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Abstract: We investigated the synthesis of SiC nanocrystals (NCs) of several nanometers
on a crystalline Si(001) surface, aiming at sample preparation for scanning tunneling lu-
minescence using a novel conductive transparency probe. Two methods for C implantation
and CO diffusion to Si02/Si(001) samples were adopred for the formation of nanocrystal-
line SiC aligned on the Si(001) surface. The characterization of NCs: crystalline structure,
shape, size and areal density, were analyzed by reflection high-energy electron diffraction,
scanning probe microscopy and Rutherford backscattering spectroscopy. The C implanta-
tion method could not form sufficient NCs on the surface since the diffusion of C to the in-
terface was not adequarely promoted by thermal annealing. On the other hand, almost an
ideal structure of SiC NCs of ~10 nm on the Si(001) surface was realized by CO anneal-
ing under 0.2 bar at 1100 °C for 0.5 h. The size of NCs primarily depends on the annealing
time: the annealing conditions should be optimized for further decrement of the NC size.
Keywords: nanocrystal, scanning tunneling microscope, electroluminescence, silicon carbide,

resonant elastic Rutherford backscattering

Introduction

Nanocrystals (NCs) exhibit novel characteristics
especially in the optical and electronic properties
derived from a quantum size effect. The character-
ization of luminescence from individual NCs partic-
ularly attracts our interests to understand the prop-
erties of nanomaterials. However, the experimental
method to detect electronic and optical features from
an identical NC at the same time has been limited.
Murashita et al. designed and developed a new spec-
troscopy using scanning probe microscope for the si-
multaneous measurements of luminescence as well
as electronic states of a certain NC »?. The scanning
tunneling luminescence (STL) spectroscopy makes it
possible to collect both photons and electrons emit-
ted from an individual NC by injecting tunnel elec-

trons or lights through a conductive and transparent
(CT) probe with a small curvature.

In this study, we aim to synthesize nanometer-
scale SiC crystals exposed on the surface of a crys-
talline Si substrate as a standard sample to evalu-
ate the electroluminescence in the STL spectroscopy.
The STL spectroscopy is an only method to detect lo-
cal luminescence emitted from a NC when the elec-
trons excited by injection of tunneling-electron from
the tip to the sample recombine with holes. This
method, which has special features of small tunnel-
ing-electron beam diameter and variable injection
energy, can inject and pull out tunneling-electrons
by applying bias voltage to the probe.

We prepared in this study SiC NCs on the crystal-
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line Si substrate as the standard sample emitting
light from the nanometer area. Since SiC is indirect
transition type semiconductor, its light emission
probability is extremely low in the bulk structures.
Three-dimensional carrier confinement by form-
ing SiC NCs with several nm, however, makes the
light emission probability increase. This is because
the band structure and the dipole selection rule are
significantly relaxed, resulting in the increase of the
recombination probability between electrons and
holes. Since the emission wavelength of semiconduc-
tor NCs varies with size, it is important to evaluate
both size and optical property at the atomic level
and at the same point of sample. It is required that
SiC nanocrystals within 10 nm in diameter are ex-
posed on the surface and are not to dense in order to
individually measure the luminescence from a single
NC through the CT probe.

Materials and Methods
We prepared samples with two kinds of methods

of C ion implantation and CO thermal diffusion to
synthesize SiC NCs at SiO2/Si interface. These pro-
cesses are schematically shown in Fig. 1.

In the former process, we first performed 25 keV
C* ion implantation with a fluence of 2 x 10 cm™
at RT in a thin SiO; layer with 150 nm thick synthe-
sized by dry thermal oxidation of Si(001) substrates at
1000°C for 3 h under atmospheric pressure. The in-
cident energy of 25 keV was chosen to be implanted
in the SiO; layer in the very vicinity of the interface.
The C-implanted samples were then annealed at
1000 and 1100°C for 1 h in Ar ambience to enhance
the diffusion of the C atoms to the interface. The
depth profile of the implanted C, before and after
eliminating the capped SiO: layer, was analyzed by
resonant elastic Rutherford backscattering (RBS) of
2C(p, p)*2C at 1.737 MeV using a 1-MV tandem-type
Pelletron accelerator 2.

In the latter process, the same Si02/Si(001)
samples were thermally annealed in CO ambience
at 1100°C for 0.5, 1 and 2 h under a pressure of 0.2
bar. In the previous works, SiC NCs are known to be
synthesized at the SiO2/Si interface because of CO
diffusion through the SiO: network and chemical
reaction with the interfacial Si. Since the nucleation
density of SiC nanocrystals depends on the CO pres-
sure, we controlled the CO pressure to be 0.2 bar so

(@ 4 \ (b)

CO diffusion

C diffusion

Fig. 1. Formation processes of SiC NCs in SiO4/Si
samples by C ion implantation (a) and CO thermal dif-
fusion methods (b).

that the density of nanocrystals did not become too
large *®. Surface morphology was observed by atom-
ic force microscopy (AFM) and scanning tunneling
microscope (STM) after removing the SiO: layer by
HF treatment.

Results

Calibration of incident energy and scattering
cross section for >C(p, p)'>C resonance

The detection sensitivity of low atomic number (7)
elements existing in high Z materials is quite poor
in the conventional RBS analysis due to low scatter-
ing cross section. However, the cross section is reso-
nantly enhanced when the summation of incident
energy in the center of mass system and nuclear
energy generated by the formation of compound nu-
cleus corresponds to the exited energy levels of the
compound nucleus. The energy conservation rule is
written by

M,

———F =E,, 1
M1+M2 O+Q ex ()
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Fig. 2. Energy levels of *N atomic nucleus?.

where M; and M, are the mass of projectile and tar-
get atoms, respectively. Eo is the incident energy of
projectile in the laboratory system (L-system). Eex
is the energy levels of exited states for compound
nucleus. Q is the energy generated by mass defect
in the nuclear compound reaction; defined by

Q=4m-c*= ((My+ M) —M3)c.  (2)
In the present resonance of *C(p, p)'2C, the nuclear
reaction equation is given by

IH+C - BN* - 1H + 2C 3)

and the Q value is estimated to be 1.9435 MeV.

Fig. 2 shows the energy levels of N atomic nucle-
us”. We can find that the first to third exited states
with the nuclear spins and parities of J = 1/2+, 3/2 -,
and 5/2+ at Fe = 2.365, 3.502, and 3.547 MeV, re-
spectively. It is well known that the last state of J =
5/2+ at 3.547 MeV shows significantly narrow reso-
nance of 50 keV at 1.737 MeV in the L-system.

We first calibrated the terminal voltage of accel-
erator measured by a generating voltmeter (GVM)
using the narrow resonance of *C(p, p)**C at 1.737
MeV. Figure 3 shows the RBS spectra observed for
a graphite substrate at a scattering angle of 160 °
as a function of terminal voltage monitored by GVM
from 0.850 to 0.950 MV. In accordance with kine-
matic relations in the elastic collision at the surface,
the proton energy scattered from the carbon atoms
existing on the top surface at a scattering angle of
160° 1is calculated to be 1.290 MeV for the incident
proton beam with the resonant energy of 1.737 MeV.
As can be shown in Fig. 2, the surface resonance
is clearly observed at the GVM voltage of 0.92 MV,
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Fig. 3. RBS spectra observed for graphite at various ac-
celeration voltages monitored by GVM.

suggesting that the proton ions accelerated by that
voltage was found to correspond to the resonance
energy of 1.737 MeV.

Next, we calibrated the resonant differential cross
section at 1.737 MeV by a shallowly C-implanted
sample in a Si substrate with an areal density of 4.0
X10' cm™®. Fig. 4 shows RBS spectrum obtained by
2C(p, p)'2C resonance at 1.737 MeV. It is well known
that Si has also broad resonance around 1.7 MeV.
A small sharp peak is clearly observed around the
energy of 1240 keV, which corresponds to the signal
of the 2C(p, p)**C resonance. From the scattering
yield, the differential scattering cross section
for the resonance at a scattering angle of 160°
was estimated to be 8 X 10% cm? sr!, which was 50
times higher than that for the ordinary Rutherford
scattering. It is suggested that the number of *C
atoms with an order of 10" cm™ can be sensitively
detected.

Formation of SiC NCs at SiO?*Si interface by C
implantation

In this section, we show the results of SiC NCs
formed by C ion implantation in SiO:/Si followed
by annealing ?. Fig. 5 shows resonant RBS spec-
tra observed for the samples as-implanted (a) and
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Fig. 4. RBS spectra at the resonance observed for shal-
lowly C-implanted Si (001) substrate with 4 x 10 cm™?.

post-annealed at 1000°C (b). According to the scatter-
ing yield from '?C atoms observed in Fig. 5(a), the
areal density of ?C was estimated to be 2 x 0 cm?,
which is found to be the same as the C fluence. In a
RBS spectrum, the energy of scattered projectiles is
strongly related to the depth in which the scatter-
ing centers are located. The scattered proton energy
arrowed in Fig. 5(a) indicates that the implanted
C atoms were distributed in the SiO: layer around
the depth of 50 nm measured from the surface. On
the other hand, three small peaks were separately
observed after annealing at 1000°C as shown in Fig.
5(b). The peaks located at higher (2) and lower (4)
energies correspond to the C atoms diffused to sur-
face and interface, respectively. The intermediate
peak (3) is attributed to the C atoms in SiO; layer.
This fact shows that half of implanted C atoms was
segregated to the surface and the interface by posta-
nealing at 1000°C .

After eliminating the capped SiO: layer by dip-
ping the sample in diluted HF solution, the signal
from C was entirely disappeared as shown in Fig. 6.
It shows that the postannealing at 1000°C enhances
the C diffusion to the surface and the interface; how-
ever, the sufficient C atoms could not be fixed at the
sites by this method.

Formation of SiC NCs at SiO./Si interface by
direct CO annealing

We then investigated the formation of SiC NCs by
direct annealing of SiO2/Si specimen in CO gas am-
bience. Fig. 7 shows surface protrusion image and
cross-sectional shapes of one of NCs for the samples
with different annealing time after removing the
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Fig. 5. Resonant RBS spectra observed for the samples
as-implanted (a) and post-annealed at 1000°C (b).
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Fig. 6. RBS spectra after eliminating the capped SiO-
layer entirely.

