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Induced by Ion Beam Irradiation at 300°C
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Abstract: The ultrathin silicon-on-insulator (SOI) structure is a candidate for integrated
high-performance and energy-saving electronic devices. Especially, SOI/bulk hybrid wafers
comprising both the SOI region for logic circuits and Si bulk region for random access memo-
ries are expected to be a novel type of high-performance microprocess. We have investigated
the synthesis of the SOI/bulk hybrid structure using the procedures of oxygen ion implanta-
tion and Si solid phase epitaxy. In this study, we investigated the novel homoepitaxial growth
of Si on hydrogen-terminated Si(001) surfaces prepared by wet chemical processes followed by
high-energy Ar ion irradiation, aiming at reducing the temperature in the synthesis process.
Consequently, the epitaxial growth on the hydride Si surfaces was not realized by 180-keV
Ar irradiation at 300°C , although that on the pristine Si surface has already confirmed. It was
indicated that the superficial hydrogen atoms can act as a migration barrier of silicon in the
crystallization process.

Keywords: ion beam induced epitaxial crystallization, silicon-on-insulator, hydride Si surface,

electron bombardment evaporator

Introduction

Silicon-on-insulator (SOI) structure insulated by
a buried oxide (BOX) layer from a Si substrate is
recognized to be a candidate for highly integrated
electronic devices with high performance and low
energy consumption' . Recently, some companies
have supplied microprocessors fabricated on the
SOI wafers. There are two methods to form the SOI
substrates: one is SIMOX (Separation by IMplanted
OXygen) and the other is wafer bonding”. In the
SIMOX technique, the BOX layer is synthesized by
high-dose (10"-10* cm™) oxygen ion implantation
in a Si substrate followed by high-temperature an-
nealing (>1300°C )>®. At first, this process was sup-
posed to be a powerful technique comparable to the
wafer-bonding method; however, the SIMOX tech-
nique has been today replaced by the wafer bonding
method as a general synthesis process for commer-
cial products, because there are some difficulties in
the SIMOX process to form electrically and structur-
ally reliable SOI and BOX layers due to point defects

and dislocations induced by the high-fluence oxygen
implantation followed by high-temperature anneal-
ing. On the other hand, laterally separated SOI fine
structure as shown below, which is supposed to be a
novel electronic device structure in next generation,
cannot be readily synthesized by the wafer bonding
method.

For the fabrication of ultrahigh performance de-
vices with high speed communication between pro-
cessors and memories, it is inevitable to form the
SOI/bulk hybrid structures, as shown in Fig. 1, con-
sisting of both SOI substrate region for logic circuits

Fig. 1. Schematical image of SOI/bulk hybrid struc-
ture.
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Fig. 2. Synthesis process of the SOI/bulk hybrid struc-
ture.

and neighboring Si bulk region for dynamic random
access memories with a trench capacitor. Indeed,
there have been some demonstrations using such a
SOI/bulk hybrid structure by the SIMOX method
so far **¥. However, defect-free patterned SOI/bulk
structure has never been realized yet, because the
oxygen implantation with high-fluences causes a
huge stress in the Si substrate due to the volume
swell; as a result, the Si epitaxy should be signifi-
cantly disturbed. We thus suggest the novel process
to synthesize the SOI structure that amorphous Si
is deposited on the patterned Si0»/Si(100) wafers
followed by special recrystallization processes as
schematically shown in Fig. 2!,

It 1s widely known that homoepitaxial Si lay-
ers can be easily obtained by Si deposition on a
clean bare Si surface with a solid phase epitaxy
from significantly low temperature at 150°C to
typically around 400°C in ultrahigh vacuum (UHV)
condition'®”. In the cleaning process of the Si sur-
face, the sample needs to be heated higher than
800°C (typically flashing above 1200°C ) in UHV to
eliminate native oxides and hydrocarbons covering
the Si surface in advance. However, the patterned
ultrathin SiO: layer, depicted in Fig. 2(a), can also
be eventually evaporated from the surface by the
pretreatment annealing at the high-temperatures
(> 800 °C ). We thus chemically etched only the na-
tive oxides with sub-nm thick from the surface by
rinsing in a hydro-fluoride (HF) acid with carefully

controlling the concentration so as to keep the pat-
terned SiO: microstructure. The chemically pre-
pared Si surface is known to be terminated by H
atoms, and consists of mainly dihydride domains
containing some monohydride structure®*. Such a
hydrogen termination of dangling bonds makes the
surface inert and thus prevents the surface from the
adsorption of contaminations of water vapor, oxygen,
and hydrocarbons even in atmospheric environment
for several minutes*?®. The thermal stability of
the hydrogen-adsorbed Si(001) surface was widely
studied so far by X-ray photoelectron spectroscopy,
thermal desorption spectroscopy. Fourier transform
infrared spectroscopy, and so on® ",

In the early studies, hydrogen coverage depen-
dence of homoepitaxial quality on Si(001) surfaces
was widely studied and the dihydride surface was
found not to be favorable to homoepitaxy of Si com-
pared to the monohydride surface due to the high
activation energy of adatoms' migration'>6:1820:323339
Karpenco et al. suggested the overall picture that
both monohydride and dihydride on the Si surface
hinder the Si adatom diffusion, which disrupts the
layer-by-layer growth on the bare surface and builds
up surface roughness which eventually leads to
crystalline-amorphous transition'’ .

In order to achieve the high quality Si homoepi-
taxy, the initial surface structure should be atom-
ically controlled. In common knowledge, hydrogen
desorption from the dihydride surface in UHV
begins around 300°C , and the surface is changed

31, 36-38) Fur-

into the monohydride (2x1) structure
thermore, the hydrogen atom in the monohydride
is desorbed at higher temperature of 500°C and
the surface is gradually converted to the bare (2x1)
reconstruction, though it takes long annealing time
of several hours to completely eliminate hydrogen
atoms from the surface® .

As described above, the Si epitaxy on the hydride
surfaces is more difficult than that on the bare Si
surface. Besides, the epitaxy on the Si substrate
having a patterned amorphous SiO; microstructure
should be much more difficult by conventional an-
nealing processes, because a lateral epitaxy on the
patterned SiO: is necessary in addition to a verti-
cal epitaxy from the Si substrate. Therefore, we
assisted the crystallization by adopting the special

method of ion-beam induced epitaxial crystallization
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(IBIEC), which can effectively promote the crystal-
lization of the amorphous layer by energy deposition
from the incident projectiles*?*®. In this study, we
investigated the favorable surface terminations and
the effective IBIEC condition in order to synthesize
homoepitaxial layers.

Materials and Methods

We prepared two kinds of well-defined Si(001) sur-
faces: such as a bare Si(001)-(2x1) double domain
surface and a hydrogen-terminated Si(001)-1x1
surface, in order to investigate the homoepitaxial
growth condition. The bare Si(001)-(2x1) structure
was synthesized by “Shiraki method” **. In this
process, we first prepared a SiOz-terminated Si sur-
face by a typical RCA treatment finished by the final
oxidation sequence and immediately introduced
it into an ultrahigh vacuum (UHV) chamber®.
The sample was prebaked at 550°C for~5 h in UHV
ambient to vaporize adsorbed contaminations
(water vapor, oxygen, and hydrocarbons) and
then elevated temperature over 850°C to eliminate
the capped oxide. The surface showed the recon-
structed double domain (2x1) structure, which is
well known as one of the clean Si(001) surfaces.

In the other surface, we chemically prepared the
sample by the RCA cleaning terminated by a di-
luted HF treatment. The chemically-prepared sur-
face mainly consists of dihydride structure terminat-
ing the dangling bonds. The hydride Si surface is
chemically stable against the adsorption of contami-
nations in atmospheric environment. In the present
study, the chemically H-terminated surface was im-
mediately introduced into a vacuum chamber and
prebaked it at 300°C for 10 minute to desorb physi-
sorbed contaminations. The reflection high-energy
electron diffraction (RHEED) pattern showed the
(1x1) structure. Si was then deposited on the bare
and the H-terminated surfaces with a thickness of ~
15 nm at the substrate temperature from 300 to 500
°C . The Si deposition was performed by an electron
bombardment (EB) evaporator. The deposition rate
was calibrated in advance by Rutherford backscat-
tering spectrometry (RBS) and quantitatively esti-
mated to be 0.5 nm/min. In order to heat the sample,
we mounted the sample cut into 2x15 mm? size on
another dummy Si piece with markedly low electric
resistance (<100 Q ) and heated it by directly apply-
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ing electric current. The sample temperature was
monitored by a pyrometer.

The structures of the Si-deposited films were
observed by RHEED and RBS. In the RHEED
analysis, collimated 20-keV electrons were inci-
dent on the sample at a grazing angle of 2-3°
and diffraction patterns were observed by a fluores-
cent screen. The diffraction pattern reflects the peri-
odicity of the surface structure. In the RBS analysis,
2.56 MeV '’B* ions were incident on the sample and
scattered ions were detected by a Si surface barrier
solid state detector.

Results
Fig. 3 shows RHEED patterns observed for (a) the

pristine Si(001)-(2x1) surface prepared by Shiraki
method and the Si-deposited surfaces at the sub-
strate temperatures of (b) 415°C and (c) 550°C .

Fig. 3. RHEED patterns observed for (a) the bare Si(001)-
(2x1) surface prepared by Shiraki method and the Si-
deposited surfaces at the substrate temperatures of (b)
4157C and (¢) 550°C .
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We can clearly confirmed a double domain (2x1)
pattern derived from the typical Si(001) clean sur-
face in Fig. 3(a). A 2-dimensional single-crystalline
pattern was observed for the as-deposited sample
treated at 415°C (Fig. 3(b)), though the Si deposition
at 450°C or higher showed 3-dimensional transmis-
sion pattern (Fig. 3(c)) due to the surface roughen-
ing. On the other hand, lower temperature deposi-
tion (< 350°C ) showed amorphous structure. Con-
sequently, it is found that the homoepitaxy
is realized by the Si-deposition at ~415°C . Fig. 4
shows RBS spectra observed the [001]-aligned ge-
ometry for the sample in which the homoepitaxial
Si was well synthesized at 415°C (red circles) and
as-supplied Si(001) substrate for reference (black
circles). The aligned spectrum clearly indicates
the formation of a high-quality single-crystalline Si
layer comparable to the as-supplied Si single crys-
tal. We described above that the bare Si surface is
more favorable to the homoepitaxy; however, high-
temperature treatment more than 850 °C should be
avoided from the viewpoint of the epitaxy on the
patterned SiO; substrate.

Next, we investigated the homoepitaxial condition
of Si on the hydrogen-terminated surface prepared
by wet HF dip. The RHEED patterns for the Si-
deposited samples on two kinds of surfaces consist-
ing of dihydride or monohydride at the substrate
temperature lower than 500°C showed amorphous
structure, which was different from the pristine
Si case. The aligned RBS spectrum for the Si-
deposited sample at 415°C on the HF-prepared Si(001)
surface shown in Fig. 4 (green circles) also shows
amorphous structure. These surfaces showed no

Fig. 4. RBS spectra observed at the [001]-aligned geom-
etries for the samples on which the homoepitaxial Si was
well synthesized at 415°C (red circles) and the amorphous
Si was formed (green circles).

Fig. 5. RBS channeling spectra for the Si-deposited
samples on the dihydride (a) and the monohydride (b)
surfaces after the Ar irradiation at 300°C .

longer a uniform single crystalline layer by the
conventional thermal annealing at 600°C . We thus
investigated the condition for the recrystallization
of the amorphous layer by IBIEC using 180 keV Ar
ion irradiation with a fluence of 5x10" ions cm™ at
the substrate temperatures of 300°C . We in advance
estimated the regrowth rate of amorphous Si by 180
keV Ar bombardment to be 8 nm per 1x10" ions
cm? at 300°C . The dihydride surface was prepared
by HF-dip and the other surface was obtained by el-
evating the sample temperature higher than 300°C .
The surface is supposed to be changed and mainly
comprised by monohydride termination due to the
desorption of one of the hydrogen atoms®’. Fig. 5
shows RBS channeling spectra for the Si-deposited
samples on the dihydride (a) and the monohydride
(b) surfaces after the Ar irradiation at 300°C . It is
clearly found that the ion beam irradiation at 300C
was not sufficient to recrystallize the amorphous Si
layer grown on hydrogen-terminated Si.

Discussion
As described in the above section, we succeeded in Si

epitaxy at 400°C on the hydrogen-free clean Si sur-
face. However, an amorphous Si layers was grown
on both hydrogen-terminated Si surfaces of the dihy-
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dride and the monohydride from 300 to 500°C tem-
peratures, indicating that the surface hydrogen acts
as a diffusion barrier for Si migration, though hydro-
gen atoms adsorbed on Si surface are well known as
a good surfactant of Ge epitaxy on Si’*?. In the case
of Si epitaxy, H is commonly used to assist in chemi-
cal vapor deposition (CVD) from gas-phase precur-
sors at low temperatures by passivating the surface
from contaminations. Furthermore, H may actually
be beneficial for epitaxy, contributing to interface
abruptness by reducing unfavorable nucleation, sur-
face segregation and diffusion during the epitaxial
process.

In the early studies, Eaglesham et a/. succeeded
in Si homoepitaxy on the HF-treated surfaces fol-
lowed by prebaking at 200°C by molecular beam
epitaxy (MBE) at 370°C '®. They showed the impor-
tance of the prebaking treatment for a clean hydride
termination because some contaminations still re-
main on the as-dipped surface and disturb the epi-
taxy. On the other hand, Meyerson et al. performed
Si epitaxy on the HF-treated surfaces by CVD under
UHYV and also pointed out the importance of the
initial surface condition®”. They reported that HF-
treated surface consists of mainly monolayer (ML)
Si hydride (~85%), fluoride (~ 10%), and oxygen or
hydroxide (~5%), and absolutely no SiO: and C-
related compounds was detected. Consequently, the
homoepitaxy was successful in two distinct tempera-
tures of 425-650C and > 750°C . Copel et a/. quanti-
fied the H coverage on the Si(100) surface by elastic
recoil detection by medium energy Li ions and per-
formed Si epitaxy on sub-ML hydride surfaces at
low temperatures (125-200 °C )'?. They also investi-
gated the influence of H on the Si epitaxy, and found
little effect on the epitaxy for H-coverage between
0.2 and 1 ML (1 ML = 6.78x10" atoms cm2). In the
present case, homoepitaxy at 415°C , which is the
best condition on the pristine Si(001)-(2x1) surface,
was not observed on the HF-dipped Si(001) surface.
It is indicated that the surface termination was not
completely optimized for the required homoepitaxial
condition. There might be some point defects or ir-
regular adsobate coordinations, acting as nucleation
sites disturbed the crystallization.

In the IBIEC process, the energy released from
primary ions to the lattice system during slow down
process as well as many vacancy and interstitial
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pairs generated around the ion track by successive
elastic collisions significantly reduces the activa-
tion barrier for the recrystallization; as a result the
epitaxial growth should be promoted even at low
temperatures. However, the epitaxial growth on the
hydride Si surfaces was not realized by the 180-
keV Ar irradiation at 300°C in this study, though
that on the pristine Si surface had been already con-
firmed*™*. It is indicated that superficial hydrogen
atoms can act as the migration barrier of silicon for
crystallization. The ion beam irradiation at higher
temperatures should be needed for the effective re-
crystallization of amorphous Si layers grown on the
hydride surfaces.
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Abstract: This study aims to conduct research and develop a new organic compound search

website with the data submission function of the new products. The search coding of the web-

site is the popular linear coding SMILES. The molecular structure graphic editor uses the web

plug-in FME (Flex Molecular Editor). Users may edit the chemical structure formula online

and submit data online through this website. The data structure and operation algorithm of

the molecular structure information are put forward to ensure unique SMILES search coding

derived from the editor. For the convenience of users, the plug-in is used to implement a local

data storage function.
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Introduction

There are some frequently used chemical structure
formula editing software at present, standalone
mode ChemDraw series, C/S (Client/Server) mode
Chemsite, CACTVS3.176 series, B/S (Browser/
Server) mode JChemPaint series, etc. But there are
some limitations or disadvantages for these software
tools. For example, they are expensive. They don't
support multiple operating system platform. Edit
and query function are limited. Unlimited chemical
structure not conforming to the basic chemical rule
phenomenon may appear, and so on.

The research and development of chemical struc-
ture formula online editor can be realized by two
kinds of technical means, that is, non-plug-in tech-
nology and plug-in technology. Non-plug-in technol-
ogy can be realized using html+javascript+css. CSS
provides style, and JavaScript+html develops the
editor. The advantage of using this technology is
that the editor can run in all major browsers, and
the browsers do not need to install any plug-ins. But
its shortcomings are obvious. First, HTML does not
provide the functions of drawing, the drawing can be
realized simply based on block element splicing. The
strong drawing function is required in this subject,
so this method is inconvenient *.

Secondly, the JavaScript scripting language is
mainly used for the dynamic effects of web page and
enhancing interactivity, so it is not suitable for han-
dling the complex data. Therefore, this method is
not an ideal choice for this subject. Plug-in technol-
ogy means are Applet, JavaFX, Flex, etc.

Flex technology is determined by a comprehensive
analysis of a variety of online editing technology.
Although Flex ActionScript scripting language sup-
ports fewer data types, and it is difficult to handle
complex data, Flex technology is determined to
research the molecular structure online editor ?. Be-
cause Flash player is installed widely in the browser
and Flex has the across platform. The purpose of the
subject is designing the data structure and opera-
tion algorithm of molecular structure information to
ensure the uniqueness of SMILES and developing
a new organic compound search Website based on
PHP+MySQL technology ?.

Method

Firstly, Flex is a highly productive, free open source
framework. Users may use ActionScript and MXML
(Macromedia XML) in Flex Builder to develop and
build rich Internet application. Finally forming a

©Research Institute for Integrated Science, Kanagawa University
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local play byte code (SWF) file which is not only
loaded through the browser but also played locally.
As a new generation of rich client technology leader,
this technology has the following characteristics .

Interface development is efficient and Action
Script 1s an object-oriented language. The front-end
interface is described by MXML, the interface is con-
trolled by the ActionScript. The back-end application
logic encapsulated in the middleware separates with
the front-end to realize the true development of the
MVC (Model View Controller). The program can run
not only in the browser, but also out of the browser
which expand the application occasions greatly. It
has cross platform performance of supporting vari-
ous major operating system and browser. It is wel-
comed by users.

Secondly, the dynamic web programming technol-
ogy includes ASP, ASP.NET, PHP, JSP, etc. ASP and
ASP.NET are developed by Microsoft Corp, so they
can only run on Microsoft's server products IIS and
PWS. Although they have the characteristic of the
safety and stability, but their developments are lim-
ited. The running speed of JSP is realized based on
taking up more memory, and in order to ensure the
cross platform, its complexity is increased greatly.
Compared with the above three kinds of technology,
PHP language has the characteristics of learning
easily, short development cycle, maintaining eas-
ily, cross platform, cross server, high efficiency and
generating image simply, so the server of this study
will use PHP. MySQL is an open source database,
it has the advantages of small size, high speed, low
cost, supporting million records, supporting multi-
user, multi-thread, efficient data storage and search,
cross platform, and it is welcomed by users, so the
database of this study will use MySQL.

Thirdly, the linear coding used frequently include
WLN (Wiswesser Line Notation), Sybyl, InChI and
SMILES, SMILES has the advantages of the most
compact structure, more readable and more exten-
sive application, so the search coding of this study
will use SMILES. MDL Molfile is used to storage the
atomic coordinates of chemical structure diagram
and connection information between the atoms and
save locally. The users may make MOL file import
into the editor, and edited again ?.

Function Design and Implementation

The Chemical structure formula editor provides the
following functions according to the application de-
mand. The editing functions used frequently include
addition of chemical bond, addition of ring structure,
addition of atom name (symbol), empty canvas,
deleting a key, returning to the previous step, and
so on. For the convenience of users this study also
provides a Quick Add option of common chemical
structure fragment (substituent) ®. The basic error
detection mechanism which gives error messages for
the place not conforming to the basic chemical rules.
According to the chemical structure, the correspond-
ing unique SMILES coding is generated and search
online, the corresponding MOL file is exported and
saved locally. The chemical structure analysis block
which imports the local MOL file into the editor and
analyze its data and then display the corresponding
chemical structure. The users can submit the draw-
ing to the database "®.

The general drawing software can draw the chemi-
cal structure diagram, and finally generate the
picture format file. The software is often used in the
volume, courseware, etc. In this paper, the SMILES
coding is generated which is based on the chemical
structure diagram. Therefore, we must consider a
suitable data structure to store the information of
the structure.

Considering the whole structure diagram as an
undirected diagram of the atom or group of the at-
oms as nodes (known as element nodes), and the
following data structure is put forward to store the
structure diagram information. Firstly, Record the
total element node number of the structure diagram.
Secondly, key matrix (400 x 400 (max)), storage
key (single bond~1 double bonds~2 triple bonds~3).
Thirdly, node element array(3XN). Each element
symbols are stored on the first line, X and Y coordi-
nates of each element node are stored on the second
and third line.

Algorithm implementation

Add a line and a column after the key matrix and
add the symbol and position coordinates of the ele-
ment after the groups of node element and then the
number of the element node variables add 1. Delete
the corresponding ranks of the key matrix and the
subsequent ranks move forward. Delete the cor-



Ruigiang Ma et al. : Implementation of Chemical Structure Formula Online Editing System 11

responding column of the node element groups and
the subsequent column moves forward, and then the
number of the element node variables minus 1.

Results and Discussion

SMILES search uniqueness

For a structure diagram, firstly iterate starting point
should be found while iterating through SMILES.
One way is making the element node drew firstly
as a starting point, but perhaps its drawing order
is different for every people which will lead to the
different starting point and different SMILES. But
as a search keyword, the SMILES must be unique.
Therefore, we need to consider another way, namely
each atom is distinguished independently by differ-
ent atomic numbers, and then the atom of minimum
(or maximum) number is considered as the iterate
starting point, priority is given the atom of mini-
mum (or maximum) number, so SMILES is ensured
unique.

Structure editor interface design

In this paper, the interface of the editor is designed
as following diagram to provide a simple and easy
operating interface. Edit tool area includes the oper-
ations of empting canvas, adding chemical key, ring
structure, deletion, canceling. Chemical structure
editing area, the chemical structure formula is de-
signed in the region. SMILES generation area, the
SMILES search coding generated by the chemical
structure diagram. Read and write area of chemical
format file, input and output buttons for MOL files
are provided. Chemical structure formula search
button, click the button to search the corresponding
Chemical structure formula (Fig. 1).

Fig. 1. The layout image.

SMILES search coding generation process

After the atom number is determined uniquely by
the CANON algorithm, according to the new atom
number we reorder for the array variables and as-

sign a value to the array created newly and the
content of the original array doesn’ t change. In the
same time, the iterate temporary variables are gen-
erated by access, for example, visited (store the atom
state of being visited or not, “yes” is 1, “no” is 0), td
(count the connectivity of each atom), and so on. Ac-
cording to the depth-first iterate algorithm, the min-
imum number “0” is set as starting point, and the
small number is given priority to generate SMILES.
According to the above algorithm, the SMILES gen-
erated is CC1CCC (CC1C) C2CC2, that is, encoun-
tering the branch of node 10, we firstly iterate the
node 8 and its longitudinal structure. However, if
the six sides of the ring are regarded as a whole and
the node “9” is regarded as a branch, it seems that
it fits in with people's conventional logic and the
JME iterate mode. As a result, we need to add in
the above algorithm, that is, if there is a branch in
the node of the ring and whatever the branch node
number is, the non- ring node is regarded as the
starting point and iterate firstly. It uses the broken
ring to realize.

Chemical structure formula editor

In Flex, the Graphics object cannot be created di-
rectly by the ActionScript code, so the diagrams are
completed by the method of Sprite display object
calling Graphics.

Because flash.Display::Sprite doesn't realize
mx.core.IUI Component interface and can't add to
the Flex component (Canvas) to display directly,
sprite display object must be added in the Ul Com-
ponent container firstly and then the container is
added in the Canvas to display the diagrams. A
single bond is formed by six Sprites, respectively two
element node Sprites (element symbol C as an emp-
ty Sprite which is not shown) and three draw point
selection Sprites (two node collision circles and a key
collision circle) Sprite and a key Sprite. The colli-
sion circle Sprite is hided. When the mouse moves,
the collision circle Sprite is displayed. The users can
click here to add an atomic name or key when the
collision circle is displayed. The two-element node
Sprite (element symbol C as an empty Sprite, which
is not shown) and three points (choose the paper
called the collision circle, two nodes and a key colli-
sion circle) Sprite, a key Sprite. Where the collision
circle Sprite hide until the mouse moves to display.
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The users can click here to add an atomic name or
key when the collision circle Sprite is displayed.
Drawing single key is to add the six Sprites in the
UICompnent and occupying the 0~5 layer of the
container respectively. Adding / deleting a key the
layer will be up / down automatically.

At the same time, the element node and the key
value (the element node coordinates are omitted in
order to express expediently) are stored in the cor-
responding array Vertices and Bonds. The collision
circle layer at both ends of the key is stored in the
VerticesIndex array and the collision circle layer of
two element nodes is stored VerticesIndex array and
its subscript 1s atom Index number. If continuing to
add a key at either end of the single key, we must
determine the element node to add, that is, iterating
the VerticesIndex array.

When adding a new key, to prevent the occurrence
or cross collision of the new key and the existing key,
we need to add in a certain key angle rule. The solu-
tion of the key angle problem is divided into two as-
pects, adding a key on a node and adding a ring on a
node.

Casel: The solution of the angle problem when
adding a key on a node.

