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Abstract: Formation of highly controlled p-type and n-type conductive layers in diamond by
ion implantation technique has been strongly desired for realizing diamond-based electronic de-
vices for decades; however practically available doping condition has not been found especially
in n-type doping. In this study, we comprehensively determined the local structures and depth
profiles of implanted P atoms as n-type dopant to find out the origin of inactivation of implanted
P atoms. The local structure around the implanted P atoms was analyzed by X-ray absorption
fine structure using synchrotron-radiation-light and the first-principle calculation based on
density functional theory. We found at least four components for all prepared samples in the
near edge X-ray absorption structure, suggesting that implanted P atoms locate in four differ-
ent chemical environments. We eventually assigned all the components by comparing the simu-
lated X-ray absorption with the first-principle theoretical calculation: one of the components
corresponds to active phosphorus atom in the substitutional site, and others are the elemental
P-P bonds and some defect complexes probably acting as inactive species for n-type dopant.
These facts suggest that the knowledge of local structure of implanted P atoms and control of
them are substantially important to reduce the inactivation factors of the implanted dopants.
Keywords: ion implantation doping, chemical bonding structure, synchrotron radiation light,
X-ray absorption fine structure, DFT calculation

Introduction

Effective impurity doping in diamond especially by
ion implantation technique has been one of the cru-
cial issues for realizing electronic power devices. The
advantage of ion implantation doping is that the
degree of freedom for device design is significantly
expanded since one can dope almost all impurity
atoms in designated area and depth with an accu-
rate concentration. This fact finally results in short
process time, large area doping, and low financial
cost in fabricating integrating devices. The ion im-
plantation doping has been therefore successfully
used in device fabrications of Si- and GaAs- based
semiconductor technology today . In the case of
diamond semiconductor fabrication, there are so far

some reports on ion implantation doping focused on
substrate quality, ion implantation conditions, and
activation annealing processes; however, electrical
activation of doped impurities in diamond by ion
implantation has not been sufficiently accomplished
yet *?. Quite recently, we succeeded in high-efficient
heavy B doping around 10" em™ concentration by B
ion implantation at room temperature (RT) followed by
activation annealing at 1150 to 1450 °C ¥'°. We conse-
quently realized excellent p-type conductivity and
confirmed a typical ionization energy of acceptor B
in a wide temperature range from 150 K to 1073 K.
The doping efficiency progressed remarkably and
reached 78 %, and the Hall mobility at RT was real-
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Fig. 1. Observed depth profile of implanted phosphorus
atom measured by SIMS.

ized to be 108 cm? V's™. We also succeeded in fab-
rication of p-type Schottky barrier diode by all-ion-
implantation doping process recently 12,

On the other hand, n-type doping in diamond is
the most difficult issues today. It is recognized that
phosphorus atom with an ionization energy of about
0.6 eV 1s now the most probable dopant candidate for
n-type impurity in diamond. Gas-phase CVD doping
especially on the (111) diamond surface is today the
probable way that the practically available proper-
ties are somehow realized '*'”. In the case of ion
implantation doping, however, the electrical activa-
tion of implanted P atoms has not succeeded yet '®.
Therefore, the investigation of true origin for the
electrical inactivation of implanted donor P atoms
should be important to realize the effective n-type
doping into diamond. Recently, Shikata et al. report-
ed local structure of phosphorus atom in (001)- and
(111)- oriented diamond by gas-phase doping in CVD
analyzed by X-ray absorption spectra; however, they
could not narrow down the local structure of doped
P atom definitely 2.

In this study, we comprehensively studied the local
structures near the implanted impurity P atoms. We
carried out P implantation at RT with doping con-
centrations of 5x10'® and 2x10% cm™, which almost
the same condition that we succeeded in the electri-
cal activation of implanted boron. The local struc-
ture around the implanted P atoms was analyzed
by X-ray absorption near-edge structure (XANES)
spectrum using synchrotron-radiation light and the
first-principle calculation base on density functional
theory (DFT) for electronic structures.

Occupied states  Unoccupied states

o 0\\\ /
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$QT/DXQ

Absorption
Absorption edge

Excitation Energy

Fig. 2. Schematical concept of X-ray absorption mecha-
nism in an atom and absorption spectrum.

