galactic cosmic rays, Radiation Measurements, 
44, 861-864, 2009

3. Golovchenko AN, Sihver L,  Ota S, Skvarc J, Yasuda N,  
Kodaira S, Timoshenko GN,  Giacomelli M: Fragmenta-

Fig. 6.6 Photograph of the international participants in the 3rd Proton-
Intercomparison experiments.

Fig.6.7 Photograph of detector packages in the 2nd Proton-Intercomparison 
experiments.

Fig.6.5 CROSS-zero detector (top), which consists of 6 modules. Mounted 
in each module are an organic material, two thin rectangular NaI(Tl) 
scintillators, and two photomultiplier tubes (R8900, Hamamatsu Photonics 
K. K., Japan) (bottom).
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objectIveS
In the management of laboratory animal facilities, 

microbiological and genetic controls are the most 
important items. In 

NIRS, mice have been produced in- place for the past 
50 years and provided to internal and external researchers. 
It is important to verify that a mouse colony is negative 
for pathogenic viruses, bacteria, endoparasites and 
ectoparasites. Routine bacteriological and serological 
examinations for phathogens are performed. For these 
examinations, a new cage lid for partitioning mouse cage 
was developed. 

Genetic control is also important for standard inbred 
strains of mice and genetically modified strains of mice.  
Until now, biochemical and immunological marker genes 
have been used in the genetic monitoring of the mice 
strains. However, using these markers is complicated, 
so a search was made for a more convenient and precise 
method. The mouse micro satellite markers (MSMs) are 
a useful tool for genetic analysis of gene mapping, the 
same as biochemical and immunological loci are. It was 
proven that genetic monitoring could be carried out by 
using MSMs.

contact point (dr. Y. shirakawa): sirakawa@nirs.go.jp

pRogReSS of ReSeaRch IN the 2Nd MId-
teRM plaN

When mice are transferred among institutions and 
universities, it is important to verify that the mice were 
raised under a specific-pathogen-free (SPF) condition. 

In our laboratory bacteriological tests for 7 items and 
serological tests for 7 items have been preformed for 
the past 50 years. A new cage lid made of stainless steel 
wire mesh and having a screen barrier for partitioning 
mouse into compartments was developed (Fig.6.8). The 
transmissibility of Cilia-Associated Respiratory (CAR) 
bacillus from infected mice to uninfected sentinel mice 

6.1.3. laboRatoRy aNIMal ScIeNce SectIoN

Table 6.1.  Results of external fertilization, colliquation, implantation and frozen stored embryo at NIRS.

Fig.6.8.  A new type of cage lid and mouse cage. The cage is divided into 
two compartments.



NatIoNal  INStItute of RadIologIcal ScIeNceS  aNNual RepoRt  apRIl 2010-MaRch 2011 92NatIoNal  INStItute of RadIologIcal ScIeNceS  aNNual RepoRt  apRIl 2010-MaRch 2011

was tested to evaluate the effectiveness of this cage. The 
cage lid is very useful when uninfected mice are used 
in quarantine and in contagion experiments to prevent 
fighting among the mice.    

The frozen embryos of 15 strains of mice maintained 
at NIRS were stocked at our laboratory and deposited into 
the Riken Bio Resource Center (Riken-BRC) and Center 
of Animal Reproduction and Development at Kumamoto 
University (Kumadai-CARD).

Table 6.1 shows the results of external fertilization, 
colliquation, implantation and the number of frozen stored 
embryo in our laboratory.

 The genetic monitoring system using MSMs was 
originally established for15 inbred strains of mice. It 
was considered to be excellent regarding time, labor, 
economy, efficiency, validity, and accuracy, compared with 
biochemical and immunological markers. However, it was 

difficult to determine the genotype by viewing, because 
the DNA fragment pattern after agarose gel electrophoresis 
was unclear and PCR product size numerically. Although 
it was difficult to determine the genotype by viewing 
the agarose gel electrophoresis, the genotype could be 
examined thoroughly with MultiNA.

The optimal selection of MSMs was necessary, so a 
total of 101 loci MSMs of 19 mouse chromosomes were 
selected, and of them 60 of these loci were determined 
to be usable. To perform this technique more efficiently, 
these loci were narrowed down to 1 or 2 per chromosome, 
for 37 loci in total, which we will use as standard markers 
for genetic monitoring (Fig.6.9). The genetic monitoring 
by these 37 MSMs is possible on inbred strains and also 
congenic and outbred strains (Fig.6.10). 

In the facilities which have maintained the mouse 
strains, this system is applicable even in everywhere.

 

Fig.7.9. The 37 MSMs selected for genetic monitoring of mice. 
 

Fig.6.9. The 37 MSMs selected for genetic monitoring of mice.
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Fig.7.10. The most effective 6MSMs which are distinct in 15 strains of mice maintained 
at NIRS. 

 

 

Fig.6.10. The most effective 6MSMs which are distinct in 15 strains of mice maintained at NIRS.
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