Si0: layer by HF treatment observed by AFM. It
is clearly found that epitaxially oriented NCs were
formed on the Si(001) surface. The nucleation densi-
ty of NCs is found to be about 1.0 X 10" cm™® regard-
less of annealing time. This density is sufficiently
low necessary for the optical measurement of the
individual NCs by STL spectroscopy. The diameter
of NCs observed for the samples annealed for 0.5, 1
and 2 h was estimated to be 10, 15 and 30 nm, re-
spectively. It is found that the cluster size strongly
depends on the annealing time. It should be noted
that the quantum size effect becomes remarkable
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Fig. 7. AFM images and cross-sectional shapes of NC for the samples with different annealing times of 0.5 (a), 1 (b) and 2

h (o).

when the size of NCs is 10 nm or less, so that the
semiconductor NCs are likely to emit luminescence.
The annealing period of 0.5 h or less should be
therefore suitable for the synthesis of NCs for the
measurement of STL spectroscopy.

Fig. 8 shows a typical RHEED pattern observed
for the samples on which the NCs were formed.
The electron beam with an energy of 20 keV was
incident along the [110]-axis. The streak patterns
indicated by yellow arrows are attributed to the dif-
fraction from the Si(001) surface. In addition, one
can see bright spot-like patterns, whose configura-
tion was independent of the azimuth direction of
incident electron beam. It is suggested that the ob-
served pattern is therefore derived to be the diffrac-
tion laterally transmitted through 3-dimensional
fine structure. The symmetry and distance of the
diffraction spots indicated that the NCs are crystal-

Fig. 8. RHEED pattern for the NC-formed Si(001) sur-
face.

line 3C-SiC.

As can be clearly seen in Fig. 7, the NCs of each
sample have characteristic shape surrounded by
squared pits. These pits are caused by forming SiOx
compound in accordance with the following reaction
at the Si02/Si interface:

2CO + 3Si — 2SiC + SiOs,
after CO diffuses in SiO: without dissociating and
dissociates. The pits are thus formed after removing
thermal oxide and SiOy with HF 7.

Fig. 9 shows the surface protrusion obtained by
STM observation. In order to emerge NCs on the
surface for STM measurements, we performed wet
chemical preparations by alternately dipping in
HNOs and HF solution several times. In the STM
images, we can clearly see SiC NCs with a charac-
teristic cross shape, whose size strongly depends on
the annealing time. The NCs were found to be co-
alesced each other with increasing annealing time.

Discussion

We performed the synthesis of SiC NCs on a crystal-
line Si(001) surface with two kinds of procedures
of C implantation and CO thermal diffusion into
Si02/Si interface. In the former process, we could
not form sufficient SiC NCs at the Si02/Si(001)
interface since the diffusion of C to the interface
was not enough promoted by thermal annealing at
1000°C. We also tried higher temperature annealing
of 1100°C; however the superficial SiO: layer was
damaged by the annealing process; eventually
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Fig. 9. Surface protrusion images observed by STM for CO diffused samples at 1100°C for 0.5 (a), 1.0 (b), and 2.0 h (c).

some cracks were formed on the sample. The an-
nealing time should be considered carefully.

In the latter process of CO diffusion, we suc-
ceeded in the synthesis of SiC NCs within the size of
about10 nm by short annealing of 0.5 h. The sizes of
the SiC NCs became bigger by annealing for longer
period > 0.5 h), though the number of the NCs was
almost constant (1 x 10'° cm?). It is suggested that
NCs grow randomly on the SiO:/Si interface at the
early stage of CO diffusion (< 0.5 h). After a criti-
cal time, the nucleation takes place beside already
formed NCs. Consequently, the annealing time
should be shorter (< 0.5 h) to form small NCs with
several nanometers. However, there have been also
some discussions that the critical time is existed for
beginning the formation of NCs in the previous stud-
ies . The detailed formation process of NCs should
be considered on pressure, temperature, and time in
CO annealing process. The optimization of such pa-
rameters in annealing is therefore a quite important
issue to make SiC NCs with a quantum size.

In summary, we investigated the synthesis of
SiC NCs within 10 nm on a crystalline Si(001) sur-
face by C implantation and CO diffusion processes
aiming at the sample preparation for tunneling
luminescence spectroscopy. By annealing the SiOs/
Si sample in 0.2 bar CO ambience at 1000°C for 0.5
h, NCs in about 10 nm size were formed at the in-
terface. RHEED pattern showed that the NCs con-
sist of cubic silicon carbide structure. Parameters in
annealing such as pressure, temperature, and time
should be optimized for further decrement of the NC
size for the suitable sample of STL measurements
by CT probe.
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Abstract: Breadcrumbs made from "Denki-Pan" (breads baked using an electrode bread
machine invented by Shozo Akutsu) are still on the market. We conducted an experiment to
reproduce Denki-Pan, and compared stainless steel and titanium as electrode plate materials.
The experiment revealed that the existing technology to cook rice with electrodes ("Denki-Rice")
had been applied to Denki-Pan. Thus, Shozo Akutsu had put a two-purpose device into practi-
cal use. Electrodes to cook Denki-Rice are placed either parallel or at the bottom of a cooker.

We investigated historical factors that influenced the process of materializing this idea.

Keywords: Denki-Pan, Denki-Rice, panko, titanium, gelatinization, starch, granule
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Abstract: This paper discusses the statistical characteristics of the numbers of library book
loans using data from a public library. It aims to clarify the relationship between the moment
of distribution of the numbers of book loans and tail probability from statistical perspectives,

focusing on the number of years since each book was published.
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Theory of Bilayer Double-Slit Experiment for Quantum Coherence
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Abstract: Herein, we used an ideal measurement to extend a single-layer double-slit gedan-

ken experiment to a bilayer type, with the assumption that an ideal detector is used in the

place of every slit; this detector detects a passing quantum with a certain probability. Similar

to the single-layer case, we found that when the detector at the slit in front of the film always

detects a passing quantum, the interference fringe caused by the quantum coherence on the

film disappears. Moreover, a detector at the slit that is not from the film causes the replace-

ment of the maximum interference fringe with the minimum, when the experimental param-

eters fulfill a certain conditions.

Keywords: quantum mechanics, quantum coherence, ideal measurement, bilayer double-slit

experiment
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Studies on Essay-type Examination and Automated Essay
Scoring System
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Abstract: It is expected that description type examinations (DTEs) are able to evaluate
abilities for logical inference and analytial thinking. DTEs have already been introduced in
some faculties and departments for entrance examinations for universities. As a part of "the
national common test for university entrance qualification", large-scale DTEs are planned for
subjects of Japanese language and mathematics. The scoring process for DTEs differs from
that for mark sheet-type examinations, requiring human support for scoring. In the field of
pedagogy, some empirical studies on DTEs have been reported and many problems have been
pointed out. In the U.S.A,, to scorr DTE, some ESSs (Essay scoring Systems) have been in
operation for over 20 years. In this paper on DTEs, we reviewed problems and solutions high-
lighted by recent study results based on the theory of education. Also, based on summarized
trends of ESS studies in the U.S.A. and Japan, from the viewpoint of problems with DTEs, we
discussed features and properties required for better ESSs.

Keywords: automatic essay scoring, exam, essay-type examination, machine learning, do-
main knowledge
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Abstract: Electronic state properties of one-electron reduced expanded viologen compounds
were investigated to develop organic molecular wires with high electro-conductivity, which
are useful for constructing nano-scale electronic devices. To identify better materials than the
well-studied dimethyl viologen, a prototype molecular wire component, expanded viologen
compounds with internal phenyl or biphenyl groups were newly focused on. To understand the
electrochemical stability of the expanded viologens, their one-electron reduced species, which
are cation radicals of the expanded viologens, were studied by ESR spectroscopy and quan-
tum chemical calculation. The optimized one-electron-reduced cation radical shows a nearly
planar structure of a benzene and two pyridine rings. Calculated hyperfine coupling constants
indicate that m-electrons are expanded over the three rings. Zn-reduced expanded phenyl vi-
ologen solution shows a green color and its absorption spectrum gives a clear electronic band
appearing in the visible wavelength region. This visible absorption band was attributed to
the electronic transition of the singly occupied electron in the free radical of the one-electron-
reduced expanded phenyl viologen. This assignment was confirmed by ESR measurements of
the solution yielding a partially broadened spectrum. The hyperfine structure of the spectrum
was examined on the basis of quantum chemical calculation results.

Keywords: expanded viologen, one-electron reduction, free radical, ESR, molecular wire
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Macroscopic Motion of Giant Vesicle Containing Oil-Droplets Composed

of Caged Oleic Acid Under UV Irradiation
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Abstract: For constructing a self-propelled giant vesicle (GV) containing a driving source in-
side, a phospholipid GV encapsulating oil-droplets composed of caged oleic acid, 2-nitrobenzyl
oleate (NBO), was prepared the centrifugal precipitation. Encapsulation of several number of
the NBO droplets in a unilamellar GV was confirmed under phase-contrast and fluorescence
microscopy. Major dynamics of the GVs containing NBO droplets under UV irradiation were
a self-propelled motion (76%, V = 84), and the migration direction was independent of the
position of the UV light source, unlike in the free NBO droplet. The appearance of the photo-
triggered rupture of the GV containing a large number of NBO droplets suggested that the ori-
gin of the motion was anisotropic modulation of the surface tension of the vesicular membrane
caused by dissolving the photo-generated oleic acid from the NBO droplet.

Keywords: self-propelled motion, giant vesicle, caged compound, oil-drople
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A Phylogenic Study on the Relationship between Cs Plant Maize
and Its Wild Relatives with Special Reference to
Fine Structures of Dimorphic Chloroplasts
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Abstract: To provide information on the phylogenic relationship between maize and its wild
relatives, fine structures of dimorphic chloroplasts in those plant leaves were observed by elec-
tron microscopy. Examined plants were a cultivated maize, two kinds of annual teosinte, Zea
Juxurians (Ames 21876 and PI1441931), two kinds of perennial teosinte, Zea diploperennis and
Zea perennis, a tripsacum, Tripsacum dactyloides, and Job’s tears, Coix lacryma-jobi. Bundle
sheath chloroplasts of all plants were agranal, although the rudimentary grana piled up with
a few thylakoids were frequently found in cultivated maize and annual teosinte, Z. /axurians.
They always contained a large number of starch grains. Cell walls of bundle sheath cells were
well constructed with a suberized lamella in all plants, and thickness of cell walls was the
largest in tripsacum. In mesophyll chloroplasts of all plants examined, no difference was found
in the internal membrane system. However, the starch content of mesophyll chloroplasts was
conspicuously different among the plants examined. In cultivated maize and annual teosinte,
mesophyll chloroplasts had uncommonly a few small starch grains, whereas those of perennial
teosinte, Z. perennis, and tripsacum contained relatively numerous large starch grains. These
results indicate that the starch content of mesophyll chloroplasts is a valid index to estimate
the phylogenic relationships among maize and its wild relatives, and that annual teosinte is
closely related to cultivated maize. Structural features of dimorphic chloroplasts of Job’s tears
closely resemble those of tripsacum, suggesting a phylogenic relationship.