(1) Firstly, setting the maximum key number (de-
noted as a) added on the node (that is, the maximum
degree of a), by reference to JME, the subject is set
to 6.

(2) calculate the current angle value of a (denoted
as Dla)).

If D[al=1, the following steps are used to solve the
key angle problem.

(D Making “a” as a starting point, add a new key
ac (6 Sprites) in the horizontal direction.

@ According to the coordinates of “a” and “b” we
calculate the rotation angle. That is, according to the
inverse trigonometric function atan () we calculate.
We find “a” collision circle Sprite based on uicomp.
getChildAt(VerticesIndex[a])function in the con-
tainer Uicompnent and then calculate the coordi-
nates of node (such as a)based on getRect(uicomp).
x+5 function (5 is node collision radius) and
getRect(uicomp).y+5 function.

@ (a.x, a.y) as a rotating point the collision circle
Sprite of new key “ac” and key Sprite rotate by
angle+60 degrees.

It is worth noting that the coordinates obtained by

getRect (uicomp).X+5 function and getRect (uicomp)
function is the center of the rectangle occupied by “C”
collision circle. But after rotating, the coordinates
calculated by this method is not the center of the
rectangle. Therefore, before rotating, we regard the
center of node “C” collision circle as rotating point
and make node “C” collision circle rotate automati-
cally by -angle degrees and then regard (a.x,a.y) as
rotating point to rotate by angle degrees. If D[a]= 2,
firstly we calculate the included angle between the
reverse extension line of £ bac angle bisector and
the horizontal direction and assign it an angle, and
then (a.x, a.y) as a rotating point make the collision
circle Sprite of new key “ac” and key Sprite rotate
by angle degrees. . If D[a]>2 and D[al<6, we regard
the included angle between the extension line of “ba”
“ca” “da” and the horizontal direction as rotating
angle respectively, and then (a.x, a.y) as a rotating
point make the collision circle Sprite of new key “ae”
“af” “ag” and key Sprite rotate. If [a]=6 and we con-
, the editor will
give you a hint that you can't continue.

« _»

tinue to add a key on the nod “a

Case2: The solution of the angle problem in the
case of adding a ring in a node.

Solving the problem of the angle in this condition
is about the same with the solution described above,
that is, firstly calculating the angle and then rotat-
ing the collision circle Sprite and key Sprite. Rota-
tion function is displayed in the following program
coding segment. The parameters of xuanzhuan()
function are specified rotating Sprite display object,
specified rotation point and specified rotation angle.

Treatment of non-connection structures

In the process of Chemical structure formula edit-
ing, the non-connection structure can appear. At
this time, when the SMILES is generated, different
editors will make different processing. For example,
JChemPaint will use the "." to express the two non-
connected structures as. CC.C1CCCCC1.In this
study we refer to the treatment way of JME and
firstly according to the uniqueness of the CANON
algorithm number each atom and then iterate from
the atom which number is 0 (the node denoted by a)
till the part of including the iterate starting point is
visited completely. In this way, the SMILES gener-
ated in this case is CC.

But when SMILES is generated the structure which
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has not been visited will be cleared. In this study,
the structure which has not been visited will still
exist, and the users can continue to edit. When the
SMILES is generated next time, it will number ac-
cording to the CANON algorithm again and start
iterating from the atom which number is 0.

MDL molfile access
In the research and development, the local read and
write function of the MOL format file is provided.
The users can save the chemical structure not fin-
ished locally in MOL format and import it to the edi-
tor to edit again if necessary.
In general, the flash of webpage is unable to oper-
ate the local files due to security concerns, including
read and write, even with the help of JS, it will be
banned because of the browser's security settings.
When Flash player8 appears, the FileReference file
can be used to open a browser dialog box of local
file. It seems that it can operate locally, but unfor-
tunately the browser frame is only designed for up-
loading file. The browser frame is the equivalent of
a webpage file realm. If we need to save the text file
locally, the official sample method in Flash8 instal-
lation directory must be used, that is, through the
submission of data to the server, the file generates
and then the file is downloaded locally.
Local storage of MDL Molfile
Using FileReference.save (data:*, default-

FileName:String = null) method can save data to a
local file. The “data” parameter is the data which
will be saved. The data can be used String, XML,
ByteArray and other formats and the function does
corresponding treatment automatically. DefaultFile-
Name parameter is the default file name of the file
saved (user can change) and the string of the file
name cannot contain '/, ", ", "', ", ","|", "%’ , etc.

When a dialog box appears, the users input the file
name and select the saving situation for the file on
the machine. When the users confirm the selection
and click “save” button, the data will begin to save.
The method opens a dialog box at the beginning, al-
lowing the users to enter a file name and select the
location to save the file on the machine. When the
users confirm the selection and clicks "save", the
data stored procedure begins. In order to determine
the status of the dialog box and the saving opera-
tion, in general ActionScript code will intercept can-

cel, open, progress and complete events.

It is important to note that in Flash Player, the
FileReference.save () method is called only in re-
sponse to the user’ s events, otherwise it will cause
Flash Player error.

In actual development, the Adobe Flex 3 (Inte-
grated development environment of Flex applica-
tion program) is modified firstly. That is the HTML
wrapper is modified which is in the Flex Compiler
option of the project attributes.

And then according to the MOL file format the
data of the atomic coordinates, atomic name and the
key connection which are produced by the chemical
structure diagrams are saved locally.

In the response function OnComplete data pro-
cessing function is, the string loaded in the MOL file
is translated into the corresponding variables which
include the number of the atom, the number of the
key, atomic array (storage x, y coordinates of the
atom, atom name, VerticesJudge content), the key
array, and so on. Using ActionScript drawing func-
tion to reduce the chemical structure diagram in
the editing area according to the transformed array
information (the angle between keys must be calcu-
lated constantly), according to the position of coordi-
nates the button is drew and then the atom name is
added.

Conclusion

This study realized the function of the structure
graph editing and submitting and the function of
the structure graph local storage, report errors and
adding the chemical bonds. To research and develop
a kind of convenient chemical structure graph on-
line editor the FLEX technology which was avail-
able to animation application is found to develop the
online graphic editor. Researching the event mecha-
nism, graphic display mechanism, file operation of
the FLEX technology and developing the structure
graphic editor. Offering a kind of convenient data
structure and operation algorithms which record
and process the information of molecular structure
and taking steps to ensure the uniqueness of the
SMILES search coding. Realizing the client local
storage function. As a test platform and application
example, a simple organic compound search website
1s developed. Although the research and develop-
ment complete the expected design goals basically,
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the web interface art designing and the rotating and
zooming function of the chemical structure graph
are needed further improvement.
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cally and rationally.
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Introduction
Falls bring the elders a higher risk for injuries and
fractures because of weakness in their muscle, bone,
vision and balance. Nowadays, falls in elderly people
are the main cause of admission and extended
period of stay in a hospital. It is the sixth cause of
death for people over the age of 65, the second for
people between 65 and 75, and the first for people
over 75". As the super aging societies, Japan and
many other countries have to face up the problem of
a serious shortage of nursing care staffs in hospitals
and healthcare facilities for the elderly?.

Information & Communication Technology based
solutions are being developed for fall prevention
prevalently, and the number of fall alarm products
is growing fast. All alarms belong roughly to one of
two types: manual and automatic. Compared with
manual solutions like pressing a button when a fall
happens, automatic solutions/products collect data
from various sensors such as accelerometers, and
assess the risk of falling in a real-time way. These
automatic solutions perform well in the situations
where a user becoming unconscious after falling or a
user with dementia cannot manually send an alarm.

In this paper, a bidirectional electromyographic
sensor network model is constructed for quick and
flexible communication between users and nursing
care staffs. Moreover, diverse analyses and prospec-
tive studies are conducted on various segments and
factors.

Surveillance cameras are most generally employed

as a real-time monitoring for fall detection. Although
vision/voice recognition technologies are imported in
some new products, the recognition runs with low
precision and still needs manual labor. Since falls
are usually characterized by larger acceleration and
end with lying prone horizontally on the floor. Hu-
man activities”, such as gravitational acceleration
and gyroscope data of static postures and dynamic
transitions, are collected to analyze various patterns
of falls like balance abnormalities®. However, fall
events are context-aware and human-oriented.

The unique features of some activities like falling
slowly against wall or sitting down to sleep on the
tatami (traditional Japanese-style flooring mat) are
usually ignored. Automatic Fall Monitoring® pre-
sented a comprehensive overview of fall monitoring
techniques, related commercial products, existing
research problems as well as future trends. For fall
prediction, the analysis of health and medication
data extracted from EHR (Electronic Health Record)
is conducted®. However, it cannot realize a real-time
prediction.

Results and Discussion
Bidirectional sensor network

An armband-type EMG sensor is imported to evalu-
ate and record the electrical activity generated by
skeletal muscles. The sensor is also equipped with
WLAN (Wireless LAN), gravitational acceleration
and gyroscope sensor. As shown in Fig. 1, the pro-
posed sensor network system contains the following

©Research Institute for Integrated Science, Kanagawa University
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functions.

e Monitoring: Through wearable sensor, the live
logs are collected and stored in real-time. Live
logs contain the continuous information of loca-
tion, status of movement and arm electromyo-
gram data of users. The nursing staffs can learn
the status of target users through the monitoring
anytime.

e Detection: The collected live log is analyzed in
real-time, and the fall alarm (location and user
profile) is sent to nursing staffs if a fall event is
detected (one of fall patterns is matched). More-
over, a confirmation is sent to the sensor for a
possible reply from the detected target user. The
nursing staffs run to the fall location or stop the
help if they receive a cancellation reply from the
user.

¢ Prediction: Based on the analysis of personal
activity patterns, fall history records, profile in-
formation and various comprehensive statistics
(e.g., dangerous areas such as stairs). a user-
oriented customizable prediction mechanism is
constructed. If a possible coming fall is predicted,
a notification is sent to the sensor as a warning
message.

e Call/Reply: A bidirectional “call/reply” interac-
tive mechanism is provided as a simple and

quick communication between users and nurs-
ing staffs through the system when a wrong or
missed detection happens.

Geolocation

When falls happen, the information of precise loca-
tion would be immediately sent to the system and
nursing staffs. Here, WLAN geolocation is employed
because (1) surveillance cameras cannot be set in
some places such as toilets or bedrooms, and (2) GPS
(Global Positioning System) for nonmilitary use had
poor accuracy and signal reception was mostly cut
off indoor.

However, WLAN geolocation has to face up the sig-
nal interferences caused by interior walls or doors,
which weaken the signals. Considering this prob-
lem, linear regression analysis is used to calculate
distance and direction based on the following signal
propagation model.

Tracking like walk-in-lines data collection” is also
possible if there are adequate access points. By ana-
lyzing the sequences of locations determined form a
trajectory from the first to the most actual location,
various activity patterns (e.g., a walking pattern
containing path, speed and others factors) can be
mined for the further analysis and secondary use,
such as finding dangerous areas where falls often
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Fig. 1. Outline of bidirectional sensor network system.



happen.

Detection and prediction

A fall is a context-aware event. Personalized fall
detection and prediction is a real-time analysis
mechanism using various factors such as movement
of body, location, and user profile information. Gravi-
tational acceleration and gyroscope sensors are often
used in wearable devices to get status of movement
and balance of users. However, these data are not
comprehensive enough to support diverse fall detec-
tion since only the movements of body are focused.
Actually, people would grip something like banister
or lean arms against wall to stop themselves from
falling when they lose their balance, and arm/wrist/
hand gesture recognition technologies are bringing
us a novel and promising solution.

Here, EMG or electrical impedance tomographic
data of arms is collected by an armband equipped
with 8 EMG pods to analyze the biomechanics of hu-
man since arms give a sudden movement naturally
and instinctively to stop falls. Here, 13 panel users
(20's - 70's) assisted our experimental data collection
by wearing the armband on their right forearms in
the following activities.

*  Walk: The users walked indoor as usual.

e Sit: The users quickly sat down on the chair or
floor (not a fall).

e Fall: The users simulated fall events as naturally
as possible.

e Lean: The users leaned their arms against wall
to stop a (simulated) fall.

Here, we randomly selected 26 collected event
data, of which are 13 fall events and 13 non-fall
(e.g., sit, lean) events. An assessors was asked to
complete judgement of fall events from the collected
experimental data. As shown in Table 1, PPV (Posi-
tive Predictive Value) = 81.8%, sensitivity = 69.2%,
and specificity = 84.6%, which performs better than
sensor data without EMG information.

Table 1. Assessment

Event Real fall | Non-fall Sum
Assessed fall 9 2 11
Assessed non-fall 4 11 15
Sum 13 13
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A fall prediction is a statement about an uncertain
fall event. It is often based on real-time analysis of
risk factors and fall experience or context oriented
information. Risk factors contributed to a particular
fall event are not always clear. Large-scale and long-
term data collection/analysis is necessary for further
understanding the mechanism of falls. To gain
further insight into the impact of different factors
on predictability, user clustering is done artificially
according to the following categories of information
before semi-supervised and self-evolving learning.

Bidirection

Single-direction communication, such as surveil-
lance camera and nurse call, is inefficient, and
simple “call/reply” interactivity is more effective in
falls prevention®.

e By repeating a predefined special hand gesture
(e.g., hold fist and rotate) which is seldom oc-
curred in general life and easily learnt by the
elderly, users can send a “call/reply” ' message
to the system.

* By remotely sending a vibration (trigger built-
in vibration motor), the system can send a “call/
reply” ' message to the target users.

Bidirectional “call/reply” ' can well solve/satisfy
the following problems/requirements.

* Wrong detection: when a fall is detected by
system, a continuous call is sent to the user for
a confirmation. The user can reply it if this is
a wrong detection. The nursing staffs would be
notified by a cancellation of alarm.

¢ Failed detection: when a fall happens and confir-
mation call is not sent to the user. The user can
continuously call the system for a help and the
nursing staffs would be notified.

¢ Prediction and warning: when the system pre-
dicts a possible coming fall caused by current
movement of the user or dangerous areas, the
system would send a short warning call to the
user.

Conclusion

In this paper, we designed an ICT-based solution
for elder-oriented fall prevention, and constructed
a model of bidirectional EMG sensor network. A
simple “call/reply” communication mechanism
was imported, and the EMG data was proved to be
contributing factors of a more precise detection and
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prediction result.

Moreover, as future research, we plan to explore
further the problems of fall pattern learning and
recognition based on gathering more simulated data.
We will also work at real data collection in hospitals.
Further studies will be conducted in bridging the
gap between simulated data and real data.
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Abstract: Amorphous Si layers have been formed on the crystalline (001) Si substrates in
an Ultra-High-Vacuum (UHV) chamber using the sputtering method via electron bombard-
ment. A study to lealize amorphous Si layers has been planned in order to produce very clean
interfaces between amorphous Si layers and the crystalline Si substrates. These clean inter-
faces without oxygen atoms originating from natural oxides make it possible for amorphous Si
layers to crystallize two-dimensionally and epitaxially in a layer-by-layer form on the crystal-
line Si substrates. These will more easily induce lateral-solid-phase epitaxial growth of depos-
ited amorphous Si layers on the SiO: film, leading to the formation of SOI (Si On Insulator)
structures. Firstly, we deposited amorphous Si layers on the oxygen-free surface in the UHV
environment, and investigated various deposition conditions. However, after annealing these
deposited amorphous Si films under the various conditions, three-dimensional island crystal
growth occurred. These experimental results were confirmed by the AFM (Atomic Force Micro-
probe) and RHEED (Reflection High Energy Electron Diffraction) measurement methods. This
island crystalline formation may be partly due to impurity atoms with a mass number around
40 abundarly incorporated into the amorphous layers, which was confirmed by the RBS (Ruth-
erford Backscattering Spectroscopy) measurement method. Three-dimensional island growth
tends to occur during the surface migration of Si atoms around the impure atoms. Thus, we
have not yet succeeded in forming impurity-free amorphous Si layers. We finally propose a
novel deposition method using micro-wave plasma, aiming at obtaining a clean interface and
achieving the growth of impurity-free amorphous Si layers.

Keywords: IBIEC, SOI, SIMOX, BOX clean-interface, amorphous Si, impurity-free, RHEED,
STM, AFM, Microwave plasma
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Filament|Emission| HV RATE A RFH
A) (mA) V) (A /sec) (min)
7.1 40 1400 0.3 9

Do Ko T, SR~ IEAE Si 25T D AFERT
DIEBRGANT & TR M L 70 57 eI KL OZRAE
BITETRRD LB THREND,

RBS 1 X % HEh s fitbr

IKEBIREN 12 X DR F COMERE RN S, EBIC
Si MU IEALE Si g DOZE 21TV, 7845 D RBS
BICEDRBRIE 21T o 72, BIE TR~ XL 912,
FEEOEENE & BEEFHC X DHEMEICRENH
DT, RAEMEBERM, FKERM OFEM 72 Gk 2
ETHMEND D, RIETITAE OBEO Filament
. Emission #Eit, /~N—A & 2 DIFEO/ONIHEE
JEDSRMITEDEFIT, BAERFMEEZ THREZAT
Sfc, AEBOBENELEE LTRBSICL DAY
NIRRT 24T > 72, FEAEL Si 8 OHERESMF 2 #4112
N

4. HESHE SiAEHERIZRAT

Filament | Emission| HV

Wit (A) | ma)| () | A (sed

500
7.1 40 1400 1000
2000

B 12I1ZRBSIZEDAF ¥ RV VT ROT o H HA
R7 MVEFT, WTROZY F L, RBS OHIGE
FMHIIAR A A2 B T RLF—(X 2,53 MeV, A
58 0° . BELA 160 ° TH D, HEHIOF v rLFE
L 160 ° FWICHEELES N TE 72 "B D= R /L ¥ —
THY ., HEIZEOT RN F—%2 R LT\ 5 10B
DONE (W M) ThDH, 1ch ¥z xv



(a)

(b)

(c)

X12. 41277 3B OREREE CHEL-ZEHZD
RBSF ¥ %V o7 222 1. (a) 500 sec, (b) 1000 sec, (c)
2000 sec.

Deposition Thickness (nm)

FRERETE i BT LV SOT #E TR R EE DRSS 25

F—lI~4keV TH A,

B AR DORRIT S D FE 2 E L CRIERSF &
best fit 2Lz I alb—ra rOFRTH
b, HBODT U H DA ML FEDOT T A
RART MV OIEEHE Si g7 OIEEN—F L TH
D FESEE S EBERSNTWVD Z E DGR T 7,

ZOHE SO R X —IENSHKERE GEM
ESiJgnEx) oBRMETY, PO ART hLZ
WA & L CHEERE SIEOHIZID IAEN TN D
DN Ca DX ) WEEHN 40 OXETHLGE. £
DE—7 NAESN DT RLF—DNE, £7-IEMH
B SiENHERE S NDBBICID AT EBbiud O
FA- ORI —NE S RAITR LT, BEERD
FEREETZICB W TEZEEDR ERNBE SN &)
O, AEBERBICBIECEWBTE L, KEFER
AR RS Z & CRBICHBBIRNILST D EE XD
N5, BV LAOFAERHEE S E D TRMPIEA
WZDOWTHIZHFIOMENRH 5,

Z DX 12 H 5 500 sec DHEFE TIHK) 5.7 nm DI
fn'E S HERED RS S 47z, RIS COXKBIRE 7 TD
HERESRIE & el U CE T2 23, BRZEDHIPH & fif
RCT& 5, 1000 sec 7875 CTIEHJ 8.8 nm, 2000 sec 7%
75 CIIf 22,5 nm OFEERfERR SNz, ABFETH
L AREEITH) 20 nm Th 5, LLEDOFEERRS B
5. 2000 sec At CTOIAE SIZAENHY THD &
WEERSIT T,

B 131212 DF v 3 U T ARY MVInDEH
L7-FEimE Si o5& (EX) OHERERIRFE
DJT 7wt B SiEBICHERE Sz dESVE
SiJEORREIL, IEME SIEDT 74 RAXT ML
DTN X —IENLHERGEOEFE T A —H %
ALTHETE S, ZORE, &I 2 HEFERR I3t
LC7ry hdde, KM130BIEIEY =728
TWAZ LR TE T2,

Deposition time (sec)

X 13. Foi e HEREAR M CI5 S AV IR E Si B IR & OHERERERF R A 2 R 97X
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(a)

(b)

(c)

14. 12 ® RBS 247 kL2 CTH-E &% 40 FLEE
DIEFE A F19 300 ch (ITOILR AT boL. HEREHER]
500 sec (a), 1000 sec (b), 2000 sec (c).

1412, K12 ® RBS 27 K LIZHIT 5 300
<mﬁﬁ®#kl%m?o_®lgr¢iou\M£
AR N VRTINS SiéF%’%’fF«@”*%iMo
FREE DM 8 OIRADER STz, FERE S
JEHRiz vy A (Ca) & B b Al n (~2
atoms%). FZBEEN—FRIIBAL TWD Z &0
EMNTZ, Qmass IZLAEBRBNICEMTENL, B
2R PR HNC HoO DIRADFER STV D

iR
S FLZE EB 28515 THERT U 7= J9EANE Si g o Bl
BN X BRSO Bt
RHEED (2 X % S o
HiE T O - &7 EB &GS MEE2HVWT, B
Rl bRk U 72K 2R & £52 Si(001) HARIZIE
po ' Si B A HERE L, A FRIEFE - FERD CONEVLEE
%, % L CIERE Si 8o ik O % RHEED
[mlPF 87 2o H#EIER L=, RHEED #13 b5 e
£ B REPEE% O Si K, FESE Si HERE rﬁﬁé@ﬁ\
800°C + 10~30 min fN#AT% D1, 800°C + 180min
Bt om, 1000°C + 10 min MEVE OEIZ DUV THIER
L7273, ¥ 16 121% 800°C + 10~30 min NNE% O %
[ZANGTN By
X 15 | BAAEAS Si FEtk BICIESAE Si B & HERE L 7=

Bz, SFEBVLEEZ1TVHESAIZ 2 IRt B AR A

JERE Si

|

Si Hiff&R

TERREGRE

Si BfESmENR
15. ANEVLERIZ X A FEAE St O G i AE |

EZ Dk ER LTz, ERRICHKE L@ 2 koo
EREZEI L7-onE 9 %, ki RHEED C#l
BLTERETRT,

16(a) (2 AL IR 21 o Si(001) Ak [ml 4 /< &
VERT, 2WOL B 2 X 132 U ERT
XHT MDD, REMNIFEFITR > TWD Z &R
T& 7z, HIE CEMIZI] LB B — LS 2E
ZHWTZ OFEREIZIESE S8 2K 20 nm HE
L7z, ZOREHIH LTRICIH/R L TR
RHEED #l%i% L= & 24, Halo 3Z vt 7o,
P T, EMESINAEE SN TNWDZ ENRTND,
FERRIC NI R E TV 7203, 800°C » 10~30 min
JNEAKLER % Ltufwf Z%F9 % RHEED #1223 C%, H
AEEL S1 ORI AN AT TE o T, TRHD
BIEFER NS X0, 800°C + 10~30 min JNELFE S
Pz B W TCIEREE St OF M bITE Z Heh o7z,
= 2T, B Z 180 min (2#9<° L RHEED @122
{17,

16(b) (= 800°C + 180 min JZ|Z J 5 RHEED
%% /~x9, RHEED 225, B Si oalfi/ iz >
MIo>THEMERTEDLZ &G, JEWNE Si A HEAE
fAb S22 LGB, BB TIEAR W,
¥ 16(c) \Z. 1000°C * 10 min JIZAC X %5 RHEED #

Z~:7, RHEED 725, ik Si O/ & i
PAMRICHERR T 5 2 v h . JERRE ST O da b2
RSN Z ENnD, ZO LD ITHEERE &M
BUSRA A BN S5 2 212 X 0 IERE SiE Db
T5HIEDVHERTE,

L2L, K16b), © LV, 2+ 5iE RHEED /<
H TR R EBE LB — 20 ET A
T HmBET T ThHD I LRy oT, fEo
T, FEFmEIZ 3 ot SiAE (BIRE Lkl



NEREINT-ZENEBEZOND, ZDOI L EMERT
% 7= 12 RHEED(), (c) ik > AFM #1524 17
ol

AFM 12 &k % BRI
Z 2 TIRITHINEAGAH T & B R IR L & T~
%72, RHEED #1122 L7-1% 16 (b), (c) D AEHT%f
LCAFM IZ L5 R\EROBIE AT T2,

17b {2 800°C * 180 min, 17(c) {Z 1000°C * 10

()

(b)

(©)

X 16. FESE SiJEHERERTA DRSS Si L D= i b
brEtt ol () &, FESE SiEdefE% 800 C - 180
min JIEAE OFERR R (b) &, FESE SiEHERE: 1000 C-
10 min JIEVE OB () © RHEED /8% .