Materials and methods

(001)-oriented type Ila diamond substrates with a
typical size of 3% 3x0.25 mm?® purchased from Ele-
ment Six Ltd were first treated by a typical wet
chemical process for diamond surface: dipping in the
mixture of sulfuric acid and hydrogen peroxide at
200 °C for 30 min followed by diluted ammonia and
hydrogen peroxide solution at 80 °C for 20 min. The
sample was then introduced in a vacuum chamber
for P ion implantation. We performed P ion implan-
tation at eight multiple incident energies from 10
to 150 keV to obtain flat doping concentration from
near surface to 150 nm with doping concentrations
of 5% 10" and 2 x 10" ¢cm™ 2. The total fluences
were 6.2 X 10" and 2.5 X 10" cm?, respectively. The
observed depth profile of implanted P atom for the
former case evaluated by secondary ion mass spec-
troscopy (SIMS) method is shown in Figure 1. We
then deposited thin Si0; film with about 100 nm
thick to prevent the degradation of diamond surface
and anomalous diffusion of atmospheric species in
the following high-temperature activation annealing
at 1300 °C for 2 h ??. After the activation annealing,
the cap layer was completely eliminated from the
surface by dipping diluted HF solution, and the sur-
face was cleaned up again by the typical wet chemi-
cal treatment.

Local structure around the implanted P atoms in
diamond was analyzed by XANES spectrum us-
ing synchrotron-radiation-light. As shown in Fig.
2, XANES spectrum strongly reflects the electronic
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Fig. 3. Schematical view of compact XAFS measure-
ment system in BL-13 at SR-CENTER, Ritsumeikan
University.

structure of unoccupied states involving local atomic
structure and chemical environment around the
excited atom. The XANES spectrum was measured
at beam line 13 (BL-13) at SR center, Ritsumeikan
University shown in Fig. 3. This beam line mainly
consists of three optical systems of front toroidal
mirror, Si(111) double crystal monochromator, and
post toroidal mirror. One can utilize monochromated
SR-light with photon energies from 1200 to 5000 eV,
in which the K-shell electron of P with binding ener-
gy of ~2100 eV can be effectively excited. The cham-
ber for X-ray absorption measurement is closely set
within only 2 m distance from the electron storage
ring, allowing us to measure the spectra with excel-
lent statistics: the typical photocurrent on the /o
monitor mesh was ~100 pA. The energy calibration
was carried out by the energy of K absorption edge
for the standard FePO. compound material. The
absorption spectra were recorded with two detec-
tion modes of total electron yield (TEY) and partial
fluorescence yield (PFY) by integrating emitted sec-
ondary electrons and characteristic X-ray photons,
respectively. The former detection mode is sensitive
from surface to ~100 nm depth by integration of pho-
tocurrent from the sample. The latter mode provides
the information from deeper layers until several um
by a silicon drift detector.

Experimentally obtained XANES spectra were
analyzed by comparing with simulated spectra by
first-principle calculation by assuming probable lo-
cal atomic structures. Today, some DFT calculation
packages include an option of XANES spectrum cal-
culation. In this study, WIEN2k package was used
for self-consistent DFT calculations ?*. The WIEN2k
package 1s known as the most accurate calculation
for electronic states especially in core electrons due
to all-electron full potential calculation without
pseudo-potentials. We employed the generalized
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gradient approximation by Perdew-Bruke-Ernzerhof
(PBE) functional for exchange and correlation po-
tential in Hamiltonian 2*?”. A Brillouin zone sam-
pling with 4 X 4 X 4 grid for wave vectors were used
in the present calculations. In structure optimiza-
tion, we repeatedly carried out the calculation until
the Hellmann-Feynman force and energy were well
converged. It took typically several days with a high-
performance workstation for sequential simulation
of each local structure.

Results
Figure 4 shows XANES spectra detected by TEY

(a) and PFY (b) mode for the samples with different
doping concentrations of 5 X 10" and 2 x 10" cm™.
For reference, simulated XANES spectrum of sub-
stitutionally doped P is also shown in Fig. 4. Here,
we focus on the near-edge absorption structure ap-
pearing between 2140 to 2160 eV, which is strongly
influenced from the local atomic structure of doped
P atom. It is clearly found that four components de-
noted by A, B, C, and D are observed in all spectra,
suggesting that implanted P atoms locate in four
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T T T T
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Fig. 4. Experimentally observed XANES spectra of the
K-absorption edge observed for the samples in various
implantation conditions. The curve drawn with green
color denotes simulated spectra by DFT calculation as-
sumed by the local structure of substitutionally doped
P atom.
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different chemical environments. Compering the
peak and dip structures observed in the experimen-
tal spectrum to those in the simulated spectrum as-
sumed by substitutional P structure (green curve),
the component B is assigned to the substitutional P
atom. The relative peak intensity for the component
C at the surface sensitive condition (TEY mode) is

(a) P'sub-OIl-I

. ;J‘

]

Normalized Intensity (arb. units)

2140 2145 2150 2155

Photon Energy (eV)

2160

Fig. 5. Simulated XANES spectra assumed by the most
probable hydroxyl complexes of (a) Psw-OH, (b) Psw-H,
and (c) Psw-O. The blue dashed line denotes the energy
position of observed peak C component.

found to be strongly increased. On the other hand,
peak A and D are apparently bulk sensitive. As in-
creasing the doping concentration, the intensities of
A and D components are increased and that of C is
decreased. The origin of XANES spectra and depth
profiles of these components are discussed below.