Keywords: C.plants, maize, phylogenic relationship, dimorphic chloroplasts, starch grains
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Fig.1. Plants examined by electron microscopy. A. Cultivated maize. B. Tripsacum grown in experimental field of Kana-

gawa University. C. Annual teosinte Zea luxurians (Ames21876) grown from the seed in a greenhouse. D. Job's tears Coix

lacryma-jobi grown wild.
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Fig.2. Dimorphic chloroplasts in the green leaves of maize. A. Chloroplasts of mesophyll cells, containing well developed
grana and no starch grain. B. Chloroplasts of bundle sheath cells, showing agranal structures and a numerous number of

large starch grains. Scale bars, 1 um.
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Fig.3. Dimorphic chloroplasts in the green leaves of various teosintes. A and B. Chloroplasts of mesophyll cells (A) and
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bundle sheath cells (B) in an annual teosinte Z. luxurians (Ames21876). C and D. Chloroplasts of mesophyll cells (C) and
bundle sheath cells (D) in a perennial diploid teosinte Z. diploperennis. E and F. Chloroplasts of mesophyll cells (E) and
bundle sheath cells (F) in a perennial tetraploid teosinte Z. perennis. Note starch grains found in mesophyll cell chloro-

plasts. Scale bars, 1 pm.
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Fig.4. Dimorphic chloroplasts in the green leaves of tripsacum. A. Chloroplasts of mesophyll cells, containing well de-
veloped grana and a numerous number of relatively large starch grains. B. Chloroplasts of bundle sheath cells, showing
agranal structures and a numerous number of large starch grains. Scale bars, 1um.

Fig.5. Mesophyll cells of tripsacum leaves, showing all
chloroplasts contain a numerous number of relatively
large starch grains. Scale bar, 1 pm.
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Fig.6. Dimorphic chloroplasts in the green leaves of Job's tears. A. Chloroplasts of mesophyll cells, containing well de-
veloped grana and a numerous number of relatively large starch grains. B. Chloroplasts of bundle sheath cells, showing
agranal structures and a numerous number of large starch grains. Scale bars, 1 pm.
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Bdelloid Rotifer: A Study on the Role of Ciliary Corona in Locomotion
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Abstract: Rotifers (species belonging to the phylum Rotifera) have numerous motile cilia on
their surface, and they use these cilia for locomotion and feeding. Especially, the corona, the
most-anterior paired apparatus, has ciliary bands with densely packed long cilia. From zoo-
logical aspects, microscopic rotifers are intriguing organisms. Philodina sp. (class Bdelloidea,
order Bdelloida) is well-known for its cryptobiosis, and this rotifer species has a potential to
become a model organism for ciliary movement, because we can easily resuscitate Philodina by
immersing it in artificial fresh water. The corona of the rotifer has two important ciliary bands,
preoral ciliary one and postoral ciliary one, both of which are essential for swimming and feed-
ing. However, mechanisms for the metachrony (metachronal wave), the coordinated ciliary
movement of its corona, have not yet to be unveiled. In this report, ciliary beating of rotifer
Philodina sp. was observed with a high-speed camera after treating it with the chemical agent,
to investigate the role and mechanism of metachrony in the paired corona of the Philodina sp.
By treating Philodina with Sodium Orthovanadate (V) (an inhibitor of dynein ATPase), trajec-
tories of its swimming changed markedly compared with the control group; Philodina changed
its swimming direction more frequently to form tiny circular trajectories. By treating Philo-
dina with NiCl: (an inhibitor of dynein ATPase), metachrony was disrupted and ciliary move-
ment was mostly arrested. Neurotransmitters are known to be involved in the control of ciliary
beating in several invertebrate species. Therefore, we next examined the effects of octopamine,
norepinephrine (noradrenaline), and serotonin on the ciliary beating and locomotive behav-
iors of the Philodina sp. After the administration of octopamine or norepinephrine, confusion
of metachrony and resultant disorder of the "collective V-shaped waveform" of metachrony
were markedly induced. As the results, trajectories of swimming significantly increased the
ratio of topical spiral circle lines. At higher dose of serotonin, the cilia movement of the preoral
ciliary band was weakened or stopped, and frequent changes between ciliary locomotion and
muscular creeping behavior were induced. The administration of nepicastat, an inhibitor of
the biosynthesis of octopamine or norepinephrine, elicited retraction and closure of the paired
corona into the body, and often caused the failure of creeping movement. These above changes
may have been the reflection of the neurotransmitter-dependent control of metachronal ciliary
movement of Philodina sp. of the bdelloid rotifer. In this report, we challenge to investigate the
complex and fascinating ciliary metachrony of the Philodina rotifer. We hope that our efforts
will promore studies on ciliary metachronal wave using the rotifer.

Keywords: Rotifera, rotifer, Bdelloidea, locomotion, ciliary beat, metachronal wave, norepi-

nephrine, octopamine, serotonin
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Purification of Crustacean Female Sex Hormone from the Eyestalk of
the Kuruma Prawn Marsupenaeus japonicus and Its Biological Activity
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! Department of Biological Sciences, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa
259-1293, Japan
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Abstract: Recently, crustacean female sex hormone (CFSH) has been purified from the fe-
male eyestalk of the crab Callinectes sapidus. Gene knockdown of C. sapidus CFSH by RNA
interference was shown to inhibit the appearance of female reproductive characteristics. This
result suggests that CFSH controls female secondary sex characteristics. Recently, we cloned
cDNA encoding the Kuruma prawn Marsupenaeus japonicus CFSH (Maj-CFSH). In order to
examine the biological function of Maj-CFSH, we purified native Maj-CFSH and assessed its
biological function. In our previous study, native Maj-CFSH was localized in the sinus gland
located in the eyestalk of M. japonicus. Therefore, sinus glands were dissected under a stereo
microscope and an extract was subsequently prepared. The sinus gland extract was subjected
to reverse-phase HPLC. All peak fractions were collected and subjected to western blot analy-
sis using anti-Maj-CFSH antibody. As a result, immunopositive band was detected only in a
single peak fraction. This peak fraction was subjected to N-terminal amino acid sequence anal-
ysis and then 10 N-terminal amino acid residues were determined. This N-terminal sequence
was identical to that of the mature Maj-CFSH. These results indicate that we have success-
fully purified native Maj-CFSH. The effect of the purified native Maj-CFSH on vitellogenin (VG)
gene expression was examined using an ex vivo ovarian incubation system. Maj-CFSH had an
inhibitory effect on VG gene expression, whereas the negative control (medium only) did not.
Maj-SGP-VII, which is one of six vitellogenesis-inhibiting hormones (VIH) in M. japonicus,
also had a clear inhibitory effect on VG gene expression levels in this incubation system. These
results suggest that Maj-CFSH exhibits vitellogenesis-inhibiting activity in M. japonicus.
Keywords: kuruma prawn, Marsupenaeus japonicus, crustacean female sex hormone (CFSH),
vitellogenesis-inhibiting hormones (VIH)
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Preparation of Meiotic Chromosomes of Arabidopsis thaliana
by Digest-and-Fix Method
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Abstract: Meiosis is an essential process for the production of gametes, and it consists of

one round of chromosome replication and two rounds of mitosis. During meiosis, the chromo-

some number must be accurately halved, or subsequent generations produced by fertilization

of gametes with irregular numbers of chromosomes will become aneuploids, which are lethal

in most cases. This accuracy is guaranteed by homologous chromosome synapsis and even

segregation. Therefore, synapsis and the following segregation are prerequisites for the pro-

duction of normal gametes and the next generation. The molecular mechanism of chromosome

control during meiosis of plants remains unclear. Unknown components such as ncRNA may

be involved. In order to elucidate components of this mechanism, a new method of intact chro-

mosome preparation is necessary. We explored the Digest-and-Fix method, which consists of

two steps. First, digestion of pollen mother cells with cell wall-digesting enzymes while keep-

ing their plasma membrane intact, and second, simultaneous fixing and spreading of chromo-

somes with Farmer’s solution onto slide glasses.

Keywords: Arabidopsis thaliana, meiosis, pollen mother cell, chromosome, cell wall
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Study on the Mechanisms for Melanophore Contraction in Ofocinclus
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Abstract: Otocinclus is a very popular catfish, belonging to the order Siluriformes, fam-
ily Loricariidae. Otocinclus has a very flat dorsal surface and the melanophores in the dorsal
dermal skin are distributed in a proper density that allows us to recognize and quantitatively
assess the morphology of individual ones ; thus, we think that Otocinclus catfish is appropiare
for the study of neurogenic regulation of melanophore aggregation/dispersion phenomena. Us-
ing a pharmacological approach including the hypodermic microinjection of neurotransmitters
and related agonists/antagonists and the immersion of whole individuals into reagent solution,
we investigated the mechanisms regulating melanophore activities. Our results are helpful to
understand the adrenergic control of catfish melanophore activities. Therefore, we believe that
Otocinclus is a good teleost model for the pigment cell research.