FREREETE i BT LV SOT HESE TR R EE DR 27

min JNZA L 72 30EHI k95 AFM IZ X 2 AT s
BE2rd, K17 L0, ELoIcbREFRICES
50 nm. 0§ 100 nm F2E DR AR TX /-, 2D
Z &5, 800°C + 180 min, % ¥ 1000°C * 10 min
DOINBGEECIE, &35 Sz Si BRIk 3 IRoohdE L
722 &3 0n5, RHEED 2BV T b GG it S &
UBMBETE LI LD, AFM THIZE Sz 3RoT
Si HidfEmtEE2FEoZ B En5s, £72S51 5
DL, MMEARERNEWNZ EL L 72D Z LB 0n5,
ZHUE S OFKE~A 7 L— 3 A X0 BIRAER
WA EEZ LN, BEKRTFELEDAE
Batd 2 MERH D,

wf v

Ak Ah ST B EB 25151 X 0 HERE S -3k
'E Si 8 O i e HERE SR A R EIC B W TR LTz,
Fio, HERE U7-FEAE SiE & BV U 7= Ofkdh
PEDRIE DR 7% RHEED, AFM (2 & Y 3 L 7=,
5T, RBS F v kU 7 AT MILOFE R B A
EAIZIEAE St EBER STV AR, [FRFICE &
B 40 FEE O ARF IR STz, Z ORISR
LTCCatBTHHINE I MITELHEE TERVDN,
HLE ) THITERIE LD EDMRS B S
7TeAlRetE bR E CTE RV, Eo, AREMEE L CITIK
WAZERHICEICE £ D Ar seRE D EB 785 HERE
HPICHERE SLBIZIR D IAENTZONS LitZen, W
THIZLA, ZORMBINITFET D LN, D%
OMBILERIZ X5 2RI E X XUy VllEEE L
<PHET A ERIT /2 D Mdala,

FEEL. BiEICE T 5 RHEED KON AFM 017
RICE Y IEAE SiED 3 Rt BRERS s AR = L
TWb, ZOZ EIIIEME SiBNO R A %I L
TRESRAREN R E T D ATREMEZRIB L T\ D,

WTHIZLA, L xEmAEZEEBAEEIZLD,
HASE Y Si Ltk & IESLE SiJE R & o A SRERAL
JEEITERS 2 O MR RE L7 TH, HE
FEE I AP TTE NI IAENTHDRY, 2K
It D layer-by-layer @ HfE it iR ITHEEE O K 5 12
256

LS%DTRE
U EofEREZEE 2, 4% L bIEWE SIED 3 Kot
ERfESRRENORAITCE WA LAE L, EIZ
BEE XA VY REEO T ERRESCH —AR T/
Fa—THEICEAL TV w77 X~ CVD %
BAURETHZ L2 RAICEZD,

Z OEEE IR CHYHe A Z i L CREN R VA
— I pEERAL, AZVIRTFESRLTC T Y
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(@)

(b)

X 17. EB OBV X 0 785 Uiz Si MRS L 721412,
DOFRBIF 2 AFM Bl22 L= RIET 7 4 10 O— i .

N CAF L ER L, XA YT NERESH —
Ry ) Fa—TEHREIEL2BFO T T X~
CVD ¥ ECTh Tz, AREMWEF A VEL L
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T ¥ N —EEZWR T 52 L 2B E LTV,
L, Ar PR LT p 77 A~ &2FH LT
Ar A F T VAN ETEKR L, ZNE ANy XY
7B =2y BN -1 kVEEEOBER CTIE S5,
ZL T F—Ty MET (SiRCEH) & ANy & I,
Z—7y b e TN R E T e (800°C
FREEIZ & TONELT 2B 238 1, RIS K 2 ik
RED IR LG FTRE 2o 12 - %) 1cE L, 2
OFRBIEITE —F > MIEDST TV EIS T +5
B 2 2 - I L, B~ E L — M &
flEcxsXL51c95, L TINB ANy X CVD
ORI T S TH A Y REE%E CVD CHEREY
L0 EFHOT v F AL MEETERY 11 5 ER
295,
INEEZITEEORBES A TEY REEOR
HWRECH—AR T ) Fa—T OFEERET T
< IRFEZHIE L7 CIEE O MR mICIESE Si
JERIEE ClHEE 2 ANy A RETE DL DT D,

800 °C + 180 min : (a). 1000 °C+10 min : (b) DELF A LT- . =

AWFIEIT 2016 FFEAP A1 K8 G BRI 78 T 2L ()
AFZEBNAL (RIIS201602) %521 TiT-72, #t L T
HT 2,

SCHk

1) Izumi K, Doken M and Ariyoshi H (1978) C.M.O.S.
devices fabricated on buried SiO; layers formed by
oxygen implantation into silicon.Electronics Lett. 14
593-594

2) PEER (1993) BEF A A L HEANEIC LV Rk L7
DIABTBICIR A T 5 N8R IR OBFSE . D.Tec. the-
sis, University of Toyohashi Institute of Technology
and Science. Japan.

3) THHEA (1990) &= R ¥ —EHA 4 I K 59
Al Si OIRIRHRE AL DA . D.Sci. thesis, Univer-
sity of Tokyo. Japan.

4) Priolo F and Rimini E (1990) Ion-beam-induced epi-
taxial crystallization and amorphization in silicon.
Mater. Sci. Rep. 5 :321-379.

5) Priolo F, Spinella C and Rimini E (1990) Phenom-
enological description of ion-beam-induced epitaxial
crystallization of amorphous silicon. Phys. Rev. B. 41
:5235-5242.

6) EJFZI: (1988) HERGH:AHEL Si DR A EFH = &4 %
¥ VR DOAFSE . D.Tec. thesis, University of Tokyo
Institute of Technology. Japan.

7) Nakata J and Kajiyama K (1982) Novel low-temper-



8)

9)

ature crystallization of amorphous Si by high energy
ion beam. Appl. Phys. Lett. 40 : 686-688.

Nakata J (1991) Mechanism of low-temperature
(=300°C ) crystallization and amorphization for the
amorphous Si layer on the crystalline Si substrate by
high-energy heavy-ion beam irradiation. Phys. Rev. B
43 :14643-14668.

Nakata J (1997) Enhanced crystallization of amor-
phous Si containing hydrogen without oxygen dur-
ing ion-beam irradiation at 310°C and during fur-

TS i B LV SO #dEREDFgE 29

nace annealing below 450°C . JJ. Appl Phys. 82 :5433-
5445.

10) Nakata J (1997) Epitaxial crystallization during
600C furnace annealing of amorphous Si layer
deposited by low-pressure chemical-vapor-deposition
and irradiated with 1-MeV Xe-ions. J. Appl. Phys. 82
:5446-5459.

11 HAREFFFE 1316930 =

12) HAREFFES 1683801 %






Science Journal of Kanagawa University 28 : 31-36 (2017)

15

ZEZE0/ 2016 FEEEHRSE)| KRFR A A2 BT AL R 272 Bh Ak i

KRG SiGe KU SiC & AV 7=9k5F / I3l EL & ¥ D%

KEEA! B F' BEEZ?®
Experimental Study on EL Device in Visible/IR Regions

Using Two-Dimensional SiGe and SiC Layers

Tomohisa Mizuno!, Takashi Aoki! and Toshiyuki Sameshima?

' Depertment of Mathematics and Physics, Faculty of Science, Kanagawa University, Hiratsuka City,
Kanagawa 259-1293, Japan.

2 Department of Electrical and Electronic Engineering, Faculty of Engineering, Tokyo University of Agri-
culture/Technology, Bunkyo-ku, Tokyo 184-8588, Japan.

3 To whom correspondence should be addressed. E-mail: mizuno@info kanagawa-u.ac.jp

Abstract: We experimentally studied the material structures and photoluminescence (PL)
characteristics of two-/three-dimensional (2D/3D) silicon carbon alloys Si;-yCy with a maxi-
mum Y of 0.25 for a Si-based photonic device, using hot C* ion implantation into the (100)
silicon-on-insulator (SOI) substrate. X-ray photoelectron spectroscopy (XPS) confirmed the
approximately 2-nm-thick C-atom segregation formation at both surface-oxide (SOX)/Si and
buried-oxide (BOX)/Si interfaces. In the C segregation layers, corrector-spherical aberration
transmission electron microscopy (CSTEM) and high-angle annular-dark-field scanning TEM
(HAADF-STEM) showed that 3C-SiC areas were partialy formed. As a result, we experimen-
tally confirmed photoluminescence (PL) from the local C segregation layers in a wide range of
near-UV/visible regions, which is probably attributable to the large band structure modulation
in the C segregation layer. The PL spectrum can be well fitted by three curves with a different
PL peak energy £rz The PL intensity 7z of 2D-Si1-¥Cy markedly increased with increasing Y.
Consequently, the Si;-vCy tech-
nique is very promising for novel £¢ engineering of future high-performance CMOS and Si-

However, £rr was mostly independent of the SOI thickness.

based photonic devices.
Keywords: silicon-carbon, 3C-SiC, photoluminescence, Si-based photonics, quantum confine-

ment effects, band structure modulation, carbon-ion implantation, SOI

J¥ i
2%t Si (2D-Si) i X, WA SOI (silicon-on-
insulator), FinFET" 72 ¥ CMOS (complementary
metal-oxide—semiconductor) # . K SiEHF?
WK< JEHENTWD, SOL EFFIZH Wi, SiflE
5 ds=Lepw3 Lppr 13FZA DT ¥ FNVE) It~ THE
A9~ 5 721 TET v xR EMH TE, Ok
R, SOLHE XM RFE T LTHLIEFICALELED
NTHD Y, L, ds OB LERT 5 & SikkT
E%UF%EE‘FE THEFAL S EZ, SOI X 2D-Si fidk & 7
. BUED 3D-Si & I3tk R o TL % 370, fi¢
of FPRFE T OREZ TR 21213, 2D-Si HiE
OYEE AT A2 ERSH 5, £, &l CMOS

FEBUCIE, (110) 1l CMOS °E A Si fiid 7 & o
MR bEED SNTND Y,

2D-SiJEIZB W TiX, EFORTHFHHALIAD
HRIZEY, BIBBESLOHERDI SN TND Y,
HiZ, 2D-Si =& O 7KKt SiicBW L, D
BT PO CIADZINRIC L D Ny REEEDNEH S
. Ny RE Y v P Ee DR EHESNTND Y,
—HF AR IE SitEE Qi) UA v —.81 Ky hp L)
ROV TIE, B2 CADSIRICL D% KT
UU%@7¢/V%%%Méhéi):hﬁ7w/
VEACIADRIERTH D, FOFEE, PERET
fé%¥)7®7j//ﬁﬂ%¢#%z#k)7%
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FEOLLFHENTND Y,

kD X 51z, 2D-Si % & D 7Rkt Si iFEIE,
WHIE T EBLO O DOERMR B O R 5T ik
DO EAHIEA CIAD N F DI E W WIPERFIEIC & -
THIHFFICEETH D, FxiT2D-SilckiFs&ET
P LA ZIH %2 Raman 73 6 M O PLIEIZ KL D, K
TR T4 ) U CIADNR KON Ee H KN & EhR
BN SZRE L T & 7= 619,

LU, Al Hr%64h £ T PL3E A B S
TUZIE, D Ee D RBUHATH H, £ T,
2D-SinyCy #iE % C 7 v b A A v EAEE FHWTE
B, ZOKRE PLIEEFREL T& 72 1519,

REIZB T, B TH D SiyCr DFEITHE
EEATIC L0 3C-SiIC B DRk &, TR sMk T o
PL BB O EIEEFT > = O THET D 17,

POBEE T3k

2D-Sivy Cy DIEHE

(100)2D-Si1¥Cr 1%, K 11277 & 912, BEE 55nm
? (100)SOT Htl & BR{LIEIC & - THiF b (1-() .
BCYARy b A U IEANE FERIRE 900°C TIT - 7214
2 (1-(b) . FAEIBIC & 0 P8R 2 b4 5 2 &
WCEOERL (1-0) ¥, AL, X 1-() @ SifE
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TRy MM AVEAETo, PCTA A mRILF
—1L 32keV, YL 2C A A F—XDe (R—X&IZ
5 X 102715 4 X 10%em?) (ZX VL=, Fi-,
ds TEIZX 1-(0) O LIRERIIC L 0 Hlf L, a2
X7 MBRIZ X W RDTZ O ARIFFEICEBVTUIT 0.4<
ds<22 nm, JF BB N = dvd+1.d 1 3R ERIBE T,
(100) T1E 0.136 nm) ([ZHLF T 5 & 4<N1<148 % EH
L7,

7 # 7 EHf A UV-Raman 236, MOV R
EREAE A o PL APEIX IR 325 nm L —H—3¢%
Wiz, =P E—A%IT 1um, L—P U —13H
1mW Th 5,

1. Sti¥yCy DIEAL 715, 40 nm F Tl (a) 1, CT DR v
R A TEN (b), DR DOELEIT L 2L (©) 21T 5.

SivvCr I8 DRSS

¥ 2(a) 12 XPS ( X #RIEET-/93E) @ Cls A7k
JURRHTIZ X % SOI EE 22 nm @ Si-C & & O C-C
FEATOC R IRERES i % ~d, SOX K
BOXAmICCEBEDOE—70nH Y, CHEFNAHm
WZIRAT L TV D 00005, BIZ, —E8D CFTH
LI ICHTH L T b, oSS, Rl TomiKk
YiZ02L kgL, K20) 1%, BOX fETOE
— 7Y, RONCHHRED DoAKGFHETH D, miE
Eb, DolZHBIL T L, YidDell &

DHIEICE D Z ENbh Tz,

—J7, X 3(a) 12 BOX FLi i @ C {wAT a8k o W
i CSTEM (ER M U 254 1IE TEM) B HE % ~3, Si
J& & IXH B NTE D NS IFE ARy b (L) A
o, LrLl, Z0OEINISIHETEFRLCTH D,
- C, CIRHTE OSSN Th b, £z,
X 3(0) 12 FFT % (G 7 — U =48 H#) 2k vk
7= BT (ED) /8% — > &4, 52 (220)
O d e (EEFE) 25, SiodEX Y #120% (=
\did) H/INEL 5 TWBDORDLND, Z0Od DI
T, 3C-SiC O FiEE (= 0.436 nm) 7% Sifl (=

2. (a) XPS (Cls) Ik W kKdi- CIBEESOM. ALK
VC=MA1E, ZnZEn SiC (@), KU C-CHEe (A) o C
mEEZFT. b)) BOX RO —2 Y (i) KOC-C
AEOVREE CHHh) O DoRIFME. ds= 22 nm, Dc = 4+10%

cm?.
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X 3. (2BOX fiflro CmATiER oW i CSTEM 5&.
FLEINIE 3C-SiC TH 5. (B)FFT L v Ked7- 3C-SiC &
BREPT. ds=22 nm, De=4+10"%cm™.

4. (@BOX ft i {7 3T @ C 1 A7 56 3 o Wr 5 HAADF-
STEM 5-HCHOF1-EF. (b) K (a) 1T Si KO C JF 14854
BeAOERX. ds=22 nm. De=4+10%cm™.

X 5 0.8 nm Siy-vCy J& ®Wrifi CSTEM 5 &E. Dc=2x10%
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0.543 nm) £ V9 20%/h SN2 EIZxHRLTRY 17,
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JRF IS ETEIIIAEE) DORFxEE Bbhs,
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g, YOHKEEHIZ, 1500 em™ D 7 7
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SRR A B 7 12”7, 1(c) OHERETIRIZ X
V. REO CRRITEIIHET 2720, CRITEIX
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K 812 PLFEYE AN MO Yk E RS, YO
R E L BT, A7 PLARE Iy O L PL B—
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HE;D3ODODE—INHELO LMD, KR, Es
TOPLRE L 1L, Y8 0.1 LA EOBEDORBIES
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8. (Q)Emx=3.8¢eV TP PL A7 M@ Y{EGFNME. O
TREE D I IKTFME. Ni=5.

K& &bl lp TP T 5, LarL, 2D-Si &V,
N, =381ZBWVWTHPLHE XL TEY, SuyCy BD
FEHEAE L 2D-Si LI RE<ED T ERDND,

ZZTC, PLENO N ARFHEZK 10 I2E 2D 5,
10(@) 13/ B — 2 T RAXF—D N EAFETH 5,
2D-Si DA, BT CIAORICE Y N A &
EBIZ Ee MEIRT DD & 13E N, SiyCy JE D3
JEERE I 7 OREERIC R T L D1, AT C IR
MroEdk s & 0 PL R D=0, £ 8—7 23X —
DN IRIFE L T, iU, N OB 7
D R T OEE L TH D Z EITIR L TWD, £
72, X1 10(0b) 134 PLA&RE ' — 2 O N IEETH 5,
2D-Si DHE. Ni<10 DA D, PLELL TV 5,
UL, 2D-Si D 3 REEIEDS V<10 O A Tl %%
BRICERSND 2O THDH 9 —J5, SiCr BIC
BWTH, PLEEEEY—27 X, N, oBmE & 11z,
B LTnsd, LavL, Zhid PL 3O HKRIMER
LTSI TIERL MIEFELRNZ L& 11
DFEFR Al - TR$ 5,

11121 O ds i1 % o797, I3 13 ds DFE 4B
BT L TWDORDNS, ZIUTRO X I

9. Ex=38¢V TCOPLAXZ FLdON, I 17 ME
Ex=3.8¢V, Y=0.25.

10. SiiyCr LOSi 2B D (@) K —27 =R LF—,
KD & v — 27 PLRE O N, K17V Ew=3.8 eV,
¥Y=0.25.

BHTX %, Si TOES x TOANE L— s
Inx(x) 1%, SiFmH CTONHEE L., Si T TORbE L
—PHDBAEZ A T L., kRIS 9,

(1
THE, SiTOWEESx 5O PLAE 1Z@O XKD
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Y:£.25. R FR SRSk o [l R AR C, MRS R 1 0.97
Thb.
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ZIZT. nlEPLEEEE, e (X SIHTO PLK
DIRAK. Al3A5" = Apx + A5, TRENDEMRA
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20 =79 nm &720  FEHHED 4.3nm DFJ 2 51272
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7= L Bbid,
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PEIE, B EAT TORIICER L THBY . ¥
7 OFJE D PL 3G H KT N ARIEE NN L 2 5%
L. ZHUIM 71273 PL 3OLERRATHY 72 CmAT
BThHHZENHEWTH D,

Wi
Si RFENF OB E LT, (100)SOI Fhi~D
CRy b A A ENEIC LV IERL LT SivyCy 8 OHE
IERAT & PL RN K OV LRI Z DWW CORMFZE 21T
-7,

CSTEM % O XPS 454112 L W . SOX/Si f O BOX/
Si FEZ T3 nm JEO CRATE AT S, EiRE
C & SitDfERICE YT /4 X 3C-SiC B
W STV D Z VB LT,

ZOREF, SOI BRI X 5 7au CRHTE 2> 5 D
RV PL Y GIEESM 0 B Al IR) NEHR TE /-,
o> T, Z D SuyCy EHANITFFRD Si RFNFET
IZESTHLETHD Z ENbhoT-,

(RIIS201601) DB A2 F 7~

Hk

1) Nazarov A, Colinge JP, Balestra F, Raskin JP, Ga-
miz F and Lysenko V. S. (2011) Semiconductor-On-
Insulator Materials for Nanoelectronics Applications.
Springer, Berlin.

2) Saito S, Sakuma N, Suwa Y, Arimoto H, Hisamoto
D, Uchiyama H, Yamamoto J, Sakamizu T, Mine T,
Kimura S, Sugawara T, Aoki M and Onai T (2008)
Observation of optical gain in ultra-thin silicon reso-
nant cavity light-emitting diode. In: IEDM Tech.
Dig., Paper 19.5., pp.1-4.

3) Uchida K, Koga J and Takagi S (2007) Experimental
study on electron mobility in ultrathin-body silicon-
on-insulator metal-oxide-semiconductor field-effect
transistors. JJ. Appl. Phys. 102 074510 :1-8.

4) Agrawal BK and Agrawal S (2000) First-principles
study of one-dimensional quantum-confined H-pas-
sivated ultrathin Si films. Appl. Phys. Lett. 77 : 3039-
3041.

5) Kumar V (2008) Nanosilicon. Elsevier, Amsterdam.

6) Mizuno T, Tobe K, Maruyama Y and Sameshima T
(2012) Experimental study of silicon monolayers for
future extremely thin silicon-on-insulator devices:
phonon/band structures modulation due to quantum
confinement effects. Jpn. J. Appl. Phys. 51 02BC03
1-8.

7) Mizuno T, Aoki T, Nagata Y, Nakahara Y and
Sameshima T (2013) Experimental study on surface-
orientation/strain dependence of phonon confinement
effects and band structure modulation in two-dimen-
sional Si layers. Jpn. J. Appl. Phys. 52 04CC13 :1-8.

8) KEIFEA, HA F. B (2013) Kk U =
CHRERRIE DIFE. A/ PP 240 17-24,

9) KEFEA, HAR F fEHEZ (2014 "LV =
VNEERIER ORI TS, #HFS)IKFPE 7 25« 23-
30.

10) KEPEN, AIHRAS, ZHEPH, FA #2015 —
WICNHEART /S A ZADRRGE. /A F P77 26
33-39.

11) Mizuno T, Nagata Y, Suzuki Y, Nakahara Y, Aoki T
and Sameshima T (2014) Crystal direction depen-
dence of quantum confinement effects of two-dimen-
sional Si layers fabricated on silicon-on-quartz sub-
strates: modulation of phonon spectra and energy-
band structures. Jpn. J. Appl. Phys. 53 04EC08 : 1-6.

12) Mizuno T, Nakahara Y, Nagata Y, Suzuki Y, Aoki T
and Sameshima T (2014) Quantum confinement ef-
fects in doped two-dimensional Si layers: novel device
design for two-dimensional pn-junction structures,
Jpn, J. Appl, Phys. 53 04EC09 : 1-7.

13) Mizuno T, Nagamine Y, Suzuki Y, Nakahara Y, Na-
gata Y, Aoki T and Sameshima T (2015) Impurity
doping effects on impurity band structure modulation
in two dimensional n+ and p+ Si layers for future
CMOS. Jpn. J. Appl. Phys. 54 04DCO05 : 1-6.

14) Mizuno T, Suzuki Y, Nagamine Y, Nakahara Y, Na-
gata Y, Aoki T and Maeda T (2015) Surface-oxide
stress induced band-structure modulation in two-
dimensional Si layers. Jpn. J. Appl. Phys. 54 04DC02
1 1-6.



36 Science Journal of Kanagawa University Vol. 28

15) Mizuno T, Nagamine Y, Omata Y, Suzuki Y, Uraya- 27 :15-21.
ma W, Aoki T and Sameshima T (2016) C-atom-in- 17) Mizuno T, Omata Y, Nagamine Y, Aoki T and
duced bandgap modulation in two-dimensional (100) Sameshima T (2017) Material structure of two-/
silicon carbon alloys. Jpn. JJ. Appl. Phys. 55 04EBO02 : three-dimensional Si-C layers fabricated by hot-C*-
1-8. ion implantation into Si-on-insulator substrate. Jpn.
16) KREFEA, BIHRER, HA Z#, fHke  (2016) oJ. Appl. Phys. 56 04CB03 : 1-8.

RIS ) 2 BT DRI, A



Science Journal of Kanagawa University 28 : 37-45 (2017)

WE EW 2016 FEMER) RS A B

T LRI ZE B a3

BRT7 Y25 VA — A%H :
X &) —)UH NMR %t J& PEMh RS L D % 24
— SDBS Dktig¥s & CREIRE 7 £ 22DV TD
TYV2T VR — RO —

ok

ZNINET:

Bl 3% >* JEpRRE

A Formal Assurance Case for Chemical Shift Assignment
~ Case Study ~

Hiroshi Watanabe® #, Yoshiki Kinoshita? 3, Makoto Takeyama? 3 and Koji Okuno®

1

Research Institute for Materials and Chemical Measurement Standard, National Institute of Advanced

Industrial Science and Technology, Tsukuba City, Ibaraki 305-8565, Japan.