In order to precisely interpret the XANES spectra,

@P_-VO

Normalized Intensity (arb. units)

2155
Photon Energy (eV)

2140 2145 2150 2160

Fig. 6. Simulated XANES spectra for three typical va-
cancy complex structures of (a) Psuw-VO, (b) Psw-VH, (c)
Puw-V, and (d) Psw-Ve. The blue dashed line denotes the
energy position of observed peak D component.
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Fig. 7. Depth profile analysis by comparing XANES spectra observed for the sample at RT implantation measured

by two detection modes of TEY and PFY.
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we performed DFT calculations and compared the
experimentally observed spectrum structures to
simulated ones. Figure 5 shows simulated XANES
spectra assumed by some probable hydroxyl com-
plexes of (a) OH bonded with substitutional P (Psu-
OH), (b) H bonded with substitutional P (Pun-H),
and (c¢) O bonded with substitutional P structures
(Psw-0). The atomic configuration images after ener-
getically minimized final structures projected along
[110] axis are also shown in this figure. It is clearly
seen that the energy position of peak C in the ex-
perimental XANES spectra (2150.5 eV) is very close
to that of the Paw-OH structure or mixture of Pew-
H and P.w-O structure, suggesting that the peak C
component probably consists of hydroxyl complexes.

Figure 6 shows simulated XANES spectra for four
typical vacancy (V) complex structures of (a) VO
complex bonding with substitutional P (Psw-170), (b)
VH complex bonded with substitutional P (Paw-VH),
(¢) V bonding with substitutional P (Psw-V), and (d)
divacancy (V») bonding with substitutional P (Psuy-
V2). The energy positions of the main peak for Psw-
VH, Psw-V and Pew- V2 are found to be significantly
close to that of peak D. This small component at the
highest energy corresponds to phosphorus and va-
cancy complexes.

As already mentioned above, we measured
XANES spectra by two detection modes of TEY and
PFY. TEY mode is surface sensitive and detects
the information within about 100 nm in depth and
PFY mode detects the information in deeper region
until several ym depth, which allows us to analyze
the depth profiles of the local structures. Figure 7
shows XANES spectra observed by TEY and PFY
modes for the samples with (a) low doping concen-
tration (5<10™ cm™®) and (b) high doping concentra-
tion (2 X 10" ¢cm™) formed by P implantation at RT.
It is clearly found that the relative intensity of peak
C increased significantly in shallower region for
both samples of low and high dosages. On the other
hand, the intensities of peak A and B significantly
increased in the deeper region. The intensity of peak
D was slightly increased in the deeper area and also
by higher dosage. On the other hand, K-absorption
edge for black and red phosphorus was observed
around 2145-2147 eV according to the previous re-
ports, indicating that peak A locating at the lowest
energy can be assigned to P-P bonds ?*?”. Finally,

estimated peak energy and probable local structure
of each component are summarized in Table 1.

Discussion

According to the XANES spectra and DFT calcula-
tion, most of implanted P atoms are existent in the
substitutional site, though most of them preferably

Table 1. Estimated peak energy and probable local
structure for observed components in XANES spectra

component | energy (eV) local structure
A 2145.7 P clusters
B 2147.8 Substitutional site
C 2150.5 OH complex
D 2152.3 Vacancy complex

form defect complexes. Since the peak intensities of
B and C were respectively decreased and increased
in the shallower area alternatively, it is suggested
that substitutionally arranged P atoms near the
surface region were preferably bonded with intersti-
tial hydroxyl defects. These hydroxyl species locat-
ing near surface region are probably diffused from
surface during annealing process via irradiation
defects. Furthermore, vacancy-complex structures
are distributed around deeper area and significantly
increased with increasing ion fluence. It is quite
reasonable that ion implantation of heavy elements
with higher dosage generally creates many defects
and self-clusters in deeper area.

It is readily predicted that termination of impurity
P in substitutional site by such interstitial defects of
hydroxyl and vacancy complexes should electrically
inactivate the function of donor. It is suggested in the
previous reports on P doping by CVD method that
incorporations of a large amount of H as well as in-
duced vacancies fatally inactivate donor atoms 2* 2.
These facts suggest that the control of local structure
around implanted P atoms is substantially important
to reduce the inactivation effect of donor properties
of dopant. In addition, we show that the technique of
synchrotron-radiation X-ray absorption spectroscopy
is one of the powerful tools for determine the local
structure of doped atoms.