Keywords: catfish, melanophore, aggregation, adrenaline, muscarine, innervation
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PRBA%G 60 704l BRI L7,

OEETIZE LAY L7Z, 5 mM NE & 0.1 mM
Yohimbine Z#i& S L Z A, 15 AT 2 fERIX
BAFRAYAO—HOFEIR COLELE L7z (10 4
%5 60 0tk £ THRE LLT 10-60 43 & FKiD),
o> 7TEARIZEGERERAIER L, %9 O 6 18R ITE
L LI b RO bR -7 (10-60 251 5 X 10),
*7-. 0.1 mM Yohimbine B ALER Iz L v, BM#E
fa 3 yil L7z (n=14/15; 10-60 43#), 5 mM NE &
1mM Rauwolscine Z i e SE255121%. Bl
DGR U7l 15 iR T hH D . T EK TR
BFMEPIEE L AR D 8 EIRITZE L3 7203 - 72 (10-60
4515 X 11), F72. 1 mM Rauwolscine HEAHALER|Z
X, BOFERIIEELZ (n=14/15; 10-60 73),

—77. al 2RI ER|D Prazosin £7-1% 1 %
HARBEZEAID Atenolol 2 NE & iS5 S8 TH NE I
LD BOBROEEZIE T 5 Z L1 hoTe, 5
mM NE & 0.001 mM Prazosin # 5i& S 72354510
1310 ER D2 T TEREAFERNEL L (10-60 75#) .
5 mM NE & 0.1 mM Prazosin #5i&a S84 5 &, 15
fEAR T 12 B R CcRAaFRNEE L7 (10-60 5% ;
12), 5 mM NE & 25 mM Atenolol Z 54 S5
&L 15 kD4 CCREAFRINEE L7 (10-60 7714
13),

KIHERRE L LT, 0.1% MS222 — 10% Steinberg Fifg
TR D FEBREAT o 1203, ZALIZR bheh o7,

Gontrol 0 = s
Time0 23 (100) 0 0
30 23 (100) 0 0
60 23 (100) 0 0
1.0mM 0 = —i=
Time0 23 (100) 0 0
30 6 (26) 16 (70) 1(4.3)
60 1(4.3) 18 (73) 4017
5.0 mM 0 - -
Time0 2 (100) 0 0
30 0 0 2 (100)
60 0 0 2 (100)

=820 - 24°C, jB[E: 23 - 33%

8. Tizanidine hydrochloride i & 3£ 5k D fif 5. ALEHBH
£30 0% (/£ 1.0mM; 45 | 5.0 mM) DR

% 2. Terbutaline Sulfate {21& FZER DOFEH

CGontrol 0 + ++
Time0 22 (100) 0 0
30 22 (100) 0 0
60 22 (100) 0 0
1.0mM 0 + ++
Time0 22 (100) 0 0
30 15 (68) 7(32) 0
60 8 (36) 14 (64) 0
10 mM 0 + ++
Time0 22 (100) 0 0
30 10 (45) 12 (55) 0
60 4(18) 14 (64) 4(18)

=B 19 - 23°C, iBE: 50 - 62%

IR0y # (5mM NE 1504%)

NE Bl BE | FREL
5mM 15 14 (93%) 0 (0%) 1 (7%)
10mM 15 15 (100%) | 0 (0% 0 (0%)

9. 5 mM NE ~OIRFFROFR (B IT OXHIREF) .
Bars, 500 pm.

ALERHT (5mM NE 1504%)
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ALERFT(0.1mM 150f8) L6043 (0.1mM  1506E)

|NE+Yoh,| il Ak gy | ki
0.1mM 15 2(13%) | 7(46%) | 6 (41%)
Yoh.Biid 15 0(0% | 14(93%) 1 1 (7%

10. 5 mM NE, 0.1mM Yohimbine ? 345525k D#E 5.
Bars, 500 pm.

5000 ==

0 30 60 —L
Bl (53)

14. #EHLFRRE (10% Steinberg k) DR iEFEERAEH (32
BRI Ot FREE) . IRIEE 4 0 4 (A2 |) LR35 60 5314 (F F)
ODFEELER LT 7 (F) ThdH., FETIIEN
7o, 777 ThbhbEYREREITR b7\, Bars,
100 pm.

ALIEET(1mM  1504%) ALIE604 1% (1mM  150£%)

NE+Rau.| 152§ BE iR | Fiehl
1mM 15 0 (0%) 7 (46%) 8 (54%)

Rau. Bi ¥d 15 0 (0%) 14 (93%) 1 (7%

11. 5mM NE, 1mM Rauwolscine 734555288 s 5.
Bars, 500 pm.

10 mM NE
30000 »
25000
e —-B
E> E 20000
% 1000 >~ N\ .
s S i
2 10000 S
JRIER (0.1mM  150f) SLIBE043# (0.1mM 150%) & - N\
ﬁ 5000 N,
NE+Pra LB BE A kil .
0.1mM 15 12 (80%) 0 (0%) 3 (20%) 0 % o« ™
0.001mM 10 10 (100%)| 0 (0%) 0 (0%) Bl (43)

TR FRBRORIA. Bars, 500 pm. 5 (EL) LRI60 A% (k) 0FHER~DL, R

ERBOERPA LT Z bbb, Eif Lz

Ror777 (F) b bRBROERENPTATIS. Bars,
100 pum.
INIEFT (25mM  150£5) AMIEE04 4 (25mM  150£%)

FEER1 -a
A D 10% Steinberg i D 123218 L 72 % FRSE
BT, HEVRERETALN»>T2 (n
=12, P> 0.1, X 14), Norepinephrine (NE) [Z &
B LR 30 0RICITEARRPEELLE (n
NE+Ate | {l%g A ihEy | TRl | =6, P<0.01, ¥ 15), Oxymetazoline ~ ® {Z i T
2ol 15Tl (0w | Diloa) 1. 60 47T T IC BRI LE L7 (n=15,
13. 5 mM NE, 25 mM Atenolol 0 3£ #% 5. 52 B i 5. P <0.01, X 16), Nepicastat ~®{2{& CTi%, HE
Bars, 500 pm. RPN T 2 A & R S RO RFAE L
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~A
—~—B
=L
D
—E
~F
-G
—H
-
-)
—-—K

B

~M
0 —N

30 60 g
BAA (59)

16. Oxymetazoline 2 FEHAE R, 12H5E% 043 (&£ F)
LIRIE 60 0tk (Bl OBEELZLD L, BAEROKE
AL TS Z e hbnnd. ZofREERIL LI L
A, I 7L BEIMEmMICH D L2y D. Bars,
100 pm.

0.1 mM Nepicastat

35000 —A
30000 e
E -
£ 25000 .
#E 20000
= g
% 15000 —r
ﬁ 10000 =g
B 5000 —H
0 -
0 20 60 —

17. Nepicastat OiZ{EEEFE R, RIEE®% 04 (L F)
ERRIE60 0% (hl) 2#ibe, BEFEROmBENEL
L TRV MER, BEINL7of8R, b LB T, @
R LIZE LR BLRMEN RO . BaEROmEE &
#Lize Zh, ERICE > THEAx & bZ R L, fi—L
BRI N2 ENT T 7 (F) b batAai
1%, Bars, 100 um.

7= (n=10, P> 0.1, 17), EBR%FH FE CITHT
L 7= {E & 1% Oxymetazoline #LEE L 7= 15 {E A& 2 {#
{& & Nepicastat #LEE L 7= 10 fE{A&H 3 HIA T, 10%

1.0 mM Atropine

0 —-L

0 30 60 —m
[SY L YN

18. Atropine iZ{E RS, RIEEEZ 0 (L) &
21 60 0% (HFE) OFEENA~S L, BaRMOHEE
DML TWD Z LR Dnd. ZORREERLLIZS T
ToB BHEIMEMICH D Z &350 5. Bars, 100 pm.

Steinberg i ALELALEE L 7~ {& {4 & Norepinephrine
VPR U 7R & Atropine ZLEE U 7-{E{RIZ 9 <CTHEH
ETEFLTN,

FEERTI -b
Atropine ~DIR{E TIE, BAEFENIT 60 5572 F TK
BICRARRANILH L. (n=13,P<0.01, X 18),

BRIV -a

TR D 10% Steinberg K D 7 % 4T U 72 % B 525k
TiE, HEYRERBITAH LN > (n= 15,
P>0.1,X19),

Norepinephrine (NE) % ¥4 L 72 /5%, 10 53%12
TR AFENEE L (n=15,P<0.01, X 20),
Yohimbine {41 CTid, 30 3 h T TREBIZBAFILN
L7 (n=15,P<0.01, ¥ 21),

FZERIV -b

Muscarine {E5 Tl%, HBEAFEIEL 10 5% IS IXIEH
L7 (n=15P<0.01, X22), ¥7-. Dopamine
HTIE. 10 pBIITEERIGEZ /R LT (n=15,P <
0.01, X 23), Serotonin VEH Tix, BTN ERE
T DM LT A ARG AT (n=15, P
> 0.1, ¥ 24), GABA EH TlL, RERZE(ITRAS
Niehrotz (n=15P>0.1, X 25), EHEIZHET
U 7oA T, 58k 3 RFffZ ICAE T L7z 1 fER DA T,
L OEARITEBRELE AR > THAEFEL T,
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SEE R OB (5#)

19. xHREE (10% Sreinberg i) DL F2ER D5 H.
WERT (B L) LES30S% (B oFEE, EREik
L7727 (F) Thd. FAETEE RS, /77T
HLHEY REREIFR L2, Bars, 100 pm.

s

0.1 mM NE
50000
45000 —a
40000 -
35000 -D
30000 —E
D 25000 o
T 50000 —c1
# 15000 o
m 10000 A2
i 5000 &
- 0 D2
=81} 10 20 30 k2

SR ORME (58

20. Norepinephrine (NE) O 75 £ OFER. 0.1 mM
NE dSoEga (L) S 1045% (k) oFE
s b, BERBOBEMIIRD LD 2 ERbnd.
ERALLICHERDO 77 (F) b bboingd. —HIUH L
TeBAFITON THRITDO R E SITE -T2, Bars, 100
pm.

o v

FEER T, ERI, EBRI-a, ERIV-a Ly, 4§
VU NADRBERRIT, 2L OMEHIEEE T
NE (KRB ORIl CHRESE L7 (6. X9,
15, [X20), WIIED a2 ZRRITIER DT T A
A IEIZ 771E L Norepinephrine O Jix Hi & #iifi] 4~ % &
® feedback #EHE THEI < Z & AFNHAVTWD A, A
72 ? Yohimbine BEDFE H H 1, T~ X HAFET

BE#7 10 20 30 40 50 60 E
-=A3
EHHE OB (SE)

[X]21. Yohimbine {35 E5 OfE R, 0.1 mM V=5 O 571 (42
) LR 105% (G OFEAH~LE, BEaFEh
DEFBREINLTWD Z Enbns. ZofREL ERT
HE, TI7nb b BRARMOmEBEIEIMERICH Y, °
NTHRITLORE ZITRED Z &M%, Bars, 100 pm.