2

gawa 259-1293, Japan.
3

1293, Japan.
4

Department of Information Science, Faculty of Science, Kanagawa University, Hiratsuka City, Kana-
Research Institute for Programming Science, Kanagawa University, Hiratsuka City, Kanagawa 259-

To whom correspondence should be addressed. Email: hiroshi-watanabe@aist.go.jp

Abstract: We present a case study of the construction of a formal assurance case in Agda

language. The formal assurance case claims the validity of chemical shift assignment data for

'"H NMR spectra of methanol obtained from SDBS (spectral database for organic compounds)

developed and maintained by AIST. The novelty of our case is as follows: introduction of con-

crete data that our claims in Goals refer to; implementation of functions that evaluate the

claims using the data. We note that these items are not provided in the conventional descrip-

tion system for assurance cases such as GSN, CAE and D-case.
Keywords: assurance case, 'H NMR assignment, database, SDBS, Agda, GSN
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T =X OEEB I ONNEZ#EUNE X 572D DY
{bHELE LTCEAIIEAT v a7 v A r— 2005
AREM ARSI L CWD, Ty aT A r—A %, =
R ZORMLE & HICFHIT Dagm A il S L7z 3¢
ETHDH, BEBIOT X ZE )T 458 TT
TN TERY, BEHEE S X T A0ER S A
7 AN CIERRRE GEESVEREM) D7 DL L
THRHARO HRA B LB TN S,

AT -WIIBRELEEX T 2T 02— Y
I TV a7 v A= A AR T H BB T RE R
ERER, T2bbra /705 LTEBTS, 7
VAT VA — A TR T D VNS & 7p B Rk
DLV, BIROIE L S ORER72 L 23 Ek o 2
BT TRRET H_L, BT 270 A —2D
RO EFFTED TN TN D,

AR TIE BR) 72T A r—ADilkE
BaiT\, T2 OEHBIOWEEZEZ D700
S5k E L C oA RTREM: 2 et 5, BIRW
IR, PEEHINR AT OAILEH D AT K
VT — K ~_— 2 (SDBS)? 7% Web | T/AB4 % NMR
AT MV OIRBRHIAE R A, E DY
LIRS HiEmE T V2T A — A TRk 5%
Brai1->CUuNA,

INETOWFETIIA X ) — ) ip EIBRNOH
BEAZ2 'TH NMR 222 kL OIF @RS Bl o
T. GSN (Goal Structuring Notation)? ™ ¥ 12 &
LTV aT A= AR B B G, £, %
MO ONE L AERR S [FIRFICBEE LT, JRBhs
BoOZNMEE FET Dk \Mm%w?—&@g

—Z BT AEmTH Y, BEOHIERBRCCHR
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REWTH EDWTHME (& v 7) H3flkr LI-EE
e, WET —F o> - HREMEREICH &< FHL
REMNOHERIND 2 EEBIE LT,

—F., Hax DT V2T A — RFREE Y S
X, GSN CTIIRMAVZ2 TN REERFREE LT, L
TObLOEBE L,

o GSN I7—# = EHRT HHEMEITF =T, LkE
WEIAT =2 DEXF2 T RTHILENRD D,
FexDT7v 2T A=A FRET — X%
w9 DI T =X OFIHNRARAIRTHDH, £
TR (context) / — ROHFIZEDILTT— X %
BoE L CAZDS, ZNCIRIAH, FELIZ o
77

o M ZFE L CRBEOEBNHETE LI —L
[ZOWT, RHLOFEROF A RS Flak 3 55
BIZIINE OB P LETH S, Lo, stilkd
5/ L0 ELLERATHL—RE—HERH D,

o FIEMLIZ Y C & 7o B SR W O FRIR 5 1A D TR M
VETH D,
INOOBREE 9 F R L TRBT DI, &

NI A Z AT HIER VO 2 LW ) ORTrex

ORETH 5,

FHoxld, BT 2T 27— 2DV A 25
THIEBWEER D, TYVaTF7 v Ar—RA%&7al
FAHELTERTIE, T—%0EA, 5|HITES
\ZR[REE 72D, Fo, WY EEEL T, T—
ZEAWTHEIYE, I— VOEENRKI IS L
ERERTLHZEHEIOND, T LTEBICZED
kol TcEE M FTHAIL. Tk TILE
Ty aTd A —ADFEFEERT 2T A
— AT T 25, BAIEELZED -, £ DRER,
BT v aFZ A7 —2A0FEp LG b, Lk
O Z e PRI TE B Z &R LT,

KL TIEINETIELEXT v a T AT —
2ZDBMKEI R LT, BRT V2T v A —2ADH)
BWERANT 5, FRCFHR2 X EOR~7-3R-EICE LT,
SIRT —2 ORBEH], T— VBRI D5MFDOHE
FENZONWT, E - M O FRR FF] &~ LT
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POREE T 1k
SRR RO Z 4% YR 237V 25 VAT
— 2 L Z D

AL TR 1 OT v 2T v A — A EMIZED
BT ¥ 2T VA —AFLlIZ DWW T~ 5, £D
EOIETEM DT Y 2T 0 A — A& T 5,

M OT V2T A r—R %, A% —LDJwE
FHIAE RO Z YA TR T DkamD T v a T VAT

— 22 DO—EBRYH LD T, GSN OFEE? T
N TND,
FFim Tk~ 72 Z & L EET 223, GSN THEL
TvaZ A=A (K1) hHIROBEEBIE LT,
o WET—Z OTRER (1) BLOMLEW O
WrifR (£2) OF—%%5|HAHEZ2 T GSN
DOIAROFNZ 9 £ LR TE T, F£/2, 2
—/UET —F 2SI TE TR, 207
D, Hm SRR LA D ATREMEDN B D,
o A—VOEREMIBT D HENBREEZHW
BRI SRMEThH 2 DA, IO T
2R D BRRY 725 A & 9 FEak T B Al s
LV, FUEEZFHITIETEBNHETE S
O, RHILE RS e\ RIS DT ONIGAARET
b5, LnhL, EHLERIRLTHLT—FBNEIE
S5 EROBEENP AT D REMERH D,
>GELARRE L2 WS I Ui S
L EMmRLUEND AL H D, Eio, FE
WRAENN TR NZOERE L TRV ER
T DT AT AT — AR ATLE D,
—J7.

>FHEL A R E T HA  FELoRRR 0B AL
LR T 2 ONEH 25, FHEBERIET v a
T A=A ERIOEFTITOIL ST,
ROEFLNULEITR D, B I ADRELE
2o, EET L FENEZ D,

o BfAZHIIT ORI L EBRTIEO TRPMLETH
%, Fex OiEmOP CHMAZHBIIRFETHD Z
EmbmoTony, HHZHBChH D Z & & ReBel
FTHTRIZL TN,

ATV 25V Ar—ADTATT

Tvag A=A EAEE TR L, oK
AMRECIIHLA~DB BN IE LW 2 & 2T 5%
TIIFHEM OB /D BIcE e CLER S, &
WO DONRAKRF—RIUPRB LB T V2T A
—2VTH B,

BARMIZ, MEROREERICS L5 T eI I
S Agda® ZFIHL BT v 2T v A —2%
WET LT AT TIEREINTWD, ZOHA Agda
NHED RO IR EEEN T > 2 T VR
—ADBEEVEME L EBT 5, 0D, 2—H—
ITAgda ECTT7 v a0 Ar—RERBTHIETT
Buv, 72720, BAEMEHREL, BROD DiEwm
BT 21Ti%, @iV DR X OVHRE
H 5 UOHHEfE L TR 2T EWnIT 22y, Fx o
FUIRER CHLEMmICHWSEI AT — 4 2 COREE
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% 7% . SDBS-NMR J@@sHfiOFAT 2T 27 —2 39

1. EMOT v 2T 2 r—2, RFOINRC5 B L OE 3 TH 2 O D IREGEM assign 23, HIEY 7 LrobEHo
fiRATRE R (F2) LWET —X OMATREE (RD ICFE LRV ENERSND. 7 =L ORIFENE L.

£ 1. WET—Z OIENTHER

SIGNAL | pattern | JValue | v d area
sl [4] [5.25] | 1629.37 | 4.077 | 1.000
s2 [2] [5.25] | 1269.28 | 3.176 | 3.041

% 2. (LB ORRATHE R

GROUP | protons

neighbors | &_predicted

A 1 [B] 2-5ppm
B 3 [A] 3.2-4ppm
# 3. B
assign
GROUP | SIGNAL
A sl
B s2

#4 TvaT U Ar—AL Agda SiE

T 2T R —R Agda 57

=—) bl

AT U— RA%

FEHL IOY AV ES/ A

aeam R hy T — OB DF T

=7 b GEH)

AL

GSN TEMNI-EM O T Y 2T 27— (K1)

ZHEIC, Agda SEEZHWTBRT v 29 27—

AEAERT D, Agda SREICEDERT V2T v A

—ATIL, XA4DEY, T aT L RAr—ADKE

B a RKELT 5,

IO L ARSI, GN TR EIN=T v aT v

A=A RDOTFIATHERILT 5,

L BIHT 2HET — % OfFFTHER. (LA OFNTHE
ROT—22RKBT 5, FRCEmICKNELRD
A B EERT D,

2. I—NEMTCRETLH, A NTTU—2HMOMO
e LCEAT D,

3. ARSI K ORHLAZEY 2T, T—/LORIDKE
T EEIET 5,

4, "y T I—=NORDOF TV =7 b, T HIEH
EEMRSEDL, THE, BT V2T A —2
MER LIZZ i b,

iR

MO 1% b &I LT TBRT &2 70 R —
ADWEEBIT S, &2, BT —4 OE#.
MBI, TSR ORIE, EE k0 BRI
RLT, Ol T A T A8 D R LT
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AT %0

WBRT V25 VR — ZADLHHR
BT v 2T A —A0D Agda =2 — RIZRDORERL
TE LD,

1.

TR 72 TEF%

a— RRICDIZ 0 T 2 B 2 OB
Boawefig Uiz, B2, BEAERL, BRI, %
B/ N BN D U A R Xy ML Z N
AR 2B &,

. RO ER

T aTd A —ADI kA E DT ZITHRE
L7z,
(7) fEATRE R T — & | IR IR
T ADEmORG LT HRET —F | R
RTr—4 ., IHEEMEER LT,
(1) BEPR SRR
BB ORI Z AT D721, HERZE
DI 2 (i LT,
(7) MR R
=)L LD E D DR T DT DI W
D, T X ORAERE A EE LT,

L d—)L

TV aT A= AD A= LB LY T =Lk
L0,

. AL

HEMFHWOFEREEFHEE LD,

5. AT TV—
6. 7 ¥ 2T AT — ADiKm

Ny 7 —NOROF T =7 NEIFH LT, =
DF TV MIGN CTEIMIMNTET V2T A
— A DM DAREERRZRILL TV D,

BT T, MRV T BB 1 Tl 5,

g, PRSI T — & DFE A gip
Hm OB LT HHERBIORHENH#HZL LN T D
BALTBLIENTE S,

B OFEFITIL, ALBHORATRER L > 7 F 1D

TR DT — 2 2 ZNETNIROFIETER L T
L,

1.

TR ERENT DT A= fE&E L a— FlZ3E
T3 %,

2. ZINVOELEEFIFRITRILT 5,
3. T—H &L a— KDL AL AITKENT D,
4. ZNVOHEEE L a— RRIOA VA X v R EARLT

EFMOA T2 FELTEED D,
K 2R LIALE W DIRNTHE R DT — 2 O B AR

BRRD, EFTHOICT —F ZMMNT /3T A —4

ff& L a— RFRIE LTRD T 70— % YR
L7,

record Z)L—###r (D : Set) (E : Set) : Set where
constructor prop
field
basis : D
protons : D — N
neighbors : D — L D
O-predicted : D — Description
pair : E > (VD 2)
eqd : EqD
eqe: EqE

ZIZT, La— NI T oDNRT A= YT,
MMOBER LAV UERERETE DL YT LT,
WIZ, BIEBIC T _XVOER LT — 2 2 EHR
o TUVOEARELTIE, Fu b rOMOES
GROUP & 2 v & DS COUPLING O —2%
HELZ, 2055 GROUPIIKRD L HIZ_>DA
Tz NeRORERE L TER LT,
data GROUP : Set where
A B : GROUP

F—HADEFETIH, La—FHOA 25
A result-GROUP |57 — X M L7-, La— K
BT 7 —T AT DT A —H 21X GROUP &
COUPLING ZHREL T\ 5,

DI —THRITHER-B © Set
DI —THIER-2 = J)L—T# GROUP COUPLING

open JIL—_EHT

result-GROUP : )L — TRt R -1
basis result-GROUP = A
protons result-GROUP A = 1

protons result-GROUP B = 3

neighbors result-GROUP A = B :: []
neighbors result-GROUP B = A :: []
O-predicted result-GROUP A = "2-5 ppm"
O-predicted result-GROUP B = "3.2-4.0 ppm"
pair result-GROUP c1 = A:: (B :: [])

eqd result-GROUP = eqGROUP

ege result-GROUP = eqCOUPLING

BBICIKFEBERZHNT, BICEEFLOD
GROUP & COUPLING. result-GROUP » = %
Data- {bEWIENT & LT—2IZE LT,



]

OIN—T EFHER-8 = 32 Set (A X = (2 Set (FIL—F
R X))
Data-1L &R : JIL—F RATFER-8
Data-1b&¥IEFMT =
record {
dataid = GROUP ;
properties =
record {
dataid = COUPLING ;
properties = result-GROUP } }

ZITIL BT OFER DT — & % [Data- (L&
Wil L L COENEEVICEED LN, 29
THE T HEFLD AL EEBIT, HexD
T=EZ~DT 7 EALARETH D, Hlzid, B D
7k L
2 )L—Tf#fr.protons
(3 .properties (3 2.properties Data-{t &¥1## 7)) B

TZRTE 2,

fat )@ Al D £ B

T EROHMEAZFH LT, REFEMS L0 E
EICRBLTHEIIC LT, b b LEMOTDIRE
X 7 1 b OMOES GROUP 76> 7
NS SIGNAL ~DFHTho7-, AT =27

7= SDBS-NMR Je @il o7 a7 v A r—RA 41

VA= AT, TNEFNOEENT =X D—FT
HDH L EWMHICRILT D720, {LAWNT OR5 R
Data- (bLEWEHT ] DT SNV OEENOHET —F
DFFEMTHRESR Data- & 7 FVEHT) DT~V DES~
DEMLE L TER LR,

_&_OMOREEM-E . JIL-TEERRER-B > 2 JF

JLESRATHESR-BY — Set
a & b ORORERM-E = (32.dataid a) — (3.dataid b)

I JE AR assign DT —X13F 3D LB 527,

assign : Data-{L&YIEEMT & Data-JFILEET OMOIREE
fEHE-2
assigh A = sl

assigh B = s2

B BAE D X BiH

R D T — )L D CHRIZIZZ D T —/L D EREN ALY 37
DI L EWERT DT DOOLMENTEREIN TV, £
NHEOERMED S B, T —F &% AW THE LI/ E»
LHETEXDHDIE, T—FEANE L TERBEE
HT DA L LTI LT,

Bz X, F—/b [G12 assign (ZHFEICOVTHY
Thd] Bl SNDHEMT AEEDO T v O
DFINZHONWT, AR T D71 h OO &%t
IS BTV OHEBEOLNMEE—HTEHLETH

module ESHEEIRE where
-- EELEDORERE
checkArea : (res-compound : JJL— SfEIFER-8) —

where

basis = )L — Jf#ff.basis result

p-Oxarea-g = primFloatTimes p-0 area-g
p-gxarea-0 = primFloatTimes p-g area-0
-- AR
CheckArea : (res-compound : J)L—F & RFFER-8) —
(res-signal : )L & fRATHEER-Y)

CheckArea res-compound res-signal f € g = T (checkArea

(res-signal : S 3)L & ISR
(res-compound & res-signal OREIDIREIRH-EL) —
(3 2.dataid res-compound) — R+ — Bool

checkArea res-compound res-signal f g € = Abs( p-Oxarea-g , p-gxarea-0 )< €

result = 3.properties (3 2.properties res-compound)

p-0 = primNatToFloat ()L —Ff##fr.protons result basis)
area-0 = 37 )L#R47.area (2 .properties res-signal) (f basis)
p-g = primNatToFloat (/)L —f#ifT.protons result g)

area-g = 3/ 3)Lf##f.area (3 .properties res-signal) (f g)

res-compound & res-signal OREIDIREIEMH-8L —
R+ = (32.dataid res-compound) — Set

) -

- BECYTSBHA A OTORAE
-- 2OFIL fA OEE

- # g oJO R

-- 20FIL fg OEE

-- RIEDE

-- SHEDE

-

res-compound res-signal f g €)

X 2. AR, RAEMKOFTHD.
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b, ZOFKMEZHET HT-HICK 2 OMA R E HE
iz, FFEORIZHTE R [(Zo0EEED) 11X
FE—ET 5] REOBKRFRIT, Zo0FERED
FEN M IR HPHICE NS 2 & LR LT,

T = DEBIH

= ZEPN MBI E LTRBE LT, RELD
EIFFRONFT N EZER LT,

o KTV postulate %1 > TIRET D,

s THMEET D,

fy 7= 7p 8 B TICREA R $9 7 23—
NGRS ND T—/VTEIE CERBR LT, —FH. T
AT VAT —ADORKREGICHE SN T— e L
BRI ES 2 o2 — )L, BN E L A+
DI IHRETRILE, TOIWT—FHES
TITMRARE B DM % TRl - 5 B S0 2
WD A FFT T,

HARR) 2232880 2 A5, TR~y 7a—
IR D X 512 postulate %1 > THERE LT,
postulate
-- G30K
_&_OHDEERFE_FEETHD ¢

(res-compound : J)L—2F SEIER-1) —

(res-signal : ST F)L & BITER-8) —

(res-compound & res-signal OREIDIREIRE-E) — Set

— ). X2 OBmERBRKEFF>I—/1 G12 ITRD L
ST —FRE S TER LI,

-- G12
data _¢& ORORERE _AEEBICEALTEHETHD @
(res-compound : J)L—F & EIFIER-2) —
(res-signal : > F)L s EHER-B) —
(res-compound & res-signal DOEIDFEIEFE-B) — Set
where
auto : V {res-compound res-signal f} —
(Forall (3 2.dataid res-compound)
(CheckArea res-compound res-signal f €))—
(res-compound & res-signal OEIDIBEIRE f (SEEME
CRALTEETHD) -- B e

Z 2T, FERKT auto [IMERIS (ZZTlEv s
DHIFEE % R4 5 CheckArea) OfEENEL H1F
T—NORIOAT Vs b, DFED I EHET
DR A AR TE D

Gk k.3 Tk o I A R P ]

FERXACAEZE D 72 CE— VSRS T 5 Gl % i A B

BAEEHRZ 7D, TxOBKXT v 2T A r—

A TITREILDOE 5y DFCR R > 7=, M DT v =

TR —ATIHMEEY 7 MEDOZ Y MEREGRR D — )

2 TFC o7, AbF 7 MEDZ Y MR O T —

VOREUE, JIE S To v 7 A ofbEET 7 MED,

SCERBS L OV L B8N 5 THIEOMEY Th D 2

ExERAL 7 (HME) PHERALIZEVWIEETH

o7z, ZOFHLE D 72O OHFAITKRD L DT L

7

1. EMFHIW O RIF AT D70, A7V
h & FFe IR ZE R TSRS32 ) 2 i L
TEL,

2. BZEHIMORBIZI R4 T2 FELT
WES %,

3.8 MRS o477 FEHnTH
—NDF TV = FeERTEDL LT D
KSR T2 EFRT D,

M OEXT Y 27 0 A —ATER3IDEHIC
HZHW ORI E 5 272, TOHIZH LN D
RDOT —ZHEEZAT T2,
data BPIZFREIEEE (A : Set) (docref : Description) : Set
where

F7-. M3DA L AXZ U ZAEFHTAHIT—LDT
— s E ORI T A 7

-- EPIERYIMR

PropA = Data-{L&¥If#t & Data-SF) LT ORIODY
PropB = Data-{L&¥f#tr & Data-SF)LEEMT ORIODY
postulate

EEN

BT B"

BEIRM assign (FHH A DILES T MEICEALTHETHD
BIEIRM assign (3HH B OLFS D MEICEEULTHETHD
evidencel : HPIFRYIBFER PropA "2017-03-09-NS-1 LB L THETLE: SBIEME 4.077ppm (EFEKE 2-5 ppm &—2

evidence2 : HPFIRHIMEBZE PropB "2017-03-09-NS-2 LEE L THETLIZ: AIEME 3.041ppm (EFAWE 3.2-4ppm &KX

3. HPFHWr DG A A X A evidencl 3 X N evidence2 #iEFE L TV 5.
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postulate
--56:Gl12 - G13 —» G14 —» G3
S6 : {res-compound : J)L—F - FEFIER-A)} —
{res-signal : S FIL&EAFER-AY —
{f : res-compound & res-signal ORIDIREIRMH-EY —
res-compound & res-signal ORIDVEEARH f (FEHBEMECEHLTEZHTH S —
res-compound & res-signal ORIDIREEIRRE f (HMEFES T MECEAULTHETH D —
res-compound & res-signal ORIDIEEIRE f (IS T FILOBICRALTEETHD —
res-compound & res-signal OREIDIRERE f (IFHTHD
--S57:G15 - G16 — G14
S7 : {res-compound : J)L—F &BIFFER-} —
{res-signal : IV &RIER-2} -
{f : res-compound ¢& res-signal OEIDIRERME-ELY —
res-compound & res-signal ORIDEREIET f (& n+1 ORAICEDS —
res-compound & res-signal ORIDIERIRT f (FIBECALTEETHD —
res-compound & res-signal ORIDIBEIZME f (ST FHILOEICEALTEETHD

==
==

4, A BNZT7U—. postulate ZHEVESE L CTERT D, by 7 I—dad— L GI2BXOG13, Gl4 oENMNDT
WEEkK S6 TEET D.

main : Data-{t &R & Data-SJ )L ORBDIREBIEME assign FFETHD
main = S6 (auto (dfun SEH#L-EIE(E))
(auto (dfun FHl-{EF < T ME))
(S7 (auto (dfun FF#l-n+1 OFRAI))
(auto (dfun EE#l-] fH)))
where
SHHL-TAEME : (g @ 22.dataid Data-{L&YIEEMR) —
(CheckArea Data-{b &¥1#84T Data->/2JF)LEET assign e g)
SEHL-EFRME A = trivial
SEHL-EFEME B = trivial
SHL-{E¥= T ME @ (g : 22.dataid Data-{LEYIEEIR) —
(Data-{b&¥fEIT & Data-JF)LEER OBIOIREIRTE
assign (& g OIEFES T MEICBEU TEHTHD)
SH-{EFS T ME A = FFIZRO$RT evidencel
SH-{b%S T ME B = SFIZRO$IRT evidence2
SEBL-n+1 DFRAI : (g : 32.dataid Data-{LSYIEET) —
(CheckN+1 Data-{L&YI#EMT Data->/4JFJLEEHT assign g)
SHl-n+1 DOFEAI A = trivial
SHl-n+1 DFEAI B = trivial
EIHL-1ME @ (p : 3.dataid (3 2.properties Data-{L&4IfET)) —
(Check] {E Data-{b&¥DfE#r Data->2FJLEEHR assign e p)
SEHL-] fE c1 = trivial

5 by 7 I—NOfM. by IA—NOF TV b main BFEHE L THEZ LN TWD. LFEY T MEOZ S PEIZE
T T VDFEILE 5 2 % 72912 evidencel 35 X W evidence2 ZFH L TV 5. 780D O 2 — VIR AL T 57290,
H 7241 trivial 2SN ST D,
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data _& OBOREBIRRE_FHE_OEFS D MEICEAL THY
THD :
(res-compound : F)L—F LEEITHER-BY) —
(res-signal : ST F )L LERAFER-BY) —
(res-compound & res-signal OREIDIRBIRE-E) —
(3 2.dataid res-compound) — Set
where
FPIROHNT :
Vv {res-compound res-signal f g docref} —
(EFIRHIEE
(res-compound & res-signal DEIDIFBIEWE f
{3 g DIEFES T MECRUTERTHD)
docref) —
(res-compound & res-signal OEIDIRBIER f
(3 g DILFES T MECRULTERTHD)

M OERT v o T v A r— A TIEEHIL A F BT
DO OB LEA LTV, b LEER
FEEOGELAZ T #0 HEE, O A2 E AT
ESEAAN

A 7TV — DXL
T a Ty A= ADEmOWEE b LT, AT
TY— A= VOB E LTERIA L (M4 ZH),

st D XG4

Ty aT A= ADmAERIL Ny S I — LD
OAT V7 Fe LTGEALE (K5 28), EWfE
FIZIE Agda OXIEEIVBRIEATERH LTz,

o vl

BRT ¥ 25 v R — ZADHPIER

AL T A DMER LI BT v 2T v A r— &
OB 2R L TEDOBEZFMN LT, F712, GSN
TRI LIS Do il 2 AT v T v A —2R
OHS A TRELCTE T2 L &2 T — X EF%. B,
LS DRl S5 2 78 L TR L 7=,

BT V25V A — ZADORE

GSNIC LBk e KT v 2 T v A r— Rk DE
Bk, FHIIEASHBIT o CWE WD, ZihvE
TOHE A~ OFLIRFEROBRRN SHT T v o T
A —ADRREELDD,

FERT v a2 —R2 L Htakid, AR
BENFREIATALDTDEFTHDL, bL, Ty =27
VAR —AEEIE L TEAENKDILTH, BRA
ZELDEITERZICZEDOZ EZ2BRMTE 5, i,
AT v 2T A —A%ET 2B TH AT
HDHTENEHRTET,

BT 2T 2r—2TIE, &Fhoxdtge+5

BR 72T — 2 ZEARRETH D, £z, TOT—
LTI — 2 BARRICEER T 5 Z &b Al6E
2725, 201D, LVBEREmPEHTES X
2B,

T—H AT IULER A BB TE LT
<. T—/VDERIE Y SLOFM % R 5 AR
BpEETED, £ LT, T LOFEENPKD IO
Wb EE %2 SHENFRICENED Z L L ARETH B,
ZHE, BIEZR ERNE Z o TR OMERRIRAL, FERL
DABEGDFRAEIR ERGIET HZ LI 2N D724
Do

Fo, Fx OFMFHWOFE O X 51z, BMAEEA
U CREHLOFESE 2 KR35 72 EOIED iAA S A[EET
D, NFENTTHERES VE a2 —FTXR&EHH L
) TRV Z T D1EVIAB B ARETH D &
E25D,

GSN Ttk &7 v a7 v A r—2 %27
Va2 T U A — AE 2 DI AUCEEITRRICEE L
IRV, FERmih o DEHL NI FA 2T ZITTE
RN, 2L, T O R EOREE CHRET
LT D OREE LW Th D, RimsI HEE
T L EEEBBR LAV, BRUEEEIT V2T
VA —AZ LV Ea—T 570D REHTFEE LT
HENLON S L7, SEIOEAIEE A8 L T
GSN Citib L7z — D H W FE W AR &2 o
T, AETZLH T,

Ltk D s

IR BRAE R OZ UM E TR T DT V2T AT —
ZNWZONWTIE, BT v 2T v A — 2Dk FH 4
T SRR A e, AR 2 N, BRI
T —HER, TROLE, BREEDTTIATT
VEVERRT B, Fio, #@mD 7 7 L — b EERkT
LHZEhhEEZLND,

AWFFEZA TIPS )| KA A B R 22 i o S (R A
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Synthesis, Characterization and Structure-Activity Relationship of the
Antimicrobial Activity of Novel A-Heterocyclic Carbene (NHC)-Coinage

Metal Complexes.
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Abstract: Several novel silver(I) complexes with N-heterocyclic carbene (NHC) ligands were
prepared by the reaction of the PFs salts of NHC precursors with silver oxide in acetonitrile.
Single-crystal X-ray analysis of the complexes showed that mononuclear to dinuclear silver(I)
complexes were formed according to the precursors used. In the silver(I) complexes, C-Ag
bonds were formed. Most of the complexes were highly soluble in organic solvents such as
acetone, CHsCN and DMSO. The antimicrobial activities of the silver(I) complexes together
with their NHC precursors were evaluated by the minimum inhibitory concentration (MIC) in
a water-suspension system. Among the silver(I) complexes, the light-stable dinuclear complex
{[Ago(L-12)|(PFe)s} (Ag-1a), showing a basket-like structure, exhibited a wide spectrum of effec-
tive antimicrobial activities against Gram-negative bacteria (Escherichia coli and Pseudomo-
nas aeruginosa), Gram-positive bacteria (Bacillus subtilis and Staphylococcus aureus), yeasts
(Candida albicans and Saccharomyces cerevisiae), and molds (Aspergillus brasiliensis and
Penicillium citrinum), whereas the mononuclear silver(I)-NHC complex showed no activity.
Since the Ag-C bond in the NHC-silver(I) complexes is strong or even stronger than the Ag-P
bond, these results suggest that a structure-activity relationship exists.