We in summary investigated the local structures
and depth profiles of phosphorus atoms doped by
ion implantation in various doping conditions. The
P implantations were performed at RT with doping
concentrations of 5x 10 and 2 X 10" cm™. The local
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structure around the implanted P atoms was ana-
lyzed by XANES using synchrotron-radiation light
and the most reliable first-principle DFT calculation
with WIEN2k code. In the XANES spectra, four
components were clearly observed for all prepared
samples, indicating that implanted P atoms locate
in four different chemical environments. We eventu-
ally assigned all the components by comparing the
absorption energies between experimental and sim-
ulated XANES spectra. As a result, four components
are assigned to be P in substitutional site, P bonded
with hydroxyl defects, P bonded with vacancies and
P clusters. The depth profiles of these components
are quite consistent with the features of ion implan-
tation with heavy atoms. The present study strongly
suggests the importance of not only the control of
local structures around implanted dopants but also
the establishment of methodology for determining
local atomic structures of dopants.
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(2 120 nm DWW 7R LI Z B D BR< &, 10 % FEEE,
PLESE—2 74 bR VX =D LT R
X v I RRELIBRDIED STV D, ZDFE
X, SiEBEOBYE 0D DOEFNCL D,

FefbiE7s LD EEED R R¥ v v 7%, PHASE
FHEE LA D, £ C, PHASE &R Cff 5
AT TETNOKHEH &E, BB O = A7 OH
Heli CAUENIC LR 2 1FE > T & BRLIEN &
HEBRMBEIZIETEN, N FExy vy AL TFRBH L
B Lz, RiwsCTid, iz X 5 (111 Siicxt
TN NEEDOZEF 2, PHASE IZ X Vi~ 2%,
£, (11D bulk OFHHE Z4TV, wic, #EA L,
OH #lz X5k b 7%,

itk

(111)Si ® bulk O/¥YV Rl

PHASE Z v 7= (111) Si @ bulk ® /3 REFE 24
%, (11l Fwm s /- xy moREAESE, K1 &
B, HHLHO 12T THRiIERBITE S, Thz
yzEDRDE, K2 LD, HETEDTE, K

272 %,

B4 a = 10.26(a.u.)

A x =14.5098(a.u.)

A y=12.5658(a.u.)

A z=18.7708(a.u.)

No. (2=

(7.2549, 6.2829, 2.2213)
(7.2549, 6.2829, -2.2213)
(7.2549, 2.0943, -8.1449)
(7.2549,-2.0943, 8.1449)
(3.6274, 4.1886, 8.1449)
(3.6274,-4.1886, -8.1449)
(7.2549,-2.0943, 3.7022)
(3.6274, 4.1886, 3.7022)
(3.6274, 0.0(12.5658), 2.2213)
(7.2549, 2.0943, -3.7022)
. (3.6274, -4.1886, -3.7022)
. (3.6294, 0.0(12.5658), -2.2213)

© ® N ook W

[
O = O

ZOKFET VAV, PHASE (12 X 0, (111)
bulk-Si D /N> FHEEFR (GX) 235 &, K3 &
725, R UFMIZRANER DO, N FigiE
DIENEZY, RN RO VIRLAEZ %, (100)
bulk-Si DHAELFE L TH o720, AkD X ER, G
SSERACHT Y IR L TH T LE 9, (111) bulk-Si % FF
BL7G (Hor~T) AL, 257 @V) T, X sl
PFOiE->7=—FFD/ FD0.73 (V) TH D (K3),
FEREDMEAY, (111) bulk-Si THEZ 5, (110) D
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2. Atom arrangement of [111]zy axes.
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3. (111)NL12-bulkSi. 4. (110)NL8-bulkSi.

Blx. M4 L5,
(110)Si8: G #.=2.59(eV), X s.=0.77(eV)
(11DSi12: G /&£ =2.57V), X 5 =0.73(ev)

b3 A

(111) MR 2D-Si:1 g

Si(111) D FEAK ¥, NL6 ((100) » NL4 (ZFH%4)
LR, IhEATZTTETACHELTHE, K5
DX HITI D, BFEIL, 8.1449 X 2 =1.5877a.u. =

H H

10r O H 0 H

H U T H v T

\ \ I

[ [ I

\ [ I

5- | | |

[ [ I

[ [ I

~ | Q\/\

2 ‘ .

3 | S |

~ \ | I
N OF---= R it Rl

[ [ I

I

I

\ - [ I

[ Si [ I

5 \ [ I

[ \ I

\ \ I

[ [ I

! L L
10 L | H| L I H| | |

Energy (V)
508 & & & b o N
Energy (V)
N2 N

6. (111)NL4-Si12. 7. (111)-bulkSi12

0.862 nm Th 5, #MUD SiLIZxf L, FHEI 3D
O H ZfH0, #imd 5,

(111) Si2 OEJE NL4 (Z%F LT, PHASE TitHE L
7o REE, X6 725, AU, (111) bulk-Si (2
BWTONY RENE, K7 &% (LGX ), i
FaRWET DL, PriESiiz bulk © G, X fm23#
1&720, 0.8 nm TH, N> REIMBEESRD E
EFTHDLZ bbb,