0.1 mM Muscarine

EET 10 20 EJIE
SR ORE (58)

22. Muscarine OFHEBROFE R, 0.1 mM Muscarine
EHoEHNm (EL) LEF100% BL) oFEE%
N E, BOAFEROEEMEMLTNDZ EXbnd . 2
OfEREZTEEALT D E, 77 7 THHIMEIZH D Z &M
n%. Bars, 100 um.

b a2 ZRERD ST T AR RTE L, REED A 7
ZALEH ) DIZONTIL, SR OEERRFD M
EZHTHD (K10, 21), Terbutaline ZLEE T
HaZNE L-2 06, O. vestitus D B2 %
KD BAFRONFEICE S35 Z LA RE I
(#2), £72. NE IZ a1 ZEKEHLZE 0 Prazosin,
B1 Z IR ERAI D Atenolol Z & ST H HAFHE
faDEEITHE S AT (K12, M13), —FH. «o
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Sohe . Y v
.’....1 .‘:':‘1

10mM Dopamin

50000 =
& 45000 i
40000 D
35000 —E
& 30000 -
@ 25000 ‘o
E 20000 D1
M 15000 £l
~ 10000 ';:
K 5000 o
m 0 D2
= BT 10 20 30 -2

EHBORM(21K)

23. Dopamine 5 8 O 5. 10 mM Dopamine 71
WorEsar (£E) LEF105% (5L oFEZRE
N5 &, BREFEROERENED LTS, Bk LT —
ZDT T TG, EEOBD NSNS, Bars, 100

pum.

10 mM Serotonin

£ 40000 —
3 35000 , —8
1 30000 - =/ = -

@ 35000 - 5%

B L -

. 10000 o

. 5000 a

m

~— 0 D1
EAT 10 20 30 40 50 60 =

=F1

FEHE ORI (28)

24. Serotonin OVEHFEBROFES. GH (10 mM H5H)
D& Hiz, BEFEROmBENHED L fEEduwiuk, 21k
LaWEE W=, 77 7T, BRAFRROIMEOA K
DONTIE—EDBAEPEIZA U Cu/evy. Bars, 100 um.

2 ZRIEMAER|TH 5 Yohimbine, Rauwolscine % 5
HEED L BOFEROBEENIESZ (K10, X

Y

10 mM GABA
10mM GABA
50000 =4
& 45000 P
£ 40000 -0
% 35000 - ~E
8 30000 o
@ 25000 - oo
B 20000 —_ D1
M| 15000 —E
10000 — u
B 5000 -
m 0 : e
EET 10 20 30 -8
EHER OB (5H)

X 25. GABA OFEFFEEROFER. 10 mM GABA {51+
Fra (£ L) EEF105% (G 2#45&, BEHER
OHFEIFEIL L TR, ZoEELIMIBW T, BE
FHOWMIL, GABA OESFIZI - T, - b & L
LoDIEH R bz, Rk Lz Z A, Eikick-T
Kex 2B b ER L, W lmrEid e not= 2 E RN T T
7 (F) »bbbhad. Bars, 100 pm.

11), o T, I h I VR BIT 5 BRI
5T, BOERO o2 ZREEN LIEERE
=R (AN cAMP OE)) BNMEWTND EB XD
D, a2 ZARMBIZEITHRHIL D > F 7 AR
oA Uy ARTEMELEEBE 3 L CHIRICER L, =
I a2 ZHEEILERZEGE LADT f — RNy 7
Hl1E 2 Bl 3~ 5 L AR B IS 5, AR5
IZBWT, NE & o2 ZAEEER & ok b, i
1% a2 S ARRBAEA O B 5-C b BB R 0 L
L 7B 54 Ui IOV T, o0 P44k T
H o7, Otocinclus BEEFENID of BZHEIZXT 5
NE A OBAEOREE & iz, %O EFE
HIu,

NE OEEFIC & » T, EHERTEO B FE
Bl 10 SFREED & A WA — L THIUC RS L,
H£ L7, — 5T, EH L NEBKROE T TORLE
WIERT 5 &b s 23, 4 80 43%I1C1E NE
EHENRITEN, BRI coRE IICEE LK
(IX120), —J. NEZIEERIZ L 2 BAFEROEEE
1% 30 D EICITRBEE L T2 (K 15), B F~D
NE OB N0 o220 Th A9, LT,
D7p L i< 30 S EEERN R Bt LT- DL, 7
BEIZE D TREDONE 285 L7722 LICENT B &
Bboihd, BIEFERIT. RMOEFEOHEN;RA
FIADOULHE [ BB D RE R DOMEROLEIF I 72 5
BENHDHOT, ERERZTOLIZLT, 2B
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RIEER TNV D ONZY R FIEE =2 D
MhH LIV, AIFEOEEEFENICIB T, [H
—OFEANL, BEAFIONGHE /LB LT, Z A
Lo —RAFRpn L, ERHERTHREFRTHFE
FRONRZ BT H LT, DL D RERNBIT, A
N U ARSEE ST LT IRIEEROIROFR Y I
ATk T D E BRI D,

EERIV-b L0, BEAFENWIZEIT 5 acetylcholine
ZRIE (Muscarine 2 &) OFEE LR R I
72 (X22), FEBRIT -b O FIAS AR RN T H 5
Atropin OIRESEER DAL FIIMRAEE L (X 18),
% 72, Dopamine $&5- T L\ B4R 0O IHE DN
sz Enb, BAEFERIZIHSVT Dopamine 5
REORBDBWFFE NS (K23), L LMh T,
Z OULAEIL. Dopamine 73 NE ORIBRIATH D = &
WZEIKT 5 AlEME B35 2 5D, Nepicastat (25K 5
RIEFEBRTIE, RSB RO -T2 &
/% dopamine f-hydroxylase I& 54 3 g D I AE (2
EH#RAL L2 orb iy (K17),

F 7= Serotonin, GABA D T30 D K
ZE LWEER AL »o T2 L n, BaFia
DWHE [ JLHRAZI T 2 b OIREYE I XE R 5 L7
WeETENS (124, [X25),

ASHOFEE LTI, O. vestitus D a2 ZHRIKR
DARY G REKE ) n—= 7 L CEDORER
RlZd1T 258 & JAfEA JERE L, 4 [R1o0 F28k T H
L 723K L 132 72 5 agonist/antagonist % V& L.
INHOMEREE L VAT AMNERD D, £125
FIFEHER TOBER TH 72, BAEMOIHEE 3
WITHIZFHI T 5 R T D2 LER & D,

AWFFEDERIZ L > T, KL THAF LGNV T =
RO/ CTH DA My I VAR RAFEO
IWHEDORFZEICA R ET VAL R Z L IVREN
T LEFHELITEZ WD,

T

FBRIVORREIZOWTIE, M&)IIRE (B AP
RFIBEHE 2 —) OLHEE LI W% TE
EFE L, BEHERLE L BT E3, AREFFEIES)
KRG B pr LA seBhpk (RIIS201809) %
ZTCEMEINE L, REBEFMEIAT RN
FTEANAZHELE L B ET,
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Studies on Establishment of Culture System of Green Paramecium,
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Abstract: A green paramecium, Paramecium bursaria, having several hundred symbiotic
algae in its cytoplasm, is widely distributed in freshwater habitats of the world. The symbiotic
relationship between P bursaria and symbiotic algae is an excellent model for studying sym-
biosis between eukaryotic cells. Algae-free £ bursaria lines have been produced to clarify the
symbiotic relationship between £ bursaria and symbiotic algae. In addition, multiple stranes
of symbiotic algae have been isolated from P bursaria . It has also been revealed that these-
cloned algae could proliferate in algae-free P bursaria leading to green P bursaria . However, it
is still unknown whether algae are the only symbiont with 7 bursaria . In this study, bacterial
flora analysis of the P bursaria medium was performed to investigate the relationship between
P, bursaria and bacteria. Moreover, a strain of £ bursaria , which can be cultures without of
bacteria as food, was established. The results obtained will be discussed in this report.
Keywords: green paramecium, bacteria, culture medium, symbiosis, protistology
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REWLRIFAEEDO —FETHLWMERI FU Y DY e (VUL TIERLS) I RUY T LUE

I (Paramecium bursaria) 1%, KWNIZHERE 7 1
U IZHBOAREIEEFEIEAEL TnD, KEX
X100 m BBETH Y, WIRTHRFEBEICAZXHAT
DALY & BREIZKRITE 5,

IR YU AU, HERSHICEREIIZAER L
TW5, A TITIAERMAMANICIAE L TN A
W RU YU LAY BAEBELTWS, L) HiE
LbhHoHY, B<HEONTWAY YAV EI N Y
7 U AR, HWAEROG A RITITEVIZELEOE
REZHEL, FUMERICHYEINLTWS, Ll
WHEEZRSELHE, &5 i/ﬁ)A/_AE%
EHAEIHLERELARARETH S,

PIC Az A TE B D724 9 Dy,

HAFBLEI N YT AVEEFORAERA =X A
EHONCT L0, AN R Y T U AT AN
ZEEN T AN LHINHER T 2 FIEDN SRS ST
52, -, SRV YU AU SHEEESh A
B O— UMb EBESL SN TS Y, ZAHDH
B AR IE, AT AW KU Y o U AR
IHHE, HREINEMOMAEENI Y YT
LAUENICEEI L, BRI ko) S R Yy
UL HFEIEITSELELARETHS VY, Bl

Eﬁ%i BHERR OB T, S RU Y YU A

NZHAE LT RWIREE CR ISR N AIRETH 5,
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FRARFEIC, D OB EREKE Y T Y AT
FAEIECHLHAERIBRNL Y 7Y AUERNIZE
3, BRoEIC Ty v Ay A5
LHEIIRARETH D, AT EI R YT
LTV LATDIDL D REIEDEL, EOX

IRBATETLDIEA I D, ZOBEBAEZH LN
THEN, [HEBOI RY YT L~OHERXT
= X LORIA | ZERST D FIIREN RN, o7
W, FERMIAOI KU 0 U LT LORENT
BB TH D,

AT L CiX, o FAEMTFRR T S EA T
W5, —J, LRI YUY AARNO I EBOFEEA
ZhhH, RZHICAERT DI U Y 7 U AVERN
DOILAEBOWRINFE —E D, 728, ALY T
TREATIZRA L T OFHERKMHADOE E TH 5,

YU LUIE, EDVORTTYITRONE, &5
Wi (BHRATEED) #RER i L CERN ]
BTHhHsD, —HI RV Y TUAUE, KEEOFH
TE % HPE, RNOEFENFEET DA REY
ZRIHLUCAEGENARETH D, £z, AR TH Y
TIVTRIEREZMEL TV D AlRMEILmE Y, S
DI, KEEBFIATERWERERE (KM L) Tl
VULV ERBEI RY YU ARSI T
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fit% M T 20-30 MR/ U = VR (B E ClE
7-10 MfE /mL FREE) (ZHEAE L 7ok A& SN L, P
IATOT R REREE S DI ER VIR LT, B
BAtAT% — I C 100-200 #lfa / 7 = VEREE (T
1% 30-70 AMAY /mL FREE) (ZHE5HE L7-#k & 100 mL

]