Keywords: coinage metal(I) complexes, N-heterocyclic carbene (NHC), antimicrobial activity,
single-crystal x-ray analysis
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&L HIETEEO BRI OVWTHIE L TE -9, &4
BA A DHH Ag 0 AU IR BINLT D Y T R
g, U B U N— Rk, R iR
T & LT BN T ORBEEMZ BRI 2L TEz,

& D $ERIE, WThOM SR T2 3 TR HIZE
AR 2 BN (—3F Aul---Au HHEMEHR Z &) %
LV 7T NGEREICKR LPTETE A R L, i,
R (D ERIZIT 2 L0 KREWVENERO AR D ~— ik %
RTEEEN LB LN, T L E2ELa#EE
Wb LD D SERICITME D 2UE L2
BEANZ DAL, NI T U TICHETE 2R Lz,
U VR 2R SR T &3 D8R (D SEAI TSR
ML FHILTWD M, FLETEMEIZR G55, K
W E WL ol BRIEFOMBERT &R
ETDHT R EBERN T L LR D $BIRIE. Ko
VRIEER D) A A OMEEREMET H ETH
HETHD, RU~v—METHICTREERERN LN
D, BN FARBERH Y | FLETEEE T b DR L
Moty ZIHOFERNG, v —RIgR 1) $5K
TlE, FNLASHMEN P A7 hL L BHECBR L.
L VBB AR TE DREG AT DR (D S5k
DIFRETEAT O T D mOPLETEMED RV A
7 MNVERTIZDICEETH D & OEHEHTET,

SE—RFE[BEEZEOARESBISHRIL, 220K
WCRRZERICEMNZ N2, T E THIFRE=E
TIX AgCHEBEZAT O AME RS RITIERE LT
Zhnots, L, 77 vy KFO Youngs 5O
T N—T71Z LV electrospinning 4 Tk HEIK (2 0
TTEXDIEERERBO —N—~T AN
(NV-heterocyclic carbene, NHC) $& (A7 84 S 7= 9,
Z 2 CETHHBL NHC BN 12 R o8k (D $5 (k% x5
L L. HIEEMERBR 2TV, FLE AT ML ST
WEEIZ DWW THRAN D THRE T D,

POREE 51

AR

FrH NHC BB (A Hi-1 @ PFs 1Z. BEHR© 2 5%
121,245 7T FIFATRERATF AR B L 1,2
SR N-AIEZS =L 1- AV ATF L) Rk
DG, KPFs 2z CAm L7 (Fig. 1), Bb
A HTBEA (HoL-2+ (PFe)®, HoL-4+(PFe).") 1 BEH
ICHREWERR LTz, 4T I) S5RIT4E B LR
BRIA & BRLER 2 INEMEBHR L CEaRk L7z (Fig. D, &5
ni-{t&#ix,. 'H, *C NMR. FTIR. #“y#r. CHN
JERIHIC LV [FE LTz, B LR, et Ay,
HL-3 (Il & 2 D% AV,

e ik

CHN e 08113 BER% @ Perkin-Elmer PE2400 series
IT CHNS/O analyzer, #\ 43 #7 % Rigaku Thermo
Plus 2 TG8120 MM L7z, FRIMBIL AT b Vi
JASCO FTIR4100, NMR /% JEOL ECP500 #% fiff /i
L7z, Bl X SAEMTIE Bruker SMART APEX
CCD % 721% Rigaku VariMax with Saturn CCD [a[47
FrCT— 2 ZWSE L, fif#lTY 7 N U =7 Yadokari &
M L7z, f/hFE A BLILRE (minimum, inhibitory
concentration, MIC; pg/mL) X R B & 522t v ¥
—CHIE Lo,

Wi L Bl

NHC Ji'iihk PFe BiD K. ReSfwr

N—~T v B L UHIEMAR Hall-1 @ PFe MR, A
¥—2A (Fig. 2) 17T 1,245 7 hTF AT 1 E A
FNR_oEBE 12 -EA (N-AIF—)L-1- 4
WAFI) RoBr 27w b= kU, SR THE
HL72%, KPFs #Mx BAFEKE L THE, 7=
IR DR T A IR IT KIS AT AN
RHARITAKIZIEARIEE 72V, DMSO, 7k b=}
VIR 7o Tz, B onizmiKcz2 7 =
MU IR L, INIE 2 =T ro—TFT v b L
7= vapor-diffusion y£(Z & ¥ | RS db XEEAT 1208 L
TEAREEREZS T, o FEEZRE L, £D
FE R Hul-1+(PFo)s (21X 2 FldE o 28] BpE K (HyL-
la*(PFe)s, H4L-1b+(PFe)y) 235 Z Lo Tz
(Fig. 3), 'HNMR O 7 F i+ _RC T r— K=
YTLTEY, WEPTHL DD a Rk A— g
VEMBEEBLTCNDZ ENRBEISNT, LRy
BT ER A HoL-2+ (PFe)s). Hol-4+(PFo)y) 1. BEHIZHE
WPFs iz A L7 %7,

B (D-NHC kDR, R

[Ag:(L-1a)] *(PFs):+2CH;CN (Ag-1a)
L-1 Z BN 7 & L7 4R (D S5 IR, b iRk
(HiL-1a*(PFo)s, Hil-1b+(PFo)) % BET 5 2 & 72
SIREMDOEETE b= K VUL Ag,O &mEREE
L. E74 MAl%, PoFILm—T LICHITEL
TH7e, RO 8EEROEMIEL, 'H NMR THIBRIKIZ
R SRS BN A A I XY — v a h o (8
10 ppm) 3{H L, ¥C NMR CTH AR DY 7 F )1
73 180-190 ppm ~MERGH S 7 R L. 730 TAg, '®Ag
EDH T IRV BRI EBRER LT,
Bonl-miEE T b= ) VITEML, YT
T —T )L ZANERERIE & L 7= vapor-diffusion 512 X 0
A AN ERINAL AT N =N

B L XGBAREAT 20 545 5 7= 4R (D 851 [Ag(L-
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Fig. 1 Chemical structures of the other NHC precursors, HoL-2 * (PFs)2, HL-3Cl and Hal-4 * (PF)e.

stirring KPF
B

CH,CN

CC]CCJ@

HyL- 1a(PF6)4 4PFe

(major pcorudet)

CCEI]@

HyL- 1b(PF6)4 4PFg

{minor pcorudct)

Fig. 2 Synthetic scheme of N-heterocyclic carbene precursors of HsL-1* (PFe)s

Fig. 3 Molecular structures of HiL-1a* (PFe)s and Hil-1b*(PFg)s in the crystal, The anions and solvent molecules are

omitted for clarity.

1a)]* (PFs): - 2CH;CN(Ag-1a) T - 7= (Fig. 4), Fig.
3R LBk O % L 7= NHC miBEiA, Hil-
la *(PFe)s & X572 0 Ag-la i TR D 2 £Z8EK
THY., 2o0 A T2 oD RFICH ENT- Ag-C
HWEZERLTWDS Z N5, (Agl —Cl6
2.102(3), Agl — C36 2.109(3), Ag2 — C17 2.095(3),
Ag2 — C372.096(3) A), C-Ag-C D1 180 FEIZ T

WETH Y (C16-Agl-C36 176.69(12), C37-Ag2—
C17 177.22(11)7° ). Agl, Ag2 & HIFIFERR 2 BN
ETh o7, Agle--Ag2 BOIEEET 3.0460(4) A T
HV . ZOfflE van der Waals %0 2% 3.44 A &
DE< O, SRNEF TR 2.88 A L HETREW
72000 Ag-la D4y NI Ag--Ag F H/E R 23 17
ETDHEVWZD, /-, Ag nHAEEAL AL
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Fig. 4 Molecular structure of Ag-1a in the crystal. The hydrogen atoms, anions and solvent molecules are omitted for

clarity.

Fig. 5 Molecular structure of Ag-2 in the crystal. The hydrogen atoms, anions and solvent molecules are omitted for clar-

ity.

(Agl - - C11 2.796(3). Ag2 --- C8 2.766(3) A), i
I T ' b= R U VBB R SR, i
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Fig. 6 Schematic pictures of molecular structures of Ag-
37 and Ag-4? in the crystal
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Tabel 1. Antimicrobial activities of silver(I) complexes (Ag-la-Ag-4) and as well as NHC precursors evaluated by
minimum inhibitory concentration (MIC; pg mL™) under suspension conditions ¢
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Structural Assignment of Open-Cage Fullerenes
by **C 2D INADEQUATE NMR Spectrum
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Abstract: For the structural assignment of open-cage fullerenes, 30% *C-enriched fullerene
derivatives (2 and 3) were synthesized and their 2D *C INADEQUATE experiments were car-
ried out. The *C NMR spectrum of 3 showed 56 fullerenyl carbons together with two sp® and
two carbonyl carbons indicating C:1 symmetry. This difficulty of assignment was reduced using
both relatively higher *C enrichment, i.e., 30% compared with normal 10-15% enrichment,
and Non Uniform Sampling (NUS). Without the employment of NUS, the 2D INADEQUATE
spectrum of azafulleroid 2, indicating 32 fullerenyl carbons with Cs symmetry, only showed ca
50 Hz digital resolution, while the NUS-assisted 2D INADEQUATE spectrum of 3 showed ca
10 Hz digital resolution. A key element for assignment is that two bonded carbon atoms, 1.e.,
three cross peaks, share a double quantum frequency in the vertical dimension (F1), while only
one-bonded carbon atoms, i.e., two cross peaks, appeared in the horizontal dimension (F2). The
spectrum of 3 reveals a 5-bond connectivity described between an amide carbonyl carbon (C1)
and ketone carbonyl carbon (C6), providing unequivocal evidence for the orifice structure of 3.
Assignment of more than half a carbon sphere was also achieved on the basis of one-bonded
BC-1C connectivity and the examination of *C-*C coupling ('J..) values. Y. values of *C-**C
couplings for the single bond correlation showed bond alternation with fullerene’s unique
7T system.

Keywords: Open-cage fullerene, °C enriched, INADEQUATE NMR, NUS, *C-"*C coupling
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ZDLREH T B 721, X 5 IZRE L7-#i
FHO F2 @i G OB A7 ML EFEBC =) »
71D *C NMR O ftife % r L7z, 1D *C NMR 1% &£
TIEZRWDA, WThoE—7 18 e->TEh, K
4D F2HHOBEHE AT ML T 5 L, K& 7
ENRLNZ, 77—V VIRFEOREZBC Y v
FLEFEUKLDOT, 14V T 2= VT EZPT D
7= = VERFBIIIREBIAI S T, 512, PC-PC
PV TRIO05— 1.0 ppm TEICHZ LT- v —
JDERY 2O TIHEPC =Y v F 0 BC 1D NMR
IR LRV, Lo LB X2 oxbis i)
TX %, BCOBEENEW-D, HHDBPCHnHD
LD J FEA DFBED I=DIHMEN L > TN DN
BT EDNREED ALY NV ER LT, Rbx7
J— L vEFiEK (3) » 2D *C INADEQUATE NMR

X6 BCxxrUyvIFRbH&E7T7—LrHEEK@ 02D
13C INADEQUATE NMR A2 ~L (4#u0H).
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AR by (2FRH) ZK6lZxd, M6 kv Y
T D sp® IkFE (4,5) T I FI VR =IVR
FQ., ANV R=VERFE (6) NTT— L
KRB DEEL TWAEDT, IREDORNY R
Mo slas LCHATE S, 972bb, MTDY
2V —FARICRS EHIC, 73 RhAR=LgE
1)—2—-3—>4—>5—->7 M INVR=VRSE (6) ~
7T — VLV spP REDDIRN S TEY, Rb&x7 77—
U OB R EL ORIEEZ A LN TE o, ZORER
({233, Diels-Alder SNBSS CA RS 207 & 5
PRI OWTHEEIRE TE 5 2 L 2 L= %,

X7 RoHET7I7—LUFEEKG@) OV =) —F L. KT
1% 2D *C INADEQUATE NMR 7~ 5 DR FE R FHES DO
R EEEIZED BCBC H vy ) T ES (Hz).

WIZ, 7T — L o BKIRFZED sp? REFEMD 7N
D%%%#K?ét@k\ﬂﬁﬁl%(mﬂmm
120 — 170 ppm) ZFRE L CEBRZIT-72, 51
7= 2D *C INADEUATE NMR 2<% kL %[ 8|2
R, MY — I NEEL TVWHDOT, M8 % F1
I 3 B LT, K911 I1ZR L7z, 35E
THE, HEEY—7 OBEEOREIZENH D Z LN
PR C& 5, )9 LK 10 TITEEORE HE L 2L,
F2 #fi5mic 21D X7 Ly FE—27 L F1#li51mic
3fHDOX T Ly FE—=I RLHHBEL THDD0R D
Mbh, 77—V URBEOFEZDITIX, 77— D
MBI LT »> T, BiefbshicikRFEE 1E L
LT, ZIDBAMAINC HREARICIREET &2 DT 7,
THEXIELEK10 T T — L U BEOIFEOE S
X7 RAAR= ) & bR =1(6) OF
WOFZT/HEL, ALFEY 7 P bEL RKE WO Tl
BTXHZ ki/esd, —HH 11 IRT L DI

K8 BC U v FRHETT—LUFEE(3) D2D
13C INADEQUATE NMR 2227 kL (FRERI).

9. 8 OYEAK (F194 — 125 ppm).

R nbmL 77—V UEROBSHANC /20 . &S b
KEWEAFET T BB 144 — 145 ppm (T I
LCETRBORREEL 2568 TH D,

7T =L UERRIRBICOWTRE TE 7 RFEDIH
FELZDBCBC Hy Y T ER, EBIZED v
FY T LTEET Ly B E— 7 O L= gl
HRDIALFEL 7 FEFRLIICE LD, 7T— L
BRBOFFNPRE I RDITHV, HBEE—27 2
BHENRL 2o TWDEONRbNS, ZHit, Ty
TV TR ) VT RO (AS) Ok
DINEL 72D LT, FE—RODART TR
V= DA LT 2MBDL T Ly b E— 7 DM
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B 11. X 8 ok (F1136 — 154 ppm).

DEE LTRSS ooz 0iER LTz T5720Th
%o MTITRT Y2 ) = KOKBIE, BB
AERE D LM TE 27 7 — L VERD R FEE
FEEBCBC Hy TV T ERLRENTND, 2
DBCBC Ay TV TEBOREZIERDE, 7
T—LEKN L [5,6] fEA L [6,6] A xS
HRECRBE L TWD I ENRNbNnD, T772bb
C(spH)-Clsp?) 1340 48 Hz L/h &<, EW [5,6] fi
A TIE 5359 Hz & K& <720, 4 [6,6) fH Tk
SHIZ65T1Hz L RESRDZEDHBNTND,

BT DREWVRAILRD E, ZOMAERBFLMT &
W DI TR, ZHIEE—7 OBEICL Y E—
7 DI L DERRFRREEZ DD, L

AR fit: X 75— L o BC 2D NMR B1EENT 59
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el )

2D ¥C INADEQUATE NMR (2 L 57 7 — L v #E
ROMEERE LT LTc, mafREEIR AT Mk
BAEwlcmE Lo EnBC =) v FEE(30%)
ENUSHEZBEA LT, Rdb&E 77— L OG I
BRIRC, BHIKFED 32 RFEAET D Ca RO T W7
LA RENUSEEZHWTIRBELRZ E 2 A,
AT R IVOSREEIL 50 Hz T, 77— L k& IK
FORBIZIZES 2o T2, — T, 79—V F
FIRF D 60 RIFAET D, FEXFR (C) b E T
TV UBERICNUSIERZEA L& 2 A, DR
B 10 Hz NEIL L, BFNHELOMEIXL B A A,
77—V OB L ERS L ED DTN & BCEC
By TV TEREEDICRET A LR T,
BCBC H o7V U TERILT 7 — L U OFEAAL
BRI LT,

E L Es
ARBFICIIERRE (N & 77— L D BC
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£ 1. RbE 77—V UFHEHE (8) ORFEL L "C-BCHy TV T

C atom Chemical shift Single-bond correlation C atom Chemical shift Single-bond correlation
number S[ppml ®  (C atom number) 'Je—c (Hz) number S[ppml ¥ (C atom number) 'Je—c (Hz)
1 169.7 (2) 68.1 31 143.6 (30) 54.7 ©
2 125.6 (1) 68.1, (3) 72.5, (12) 52.7 32 1445 (14) 55.2. (33) 73.2 ©
3 152.3 (2) 69.8, (4) 43.9, (15) 54.6 33 143.6 (32) 73.2, (34) 56.8, (50) 54.0
4 83.1 (3) 43.9, (5) 39.5, (17) 43.9 34 139.1 (16) 68.1, (33) 56.8, (35) 55.6
5 66.0 (4) 39.5, (6) 39.5, (20) 43.9 35 146.4 (34) 55.6, (36) 65.6, (51) 54.2
6 199.2 (5) 39.5, (7) 54.9 36 142.7 (18) 58.2, (35) 65.6, (37) 50.4
7 1375 (6) 54.9, (21) 54.1 (8) 37 1455 (36) 50.4, (53) 56.0 ©
8 138.7 ", (9) 63.4, (24) 56.0 38 144.3 (19) 55.7
9 136.1 (8) 63.4, (10) 83.0, (26) 56.1 39 143.4 (22) 56.4. (40) 52.3 ©
10 1338 (9) 83.0, (11) 63.0 40 1454 (39) 52.3°
11 132.0 (10) 63.0, (12) 59.3 (28) 41 145.3 (23) 55.7, (42) 68.0 ©
12 129.7 (2) 50.9, (11) 59.3, (13) 65.6 42 145.3 (41) 68.0, (43) 50.8, (56) 54.4
13 134.1 (12) 65.6, (14) 55.1, (30) 56.3 43 143.2 (25) 72.5, (42) 50.8, (44) 55.9
14 140.1 (13) 55.1, (32) 55.2 (15) ® 44 147.4 (43)55.9°
15 140.9 (3) 54.6, (16) 51.3 (14) ® 45 1455 (27) 55.0 ©
16 150.9 (15) 51.3, (17) 52.9, (34) 68.1 46 142.8 (47) 67.1%
17 146.7 (4) 43.9, (16) 52.9, (18) 71.1 47 146.8 (46) 67.1, (48) 53.5, (58) 58.5
18 158.4 (17) 71.1, (19) 52.6, (36) 58.2 48 144.0 (47) 53.5 2
19 134.8 (18) 53.6, (20) 68.9, (38) 55.7 49 146.9 (59) 55.3 2
20 1455 (5) 43.9, (19) 68.9 (21) © 50 145.4 (33) 540, (51) 55.6 ©
21 145.2 (7) 54.1, (22) 65.0 (20) ¥ 51 143.7 (35) 54.2, (50) 55.6, (52) 59.1
22 133.6 (21) 65.0, (23) 55.1, (39) 56.4 52 146.9 (51) 59.1, (60) 55.0 o
23 1421 (22) 55.1, (24) 68.5, (41) 55.7 53 142.8 (37) 56.0, (54) 53.8 o
24 140.6 (8) 56.0, (23) 68.5, (25) 54.0 54 146.8 (53) 53.8, (55) 55.7 ¢
25 146.1 (24) 54.0, (26) 52.5, (43) 72.5 55 147.4 (54) 55.7, (60) 53.2 o
26 141.4 (9) 56.1, (25) 52.5, (27) 65.4 56 147.6 (42) 54.4, (57) 551 2
27 139.5 (26) 65.4, (28) 56.2, (45) 55.0 57 149.3 (56) 55.1 2
28 1322 (1), (27) 56.2, (29) 55.7 58 149.4 (47) 585 ©
29 1425 (28) 55.7, (30) *, (46) 59 1500 (49) 55.3, (60) 57.1 ©
30 1415 (13) 56.3, (29) ®. (31) ¥ 60 150.1 (52) 55.0, (55) 53.2, (59) 57.1
[a] Averaged median chemical shifits between '*C-'3C couplings.
[b] Collelation peaks were observed imperfectly.
[c] No correlation peak was observed between carbons.
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Development of a High-Throughput Bioassay Method of Allelopathy

— Protoplast Co-Culture and Digital Image Analysis —

Hamako Sasamoto?, Yoshitaka Azumi’?3 and Suechika Suzuki® 2
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Japan
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Abstract: The protoplast co-culture method’ was previously developed as an in vztro bioassay
method to assess allelopathic activities of various test plants and putative allelochemicals. The
numbers of non-spherically enlarged and divided protoplasts of recipient lettuce, in 50 uL of
liquid medium in a well of a 96-well culture plate, were counted under an inverted microscope,
whose counting needed skill and was time-consuming. In this report, we noted the accumula-
tion of a yellow substance during the growth of lettuce protoplasts, and developed a simple
high-throughput bioassay method of allelopathy in combination with digital image analysis.
From the digital images obtained by scanning of 96-well culture plates using two common
scanners, the yellow substance of each well was repeatedly quantified by image analysis us-
ing the softwares Image J and Excel. The yellow substance of lettuce protoplast precipitates
was extracted using Triton X-100, and identified as a carotenoid. The ‘digital image analysis-
protoplast co-culture method’ was efficient to demonstrate the inhibitory allelopathic effect of
leaf protoplasts of a test plant, Arabidopsis thaliana var. Columbia.

Keywords: allelopathy, digital image analysis, 1n vitro bioassay, protoplast culture
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OB AR (Lo v M) (6 L CTAERM
EMIEEE RO EME S 25, ZRET, T
R —EED A e e T oA kE LT,
RET 2R OEEEE -z T KA o T
B REXTEOBRERANE (770 FR v 7 21k
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D7 N FT7ARE, LY RELTLARE
XA % Oryza sativa D710 877 A k& & 4kis
LRI, oA B bt FT7 v AER
74—V FREBROFERE L —F L, Z0FEAEH
FTAIUE, WAWARTEHEIC, EEEOEB R 21
LEEWHERARETH S Z R RHENREZY, &6
EELT, LT RNLERTE ST R DA
FEEL2 RBHEES 20 ay ba— b+
H%FERIZL, LY ML E AT ST R
DRI DBEETCONEREZ T H I8,
P 5085 2 AR ] CLhi 95 Hika BER LI
O Zhuc kv, FRAKBRICEBTT S~ e —T A
~ Y 7 Sonneratia alba, </ Y T xS
ovata, =~V 7 F% 8 caseolaris DT L 1AL —
EEomRE L MHEMEOR S & OWFHBEN BH X
Nz, Eiz. Bk~ ARMIR D 7 v 3 9 Derris
indica” X°, U = 7 F % ¥ ~ Mucuna gigantean®.
A R—=F— L L THmbD X 3R b Leucaena
leucocephala® . FRWLERT Lo/ —iE PR
LI TND, 2O OMETIE, [AEk7: 96
RN ¥ — L OB A TOL X 2T 0 7T A
MEERBRIC LY, Y 7' e N 77 2 hofb
DIz, Flx O(LFEEE EEININA D Z LX),
FLETEMEOREE LRSS AIREIZ /20 . 7 L e Ry —f
HHE OTEMEL AR & IRRIC 72 o 7o, ECHEFE
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EHENRZ o7 e N 772 N (R38R ) (kTR S
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ERRIEICIED e OMMEET 5, ZOREHRE
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W7 0 77 2 N EEEE BRI, PR Ic X
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HL, 2V =0 R_RUFHRIZBWNT, A— 27 L—7
PRI /K T 3 [EIPEH 4. 30 mL O 0.8% &K Il 4 &
19 100 mL 7 7 A 2|2 20 Kipith BEERERE L 7=, BT
25CHOA »F 2a_X—XHT 6~ 11 HHERHREKE
DOTHEE DEOWEKP T, AAZLV v FL,
TANE —IRE LT EERIKR,. £ 1%ENVT7 —ERS
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Bl IR U721, A /D BORBIERNRIC R L
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L,
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oy T EOEBRIIEER Ik FOEREEE
0.5% W HiEFRET N U 7 AP T 5 /fMikE L, 4 —
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Fig. 1. Photographs of lettuce protoplasts cultured by using a 96-well culture plate. Medium was 50 plL liquid MS
basal medium containing 1 pM of 2,4-D, 0.1 uM of BA, 3% sucrose, and 0.4 M (A, B) or 0.8 M mannitol (C). A. Spherical
green protoplasts on the 1% day of culture at protoplast density of 6x10° / mL. B. Yellow colored-non-spherical cell
enlargement and cell divisions after 8 days of culture at protoplast density of 6% 10° / mL. C. Accumulation of yellow color
at 15 days of culture at protoplast density of 10°/ mL. Bar, 50 pm (A) and 100 um (B, O).
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Fig. 2. Digital images (A and B) obtained by using two scanners (A and B), respectively, of a 96-well culture plate of
lettuce after 43 days of culture. Intensities of yellow color at each lettuce protoplast densities (6 ~ 100 X 10%/mL) were

reduced by depending protoplast densities of Arabidopsis.