(111) 2 & NL8 d 3> RidsFHHIL, X8 &78 1
1/8% 2D A—"—F /L LT, Buk #E LT

# 1. Band gap ( I", X) for (111) Si NL

G(I) X
(111)bulk 2.46 0.729
(111)NL4 2.57 1.408
(111)NLS8 2.6057 0.8881
(111)NL8-bulk 2.5696 0.729
(111)NL4-2HOH 2.5289 1.3875




HA ZF: PHASE 7z (111) kot Si oAy REHEOHE 11

Enargy (eV)

Energy (aV)

8. (111)NL8-Si12. 9. (111)-NL8bulkSi12.
DIKLOMFZRT (X9, Gz INLES,

WIZ 1 BIZBW T H O ilo BH D5 6 (M
6 F#8). 1 >® H % OH ([ LT, 2H10H #&ii % 1
DA REREZ1TH (K 10), HOH #&2s, (111)
NL4-HOH:G /5 =2.53 (eV), X 51 =139 (eV) L 725,
H #3743, (111) NL4-H:G % = 2.57 (eV), X /5 = 1.408
eV) ThHo=bDON, G, Xmedb Fhsd, (100)
TiX, OH #&iins, M blEa BRric R Lz b DIz
IT< COH &2 H &t L 0 N RISTFAR 523, (111)
THURERIC TR D Z &30 5, (100) F1#] 10H (A
SRERALIEEIZFA YY) T 5% FREE N RN F 235 23, (111)
A 10H TiX. 2% T35,

1112, INETORREE LD D, (100) HiE
DG, XF—Z0 Iz (111D EEOF — & 28R 5D,
(100) EEC, fkHEOREE ALV X 7223, (111) 7%

Energy (eV)

Energy (V)

3 & b A AN O N &
T T

N
T

14

6. (111)NL4-H. 10. (111)-NL4Si12-2HOH.

(111)NL
ab
LTS
= 3|
3
Sast
]
S N T Bulk
> \
2 2 \
] N
s \>/<,
b S B .
S~ T~
1 e ~_ X
_______ .
05 Bulk
o

6 ; 1'0 12 14 16
(111) Number of Si Atom Lavers: NL

11. Dependence of band gap for (111)NL.

BECix, (100) MEEFERIC, HEEA TR E e &
NoaymoTz, Fi=, 2HI10H #aid, Wbl A FEn
ICELIEZETADES ARFED S22 (2%), (110)
t. 10H #&¥mix, SifgRas ez e 572912, OH
FEROB RTINS o 7283, (111D Tk, o LBT
HHDOT, [FAERIZ OH #&iOZhRIT/h S0,

T

(1) (1Dbulk /3> REFRIX, Sil2 AR 1 CFHHE
TELHZ ENDhoT=,

(2) (111) 7% NL4, NL8 3 REFEIC X v | (110)
RIS, (111) ML, MEEBOMED £ £ T,
PLRENIZILARWES D LEZ D,

(3) A1) D 2T 7EF L0 H &4, A1l OH #&
W& LT, BEIED O OB R A BRI A
TRIE LI 2 A, #EOBRINE D=, (100)
DEITIETRLT, 2% FREICHELZ LD
nol,

T

AFFRIE, KB AEER (WR)IKRE) O THRED
JTLTITo CWET, BEEFHEEE FR)IRKF) 12,
B FHHESICOWTEERIBERZ W& E
L7z, Z IR\ LET,

SCHk

1) #HAK # (2015) PHASE % M\ 7= ¥k oG Si D/
REH & FEBRIER. A5/l K FPE 7% 260 17-21.
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A support System for Co-Creation of Code and Explanatory Figure Used
in Education on C Programming Language Pointers.

Yuta Kurihara' and Leo Nagamatsu®*

' Department of Computer Science, Faculty of Informatics, Kanagawa University, Yokohama City,
Kanagawa 221-8686, Japan
2 To whom correspondence should be addressed, E-mail: Inag@kanagawa-u.ac.jp

Abstract: A support system was developed to assist in the preparation of lecture handouts
and assignment materials. This system is able to co-generate a target program source code and
an explanatory figure used in the teaching of C language pointers. Targeted class activities are
"write explanatory figure from the code" and "write code from the explanatory figure". We devel-
oped the system for some typical exercises — follow the steps of a linear list operation and draw
a figure that represents the structure of the list. The system consists of two parts — a generator
and a viewer. The generator forms connection patterns between structures, C language codes,
and data for displaying an explanatory figure based on specified settings. The viewer displays/
edits/saves the explanatory figure of data structures. The viewer includes simple editing and
saving features. As a result of actual use of the system, issues such as the lack of quality control
of connection patterns that can be generated and the lack of an explanatory figure of the steps
in the code emerged. We are able to effectively create code and an explanatory figure useful in
the exercises.