KEZT M I RU Y DU AVORRROMNIZET 20198 87

B (200 mL =2 /b)) (TR IR ABIER LT,
e 48 BAtAT: 40-60 H FEE T 1000-1400 i /mL @
BRI L 2 IR BHIEOER W) TH ¥
N—Z—NTEMM (1FERE) RFELE. ZOM,
THONRZ T Y TGS LT, AR EEI
2018 4E 4 FfE, & 51T 2019 4E b BEICFE MK A TH
Do

IR Y OYLACORERIC, BEANZTVTRE
DY & FAND Z LIZBRICIR R, FEER, AWFgE S
N—T"TH, BANSI R VoY AU E2HEEL=
BLIEL I, VXA 2R A L TRER
To Tz (2017 FLLRD . ABFGE T V—T %G e,
BT CEMINTVWD Z DX ) REHRETIL, B
FHINZ DY (FHEAZT VTSNS, 2 R
U LN ONRIDJRA Y72 8 R b &2 TR
LTCWAIEZ V—T" 8 B D) OFEFENRLD,
RU YT U LUEERFEOE—( (B—(kEix, &
ORI N—TTHRLFEROI R Yo7 ATE:
BRMZRWTEREZITH, OFEWR) BTy
EWO AN B D, AEBIIEL T, fIXIXAAR
EN, 20T TERESNDGI R Y DU LAY
WZDWNWT, EOMEIRTHIE CHEO A mER 4 L
TWDDh, S BIZIFE—EERNE O A # (400 fE
FREE) DRIFENE R L, AR FHICOW TR
HTH DT TIlol 7, HAERICET 58—k
OREZ RS D72, HEFERELZANI R
VU LTEERL 2, FZicrsa— Ak LAk
EA A S TN O B O FE N 25— 0
IRV YL R TE7 VIR YT A
V) BERTIRA BN THD LY, LavL, B
EFIZI RV YT AU BIABENRHEAD LT
HEVHIBIELDHD, W BB oA EE S
VI HHAI R YOV A THhoThH,. EME R
e THEAEBO- ) 2 HWICHRIET D 2 L3 LV,
SRV Y DY AVEBIOKARICEDS Z DL S 7
[EBRMELE L COBEDRGE], SVt sE TR
U0 A EFEREMELE LTET LT D] FIZ
B L CARSICHE S5 MEE R 5 1ERIT8%
Thb,

EshonNy sy 7

S RYU YO ATEFANSHEBELZEZIZ, IR
U o) AUIRNIC =Y L L TEEOANZ T )T
RZ OO (FBERESCRAEAY) 2BV AL
TWAHIETTHhHD, ZNoOMAEMIT. I RV YY
UL Z—PUHBEL, JEO L X A CUee % i
DIRLTHBREINRWEIHATHS, T
T, BRESNRD TR TV 7 ROME I

P CHGE L, BRET IO RE IS IET
Thd, AWETIE, BAPGHBIEZOI N Y
7 U LT OERIKITOWT, =G T TR
B—EOHM I IR, N7 T U TEEHORE
KEsH (BTB ZZREGH, = v A1) ([Z@MtE. Bk
ST F YT an=—0RESE 16SrDNA O
Sl oncd 52 LIk ER L, ZOFERIC
L0, BEMGES (RS Shle=dos 70T
DMENL) 2B ED X D RO N TV 7 R
THIFH L TV D>, RREFI e BIZ 21T o 72, £ Ok
R BERBME 2 HCIE, BESnns 7T (B
iff JCM14683) MMENL Td o773, 5 A B b fhff
D7 T U T HEEGE LG T, 12 H Tix JCM14683
134 & 419, Proteobacteria |2 J& 3% Variovorax
<. Bacteroidetes (ZJ& 3 % Chryseobacterium 72 £
DT T U T PEAICHEL Tz, ZHRb 0y
TUTIE, = EEEZEM L TEEOI R oY
LAVEERZA TR SN TEBY, IRV DY
Ly DOERREREE T CORIERE Th D AIRetEr @ b
DEFEZ B,

wf v

AR CHA SN R Y o) AV EE LS
TELTP, EMAREWRTOZ a— (Flif/e s —
Ja sk OMIBERN) TiX2Rv, Y7 U AR RY
V) AVERELZES O WL HIREITH DN,
MG v ) AT, EO®%RIENICAZ 71U T 5
AL CWBHERFLNCENT, 7T ) T o4k
TN DY) AR R Y o) AVOETFICITNE
TH D AHEMED Y,

AWFRIZ L BRHIRSNE G2 7 ) T &5
TP H AP CHERFTES5I R YT U AU
DHENT STz, ANERDS B D =W OF G- L RFE T,
MHEHBER ZND ENL BV OHIFHERFCTE 50,
Ltk Ik e MERBVERE N MIETH D, AlallE, A
77 U T H5ERAE% BRI CORMBRPICE T D
77 ) THROB\LE R LT, Sk, BRHIF Y
TUVTEGEZETHRF SN2 R Y 7 U AR
RHIZBWNTH, N7 T UTOMBEBED L D ITE
{LLTWB 0, MR T D 0LERH D,

a7

AWFZEIE 2018 A3 R e A B A 4 i L [A)
rZehE4: (RIIS201808) %321 CiT-> 7=, AHFZE
DBATITIE, FRNKFEO B BBl (FLEE) |
LB IETR (BRAED)  H ERnf 2z (B 246,
HEmAEASNL ONBE ED> BT PR B AR R
FEILR) OWIESZ, ZIUEHOBRERT D,



88 Science Journal of Kanagawa University Vol. 30, 2019

SCHk

D

2)

3)

Tonooka Y and Watanabe T (2002) A natural strain of
Paramecium bursaria lacking symbiotic algae. Eu-
rop. J. Protistol. 38: 55-58

Hosoya H, Kimura K, Matsuda S, Kitaura M,
Takahashi T and Kosaka T (1995) Symbiotic algae-
free strain of the green paramecium Paramecium
bursaria produced by herbicide paraquat. Zool. Sci.
12: 807-810

Nishihara N, Horiike S, Takahashi T, Kosaka T,
Shigenaka Y and Hosoya H (1998) Cloning and
characterization of symbiotic algae from the green
paramecium Paramecium bursaria. Protoplasma
203:91-99

4)
5)

6)

7)

8)

FAE S (2000) K= L ¥ —THEE 284, A%
70: 636-641.

ML (2013) JFAEBM I KU Y U U A Ogkict
£5. Uodx JHFEF T3 1-6.

Preer LB (1969) Alpha, an infectious macronuclear
symbiont of Paramecium aurelia. J. Protozool. 16:
570-578.

Gortz HD (1982) Infections of Paramecium bursaria
with bacteria and yeasts. J. Cell Science. 58: 445-453
Hosoya H, Hamao K, Kato K, Dohra H and Kotani
S (2017) Studies of green paramecium, Parameicum
bursaria, isolated in Kanagawa Prefecture. Sci. J.
Kanagawa Univ. 28: 79-83



Science Journal of Kanagawa University 30 : 89-96 (2019)

MR EN 2018 G| KR A B ZC A L FIF ST Bh Ak i
JETEREA DNA D MIG-seq 312 & 2 AW EEH: - r Lo

AEER L2 NEHTH? MR B FEINER®
AW H* REEHEE® PEEZ® A KT

Examination of Possibilities and Methods for MIG-seq Analysis Using
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Abstract: Herbarium specimens hold their DNA information at the time of collection from
fields. This DNA information provides us with the opportunity to directly compare the past
and present. However, it is difficult to analyze specimen DNA in the usual way because the
DNA has been fragmented due to the effects of ultraviolet light and chemical fumigation.
Therefore, in this study, we examined possibilities and methods of MIG-seq analysis using
specimens of six plant species. As the results, several thousand or more loci were sequenced on
average in all species, indicating that MIG-seq analysis is also useful for plant specimen-de-
rived DNA. The number of loci and number of sequence reads obtained by the next-generation
sequencer were significantly positively correlated, and the number of loci continues to increase
without convergence even if the number of leads exceeds 300,000. Although the number of loci
after correction of the number of reads decreased in old specimen samples of three species,
a relatively large number of loci could be obtained in many samples in the case of specimens
prepared around 1980. Also a sufficient number of loci were also sequenced in some samples of
older specimens. Therefore, as long as the specimen condition is good, MIG-seq analysis should
be useful even for a fairly old sample. Moreover, when the sequence data from multiple inde-
pendent library constructions were integrated, the number of loci continued to rise even when
the number of reads exceeded about 800,000. In conclusion, the most effective way to perform
MIG-seq analysis for plant specimen-derived DNA would be to carry out multiple independent
library preparations and obtain as many reads as possible.

Keywords: Plant herbarium specimen, DNA, MIG-seq, next generation sequencer, stacks
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LN TH D, REREAEARIT, M3 I FHONTSE
DFERE 72 27207 T < HUBOREMFRAFZE00R A2
Z1T) ECHEERERE L 725 Y, FRCEHERT
72 EDOMBENFRE T AEARIL, A& TOEREOR
MO E Vo ERITbHAALLE LT, 4
IKFD DNA A &4 A L0 7L E L TEDOHIC
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ERARDYA . B H¥K DNA O E DR 6 5T
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FEERIZ, 30 FERNCERL S = 7 2 B Al O i e
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ZLENHETHD Z ENHESTWD Y, R,
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LAl MIG-seq {ENEHEEAR D DNA (2%t L
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RKNBINREEZRASNCTHZEHHENE LT,
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Blume (7 7 &), 3>\t = KU Eupatorium
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M.Hotta (= U ®), v XHEMnbe 7 ) AT
Lycopodium clavatum L. (e 17 ) T X8, <>
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B ofastefAEATL, TNENDOREIZHOWVT,
RN STAMO R - HEREEE (AR a— NiE
KPM) | &8 RERE IR 2FFERT (NAC) BEZHE T H 2K
ASCHEEE (YCM) (U S 40T D B BEREAR A5
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BRI L7z, WERE LClE, 7 HEA 67 A (KPM UY
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(NAC UL, 1981-2010 EFHY) | = > A Y A
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A 6 5 (NAC I, 1981-2009 F1ER) | & 7
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KPM-NA0026816, KPM-NA0026818, KPM-NA0027786, KPM-NA0027787, KPM-NA0027789, KPM-NA0061922,
KPM-NA0106146, KPM-NA0107783, KPM-NA0112972, KPM-NA0114551, KPM-NA0115413, KPM-NA0131361,
KPM-NA0152656, KPM-NA0154294, KPM-NA0158722, KPM-NA0166125, KPM-NA0180700, KPM-NA0184345,
KPM-NA0184346, KPM-NA0202858, KPM-NA0206990, KPM-NA0207172, KPM-NA0213578, KPM-NA0280238,
KPM-NA0282452, KPM-NA0287791, KPM-NA0288518, KPM-NA0289692, KPM-NA0289752, KPM-NA0296271,
KPM-NA0296787, KPM-NA0297322, KPM-NA0297388, KPM-NA0298518, KPM-NA1032358, KPM-NA1032359,
KPM-NA1032360, KPM-NA1032361, KPM-NA1032362, KPM-NA1032363, KPM-NA1032364, KPM-NA1032365,
KPM-NA1032366, KPM-NA1032367, KPM-NA1032368, KPM-NA1032369, KPM-NA1032370, KPM-NA1032371,
KPM-NA1032372, KPM-NA1032373, KPM-NA1032374, KPM-NA1032375, KPM-NA1032376, KPM-NA1032377,
KPM-NA1032378, KPM-NA1032379, KPM-NA1032380, KPM-NA1032381, KPM-NA1032382, KPM-NA1032383,
KPM-NA1032384, KPM-NA1032385, KPM-NA1032386, KPM-NA1100214, KPM-NA1103157, KPM-NA1105852,