Fig. 3. Scheme of image analysis of the digital images of Fig. 2 (A and B) using softwares Image J and Excel for
quantification of yellow color accumulation in each well of a 96-well culture plate.
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Table 1. Averaged blue values in each well of a 96-well
culture plate analyzed from scanned image of Fig. 2A
using softwares Image J and Excel

Table 2. Averaged blue values in each well of 96-well
culture plate analyzed from scanned image of Fig. 2B
using softwares Image J and Excel

Table 3. Yellow values in each well of 96-well culture plate,
calculated from the averaged blue values of Table 1
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Fig. 4. Percentage values of yellow color values in each well after Image J analysis of scanned jpg images A and B of Fig. 2.
Percentage of control (without Arabidopsis protoplasts) at different protoplast densities of lettuce (6, 12, 25, 50, 100x10° /
mL) was reduced depending protoplast densities of Arabidopsis.

Fig. 5. Averages with standard errors of % values of yellow color values at different protoplast densities of lettuce described
in Fig. 4. Similar patterns of inhibitory effects of Arabidopsis protoplast densities were shown in A and B, which were
analyzed by Image J analysis of jpg images scanned using two scanners A and B, respectively.
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Fig. 6. Absorption spectrum of the yellow pigment in
hexane, extracted using Triton X-100 from lettuce
protoplasts cultured for 2 months. Protoplast culture
medium was the same as of Fig. 1 except for 0.4 M
mannitol.
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Abstract: Next-generation sequencing (NGS) techniques are used for many biological ap-
plications. We applied NGS to the isolated algal cells of Thalassiosira nordenskioeldii from a
natural environment of the sea to test the application of NGS to natural communities of plank-
tonic algae in Sagami Bay. Contaminating bacteria in the culture of algal cells strongly com-
peted for the sequencing reactions with algal genomes, although the biomass of the bacteria
was negligible. We could not determine any of the sequences of the nuclear genome. Only the
plastid and mitochondrial genomes were determined, as the copy numbers of these genomes
are higher than the nucleus. The plastid and mitochondrial genomes showed structures almost
same as those of the related species 7' pseudonana.

Keywords: diatoms, plastid genome, mitochondrial genome, next-generation sequencing,
Thallasiosilla nordansioeldii
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mOTBE IR, REEOMIE & B Dkt oL
DB, BARERC LY, FELVEANE
BT BNz, B Sn7=4 DNAREHT, BEAED
IBANDIEETH 5 A260/A280 DENNTILOFRET
H 1.8 UL LT, ERIKEME B, AW S =i
WS TF-OEIEMENZ R HEE SN (M 1),

NGS 12k 37 7 Ll

FESLL7-4 DNA 3B 2 NGS 12fit L7z, e o
DNA /%1%, 15.6 ng/ul. T, HIX 100 uL Th 7=,
Z D95 1000 ng D4 DNA 764 pl) 2 AW L.
TAT TV =%k LTz, +o2B&0R R GEoH
TWA 728, PCRIZE DFEIOEIEII T/ o T2,
R4 7 U —I%, 6.54 ng/ul. T, KL 20
ul Cd -7z, Fragment Analyzer THENT L 72 fk 5.
F 4751 —%603 bp It —7 ZEro, IR 598
bp ® DNA Wi DEF Y T, HWKIFZ&E £/ 2
ENRERINTE, ZDTATTZ Y —|ZONT 2%151



1. BRI OBRIKD. L—r L3S TE~—h—,
2-5 1ZHSE L THERL L 7= DNA#EE. 1% 7 H o — 2 TS
2.0 u 1 OB ZEXUKEI L, SYBR Green TY:fa L 7-.
Sy~ — 7 —IT 5 500, 1000, 1500 bp %<9

bp FRORE T —F v T Efi Uiz, FDREHE,
2,772 J3 7 7 AL ZOWT, 8,370 Mbses D — 7 T
VAERPE LN, BEMOERED S ) LA X
1%, 0B D T pseudonana & T oceanica T 32.4M
L 92.2M T, IR H D Phaeodactylum tricornutum
& Fragilariopsis cylindrus C 27.56M & 74.8M T &
5 BN EL, RV A XD T oceanica
D91 ALy 72 NextSeq KLy —4r
P— 1 EOMENT T, +a2ERENEFELND Z LN
oMo T,
Hr—rrveER (V—F) »oEimEY —
FEZ@EH L TTr 745 &, &K 1,168,576 bp
DAT 4 TR 21025/F 6N, L, v
T AT ORESIEL . DD, 2T 4 TRIERI,
V=7 T AEHO 1/1000 FRE, 9 Mbp (27 &
o Tz, ZiUE DNA ERHHIS, FLWELSIA W
O TCREICEENTWZZ & EREL TV,
TR TNLTzarT 4 712, SSU rRNA %z Tl
LCHREHT A2 D7 b3 2% &, 18S rRNA
BeH 720 T < BEFE O A D 16S rRNA
FIRHH Sz, & 512, HiH &7z 16S rRNA
BL 2 DT blast #i 58 217 9 & Colwellia |&X°
Glaciecola )& D /37 7 V) 7 L EWFREMERS R ENT,
IO T T IMREERICAEE T D 2 LA
BNTVD 7, HEEEEOBIIBA LA T U T
2, ML FEL Wb L HEES L, H
—OEEN D —EEOMMBEZ I L, ¥E 7 DNA
B ERCRTREZ2 KT D Al & W7 v | Bla 4w
TIIEGHL e SIC AT 2 2 HER LT $—72
B ZERT 2 Z LIFARFRETH D, UEHER DR

EAARTETL fih - FEREEEA DNA ~0 NGS O fH 73

DN SEIE TIL, < ENRAEMEIC LR
ZIRINS TN T VT ThDHH, MR okt
JG LT a e —F o nN—DLE0n, NGS v—r v
YT ORZ, N7 T U THFKODNABNKED Y —

REAR LI EHEE S NS, AIFEORERIT, NGS
T HREHIEERETH D Z LN AR R TH D
ZEEBRR LTV,

BT 4T DHIH 28 AT 4 TN, BT A
WCHX T2 ZEnTHIENZ, 205621 2T ¢
WL, BT ADOWIR CTh D EHEES N, 7
FAF KL bar RUTRHRAEOBEMLTEZIRES L
THIRMBR AT o TR, IR W3 a7 4 7
(w4 76 PtA, PtB, PtC & 45%) 7
FAFRF ) A 1avT427 M) B bR
UT 7 MZHEFKTHESITH D Z ENH LN
- 72, PtA. PtB, PtC. Mit I% % #1141 66.5 kbp.
27.2 kbp, 19.2 kbp, 48.0 kbp TH~7=, &7/ A
IR L TCat—HDnE N7 I AF R har K
TDT ) AE BLWEETTH 0 — R&5k
L., TOfERL LT, avrT 4 7 2EKTHZEN
TEhbotEZLND,

Wt T — % DI
TITAFRF ) KON THNZ3aYyT 47
DOEeH %, kxR Td 5 T pseudonana DEEH DREL
kg LTz, &= 7 « 7% T pseudonana 7' =
AF R A (EF067921.1) (27 A4 A2 b L
72L& Z A, PtA, PtB, PtCII&EE S N7/ LfL
5| (EF067921.1) EOBLGSENH, £ E 0.1 ~
66.5k, 83.9 ~ 110.4k. 110.8 ~ 128.7k. D ¥ &
S LW, 22— RSn/=%E8s 1% MAUVE &
TarvF 4 7 BT IA4 A N LTZEZ A, Bl
BRNOBHRMIZ T — RENTVWD psaA Bin 76,
128.7 kbp (ZLi&E T 5 mP &z % T, &<[F—"
JIEE CHALE LTV D Z ERH LN R 5Tz, IRIES
Nz 7 4 71, T pseudonana 77 A5 K DNA
4129 bp DN, 113 kbp (88%) 24+ 5 Z &
DRETz, 2, PPAFITETH 2 N FHEE
iz 3 BIR T ITHYS T HEF M TE 3, PtA &
PtB o> 19 kbp OfEIKIZ 72— K &N 5 22 @5+
DNTHEFREFDNETFII RO E L Th -7 (X
2a), TNHDALT 4 T, BBHOT T AF K7
J AZa— RER TV 180 s+ 151 &5+ (84
%) ERERTDHIENTET,

Mit % 7 pseudonana X b =2 > KU 7 7 J A
(AB038235.1) (7 A4 v A ML= Z A, Mit
DYEHAN S 47.7 kbp OELHIL, BEFIOEFID 3.0 ~
48.0k DFELH| & % LTV, EHICKRBED 3.0
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2. T nordenskioeldii D7 AF K7 ) LI hav R
VT LOREE. K7 ) DA Os T EfREIC LT
KINT DT ¢ ZhiE L, il 7. pseudonana @
BEFD 7T 2AF R4 7 & (EF067921.1), X b= RU T
77 2 (AB038235.1) DFELHI & O el THE & & Mt L 7=,
BEANOBEHth OB EIR % MAUVEYETT 74 A v b
L, ETOELETFITHONT, fFEEEZHRT L.

kbp 1%, BEEIOESIDSEEED S 8.0 kbp & xfiis L T
Wiz, a2 — REN7-45E8IsF% MAUVE (£ CT=
TAT T IA AR LIEEZA, FEAED
BETIEBEIOEHEI har R T 5 AEFT
JEFEZBS LTz s, JeBE) D 8 Kbp 10D 4 38
BADPEEEZTNDZEBRP LN T-, &
ESNTzar 7 4 7%, T pseudonana X k=12 R
7 DNA43.8 kbp % L[A]1V | 48.0 kbp T > 7273,
BEFI D 61 Bin 17D 9 b 3 B FITxbicd D Hds %
Bith3 2% 2 L3 TE 2h o 72 (58 s T 94% & Fith)
(1% 2b) ,

i

NextSeq KA —4 W — 1 [BIOfFENTC, EElE
@ De novo 7 ) L — 7 T AT B RS
HIDZ ENHLMMNI o7, L, B5ERRICL
T 577 )T, ErREHETH-> THEW
2 B —%(® DNA Z#EHZHIIRTESE, v—72 =
AT A BHE U7z, NGS (23 25BN T IR e
THDHIENRAIRTH D,

B2 7 LML Tat—EnREWSF ZF R
T AR hay RU TS AOHEREESNX, R
THNITVTT ) AOMEEZ T, KL T
HTTATF RO 84%, I har RUT S LD 94%
DOESNBRE ST, WELIETTAF KT AL
T har NUTS N, REO T pseudonana O
TITAFRF )T TAF R ) AEI Fary RUT
7 N ERLE, MRS L B K<k LTz,

RS 7" 7 b U BESE~D NGS 15 H O HEfi i 52
& U CEE SN ARNZEIR, #hs) I RFESEE R A
PR AT R ZEBhARIZ L v iTh Tz, #FRIC D
B 2T | BV W R RFE TR
HEWFZE AT O FTH O S AR BILF L T 5,

HR
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Transcriptomic Characterization of Hormones Regulating Vitellogenesis
from the Kuruma Prawn Marsupenaeus Japonicus
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Abstract: A smoll number of vitellogenesis-regulating hormones have been characterized in
crustaceans. One of the most well-known molecules is vitellogenesis-inhibiting hormone (VIH).
Six VIHs have been characterized in the kuruma prawn Marsupenaeus japonicus. Recently,
gonadotropin-releasing hormone (GnRH) was purified from the ovary of the American crayfish
Procambarus clarkii. This is the first known GnRH molecule from a crustacean species. More-
over, recently crustacean female sex hormone (CFSH) was discovered in the blue clab Ca/-
Iinectes sapidus. In order to discover new vitellogenesis-regulating hormones in M. japonicus,
we conducted RNA-seq analysis in this study. Total RNA samples of the ovary and brain were
extracted and used for library preparation. Single-end sequencing of the constructed cDNA
library was performed using an Illumina NextSeq system. De novo assembly produced 69,323
contigs, whose total size was approximately 40.0 Mb. A new VIH-like molecule was found in
the ovary and brain. This VIH had six Cys residues. That are conserved among crustacean
hyperglycemic hormone (CHH) family peptides, but was longer than the six VIHs of M. japoni-
cus. Although a homology search by tblastX using the amino acid sequence of P clarkii GnRH
as a query was conducted, no homologs were identified in the contigs. On the other hand, cora-
zonin (Crz), which is a member of the GnRH superfamily, was found in the brain. The known A/
Japonicus ovarian CFSH was expressed in the ovary, but new CFSH-like molecules were not
identified in this study. Taken together, this study provides a comprehensive transcriptome of
the commercially important M. japonicus with novel peptides and protein hormones.
Keywords: kuruma prawn, Marsupenaeus japonicus, vitellogenesis-inhibiting hormone (VIH),
gonadotropin-releasing hormone (GnRH), crustacean female sex hormone (CFSH), corazonin
(Crz)

W, FEgEHOEIRITEET 0B ML TEBY, 20
AR 2 3 2 TV DR OE 7 & HRIR & FE5, 2 ORI
EUIRT S & MOINERERN R ELZ 06, IR
AP R A 2 BN A 5 (R 72T 5 &
HEE SN TWe, £, BRMOEBIZIZXSE &
REIZAL B AR IR RE & . 2 202D OB EIER D
Kb CIER S N D MRIMERRE (A T2 7
ET5Z L, BLEOXEGHE CAKINTARET T

RSP A F AU S L7z t%. MY o Sz Bt
SNDHTENHP LT, £ LTI91EIZT AU
YR T AL —=DYA T AP G A JH$ 5 R
ZFFOMRRAT T ROVEBE S 2v, IR RS A
& > (Vitellogenesis-inhibiting hormone, VIH) &
Aotz ?, 2ok, BAOKEEEM CTH D
I DY A F AR, DR L 6 FEEED
VIH BFET 5 2 & NS S 4, 24672 VIH 1T &
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DRCANHIH SN TS Z ERBENE2, 20
%, N ER vl o ER O B
B2 L VIH S EEE - FESH TV 2,

A, VIH IS O iR+ & L CRE Sz
DA, EFE IR AR L E VAR LE  (GnRH)
ThHbd, GnRH (X 1971 FIZ T X L B UMb i)
L - HEERE ST LLKR, FHEE Y & A HE
Y5 GnRH Nk~ L HEES LT & 729, BIfE
F T, 30FEFELL > GnRH N /27> TH Y,
T 10~ 12 ENS B Z Engmo T
%o HEFEIZ GnRH 2MFET 200N F K H < AT
HoTeBd, 2014FIZT AV AV A=DINENG
GnRH 75418 T Hiff - #EE Sz, 7T AU D
H Y H = GnRH |1 ZIEF MBI O GnRH & FH[F 13
Y, TAY DY) T =DIRk A e S8 515
AL TN\, 2O, 2O FIXEICHBEY]
® GnRH &E& 2 6z, UL, L, #iiz7e
GnRH IZHBHEN S Fo0yo Ty,

2014 4, T AT =DV A F Apd & R FEMEM:
AE > (CFSH) AHEiSh79 TAH =0
CFSH |[ZMED YA F AP DO HAFTEL . BIRTHEL
HERF R CTH o7, F LT, M7 A =0 CFSH
DEETHRBE ) v 7 X S8DH L, MFFRA7R
SMNERIEREC S ALIC B AR S =, 2D Z &
5. CFSH IZHBEDMED “ R M Z HIEH L T\ D
LEZLNTWS, v EIZEBNTH, B,
5 CFSH (HR# CFSH) % =2— R34 5 cDNA ® 7
n—= Z7EnTn57 LrL, 7L~ R
CFSH [ZHEED IR CBIa T RBLL TR, 744
=D XD MR RMEIFBE SN o To, T ORE
B, 7~ iRW CFSH TR vE 2 &3
BIOMREZ BT DHEEZ DN, DD, 7=
= B CIRRR LA OfHR T CFSH N3 EL L T,
FOLFIMEERLE L LTI TS L EZ D
NbDEIT7oT, ZOHRMERMITHEIIT, &K
MR —27 = —% H 7o 8 5#E19 72 RNA-seq fi#
Mrick v, 7~z oIz H7-7: CFSH (Jpi
CFSH) N{FAETDHZ NI EALNE o7z
CR¥sFT—X), 7~ EOIiE CFSH XM D
ATEBICIRE STV e, RBLRITINE CE<. K
HETIX I IENr o722 Enn, 7~ ETHMEE
BT & U THEMETZE R BLCIP BL RS #E722 E Ol
(B D RN E 2 DT,

ZOE DI, EODDOREAEIEIR T 23 5 T S
NTWAEDOD, RILVEVOZRENSETRY ==
VAR F OFBHIE £ TORKEC, [FEIE ORI
PHLSAOIREIC BT 21ERIZIAHCTH D, =k
R R AN AR TR, D% 7 v

YT EDIFRMETH D, BIHOILKIZES T, FEIR
AIRER B = B ORI EE L < 72 0 D0 b DRI A #E
HrDHE, JNwTEEETVE L TR RE %
B OHMNI L, THICESW - NARMEZ BRI D
TENMELEZ O, £ I TR TIE, Bk
72 CARIEIR - ORRE A2 B & LT, it —7
T o —% O CHERRR 72 3 BLB R T O RS AT &
1o7-,

B Ttk

I N2 UL B total RNA OHlith

2016 4 4 AIZE MO — @R TKET S KR
OME7 L~ 20 BHIMEIPRZHH L, RNA
later H CLRIF L7z, INEEDO—ERILT 7 L [E EHR Tl
Ex LTz, BELZINEIGT AT 7 ¢ e L, #
OAZER L%, ~~ b D= AT
et |t U7e, B & IR & O total RNA o fih
IZ. RNeasy Lipid Tissue Mini Kit % {# f L 72, ¥
LIV D total RNA OREIXF 7 K v~ (Thermo
Fisher Scientific) % HWCHRIE L7z, i L72MME
YHELD total RNA 2870 L U2 & &, 2100 3
AFTFIAH— (TP h-Fr//nd—) %
iz v 7 U —BXIKEIE LT e —2ER
VKEh CHER LT,

RNA-seq fi#tbi

I~ T EOREIRE NS - KR L 7= total
RNA 25 cDNA T4 77V —%ME L7, LT
A L3 F 4D NextSeq ¥ AT L& ANTY 7L
VRIETE T A7 Z Y —1000 I U — RT DT L
7= o= S% de novo T2 T VT 5 2
Llckvarr e Va2 LTz, EEEZRW
T 4 7 O IRELS AR - ELSIENT >~ 7 - DNasis
(A 0) (2D A FHFEIHERR SR (tBlastX fi#Hr) 217>
7=

AR
INVIEDORMETBETRIL T 3EETOM
HERSEDT

IN<Z IO~ hF T v - AT YA D
BERERE S L2, VRO T — 2 % N EHI I
H, AUONSETE A, INIRIMEDN ST A, SMRITEDN 3%
TERCH, RO 5 BEREIC /31T 72, £ LT, kkx e
AR T — L 72D L D12 20 B h 8 Ra @ik L
oo 7N~ EDOMIZ=" kY 7o GnRH Hiik
ERET B REG MRS FET D Z & 2B E L,
B L7z 8 RO A RNA-seq fiffTICBE L 7=, F 72,
T AU BV H =0 GnRH 1IN E NSRRI - 2



Enb, A UEROINE & x5 & L=, RNA-
seq AT CHOLNIZEAN OB T v 7 iz kv,
N50 78 760 b D 69,323 =1 T 4 VM S iz,
HAHE LA 40.0 Mb Th - 72,

YHEUBRANR R L€ v (VIH)

IR TR L TWAHEL D27 L~ E VIH M TS
FHUNBE SN, £, SRIOMHNT CTHr/-7e VIH
FRD 531 D3INEE & I AFE LT, VIH 238 LT
WA I B ARLvE (CHH) 77 2 ) —X7F K
WCBWTRIFESNTND 6 DDV AT A UFERIED S
H.3HFAL 4FHOMN 1EREREWEWS, ZhvE
TIZRWEE EOFE A H LT\, JiEE T CHH
AT F FRFEH L T DD L HHHORMTH 5,

PERRIIER AL E VIR AR LE Y (GnRH)
TAYBY Y H=0GnRH O 7 I/ BEEA %2 7 —
U —IZHWCHIEIERZRIT - TR FR. A RIfifdT L7-
F—=HOPFZIET AV BH Y = GnRH & HFEME
BT Dar7 4 ZIIFELR» ST, KIZ, v& =
@ GnRH RilRIAD T X 7 ALY %2 7 = U —IZ v
THFIMERR BT > 7oA R, 7 v~ E O TIHBLT
LT ORI~ a0 GnRH & HFEMEEZ AT 5
Contig 64555 23 f71E L 7=, Contig 64555 O ff 7~
7F ROJEFET X/ BRESNE, ~% 20 GnRH &t
NT U ERETAEREOT IV BMEFES LTV,
Contig_ 64555 OJEFET X/ BRfcY % 7 = U —IZ W
T, 283D DNA 57— % ~_X— 2T BLAST fif#thr 247>
7o = DFER, Contig 64555 X FE H D Crz DK+
0 ThDHIENSNhoT, BRO Crz I3EHEY
®GnRH & & 12 GnRH A —"—7 7 3 — %
LTS, ZRHEDZLEEBETDE, ARIOfE
Mr <R 27> T &7z Contig 64555 287 b~ T E D
GnRH TidZeun s EHEHI S 7,

HZUIEYE < L€~ (CFSH)
BEED 7 v~ e N CFSH 3R <, bR CFSH
IS CHBINBIZ SN, UL, P8 CFSH &R
% CFSH LIS D #77- 72 CFSH 4y 713, 4 [0l o fi
HIZRFRMT CIIFE L CE Te o Tz,

o

A2 X0 BT 72 7 v~ T B O REEIFE R -
WERRTDHIENTEZ, 9, IR LINTRA
LCW5 VIH D1 Th b, ZhETiZ, VIH A
JB L TW5 CHH JET T RIIM-CHa e gz &
DOHFFEAFRER, FHOIRE, BTHRELTWNDH Z &R
HOMNEo TR, JICTHRILL T\ 5 CHH

BT i 7~ ORI 7 08%EE 77

W7 T RIZARMERI DO TOHTHH, £, K
W7E TR Lz VIHEED 5+ D7 2 7 BREAICIE,
INFETICRWRMN S - 7=, @F, CHH B
FROIFRLAFBVATA L OMIT12T7 2/
705, ZHETITSN > T b CHH R
F R CZOEANHEIET 553 FISFAE L7, Lo
L. AWFFECHE L VIHEO S +0 3FH & 4%
HYATA ORIZ 1837 X VBB > Tz, Z
OREE EOREMN, AR E OB A 5 2
TWDOMNEHLNIT D720, FFERIICZ D5
F DO Z AR EERL L CAEMIEMEEZ TS TETH
2o
AW TIZ, Z A~ HET AV AP =
GnRH & L < Bl7=7 2/ BEELS % FF2 00 1 D A(E
THEADEBZTHEBREAX— NI, LL
RIND, 69,323 AT 4 T OHIZT A Y BH U A
= GnRH L HRMEZFHT 50 HIIGFEELRP- T,
AR, R Y — 7 = o — 2% F T MR 72 AT
DT AV BV T =CTHITONTZN, ZOT—HH
WHT AU BHFY = GnRHIZEFEE Lo 9,
GnRH OFRBLEMENZ ENFUR S LIV WV,
AL ZABEIEIGD S TR,

AW TILGnRH #[RET 5 Z L IXTE Zenno
72725, GhRH A—/"—T7 7 I J—D AL —ThD
Crz #RIET DI ENTE =, Crz I Ny X DKM
FEALSELHRNLECE LTCRESNIZMN, A2
HZBWTIIshiicksir a5 OREEHZH LT
W5, £z, Crzlidx M nvavyauRiisn
Tkn b= =a—a U 2EM T2 2 & Tk
TR IO AN S, R RARGERFR & A S
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THILGNTWD, —F, FEHICBIT 5 Crz DR
ERIZE<HLNZENTVRY, 5%, Zl~v=x
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P, TRbbAEAMEEIEENBIE I NN E ) 0k
FARTWL FETH D,
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Abstract: A green paramecium, Paramecium bursaria, widely distributed in freshwater
habitats of the world, has several hundred endosymbiotic algae in its cytoplasm. Such sym-
biotic associations, as observed in Pbursaria, are excellent models for studying cell-to-cell in-
teraction, mechanisms of immunity, and the evolution of eukaryotic cells. However, it has not
be clarified why endosymbiosis of Pbursaria but not other kinds of paramecia with algae has
been successfully established. Furthermore, it has not been elucidated whether the hundreds
of endosymbiotic algae in Pbursaria are the same species. The symbiotic algae have been
isolated from Pbursaria and also removed from Pbursaria, producing algae-free paramecia
strains. The resulting exsymbiotic algae can grow independently of their host and also re-in-
fect the algae-free paramecia. Unfortunately, several related experiments are still restricted to
a phenomenological description, and reproducibilities of these experiments as well as defined
experimental conditions, including the growth phase or age of treated paramecia, are usually
lacking. Therefore, it is difficult to draw any conclusions in the study of endosymbiosis. Here,
we isolated and established several cloned strains of Pbursaria from Kanagawa Prefecture.
The results obtained will be discussed in this report.
Keywords: green paramecium, symbiosis, symbiotic algae, chlorella, protistology
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Abstract: Protoplast isolation conditions were investigated to observe the chromosomes dur-
ing the meiosis of pollen mother cells (PMCs) of Arabidopsis thaliana, without the fixation of
cells. At first, optimal cell wall-degrading enzyme combinations for protoplast isolation from
leaves were determined as Cellulase R10 and Pectolyase Y23 from 24 combinations of 6 cell
wall-degrading enzymes, dissolved in 100 pL of 0.6 M mannitol solution using a 96-well plate
method. As for recalcitrant anther material, using the same small-scale surveying method,
two strong enzyme combinations, A ; Cellulase RS, Hemicellulase, and Pectolyase Y23, and B;
4 -times concentrations of A plus Driselase 20, were selected. Protoplasts of PMCs were only
isolated from the anthers at a young stage in both varieties of Columbia and Landsberg in
a 4-well dish, and were stained with DAPI solution after transferring to osmoticum solution
without enzymes, by micromanipulation under an inverted microscope. From the anthers of
developed stages, the PMC capsule was isolated from the surrounding protoplasts of tapetum
cells by enzyme treatments and mechanical loosening under an inverted microscope. PMCs
in the isolated capsule were observed by staining with DAPI solution after transferring using
fine forceps, and squashed in 2 M sorbitol solution on a glass slide. From the anthers of a more
developed stage, the PMC capsule was isolated and callose in cell walls of tetrads was stained
with aniline blue solution.