Keywords: C programming language, programming education, pointer, linear list, source code
generation, explanatory figures

V¥ i

KPR 2D & HEMICS ZOFETIE, v
B = — & OEWEFERC I O AR AR 2 R <
BF 272012, BAKESEOFRTHN— U =TI
WEEREZ T O 2 L3 ATREZ: C SREOFEZ T U 2
7RI AIND 2 EBE, CERBIIRA VF
AEVEBHOESBEL <, HITT D FEOEIEH
STAR

FATHRTE L LCIE, CHEMRIRT D720 A L
LT, 750 L-VIE > 25 452, b
DBHIE L7 SuZMe? b 5, liE &b a— RE&E%
BENAT T TEIZFATL T, RA U FOBRE
7 & B+ 5B AT 5T 5, VIE & AT A
WA O T vy 7 i (B - 2554 - ) ok,
SuZME (3 A€ U 22 (fE& 7 KL 2 ) Zaffifb &

IHEBE B IF X T\ D,

INBDOYAT ATORPUL & IE, 1ERRE A7 1
7T LOBNEDRA 2 THR URTBIROE %R
TRABEENDZ/MSKEE LTRREITI O
T, ERa—HIETEE (P4 2RETH, RA
U DEE TIIBENREER 2 82 FRARKT
HIEHLRETHY, XIRETHY—RAa— L
M Z2 T CTER LW EE X T,

ARFFETlX, 7222 —VEREERE (Fh)
E L, BMCHEICHEH TE 5 a— RO/
Bh&4T 9 BREMERBN S 27 A DR A B LT=,

H

WA B eDPVRT<KBALHELELT, 2—F
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& AE Y OIRREOMFFX Z BEfH i CHE L TH 5
DFENRD D, ENEITILD [a— Kb
BEL ] RSN Sa—FE2EL ] Ly EEEHE
M9 5 Z ENEESND,

INHEFETAHEDO THENEBMEORTE
EANT AL, Fhoa— REMEBRKOEREITS
VAT L] OBREAZBREL Lz, £7-. [FERTOHA
RS D EIE ] e RN TS S ) EE R
(D) 24850 L7 JAl 3 A Lo lz, #
BOFL T HMEOERZ FRRICT 52 &b HIEE
LTz, BELLEFIE?Y OBRE—2 & L, FIT
WIZU A P Z2HRICTHU AT A E LT,

FATIHIED > AT W EDFENE, £ 1ICEHEL,
GRS H ORGSR (BER~DRA o 2) (12
DV, JEATHFIE TIEFR USRI A 2 T D At
I EHEE LT D,

# 1. FATHIGED Y AT I & DE

VIE SuZME | KH#f%E
WA 2B OS5k
ZRAITERS L O E O O O
ATH, a2— FDORIR
AEVEMET KL A
LiEDF & L TIR X © %
BMIAER T 2 # Bl
a— FOAERL % % ©
AT LHART O,
A= ROETET Ny O X X
Y
a— ROFATAT v
fFEOIREDKIR © © %
KR S 72 KA B
L&, kST H=—F O X X
DIEREITH
SRS B O 2 R o o o
Bzl 2— RoKR
la— b T
Ha— K] Lo i O O O
DK

itk

NR—2 LT HHEBOWRY 13, KERO 2 E4 %%t
GLLERENEEOLDTH D, EBRORETIE
PUF DAL CHEME LTz,

RONCHETL, BOSBAIR A 2 LG TR
BV A NERBT L a— R, BERITIIEE KA >
B2 D 2DOD A N\ FEOMEERNEEH 5 H DT
WTC, a— R& U R OWEZ R IEHUX 2 ok L

TR (I 1 X 2) BT D, a—
RIZAT v TR T VRN T WD, R,
WERERTRE, KA 2D) 7 2FRTRAT
R STV D, KRENT =2 — ROLEE ) HETe & ARk -
HI SN 5l E 2T v 70O S &2 MEE L TRLT
»H5,

int main(void){ //UAFORART Y7 %iB)

v p1=(struct item*)malloc(sizeof(struct item)); //al "
! py->num=4; //a2
| pi->nxt=8&n3; //a3
Lt=py; [/a4_ AT YT . !

s = &n2; //--b

n3.nxt = s; //--c

s->nxt = &nl; //--d

s->num = 5; //--e

s = mk_item(6,t); //%2 --f
U pa=(struct item¥)malloc(sizeof (struct item));
i p2->num=6; //f2
! p2->nxt=t; //f3
| s=py; //f4_ ART TR

printf("%d¥n",s->num);
1. MRETHHETHND CEilEa— R,

o) Q2: K2 HALBE L CORA B

7 NULL DR A o 7 IR HBR A EL

B2, MRLTHHETHND U R MEEOX.