KPM-NA1108494

ERA =N

NAC-126381, NAC-143933, NAC-144206, NAC-144305, NAC-145516, NAC-146035, NAC-155039, NAC-167198,

NAC-167435, NAC-167439
TV ATV Y

NAC-97293, NAC-97294, NAC-144680, NAC-159205, NAC-167028, NAC-167477

BT AN

NAC-144761, NAC-144762, NAC-157762, NAC-158082, NAC-167450, NAC-167451

CNT ) HAT

KPM-NA0005073, KPM-NA0029558, KPM-NA0075482, KPM-NA0075483, KPM-NA0075484, KPM-NA0075485,
KPM-NA0075486, KPM-NA0075487, KPM-NA0075488, KPM-NA0101554, KPM-NA0103258, KPM-NA0106207,
KPM-NA0106582, KPM-NA0108236, KPM-NA0109334, KPM-NA0111443, KPM-NA0117483, KPM-NA0119118,
KPM-NA0119694, KPM-NA0125017, KPM-NA0126750, KPM-NA0127262, KPM-NA0134692, KPM-NA0154865,
KPM-NA0154872, KPM-NA0158533, KPM-NA0175866, KPM-NA0280502, KPM-NA0292885, KPM-NA1050003,
KPM-NA1050004, KPM-NA1050005, KPM-NA1050006, KPM-NA1050007, KPM-NA1100277, KPM-NA1100531,
KPM-NA1101279, KPM-NA1102599, KPM-NA1102784-1, KPM-NA1102784-2, KPM-NA1102784-3,

KPM-NA1103018, KPM-NA1107929
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KPM-NA0184210, KPM-NA0283355 (2), KPM-NA0285369, KPM-NA0294659, KPM-NA0297301 (3),
KPM-NA0301811, KPM-NA1103376, YCM-V-554, YCM-V-2356 (2), YCM-V-2955 (4), YCM-V-2958, YCM-V-2959 (3),
YCM-V-19469 (4), YCM-V-19470, YCM-V-19471, YCM-V-19472, YCM-V-32674, YCM-V-34659, YCM-V-44368,
YCM-V-44664, YCM-V-44727, YCM-V-62883, YCM-V-63206, YCM-V-66750 (2), YCM-V-67582 (2), YCM-V-68506
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Abstract: The element concentrations of two rivers flowing into Sagami Bay were compared.
In Hayakawa, which is a river flowing in a hot spring area, certain element concentrations in
the river water were high in the upstream and middle basins. It was considered to be the effect
of the hot spring. The sediments of the river upstream of the Kaname river were found to con-
tain a large amount of organic components. As in the previous year, in the Kaname river, the
concentration of all detected elements in the river water tended to increase as it went down-
stream.

Keywords: river water, elemental analysis, bottom sediment
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7T A< H A:14.0 U/min, fiBh A A:0.40 L/min (W
FTHh Ar) . WOIAZE : 1.70~1.90 mI/min D54k
THIE LT,

BEE D43t

BH L 7-akBh &2, L, 55 W) LR 150~250
um ZRAIEREE L2, 110°CE TowpaE, EO
610°C £ Tz E 2 HlE L7, 3k 1.00 mg %
fizk. 1 mol/L 2. 1 mol/L ¥k CiatHaRERZ1T\),
Wik % A% (5A, 5C), YV Y7 44— (045
pm) DNEIZ A ZAT -7z, Atk Dk 2 8ot X
BRAOHTEEE  (Rigaku, ZSX Priums II) TEM5HT %
1T, Aik% ICP-AES CEEOHT 217272,

i R

PRULU 7= 011K B O BC R D IEARF P

F 1K ORI pH, EHER, K O iR,
EAVE R A Lz, 10 H o4 B o)1k o
pH 2MEW A3, 5 B L CHIE L TWAHETTA.7

#£ 1. FINONKE & EEDOFERYM

~6.1Tholz, ZHNE TORIEMDOT T pHT LLF
DIEIZHID T TH o712, 24 EROIEE DR
BUdENA R KR THY . AN ZEENDL LN
YIRS

N DORERTH

R & LR A O X BRI IC K B EME AT &
1To 7z, MR S 7ot 1, Si, Al Fe,
Ca, Na, K, Mg, Ti, Mn, P, Sr, Zn, Cu Th > 7=, K
BEDZE LT 10 A 15 H2x5 19 HIZ 5 H [ e,
LB)PHTY 7Y 7 LI EEOMK, 1 mol/
L HCl % ' 1 mol/LL HNO; ~ D ¥ H 7 B 2 E i L
7oo MIERE R A 2128 Uiz, ke L TR T
1% 0.4% FE % D Na, K 2% 0.1 %2 @ Si, Ca DIEH
2, E 512 0.05%FEED Fe, P OIEHNBII S i,
HCl %X O'HNO3 Tl 3~4% ? Al, Si, Ca, Fe, 1.5~2.5%
® Mg, P, 0.5% FEED Na, K O H MBI S -,

Bottom segment River water
Date River Saml?ling Loss on drying | Loss on ignition Tem;lerature oH Conductivity
point (%) (%) < (u S/em)
upper 1.09 3.26 21.9 8.11 278
Hayakawa middle 1.44 2.33 25.2 8.23 301
2018 lower | 2.38 2.30 24.9 8.60 333
821 upper 4.60 6.06 22.0 8.00 240
Kaname middle 1.08 2.48 26.0 8.10 300
lower 0.85 2.07 26.1 7.55 342
upper 1.11 2.25 15.1 8.19 273
Hayakawa middle 1.14 1.12 14.0 8.00 290
2018 lower 1.76 1.66 15.0 8.31 328
10/17 upper 4.15 5.09 15.0 8.28 281
Kaname middle 1.11 1.84 18.0 5.75 240
lower 1.98 2.62 13.1 8.21 322
upper 0.98 2.24 14.1 8.30 326
Hayakawa middle 1.05 1.86 14.9 8.05 293
2018 lower 1.32 2.16 14.1 8.21 276
12/3 upper 3.73 8.06 13.5 9.33 236
Kaname middle 1.78 4.33 15.0 8.28 281
lower 1.50 2.93 13.1 8.21 322
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#£ 2. & ENTPHEROEZE DA 1 moV/L HCL HNO3 ~DiEH &0 5 AL~ 7 U v 73k o

S L % RSD
(n=5)
Elution test mg/L (%RSD)
Pure water 1M HC1 1 M HNOs
Na 0.43 (30%) 0.48 (18%) 0.46 (7%)
Mg - 1.7 (8%) 1.41 (22%)
Al - 3.47 (15%) 3.55 (16%)
Si 0.09 (15%) 3.44(12%) 3.24 (14%)
P 0.06 (188%) 2.46 (11%) 1.83 (24%)
K 0.39 (3%) 0.43 (2%) 0.44 (4%)
Ca 0.12 (57%) 3.10 (11%) 3.45 (15%)
Fe 0.04 (4%) 3.98 (15%) 2.96 (19%)
Not detected
# 3. MRS AT b 2 51 R O B ) EREGRE o i Bk (mg/L)
Date River Sampling point | Ca Na Si Mg K Sr B Fe | Mn
upper 28.56 | 27.79 | 44.61 | 17.89 | 5.30 | 0.11 | 0.12
Hayakawa middle 18.28 | 42.18 | 43.37 | 9.05 | 5.15 | 0.22 | 0.22
2018 lower 18.19 | 34.29 | 41.31 | 9.47 | 4.89 | 0.18 | 0.18
8/27 upper 21.07 | 18.11 | 26.44 | 13.99 | 2.58 | 0.06 | 0.02
Kaname middle 23.91 | 29.85 [ 25.13 | 13.62 | 6.15 | 0.08 | 0.02 | -
lower 24.37 | 31.67 | 24.57 | 15.54 | 7.13 | 0.09 | 0.03 | -
upper 37.60 | 50.12 | 4121 | 6.52 | 7.06 | 0.08 | 0.10 | 0.05
Hayakawa middle 32.52 | 54.58 | 39.01 | 5.72 | 7.26 | 0.05 | 0.23 | 0.08
2018 lower 54.19 | 36.41 | 43.54 | 9.01 | 6.91 | 0.06 | 0.21 | 0.07
10/17 upper 37.75 | 20.46 | 24.21 | 7.46 | 3.31 | 0.04 | 0.07 | -
Kaname middle 47.06 | 38.10 | 26.39 | 8.20 | 9.73 | 0.06 | 0.02
lower 53.07 | 44.11 | 27.99 | 8.94 | 4.59 | 0.07 | 0.02
upper 42.14 | 16.82 | 23.50 | 10.77 | 4.19 | 0.07 | 0.12 | 0.05
Hayakawa middle 26.21 | 29.65 | 20.82 | 5.39 | 4.99 | 0.06 | 0.34 | 0.05
2018 lower 26.99 | 34.69 | 21.44 | 7.05 | 5.63 | 0.08 | 0.27 | 0.10
12/3 upper 29.12 | 9.58 | 13,57 | 7.67 | 2.77 | 0.04 | 0.02
Kaname middle 33.00 | 17.23 | 13.79 | 8.09 | 8.09 | 0.05 | 0.03 | - -
lower 39.17 | 24.03 | 1428 | 9.52 | 9.52 | 0.06 | 0.03 | - -
T ERE MR
MR DIERTR Fi BTl B> Ca, Mg B2 E < . D B, Na