Keywords: Arabidopsis thaliana, chromosome, pollen mother cell, protoplast
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Abstract: To examine whether the apoplastic movement of solutes is regulated by the devel-
oping endodermis in young roots of kidney beans, histological observations and a cytochemical
study using lanthanum (La) as an apoplastic tracer were carried out. In transverse sections
from the elongation zone of young roots cut at about 7.5 mm from the end of root cap, Caspar-
ian strips were found at the anticlinal walls of endodermal cells. While, in transverse sections
from a similar zone of roots grown in the solution containing 10 mM LaCls, numerous electron-
dense precipitates were distributed at the cell walls not only in the cortex including the endo-
dermis but also in the vascular cylinder. Electron probe X-ray microanalysis demonstrated
that those precipitates contained mainly lanthanum. Light microscopic observations of serial
sections from the root tip revealed that the endodermis appeared in the upper region about 1
mm from the end of root cap. These results indicate that possible influx of solutes into the vas-
cular cylinder may occur through the region of root tip without any blocking at the apoplastic
pathway, especially in young seedlings.

Keywords: apoplastic movement, endodermis, kidney bean root, casparian strip, La cyto-
chemistry, X-ray microanalysis
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Fig. 1. Transverse sections from the elongation zone of young roots cut at about 7.5 mm from the end of root cap. A. Light
micrograph, showing typical root tissues of epidermis, cortex including endodermis (En) and vascular cylinder including
xylem (Xy) and phloem (Ph). B. Electron micrograph, showing boundary region between cortex and vascular cylinder.
Endoderm(al)cells (En) with Casparian strips (arrows) are adjacent to pericycle cells (Pe) of the stele. Scale bars, 200 pm (A)
and 5 um (B).

Fig.2. Electron micrographs of transverse sections from elongation zone at about 7.5 mm from the end of root cap in young
roots incubated in La solution. A. Boundary region between cortex and vascular cylinder, showing endodermal cells (En)
with Casparian strips (arrows) and adjacent pericycle cells (Pe). Note the distribution of electron-dense precipitates (arrow
heads) along the cell walls even in inside of vascular cylinder. B. Enlarged view of cortex cells, showing electron-dense
precipitates (arrow heads) in cell walls. C. Enlarged view of stele, showing electron-dense precipitates (arrow heads) in the
cell walls around sieve element (Si) and companion cell (Co). Scale bars, 5 um (A) and 2 um (B, C).
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Fig.3. Typical X-ray spectrum obtained from the analysis
of precipitates localized at the cell wall in the vascular
tissue, indicating the spectral peaks of La-La and La-L
B 1ana 2 emissions. Labels of peaks show the element-line
emission, respectively. The ordinate gives the number of
X-ray events, and the abscissa indicates the X-ray energy
in keV.
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Fig.4. Representative serial transverse sections of the young root cut every 100 um from the end of root cap. A. Section
of 70 um upper region, showing only root cap cells. B. Section of 270 pm upper region, showing apical meristem in the
central zone. C and D. Section of 670 pm and 820 um upper regions, showing developing cortex cells between central
apical meristem and peripheral root cap cells. E. Section of about 1 mm upper region, showing developing endodermis (En)
and central vascular system. F. Section of about 2.5 mm upper region, showing epidermis, cortex including endodermis (En)
and complete vascular cylinder with xylem (Xy) and phloem (Ph). Scale bars, 100 pm (A-F).



R P AT ADOFENMRIB T S5 EBIICET 2098 97

BhEAITo72,

Fig. 41X, (LZMEER I CHIIEE M L 72 AR 2 R0
Heus BB L F 100 mm I &2k YIRS W E )
L CH P TR LR AR LTV 5D, ol
IR O A TR S TR Y (Fig. 4A). 1R
oy SRR AR T e 5 0> 0.2 — 0.3 mm H7-
D OEI D R S, ROEFLIZRIEL TV
(Fig. 4B~D), ZOfHlEkEL Y 52 L E 725 0.8
— 2.5 mm O TILERE L POENBIEIND &
IR Y . WIS L OHEE RO ARFRLH S & BRI
Bezshi- (Fig. 4E, F), $£7-. Fig. 4D Ti%. &
SME I T2 BRIRE BT H 5 K& OO THERK X
NTEY, ToNREMETHDLZ LEZRLT
Wiz, —J7, Mol 3.7 mm EoOfE CEIZ S
TR A B, ERY S5 7.5 mm _EOHE
o (Fig. 1A) [2AElLTRY ., £, JE,
FULEEDSHBETH O . N, NEE. KRR, BRESAME
Wi,

o vl

J1 ANV — B O T
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AT ORERTE) 1 CIEBAME 2R R R BT, e
wElg sz (Fig.l), & &0 R Tiam
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5 mm OFIWHERIRAEE S BEZL S vz (Fig. 1B, Fig.
2A), BYRIIAIZ B O D EEREA L OFEFE
U E NEHIERICRIET 22 b, T biE
T ANRY =L EZ 5N MO T 2R —HBRIE,
HEREEE 0> FR SR 0D A A AR BE L OO MRS 2 B A A T e
X oatEiEE L TRy, BT MG TIE. Z0H
BOBFEENENE SN TS O, SEBES
NI AR — B OEFHEEILIIZ EE X0,
AR — OB TBEILANY Ui 8O EWE
DOEFERE LML TV Ko IcEBbhdan, 9
ThiuE, BIRIN-KETEBEO L O, FEN
ELEREARBTH ST EEHRLTWVHEDNG
L\, —H#o A AR —f T, HeAiAte —Hl
JaD 5 HO—HROFEIE N ZE IR LR EH O
b oo, WD RALIZ LY Z DT g E
NEESEONDZEEHD 55 & T . EORE,
ZDX I RGN EL O TRV E b5,

HOVBUC BT PR DB E R E)

La Z &K THER LA V7~ ADFEDRER
AN BB L Z 7.5 mm OES TR L TE LR
U R OBERTIX, LA O Ml R AR BE 2 25

DIBEERI B S, Xf~A 7 a7 F U A
0 G OWIBER L La b2 55D THD
LR EN T, R OERHMABEIZ IR LD
AR —BUIT R T T A MEHOWEBE 2155 5
LEZLNTEBY ", YA BT RNTE
o=y ? O T, La lidhOofENICidESE Lan
ZEPHEINTEY, AROERITENLE L
PR, FEIER B IR WVIEWIR T, BiiEEE LT
AN — MR OREGEP AR A7 7R RIS T AR Y — iR
B 5T & 22 WVEIRIZ 38U T La ANl Lo izidE L
T-FTREMEMNE 2 B D, R % & TeAR b ST bl DL
ElsE R (Fig. 4) 1 X2 OTREMEZ RIS LT-,
—RRIZ . P3R4y AR B IRAE L 7o iR
JBE LTHREND Y B, A4 7~ ADFENR
T 2SRRI AR e 2 S oD 0.2 — 0.8 mm D
FEBUCJRAIE L (Fig. 4B~D). %725 1 mm
L0 EEsER CHME RN E AR STV (Fig.
4E), RELCFH MR ORI 1T o v W S
ENTKOB@BZKNEZ L TND EBEZ BN TNS?
D, AT U7 ADBENVIRTIL, Rt bk X
Z1mm FCTOHEBIIT R T A bERET 5K
SEEOBENIEAIZIEMEIEST, Lab ZOMHE
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(2. N AR —8O—ITEFBEENHE D &
<7<, BIEINTMEHIE OB A8 —BHAEE N R 5E
T, KPEE O\ LR TO R0 L
720N, TAVD OFFIR A RGET 2 FEBRILA R OFfE &
LCEE N,

7
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WFgEBh Rk (RIIS201609) %% 1f TITW&E Lz, =
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Abstract: Bamboo shoots are well-known to grow rapidly by means of internodal elongation
supported by marked water uptake. In this study, we observed vessels of the proto- and meta-
xylem in different developmental stages in rapidly growing bamboo shoots of Phyllostachys
bambusordes. The bamboo shoots for observation were ca. 20 cm in length from the apex to
base, and segmented into 30 internodes. The protoxylem vessels developed preceding those of
the metaxylem. However, the protoxylem vessels did not fully develop and were nor functional
for water uptake in the region above the 10th node. The metaxylem vessels were not mature in
any regions of the bamboo shoot. While the protoxylem vessels below the 20th node appeared
to be fully mature and functional, they were broken at some points, probably by stretching
caused by the internodal elongation. This suggests that water may leak out of the protoxylem
vessels into the apoplastic space around the broken points and reenter protoxylem vessels.
These results suggest that water uptake in rapidly growing bamboo shoots depends on proto-
xylem vessels in part but may use the whole apoplastic space, and protoxylem vessels above
the 10" or 20" node are not mature enough to function in water uptake. Also, no metaxylem
vessels are functional in any internodal regions of the bamboo shoot.

Keywords: bamboo shoot, internodal growth, metaxylem, protoxylem, vessel element
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NRETDHZENNL OO FEH THLA T
%1, ® v Y v F U (Phyllostachys pubescens)
WCBWTh, Z47 / aOTEREM T CIEEA AR E
 (PV) OFENREARREE MV) OZ i
FATT Db TS Y, £z, ¥V s
BBt O Eleocharis acuta T, WU 7= BN TEE
R LS ML LTEBRIRERIC K - TR 2 &
PDHESNTWS Y, LaLl, ZhbOBEHEN
KOBEIZED LD IZHD> TV LI HNT
X722, RSt O B, ~ & 7 (Phyllostachys
bambusoides) D% 7/ 2z HW T, PV & MV %
NENOEE EROFEWR & W E L ORR%
HoNZTHZEThD, 7/ aTRIEGm DM
BRI 2~ o CHERE s K OSKER D s D AL AMFAET D
DT, AL TITIEE OBIEE A TR DI E T
Hiff] Z & 1TATV, ZOBIERERICE SN TH ) 2
(2B DAKDIBEEREFEIZ DN TEE LT,

POBEE T5ik

FZSN KW O S D0 v S ZFHNIZ BT
2016 4 6 A 12 B o 2 A 30~40cm O~ X
(Phyllostachys bambusoides) D 57 /r /) 2] %
L7z, Mlallwd 47 aidBlEicini-27
JAaDOEDTHD. BREH -S> TV O & RE
L (X 1b), ez =% L (X 1c), HifEE 28 v B
S TBIEIZH W, AFTIE, SO TE5D D
NEVZ 52 1 TR BI LTz, 1o% %5 7 2T 30
HiRNETENHK 20 cm, D F W IR ITHK BIEWEIT
HDH, BEICOWTIE, =& xIE, 9fiE 10 HidR
DFEMIE 9-10 Hif#] & FEOY, O FHMIZ OV T AR
IS Z ElZ LT,

10 Bo 7= HifEIE 8% DRV LT LT e R&2E
0.1 MU = VU VEEEE R (pH 7.2) R TREE L.
i FIF & CTHIBREN CHRAF L7z, [BE L7k 2 4%
R CeE %, =& ) — )L R — X Tk LT
% . Technovit7100 BIEIZEM U 7-, AHL L7~k
EUVETI/0 b—LTHTAFTA 7% FNTHE
BIL, JEE2um oY 2ER U7z, YT Mg
DT N—0, £k, 7T =l LT,
JaBEDBEIZIZ, A aTa—LRUA 2RV
WY S W2, Bo#EIECl, Technovit7100
R a3 L 7= Y9) i % 4',6-diamidino-2-phenylindole
(DAPI) Tattdta Lz,

b el

30 DFEIN LB~ FroRr ) a (K1) Ok
IR 2B Ui R, RZEORZEOIMU SN
RHIFEEHERERCHEEOT A ANRKTH- T,

ZOfERIE, ~Frtw v Y UF Y (Phyllostachys
heterocycla) ¥ X O\~ 7 (Phyllostachys nigra)
[ZOWTHRE SR L —B L7287, ARIF7E T,
EOFHMICHEWTHHEZED FEOEF IOV T
77,

X 2a-cix, THEN 10 & EE (9 -10 Hifl T
). 20 oo BER (19-20 HifE FER) . 30 fiod B
(29-30 Hiffl T OBWEIRF D hLv A7 r—0
Yt Ths, 10 8o BTk, 20 8L 30 o b
I AR TRAERTES  (PV) BAATEE MV)
LM RIBETH -T2, 10 fi, 20 fi, 30 Hio%
EEHOWTROEA L, 2AKE7-13 3 KD PV IHH
HTEL W, 0550 1 RTEBENEL ML
AT N— O T et SNz izd, F OHifuEE
W HIEEECTH D LB DD, HIKEEDIEE %
LV EABRICEIEL T A 721, 20 fi FE Rk A IS
ONTHNaT7r—LRY A v TEtjeal
TAER, T RTCOMERT, 2-3AKADPVD O b
D 1 AKD PV TILHIMEE D BEE 2 IBE N RO Sz
(K3), —J7, PV&EEATAIET D 248D MV
WTHOEE S, ERENTE < ZUMEERAT O JEE
MR BRI oo, BHEERO PV, MV, £ LT
ERE AN O FEIRIE, Wi 23N S WRIIEIZ K-> ThH®
LTV, ZHLb ORI OBIE NG, ¥ 7/
S PTEM S I (% 47 7 20 30 Hiffir) £ To,
Tiebb, ZOXT 7 aTXTOHIKTMV 2 K
AIRBERS A ORE 2R3, EEEFR & L TR
THDHIEIRBEI NI,

MV & PV O 2 fe b 5 72012, kel
OB BT 72, 10 Hi LEORHEEE T TiE, BREUE
JE &R OMIREEN 572 5 PV OEE EHE (K 4a.
KH) & ENCHET HBREEZ 2720 b H 19
O PV OEEFEEZENRD LI, MO oL
HETHRENGE LN, BHIEEZF -7 PV
TIE, BB RN Rl TR e IR 7 A BE A3 3R
DO, TNOLOEEBERDREEATHD Z & AR
LTS, BEIEEZ LD PVOEEEZOFIC
F BEFOEEER RO LN, Lo T,
FNDIXEEEE U THEE LS EMICETREL
TWARWEEZ5 (K4b. KH), —JF. MV IZ#l
frkEns i < BRAUIEIEITEE O b otz (X 4a. £
RED).

25 fi B CIE, 10 fi B o BIERE R & FER, 2
AOPVO—F (K5a. BEXRH) & MVOEE
BRITITBEBIBENRD SNz h o7 (K ba. AR
A, £7-. BEUREZES PV ICBW T, B0VERLT
L7 EEERIIBE LR VB b roTe (K
ba. HEKH), 258 LEOMEKE F 4 DAPI #
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a BR300 em D~X DX ) a,

b. BH UG R N2y ) 2. .

T RTORELEFNNTES 7 A O, FEZETENG) O B E TOR I3 20 em. KA1 E ZO T O FIT

THSROHI N B A T HIOEF 54 7RT .

2. 10 & L# (a), 20 i L& (b), 30 &i LS (o) OMEEROBMWIEIAZ b AP 71— 0 TREAEL
TOETEBEE TR, ARENL PV, BRENIMV 22N iRy, A7 —/b 73— 1 100 pm.

3. Anaza—iRkTA K THOEYE LT 20
FEOREE . 2 721X 3ADPVORND 1 AD
V7= oAb E AT ZGHIBEE N S v 3 7w — LR
T4 MIEDHAAORNEEAFE L TND ., A —
Jb73— 1100 pm.

B 4. 10 fi L OMERT Y A, a. BRAULE 4 £
PV (FERHAD & 2HICHT DEBULE & Rz 720
PV. 2 K® PV O I BREUIEIE 2 H 7= 72y MV
NERTSH (BXRHE). A7—/L3—: 20 um. b.
DAPI THOGYLE L 2 dOCBMEE S B, RAULE
ZHRO PV OB ERIENROON D (BKED).
A —) /3= 1 20 pm.
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5. 25 Hi B eI R (a) & DAPT #ObYs 4 L 7= #rE)
A (). a. BRRANIESILE Z £ PV, BAEKENIBERAE
B2 Ffl- 72 PV OIEE ERIRGET D2 TRy, A
RKENIBRBULE &2 FF = R WEEER 720D MV 22N EhoR
7. b. RRANI MV OEEERIAAET D, FRENIERAE
JEAFZ72V PV OB ERIRFT HEEENERT. R
Ar—Ls3— : 20 um.

6. 30 fii B oMWY . KENE X 7. 20 S EESORETYI . a. BRAUIEE Z R PV IS
BRAEE 25> MV OEEERZNOE I8RO N5, b, BN Z 55 PV OB O]
TR A4 —)L3— 1 20 pm. fRsgl EIEXEhTngd (RED. Ao —/Ls3— 1 20 um.

Qe U CHOLIAMEE ORI Lo L 2 A, flluBERsid  ZERUBEZ OITI3BE TIden s, BRURENE
WPV & MV OEEZERICENBOOND OB H HONDHLOND-Te, L, TOL D IEEHE
~7- (X 5b), FICHAIE RO BN b OR D -T2 (XK 6),

30 i B> MV OMEEHEFOFIZ, PV TRLH  L7es-> T, HmA L 30 HidH TIEMV OWh
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TW5 9, AR CEE SN PVORUABMERE S
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MV 23 U Clisi#ae 2 -7 vlietE b B 2 biv s,
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Ll EHBYINOES TIXEBEOT RT T A F &R
HLTWaEEZ N5, £72. MV A& bR
J-OEEE L THREEL W RWnWEEZ NS, &7
DOREZITIL Y 7 = AL+ I A TO 2Rl fakE &
D, JHE A OHEE SO AR OMIfn, = L
THSRE A RFF LTI MBEE L CTIREL TV D DT,
IO DOMIBIEEIN D IR DI T RS T A DRy v
— 7 EMPAAET D, 10 HiH b TENG £ TORB T,
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BFICT R T T A MEMBIKRIZ L > TKOBENDTH
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TH LRI oTz, KVEE LIZZ 7 7 3050 Cld,
MV X PV IZEN T, EE & L THRE LS D BRI E
HEHREINDENY, WEELEDS MV & LTHEELT
WSIBRET, RUERHEIRRE E Eo X ) I E G D
HTHRYUNOBENEENERL SN TN DTHA I h,
INbLABIESNZETH D,

AIFFRIE, T4 X BHEM O R ICB T DHEE HRR D
A HMEIZBET 2098 12k 5 2016 AR AR
K a B e pr 3L [FF s O B plc: (RITS201612)
P E Lz, ZZIOREOEEZRELET,

SCHR

1) Esau K (1953) Plant Anatomy. John Wiley & Sons,
Inc., New York.

2) Fahn A (1990) Plant Anatomy Fourth edition. Per-
gamon Press, Oxford.

3) Goodwin RH (1942) On the development of xylary
elements in the first internode of Avena in dark
and light. Am. J. Bot. 29: 818-828.

4) Lin J, He X, Hu Y, Kuang T and Ceulemans R
(2002) Lignification and lignin heterogeneity for
various age classes of bamboo (Phyllostachys pu-
bescens) stems. Physiol. Plantarum 114: 296-302.

5) Evans PS (1965) Intercalary growth in the aerial
shoot of Eleocharis acuta R. Br. Prodr. I. Structure
of the growing zone. Ann. Bot. 29: 205-217.

6) BrTFESk (1980) T DARICOWT. AHTFA - &
#5515 %51 6-33.

T ARk, WEEE, BE R, A T (1995)
< H, NFITRBLIOEY Y UTF T OBROMIakES
(V). WA F R FHB 25 R 27 67T 147-157.

8) André JP (1998) A study of the vascular organiza-
tion of bamboos (Poaceae-Bambuseae) using a mi-
crocasting method. JAWA J. 19: 265-278.






Science Journal of Kanagawa University 28 : 105-108 (2017)

BE ZW 2016 FEMAR) IR G BLAITE AT R FEBD AR ST

I P2V FY 7 16StRNA Ik Z O =% 4 Y 2BV =D
SRR

Al Lo

TRRELoR !

SR

Molecular Phylogeny of Cidaroid Echinoids Using 16Sr RNA

Norio Wakayama® 3, Masaya Saitoh! and Ken'ichi Kanazawa?

! Research Institute for Integrated Science, Kanagawa University, Hiratsuka City, Kanagawa 259-1293,

Japan

2 Department of Biological Sciences, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa

259-1293, Japan

* To whom correspondence should be addressed. E-mail: wakayama_norio@jindai.jp

Abstract: Four cidaroids and two regular echinoids were newly sequenced and used for phy-

logenetic analysis. In this a study, a new DNA extraction method was tested. Coelomic fluid

was collected from the coelom using a syringe through the peristome. The collected coelomic

fluid was centrifuged to precipitate the cells, and DNA extraction was performed from the ob-

tained pellet. This method does not require the dissection or destruction of specimens, and is

therefore suitable for preserving voucher specimens. From the obtained phylogenetic tree, two

speculations about the evolutionary history of cidaroida were presented. Ctenocidaridae is ge-

netically included in Cidaridae. Two species of the genus Prionocidaris were placed in a differ-

ent clade in the phylogenetic tree. This suggests the polyphyletic origin of the genus.