ZOEEMEHIN L CRAEICEA L, Bl a— R
FATHD Y 7 DERK - HIBRIEDOZE L OB X % |
LB RXTREDRELTCAT T T ED
IEZ ST 5, ZD%, FAEICHO 33— R Lk
K& RTRIZT ORI OB N ENTH 5 AkE
BiAT L. #9910 0fEICRA 2DV 7 (RED) &b
T DAT v T OFFEEE ZDEEEIT- T,

¥ AT L OFERE L R O ¥k
ek L7z & 9 2O EREORE (&R0 A
VNGBS T OMIEROEHE) AT HE, a—
REZNNEIT DV A N OMRFK % EKT 5
KR AT LB EI T2,

A= REFRT v T BIMEOEE MR ZITHIBDL
T 5%, FUMEOEELZITO -HIZ, A1 7O



BEFEN L RA X OBEETHWS 2 — R EHBKOREER 15

THROT X LELEANTEL LT 5, FETiak
DOFEFAIL, a— RFORAT v FHICa Ay N TEE
EIRD X OITT D, MEERITERIMER (FRICES)
& EMECR (malloc THEMR) 2 HIBIRTE L L H 1T L,
ETNENDEBNOHBICHEHATE L L1275,
X TSR E A R THIL. K2 DX 512 B
BIEFIZ A AP S L H B L5,

VAT LDORIR L PHFEGRBE

VAT AL, 200 GUL T Y r— 3 TR
L8 Uiz, —o2HIL, #ERMOBRY X —
VECEWHa— R - RKETRHT — & 2R R
%175 Windows 5T A7 w777 U (LLF,
xRl —H) THY, ZHOHITT— X &M
MOFRIFEEZITH> V2777 LLF. Ea—D)
Th s,

VAT LDEGEH: ST —42DVxV—4
VxR =X, ek Uiz & o o i sl
AT 2 a— N EERT 2 ECTFER LD,
OFEE R OBNR Y R\ — QT — X ik Ofifii
ForHT—% (JSON), @Y A h &R 52—
KD 3 D& ARRT HEEI# Rt 5,

BRI, TRIFE AR EDA VAR —~ (EE) ), /3—
MA MERHT DREEROBRERE], 73— B [
REFORTE L, BB AR, 23—k C I
ForHAT— 4% & CEiEa— ROAER, Thd Lk
(KR DBEN D R H — LV BRTEDRAT] DIEFETIT I,
K= RO BRI OV TR S, =R A
MER T 2 E RO ERE ] (K 3) Tk, EHT
HHEEEROHREZ RSO D, SENE—>OFEE THEH
TX O EROEIT—EoHr L5, HTES
A L33 lnt, float, double, char, char (3C5741)) |
BEOFE UHEEER~DORA X2 L35, A NOR
A U OBITERFEFETCEDH IO L, a—F
D7 L Ea2—HREICE D BRI L TWAHEIERIZZ -
TEmEINEHEERTE DXL 91275,

= B MEERERORE & B D4R (M
4) CIESTAIMEREE —>THOATIL, £
NODEOBENY DO/RE— DAERRZIT Y, AR
BiRiA % o — RNE & 35830 TIT7 9, Ao 51
ICEE T DMEREEDLARTE A L OWMIE (%
H) AT D, HEERERIL TR, ER~D
A 5 FHIER LIER~DORA 5] D=
FHEOFNORNTZ D L9127 D, R HZTh
HAUNRD I L, MORERIZEIT T2WARA 2%
NONE & AJ1§% (BOWMETT v X MMIGEIRS
T OREEARA~D R A > ¥ £ 721X NULL AR A > i

O HTHND), DHBUER L 7eAEE R ~DRA
% | 1%, malloc TEIVIRELR LI2MEIK L, Zh~D
RALVHEDEY hODZLETHD, BINYDO/RE—
X, V=TT BN EERIENEY A D Z
ENTEDLE T LT, HASRAD TERY %2 T
VHE LR RE BT MERERE A N
DIED Y A~ (BT 2018 IF72%) 22nThiE
B L CRRT D, BIRRECR L72ERIT [on], Z
NA~DRA 2% [np]l EAERANZETRT D,

N— | C MfiFFXERHT—2 L CEilEa—FD
R, FLH EREDORAE (K5) TiFN—KBT
TERE L7233 0 DN 2 — 2 S & | iR X H

(R) US-PA) : EETIMEEOBTEEDD

| CEEIIRMEFDEREAN
WEBSAOTAYT item
C:BMI AV DEE] OtypedefTstruct¥ ¥ 0' :le:
Bm
D WEBEEHTD
*EEFOY-2I-FTVEa-
K EEFOAVI(OYAR -
struct item {
int num; int num;
BEERIYY nxt: struct item”™ nxt;
- ' 3
typedef struct item item;
BRUEAVI(E BIRTD

3. = h A MY MEROBRERE .