# 3 ITHIN KO BITHE BIZERAK L= RERS R 2 REED S VMR T d o 7o, 2016 45, 2017 45 6 [AER
R LTz, @ R)IITIE LR, S T2V <> T DA T o722 &G, iR (LR ), FiRkd
TCRIRE DS EEINT DI L RE CTh -7, — AR (Fif) ORBELEZ OGN,
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% 4-1. EEEHEREBRAER 827 %7 v 73ED

(mg/L)

Date | River | point Eluent Si Al Fe Ca Na | K Mg |P
H.0 0.07 | - 0.04 | 0.82 |0.37 | 039 |0.03 |-

wpper | IMHCI | 092 | 156 | 158 | 1.26 | 0.36 | 0.39 |0.23 |0.94

IMHNOs | 1.06 | 1.63 |2.13 [0.84 | 0.35 |0.39 | 0.37 | 1.08
H.0 0.08 | - 0.04 | 026 |0.35 |0.38 | 003 |-

f:\iz middle | IMHC1 | 1.42 | 2.37 | 1.92 |2.04 | 043 |043 |0.44 |1.02

IMHNO; | 1.65 | 2.54 | 2.60 | 3.20 | 0.41 | 0.43 | 0.63 | 1.57

H>0 0.08 | - 0.04 | 0.72 | 0.34 | 0.38 | 0.05 |0.22

lower | IMHCI | 1.64 | 2.83 | 2.21 | 1.98 | 0.40 | 0.41 | 0.48 | 1.45

2018 IMHNO; | 1.64 | 2.83 | 2.21 | 1.98 | 0.40 | 041 |0.48 | 1.45

8/27 H.0 0.13 | 0.01 |0.05 | 0.02 | 037 |0.40 |0.01 |0.03

upper | IMHCI | 9.47 | 11.6 | 11.9 | 6.59 | 052 | 0.51 | 5.05 | 0.30

IMHNOs | 857 | 10.6 | 813 | 7.00 | 052 | 0.50 | 4.03 | 0.24

H>0 0.07 | 0.01 |0.05 |0.01 | 038 040 |0.00 |0.03

Kana | iddle | IMHCI | 4.32 | 425 | 579 | 2.66 | 0.46 | 0.46 | 3.25 | 0.32

e IMHNO; |3.39 | 3.69 | 3.46 |3.21 | 049 |045 |1.66 | 0.27

H.0 0.05 | 0.00 | 0.05 | 0.00 | 0.36 |0.40 0.03

lower | IMHCI |3.20 | 297 | 482 |230 | 042 |045 |1.88 |0.30

IMHNO; | 3.36 | 3.29 | 4.60 | 2.36 | 0.47 | 0.47 | 1.99 | 0.29

Fa-2. REHEHEBRER (1017 907 7B (mg/L)

Date | River | point Eluent Si Al Fe Ca Na K Mg | P

H.0 0.03 | - 0.02 | 062 |0.39 | 040 |0.00 |0.03

upper | IMHCI | 1.33 | 1.95 | 2.32 [ 1.73 | 042 [0.42 |0.41 [0.15

IMHNOs | 1.28 | 2.01 | 1.81 | 222 | 047 |043 |0.33 |0.13

H.0 0.04 | - 0.03 | 0.62 |0.40 |0.41 0.03

E:‘vzz middle | IMHCI | 1.44 | 2.02 | 2.26 | 2.00 | 051 |0.46 | 057 |0.18

IMHNO; | 1.44 |2.07 | 1.99 |2.83 | 044 |0.42 | 050 |0.18

H,0 0.06 | - 0.03 | 0.86 |0.41 |0.41 0.03

lower | IMHCI | 1.77 | 2.87 | 2.38 | 2.02 | 050 | 0.44 |0.45 | 0.22

2018 IMHNO; | 1.62 | 2.66 | 1.74 | 2.54 | 0.46 | 0.43 | 0.32 | 0.19

11(;/ H.0 0.14 | 0.01 |0.04 |0.42 | 048 |0.41 0.05

upper | IMHCI | 7.75 | 9.56 | 9.41 |6.32 |0.55 |0.48 |3.89 |0.30

IMHNOs | 7.27 | 8.32 | 577 |7.11 | 053 |0.48 | 249 |0.25

H,0 0.08 | - 0.05 0.34 | 0.38 0.26

Kana | iddle | IMHECT | 322 | 3.12 | 854 | 2.88 | 045 | 043 | 1.51 | 2.16

e IMHNOs |3.00 | 3.07 | 2.37 |3.08 | 041 |042 |1.01 |1.23

H.0 0.08 | - 0.04 | 0.82 |0.48 |0.41 0.05

lower | IMHCI | 478 |5.37 | 7.42 | 4.06 | 055 |0.50 | 2.52 | 0.36

IMHNO; | 451 | 4.67 | 511 |5.15 | 053 |0.48 | 1.65 | 0.35




IR RSt ARG DIkIC R T D RYIRBEA#T=2U 7 6 101

% 4-3. EEBEHERBRASR (128 7D 73D

(mg/L)
Date | River | point Eluent Si Al Fe Ca Na K Mg P
H.0 0.06 |- 0.02 | 0.20 | 0.41 | 0.42 |- 0.04

upper | IMHC1I | 1.77 | 2.47 | 2.60 | 1.57 | 0.43 | 0.44 | 0.53 |0.19
IMHNO; | 1.75 | 2.40 226 |1.92 | 0.41 | 0.42 |0.51 |0.16
H:0 0.06 |- 0.02 |0.38 | 0.39 |0.41 |- 0.05
middle | IMHCl | 1.67 | 251 | 253 |242 |0.44 | 045 |[0.52 |0.20
IMHNOs; | 152 | 243 [1.91 |1.97 | 044 |0.43 |0.39 |0.19

H:0 0.08 | 0.01 |0.03 | 042 |0.39 |0.41 |- 0.05
lower | IMHCI  [2.32 | 3.35 | 292 | 200 | 047 | 046 |0.55 |0.24

2018 IM HNOs | 2.01 | 299 |2.06 |220 |0.44 |0.45 |0.37 | 0.23
12/3 H.0 0.12 | 0.00 [ 0.03 | 0.34 | 0.39 | 0.41 |- 0.05
upper | 1M HCl 7.86 | 889 |8.89 |6.56 |051 |0.49 |3.57 |0.35
1M HNO; | 7.00 | 8.07 |5.59 |6.35 | 0.52 | 0.50 | 2.38 | 0.29
H20 0.08 | 0.01 |0.03 |- 0.39 | 0.41 |- 0.07

Haya
kawa

Kana |- idie | 1MHCI | 461 | 480 |546 | 520 |053 | 049 | 227 |0.44

e IM HNOs | 4.08 | 4.53 | 3.51 |4.30 | 0.50 | 0.48 | 1.48 | 0.38

H:0 0.07 | 0.01 |0.03 |0.32 |0.41 |0.41 |- 0.06

lower | IMHCI |4.19 |4.00 |557 [3.69 |051 049 |1.75 |0.42

IMHNO; | 4.12 | 4.10 | 4.67 | 3.66 | 0.56 | 0.49 | 1.61 | 0.39
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Practical Examples and Applications for Diffraction and Interference of Lights
in Experimental Physics 1

Yasushi Hoshino® 23
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Japan
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Abstract: I introduce some experimental topics regarding diffraction and interference of
light penetrating a single and double slit. The physics of diffraction and interference can be
explained by the superposition of waves in direct space with a slight phase difference, which is
an important concept in the field of not only applied physics but also condensed matter physics
and cosmology. In the Faculty of Science, Kanagawa University, subjects on wave physics are
systematically taught to first-year to third-year students in the class of experimental physics.
I show some examples of Fraunhofer diffraction of light by a single and double slit, covered in
the Experimental Physics 1, and finally expand to Fresnel diffraction as an advanced subject.

Keywords: diffraction, interference, wave packet, fraunhoher diffraction, fresnel diffraction,

coherence
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FRIEIPTIC L D HEBRERENT ) 217 5 2 DO R

N=2 i
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uu\thﬂHh PRRPURTY | Y

1. Weslky, k] = [17,19] (Ak = 2)D R Rig 2>
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Organometallic Chemistry Based on Reaction Types
and Anecdote of Discoveries (6)

Yoshio Kabe® 2

! Department of Chemistry, Faculty of Science, Kanagawa University, Hiratsuka City Kanagawa 259-
1293, Japan,
2 To whom correspondence should be addressed. E-mail: kabe@kanagawa-u.ac.jp
Abstract: Organic compounds containing carbon-metal bonds are called organometallic com-
pounds. Such compounds have been known and studied since the 19th century and have been
widely applied to influerce. synthetic transformation in modern organic chemistry. Many edu-
cational benefits could result from the use of reaction types and discovery episodes for under-
graduates and graduate classes in organic and organometallic chemistry. Wilke, the successor
of Ziegler and director of Max-Planck-Institute fiir Kohlenforschung, took over research on the
Ni-effect, which brought about the discovery of the Ziegler-Natta catalyst. He discovered the
TiCl/AlEt:Cl catalyzed oligomerization reaction of butadiene to yield cyclododecatriene (CDT)
without a olymer. Furthermore, the olefin and m-allyl Ni-complexes were isolated and found to
act as important intermediates for oligomerization. Around the same time, the Wacker method
was applied to industrial reactions in which water was added to ethylene ligand of the Pd(II)
complex to give acetoaldehyde. Tsuji discovered a similar type of reaction : nucleophile addi-
tion to the x-allyl ligand of the = -ally Pd (I) complex, which was developed to Pd(0) catalyzed
allylation (Tsuji —Trost reaction). On the other hand the heterogeneous Ni catalyst has been
applied to the industrial hydrogenation reaction since its discovery by Sabatier. When Wilkin-
son modified Rh(IT) (Pyridine)sCls as one of the homogeneous hydrogenation catalysts with
PhsP instead of pyridine as a ligand, he serendipitously discovered the very active and coordi-
natively unsaturated Rh(I)(PhsP)sCl complex (Wilkinson catalyst). Knowles and the Monsant
company applied these phosphine Rh(I) catalysts to the asymmnetric synthesis of amino acid
derivatives such as L-doapa. After that, Kagen and Noyori improved phosphine ligands such
as DIPHOS and BIANP, which resulted in high optical yield syntheses of amino acids from 83
to 100% enantiomer excess (ee), respectively.
Keywords: olefin complex, mr-allyl complex, allylation, phospine complex, hydrogenation
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