Keywords: molecular phylogeny, sea urchin, echinoid, mitochondria, 16Sr
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~L Al - ZE AL (PT) BARICB T 2 Kk o
. T F AWIZIBNT T = O KB 7208 S AR DS
BT, Z OO T F AVEOENREBIIED T
KFEFEIZBWTELSRFESINTWND Z ERMLAT
BY . ZOHERD 7 =FE OB AR T AR 72
=0 EFED L TARRIRTH D, P-TERIC
BT D RKMIELLFIN ST DME— DU =HFHThH D
XX U AT/ T D% 4 Y A A Cidaroida 3R 27
HEND 7 N—TTh o0, £ OELLOWIZEIEH
R E L TR, & R I3 A
T2 EFWVAR, PRI Y TIEBE S
Z U Z¥EIT 4 > DO F (Histocidaridae, Cidaridae,
Ctenocidaridae, Psychocidaridae) 7> & 4k & 41,
INDIZRT DD R FHIT —Z fen L
BRI TEEATAET D28 39, A U7l 7 aElk s =
NENELR D720, WELER L~ D551 R BER
T HAREIICE - TV,

Fo. ZNETY=EHOSFRMFHINFEIZIB
TITRFMEAR DO EEMENZ R SN T IR oTz, 1

KT AFEI ORI O A 72 £ 55 DNA 2317
BITEZN D, RLPIIE. S DNA i 21T 5 45
By RN OTEROBELME S, FHIAME 2 H
WD EITANERERE SIS RERNH D | Hhik
HOBKERERONDZ EHEV, ZDd, it
FVEITRERAEAR D RAFIZIEIE LTy, 7 =5
iR B DRI B\ T RENE DN EE L WA A
SR TW5D, BEDHZE® THY ST Brisaster
fragilis & Brisaster latifrons @ 16SrRNA 8 15
(AJ639805 5 L TN AJ639806) 73, Hd#I D B AL &
DEI2 DS ODOEMEEH/TIZEB W TIE 100% —E T 5
BEH DR ENTWND, 7o 7 7 BIXSARE D 43 ¥ R
ENEHELWENNMONTERY, MLNORENET
TWNDEHRbILD, ZORREGE, RMFEL TRV
REUEAR Z W TR E 2 M8 L. FEREEE
BT O MEN S D3, Bl U7z kR 228 r) 72 DNA
THHEEZ TR o e GBI+ R REEEEITV D
HENTERRITH D, EHIC, SRIAWEFF Y R
DU = IRV Z FFOERFEO—D2THY, LI

©Research Institute for Integrated Science, Kanagawa University



106 Science Journal of Kanagawa University Vol. 28

UIER O R BT 2 2B E LT\ 5, £O
729, FRTEFOMERE AV aica s ¥ I x
—a VOERMERHE KT 5, £, ZbOME
BT 57 0121%, FEREER 72 DNA fhHHs %
2 FCREUME AR DORAF & 531 BT 2 N9
HVENRD D, LAl = #7272 DNA i Hiklx
ZOMBEOR NIRRRIER D EL DO TH D,

ARFFEIE B U7-sE R Z iRk 5 78, BEFNIO
T =BT AG T 2 A OESIEHR A N2 T
RIRIENT T 2 F T XY ZFOHEEDO—H A
MMZTHHEDTH D,

Rt L 5k

MWz w = 2016 12 @ an i HAEE KT B LUK
AWTESDOWTHA B THIZERES N, b L
ITHBEE CIRE S - 6 B 6 i x Vo, 4 Fli
IR E 2 %< L EDDH EINDH XX U RAFE
B9 5 . 7 W A v = Plococidaris verticillata .
/ 2 X Y v = Prionocidaris baculosa. 7 7 A h
7 = Stylocidaris reini, ~ 7 71 % ¥ = Eucidaris
metularia, 0> 2 FEITPARLIBEIZ S35 U728 L
JE'E %t - 7= B 7 =¥ Euechinoidea |ZJ& 3 5 4 b
t A U = Bathysalenia cincta (7 V3% 7 %H), ¥
L W Salmacis rubricincta (27 =%1) Th5s,

DNA Hiith

Fhe A= /Jax)u=iZonTiEkits
W F S L OVAEE A2 DNA fliit iz v
7oo LD 4 FEIZ DUV TIXARERR %2 DNA fliH I W
Too REEHRERIUTE D HAT V), 18G D VEST §F
ZROAF T2 ) oV ERAWTCHEAEY RS
TESTEF > AR 2 80 B U7z, BRELL 72 IR IE iR &
1500xg T 5 min @b L, EiFERWLTHEZL» |
D DNA 21T/ > 7=, EEno v =0k
HH VT L M2 TNES-Urea Xy 7 7 ® &
Proteinase K % 1% T 8 BFLL LSIE TG L%
{2 55°C T 1HFLER L, 7=/ —/beT /LA
AT INTINNa—LBIRNTueaRLh - AVT
ST a—LE RN CEEORKE A RO,
TH ) — VBT e o TRER DNA #1572, 55
A7- total DNA IX TE /N 7 7 [TV L, SR
L7z,

PCR~Y—Z7XT VR

BER Y IO TR R L7994 ~D 55 2% (echFO3
5-CCTGTTTACCAAAAACATCGCTCC-3', echR02
5'-GTAGATAGAAACTGACCTGGCTCTCG-3) #
W, X b= Y7 DNA ® 9 % 16SrRNA felkoo—

HB A& BhE L 7=, PCR IZ Tks Gflex DNA Polymerase
(TAKARA) %@ 00y DR THY, h—~iL
1 2 7 PCR Thermal Cycler Dice Touch (TAKARA)
Wk Wit oz, T 7 L — MBI 2.5 ng/50 uL X
ik E L7 =—V > 7R 55°C TPCR #1772 o772,
PCR FE#H) DFERLZIZ AMPure XP (Agencourt) % U >,
BigDye Terminator v3.1 Cycle Sequencing Kit (Thermo
Fisher Scientific) #H W/ —27 2 AV 7 7 g
v @D %, ABI PRISM 310 Genetic Analyzer (Applied
Biosystems) (2L > Ty —27 2 A&7/, BlSE
WEIFI,

SRS

V= Y OWET =20 b ORSIEER
X~V F 7T 7 A4 A MIZIL Geneious R9
(Biomatters) # 7=, A BIELHIRE & 1T - 7= %
FYZR6MELEEY=FH2BE2FICIMA, T TIZ
mtDNA @ 16Sr RNA B# 23] 606272 > T b %
XU 25 J& 5 FfIZ 2\ T Genbank 7> b it 51 1 #
ERFLTT 74 A ME bo & bEWESIZE
72 578bp & RAAENTIZ H T, BufS L 7B S
DFEL & Accession No. [XR D Y : Stereocidaris
excavatus (excavata OFRGLE A LV, DQO73750) .
Prionocidaris bispinosa (DQ073747). Calocidaris
micans (DQ073737). Ctenocidaris perrieri
(GU226988)  Phalacrocidaris japonica (JQ322575) ,
RARARHTIZIZ PAUPY % W, ET VT A b ORER
WZHEDE RN /NT A —F Z2RE L, NJ ik L0
THEZ L D5t 2157, Rmst ORITIETEHE 2 i
EOHEL LCEDTZ, BIEOZSHEETT— A NT
v 7l (1000 [AIFRAT) ICRVFHMEL, 77— hA FF
v D 50 28] D /T OV TIE S o & L CEHRFRL
L7z,

iR

PCR~V—7 xR

BEHR Y CREFLIZT 74 ~I3BAEV=HTL o &
b fE LS As XX Y RFEICK L TH
M7 <HRE L7z, 6D I =2 KU 7 DNA
7 16SrRNA Oy EAIE @A G 6Tz, F 4
ZHH 4 FRIZ OV TIE 608-616bp, E 7 —=¥H 2 fE T
1% 585, 587bp &y T RICENR SNTZ, HoHhi
Bl 51l @ Genbank @ Accession No. [ L T D@ Y
Plococidaris verticillata MFO0T77372, Prionocidaris
baculosa MFO0T7373, Stylocidaris reini MF077374,
Fucidaris metularia MF077375, Bathysalenia
cincta MF077376, Salmacis rubricincta MFOT773717,
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K 1. RO OLNTFZ Y ZAFEORFM. a. NJ & (GTR+I+G) IC X D82, b. Lk (GTRHI+G) IZ LA, Zh

FNDOFIFIFRENTNWDIEFIET— R AT v 7.

RS

NJiEE R BEIC L VGO 2 DO/, &L
TEORHM T EFT L DI e > TV D Rz RV T
WFR—O hARr &R L, 40 AR TR
2207 L—REEKLE, THLENOZ L— K
WCEENDFIL2 DORFMHTHBL TEHY, 12
D 7 v — RN& Prionocidaris bispinosa, Calocidaris
micans, Ctenocidaris perrieri, Stereocidaris
excavatus \Z N z.. Phalacrocidaris japonica D> %
ENTe, LT, ZhEa27 L —FALTD, 91
DOY L— RIS RIES Z 5% 4 U A4 )N D
Iz, cha27 1L —FKB&td5, /7axiy
= Prionocidaris baculosa & Prionocidaris bispinosa
O 2 FHITIEREIZ X % /0¥A ClRl U Prionocidaris J& & &
iz,

o vl

IPETIC & 5 DNA Hhih

AR L7z & 8B 0 R Z AT 5 121> T
AEHUVER ORAFITEERBRECH D, £ 2 T4,
Bri-72 DNA fitH o 5k & LT, RiExRZFAWTo
DNA filit &5k 7=, = OIFED R OF I, 4454,
Wi, PR E O EEEREE S YR bi v &
WO RICH D, EEHEITATZR > TRV E DD,

ZOFETH INE TRONTE 7L L RERICHE
#1 DNA %43 C PCR X— A DT 51T H = & A e
Thol-, V=EHODNAFIHTLIZFLIZALS®
FOFMELIERLSHEZHNTEY, PCR OBRITE
WChole, ZOHEZRMATHETa L Z IR—
Va rOERMEEEE L oo, BECERLEZY =
@ PCR B DN Y 288 5 alREMEN B D, F72,
T = CIIRENIC KR EDO K& 2 &b, JH
EREARZ AR T 2 BRI E ER OMREMET L, KE
b0 EERE ANEZ DVENELRLTH 5,
Z DIRIEIREORIFEY & L CIREER A B L 7=,
RFENICE B IR & 25 VAL N REE 2D 2 &
D5, FHIMEAROE RO M B RS LD,

x4 ZHOFHHBItR

QO RFERICBNTHF XY A FE 3 LT D 2
DDY L— REMRT HRITZERIC L T\,
LRl OB N2 Y 25 28 8 J8 9
. A 289 B 13 FE D oy - SR MRAT & R A T ST
BF7e® L4 f@asdeim LT 5, Cidaroida 122
T mtDNA @ 16SrRNA 8k O 15813 = 1L F Thd
Tl ol2FD b RFBEEARICONWT e B g
WEARATRETE o 7oy, A RIBEFE O 5 FEIZ I 2 #7211
Cidarinae 4 FEOEFIEHRZ N Z 72T, JefTiFe?
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7 COI I & U* 28Sr RNA il e I T 72 Rt B ER
LT D ERAHE L Ir o e, A RIS DIV Ak
& ATHIFGE D OB ORBHE & oy ik BEIfR & el 5
ERDOERIZIR S D, F£7. 7 L— KA XTI
7% 9 2B\ T Stereocidaris, Cidaris, Goniocidaris
Aate 7 L— NIZHEY T2, 207 L— AKX
Goniocidarinae, Stereocidarinae = L T Cidarinae
D—ENRETENDLHEBND, RIZZ L —FB
IX Stylocidarrs, Acanthocidaris, Prionocidaris,
Plococidaris % &7 L — NIZHYT %, 207 L
— RN BiZi% Cidarinae DZ < NEEND EAHBILD,
SEITCITHE SN IR LY . 2 E THHA
L T\ 720>~ 72 Ctenocidaridae O RFEIINLE 23/~ X
N7z, Ctenocidaridae | % Stereocidaris % &7 L —
RBIZEEND, FEATHETIE, WO FoT= 250
BnzhEhl1 o027 L—FRiZEEE-oTWERY,
A ElOfEF D 5 1% Ctenocidaridae (3 Cidaridae (25
EFns LMD,

Prionocidaris J&D % Rtk
Z#VE T Cidaroida O FZAEHEEIZI VT, JEREICH:
S EOTFRMITR LAV ETIE RS %
L, R LV TIHERALNDLZNY | [FEE S
NOEbONKREL AL 7 L—RIZEENTLES
TR o7z, TR O RS FEIMRIR 75351
BERRIZB N TEVIEEZ R >F27RT, Ll &
7] D f#HT T L Prionocidaris J& ® 2 fEN %725 o
D7 V— NIZE % 3 Prionocidaris baculosa 137
— N A \Z., Prionocidaris japonica 137 — K B &
AfEICER D7 L— NITE £z, S 6ITEZD
HODOMRMEDBIRNZ ED Z 0 2 FEITIER /2 FE
WCBWTHRBEE SN TWD 00, AKIEH~ DR
WZHHAIAEN D REFETH L ATREENFEV, 372D
Y Prionocidaris BI3Z% R THHEBZZLIND, T
D END T MO A REHERICED F & O TIER
ENTFEMRGER Y TIPS T D Prionocidaris
B &R AR, INEERIC LD AT
FERETHY, 2 TENEIVRBICHELZLDT
b5 YD,

PLEMNG, 4 U 2OV TR —R L ~r
DI RTT ORHNR BV | & 512 Prionocidaris
BAZOWTIERIBRFHRFADPMLETHL EEZ DI

Do ABOMENPKBEL SNDN, F2U D5y
FRE S ORMET AR KRR FLIE S L5 AraerEss
HHIZAH D,

AWFIEIT 2016 4 FE 73 )1 K2R A B4 JE AT 36 [A)
WFFEBhRER (RIIS201611) %52 TiTo7z, 7 =0%
TN TALE M FHVE N S0 2B i Je T i &= i s
2 VR T ATAEW 2, ZIRIGICHEHEL £ 7,

3Lk
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Long Term Environmental Change Monitoring in The Sagami Bay
Estuary 4-Elememt Concentration of Influent River Water-
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Abstract: The element concentrations of two rivers flowing into Sagami Bay were compared.
The concentration of all detected elements was higher in the Kaname river than Sagami river.
The separation and concentration system of minor metal elements with freeze and melt pro-
cesses of environmental water such as river water was applied. The minor metal elements are
concentrated by dissolving them in a eutectic mixture of salt and water in a freeze process.
Since the concentration rate varies depending on the coexisting salt concentration, it was con-

sidered that the concentration of specific elements from environmental water 1s possible.

Keywords: river water, melt process, freeze concentration, ice chromatography, eutectics

J¥ i

BEZRBIEZ AT « IRRKEOBRE K
DEETLESCHADILHE (LT A X)) & o BEEANEY
HYATHNE LT, B - ARERRICER LT,
BUEMFIEBH R DA TV D 0B - Tk D% < I,
e AR A S L ERE R RN S,
AREDMEHEN S D 72 < REERER LS LTHE M
TIEdH DM, —H THEIZ < OB 24 5 B
BHZHEH T & 2 FEORIILZ < e, A58 TIE
AEZHRELHOTIZ, BEmMm L~ L B TORE
DoyHE - WfEEITO Z L BEME LI, TRETA
DIEFEDOREICET 2 BRELENED LN TED |
BIRAKDOKE LTEHEENTWD Z %L, )l
~OWANMERENTWARTELZRY BT, A
E2R IR B 2RI A U e W o BE - RS &
LC, BiEmEaREFIRAT 2 FikeERrLEzY, 2
D IFIETIE L KO I ORI A ¥ REOME
TERNMETIAL Z E TR SN FIETH D, £ 2
THENKORL T #EHEMET D7~ 7T 7 ¢

—D—ETHLTA A A~ N7 4 —DIEH L
EBZDHIENTEDLRIEZIGHL, A2 STk~
KA @it Z L CTRET AV AT AOHEEL
Hig L7z, ZhETICARYREITHEL Lo pH ok
WiEP X Ca I E T DA A E/EH L
T, —FHOSKREZIRT D Z L BRMBNTNDHT=0,
R U FETITREAKTICEGTET 201 4 L ELEH
L7 CTHAE L, NaCl & /KO ILRhiR &% d i i
SN EBZOLNTZNR, I HITMOITIE~DE H
BEBEZT VAT AOWE R -7, AR TIEEE D
DR L CHIE 24T o TN A DS O SEZ T EL O
W CERI U 723K Je OSFEARE ~ DA T 5
A BEINOWINAKZER Ui R 2 ®miE Lz, RS
I AR OEK TIE, ZHUSTA LI 1K DR,
RBIHEREOK TN S TG 29, SERKIX
ZIVE TRk L CHIE L C & MRS R AR TH
DA K O B (FEAI) OFRIJNZK Z A 523
YU 7L, BIKDSHTRE R DR ARG L
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7. ShERBOEFLVRE LB e MRHE Ik

TERD 2 TLEFFHIE TN 2B OMEMAERRE IR PR DERIL

JDIERREOENEBLE LT, AR OFEHE, MR (B3 FERTTK L ko &
IR, W EEA TTEER AR AT, TR 2

1. BT C & 5 M) 1 ) OV BRI i Rl S (mg/L)
Date | River | Sampling point | Ca Na Si Mg K Sr B Fe | Mn
upper 16.36 | 7.22 | 9.77 | 4.42 | 1.70 | 0.06 | 0.01 | 0.02
Sagami middle 2752|1251 | 9.75 | 7.24 | 2.13 | 0.08 | 0.02 | 0.06 | 0.01
2016 lower 29.00 | 133.2 | 11.30 | 50.13 | 34.67 | 0.40 | 0.25 | 0.08 | 0.03
4/12 upper 24.41 | 9.84 | 12,51 | 6.41 | 1.71 | 0.06 | 0.02 | 0.02
Kaname middle 27.98 | 19.05 | 12.92 | 6.71 | 4.05 | 0.08 | 0.02 | 0.02
lower 31.29 | 21.12 | 13.50 | 7.83 | 4.42 | 0.09 | 0.03 | 0.04 | 0.01
upper 1594 | 6.67 | 931 | 3.82 | 1.64 | 0.05 | 0.01 | 0.01
Sagami middle 21.18 | 826 | 9.80 | 5.79 | 1.88 | 0.06 | 0.01 | 0.03
2016 lower 17.25 | 133.8 | 9.69 | 21.85 | 15.50 | 0.17 | 0.11 | -
5/25 upper 24.65 | 9.79 | 12.86 | 6.69 | 1.62 | 0.06 | 0.02 | -
Kaname middle 29.40 | 19.41 | 13.13 | 7.35 | 4.29 | 0.08 | 0.03 | 0.01
lower 28.13 | 18.60 | 11.52 | 6.85 | 4.59 | 0.08 | 0.03 | 0.06
upper 16.44 | 720 | 9.38 | 4.81 | 0.84 | 0.06 | 0.01 | 0.02 | 0.01
Sagami middle 24.19 | 10.10 | 10.85 | 7.97 | 1.26 | 0.08 | 0.01 | 0.14 | 0.03
2016 lower 38.90 | 137.1 | 9.90 | 55.83 | 43.95 | 0.43 | 0.26 | 0.03 | 0.05
715 upper 23.35 | 10.40 | 13.74 | 7.29 | 0.92 | 0.07 | 0.02 | 0.01
Kaname middle 27.18 | 19.19 | 13.56 | 7.89 | 3.31 | 0.08 | 0.02 | 0.01 | -
lower 24.07 | 16.99 | 11.11 | 7.35 | 328 | 0.09 | 0.03 | 0.13 | 0.02
upper 14.34 | 643 | 10.68 | 491 | 1.51 | 0.05|0.01 | 0.01 | 0.01
Sagami middle 26.21 | 19.61 | 15.18 | 10.59 | 2.96 | 0.09 | 0.02 | 0.03 | 0.06
2016 lower 21.12 | 1292 | 11.11 | 18.88 | 17.12 | 0.15 | 0.07 | 0.01 | 0.01
10/12 upper 18.05 | 838 | 1251 | 7.17 | 1.44 | 0.05|0.01 | - -
Kaname middle 21.09 | 15.86 | 13.44 | 7.55 3.33 | 0.06 | 0.02 | 0.01 -
lower 23.54 | 17.47 | 14.72 | 8.68 | 4.08 | 0.07 | 0.02 | 0.02 | 0.01
upper 17.99 | 7.27 | 991 | 584 | 1.88 | 0.05 | 0.01 [ 0.06 | -
Sagami middle 2321 | 8.85 | 1149 | 7.54 | 2.03 | 0.06 | 0.01 | 0.06 | 0.01
2016 lower 48.37 | 150.5 | 11.06 | 92.96 | 179.0 | 0.66 | 0.31 | 0.06 | 0.01
1277 upper 2573 | 10.04 | 13.42 | 827 | 1.73 | 0.06 | 0.02 | 0.06 | 0.01
Kaname middle 29.77 | 16.14 | 13.81 | 8.99 | 3.55 | 0.07 | 0.02 | 0.05 | -
lower 34.99 | 24.39 | 14.71 | 10.36 | 6.05 | 0.09 | 0.03 | 0.06 | 0.01

EETRUT
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BHiRAS LS WAL ) 4 B (R : R,
[ElE 246 5t & O ST, P EERN L
BREHT, TUE : FET KGR TEREL 7,
IR D53 HT

K L7z58H %, No.SA (ADVANTEC) & No.5C
(ADVANTEC) DA TAiath, fL£% 0.45 pm O
Vo7 4% — (Minisart RC15, Sartorius) TA
1 L7,
HEIZIXICP-AES(H NN T 7 4 = R
SPS3500) #fH L. ¥+ V¥ —H A :0.35 L/min,
7T A< H A :14.0 Limin, BT A:0.40 L/min (W
THNY Ar), WAL E 1 1.70~1.90 mL/min D4
THIE LT,

b e

WK DI E RS R

F VITHER) N B OV B I CIR BAZER K L 72 E RS R
o Lz, B FIRICW < IZiE» THILHRIRE
yiaSL 2yl pY N [ S AW N e NS [ N A = DA IO i
TLERBENGWZ ENbbd, F2 Tt CORITERR:
RIZITFE LOWEEHZBIIBR STy, 2 HiC
e LT 5 HER—RZNc Y7 v 7 L4 B
PR ORIERERTIE, WTNHEREIT5%UNT—
BT aETHHoT,

HORSRERRE T O ILRINRE A\ O B
A ERRIECE M eI 2 L2 BE - IS
& LT, s A2 R H T 2 FiEERET LT
%, NaCl KIEK = HBHT 5 &, KBER S itk
\Z NaCl & KDILEAAERKT D, NaCl &KDILEIZ
TIRIEREC) ViR, TR R ENE D ZENRD,
KRS OBREEK T OMEITTHE D NaCl & kot
BAEMICEIND B2 b7z, £Z T, NaClK
TR 2 HUAE e Tk L, Kok e &Rk s
F L. KZ& @i U7 & QR IREIE % DK H o
PR 2 E L Tm, MEAESE T NaCl LISk o~ 7 4k
TV H Y & FWT Fe, Cr OEMEEEN 2 HiEt L7223
THb e AT ) EKOILFNRE Y R~
M9 52 Loy BEKTOMEITLEDORMEE
CLTAHRThD EEZLNEY, 2 TAHEKIT
VIR AT A TOSBERMEEDOME 2 BfE L,
B RRAR O F2C D It B IR FE O 43 BEIRAE 2 3 A 72,
B 1RO KR TICE TR 2 7 S BRS
AR FE CORELLZ MG LR E2 " Lz, Co
2 O8 Cr, Sr 1 ZHUAE Al E R I AR IR e 5 2 &
oD oT,

X 1 OfERIE, 75325 NaCl KSR OBEIZ X
- C, BHERAERRILIC A TR OGRS R D 2

EHERLTWD, AL LT NaCl KA % s
SHT 15~20CIZPRFF L. 3 LKRDILFEE S H~
DR IR D YRME % kA 5 B IZ, NaCl KIER O
BEEIEZDHZET, BRERTOENENDILHE DS
BIERAE DM T 2D FIBEMED R STz,

X 1. 5~30 mmol/L ¢ NaCl /K& #% 4112 5 ppm @ Co (1)
T Cr (), Sr(F) % 477 & 7= B O WS b B I 3817
L IEFERAL.
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Interpretation of Reseach Results Based on “Fluid Mechanics.”
(Subjects Related to The Field of Specialization)

Manabu Itsumi **2
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Abstract:

Fluid Mechanics provides an introduction to modern hydromechanics and aero-

mechanics theory for the interpretation of familia, and/or common natural phenomena, such

as daily weather, air flow, or water stream.

Especially, Bernoulli’s theorem and related experiments are discussed in detail as the main

theme. Now, I am teaching“Fluid Mechanics” to third-year students.

Keywords: fluid mechanics, aero-dynamics, air flow, water stream, Bernoulli's theorem
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B [EFHCET 2R H) oveoL LT Mk
7)) ZHYELTCW5D, TOWMETIFTIE, K4
BGR0KOMND K 5 72 BRI 72815 L L bz, =
NEBRT D72 DI e R EIHIZ OV Tl s
HIT-oTWBH,

HARRYZRTEE & LTI, 1) RO & e84,
WIRDSME, 2) WSS OWIEELES, 3) T 5
v aDFEE A T—DHiE4) o R b)
HEE TR, 6) IREHFREN, T A0EH, 7) X
NRX—A OFEME, 8) iEfEk, 9 WMEME, R h—
7 AOERE, 10) #HEROBHERE = VAV DI, 11)
BEEEE, BE0dk, 12) ¥ 70 _X—LpR7
Ry 27 2. 18) LA V¥, ELE. 14) fEPEo%)
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09:30 - 09:45
09:45 - 10:00

2017 Exchange Symposium for
Kanagawa University-National Taiwan University

March 11 (Saturday), 2017, Pan-Kuan Lecture Hall
Department of Chemistry, National Taiwan University

Group Photo Session
Welcome Address
Chair, Prof. Yit-Tsong Chen, National Taiwan University, Chemistry

Session 1 - Chair: Prof. Tsung-Shing Wang, National Taiwan University, Chemistry

10:00 - 10:25

10:25 - 10:50

10:50 - 11:00

11:00 - 11:10

11:10 - 14:10

Prof. Jye-Shane Yang, National Taiwan University, Chemistry

“Mechanochromic Luminescent Materials for Multicolor Fluorescence Drawing and Differential Sensing”
Prof. Hayato Tsuji, Kanagawa University, Chemistry

“Synthesis, Properties, and Applications of Rigid Planar Carbon-Bridged Oligo(phenylenevinylene)s”
Mr. Chang-Ming Wang, National Taiwan University, Chemistry

“Paper-Polymer Composite Devices with Minimal Fluorescence Background”

Mr. Joto Yabe, Kanagawa University, Chemistry

“Development of Regioselective Catalyst Using Hydrogen-Bonding”

Lunch and Poster Sessions

Odd number poster: 11:10 - 12:10

Even number poster: 13:10 - 14:10

Session 2 - Chair: Prof. Yi-Tsu Chan, National Taiwan University, Chemistry

14:10 - 14:35

14:35 - 15:00

15:00 — 15:25

15:25 - 15:55

Prof. Nobuhiro Kihara, Kanagawa University, Chemistry

“Development and Application of Oxidatively Degradable Polymers”

Prof. Wei-Ssu Liao, National Taiwan University, Chemistry

“Chemical Lift-Off Lithography for Sensors”

Prof. Futoshi Matsumoto, Kanagawa University, Material and Life Chemistry

“Application of Ordered Intermetallic Nanoparticles to Polymer Electrolyte Fuel Cell as Electrocatalysts”

Coffee break

Session 3 - Chair: Prof. Shyh-Jye Lee, National Taiwan University, Department of Life Science

15:55-16:20

16:20 - 16:45

16:45 - 16:55

16:55 - 17:05

17:05 - 17:15

Prof. Misato Fujita, Kanagawa University, Biological Sciences

“Assembly and Patterning of the Vascular Network of the Zebrafish”

Prof. Su-Yi Tsai, National Taiwan University, Life Science

“Efficient Generation of Cardiac Lineages from Stem Cells by Chemical Approaches”

Ms. Sayaka Kotaka, Kanagawa University, Biological Sciences

“Localization of Crustacean Female Sex Hormone Producing Cells in the Eyestalk of the Kuruma Prawn
Marsupenaeus Japonicus”

Mr. Po-Ting Yeh, National Taiwan University, Life Science

“Feedback Connections of Dopamine and Light Intensity on Retina”

Closing Remarks

Dean, Prof. Shiuh-Tzung Liu, National Taiwan University, College of Science
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