OEEIIRELTUOEZH ON-733%HY: O 3Y @ HL
I ] CaSNORIYIIE O T022© NULL
OEETIMESTROBAL
OF T3 3 5
O EEAORAYS D REVESYTLERTD
O wRERLEEEEAORIYS
ERESEREAVDEOYANRITSH)
QXY EDBE(RAVFZNONE)
( z : . n1:1,NONE: 2
L J* n2:2NONE:
L DYANCEMED n3:3NONE:
*t:p0: [np]
*EETIWESTHOYAL p0: 4 NONE: [nn]
n1 = {1,NONE} *s:p1: [np) v
n2 = (2NONE) - EEEETREAVDBOYANRBILE)
n3 = {3NONE) L
@AAD)"t = (4NONEIPO ool
(FRAD)'s = (6NONE}p1 n3:3NULL:,
*t:p0: [np)
WAL ERE (W33 P01 ANULL: [,
*s:p1:[np)
p1:6,NULL: [nn),

4. 73— b B MRERLROBGE &8N OARL.
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AP

LEIT-LOGRTAFYD
HIODIN Tl jscn@T

5. ~— b CIHEGXFRHAT — 5 & CEiEa— NOAK,

HEEIRR OB D RS — L BUEDIRAF .

head
\ test1
200
RA >4 - test2
test2 /
10
RA >4 : test3 test3

\'\ =

R >4 : NULL

6. HbEHLR /S — T O OB,

T—H2LCHiEa— NEERT D, ARiE AT LR
fERZ T e REHZ AV ZIZERDLE, A
YIR— MHOREERGFT Do fREHKNFRT — X 1%
lgraph.json]. i% €% lconfig.json] DILIRF-D 7 7
A MRAFT D e 35, fEHNFRT —ZIZH
LC, Bl RBAREEZITH 72, SREIOKRTIE, — K
DJEREE A T E RV E T 5,

(RIFEHRBREDA VAR— K ((EE)] 2T, Z
ZTlE3— b C TfR1F L7z [configjson] %, A >R —
RS> THEARIA T, MR | 2O E D FFIH T
EHEOITT D,

YAT LDt RSHROE 21—
Ea—UICiF, ST 2OV 2R —F THERS
N FrH7—# [graphjson| 75, 4
IR E ZI G DA B ONE 2 7”& R
T H&EN -5,
%m%k%/ﬂi@ﬁ%@%@/*F?ﬁﬁ?éo
A L BZIIA AP BREERITHO S REITCRELT
Do Fio, GRMEKRELZ T, / — FOXK
FIDHIBR, %m®ﬁfﬁb%f%éiﬁlﬁé

X DRI JavaScript D3 > b U — 7 K]

7'Z U @ Cytoscape.js® &. THOEREDILEZIT
ITAT TV BT S, / —REIIL—TT
FLOLEELZFES-TVWD I END, #IBU A FD
i 2 RETHZ LICE LTS EEZ, AL
“o AEIORTIE, Bl BAR AT O 7o HIZ, Ea—
U ECREFRERBERIINOA LT D, ZDI=®,

— DR Ta— REBEELEL oA
I, VaX L —ZITRS TAEREZRLYETZ &I
bHe FT2, AHENIV 2R L —H DIE T L 91T
g XF o~ 7 —4 [.graphjson] (ZIX, / — KD
JEREIG SR A & £ RN T2 B ZHEAT S 2R T
I, ETORERD /7 — RITEIE CNTEE S LT
5o TOEOTFET/) — ReBii ST 5mEEIT-
TEZ DEENRMETH D, Bk O OH] %
X 6 |25,

i

(S AT LOBERE L B OEME: ) DI TER LIZ L
VIRV AT LERETDHENTE R, EloY
PIMVEIRIT ERI8 ThHDH, AT v THIIEEFRD
L7, FATMBROMHEZITH Z LN TE S,
KERIE DO BFEIZ DWW T, SR OBN Y & 5L
TT X LNRET DN Lz, #hfe LT
WY R E— % ) EERTE e oTz, BIRK
(ZIE, A U FOFRTHEN 1 S>OfEERICE R
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int main(void) {

n2.nxt = &n3; // f1
nl.nxt = &n2; // f2
n3. nxt = NULL;

t = make_node (4, &n2);
// p = (item *)mal loc (sizeof (item))
// p—>num = num;

// p- >nxt = nxt; //f4

//t=p; //f3

s = make_node (6, &n2); //

// p = (item *)mal loc(sizeof (item));
// p—rnum = num;

/! p- >nxt = nxt;// 6

// s =p; //Th

}

B 7. BIBRICITVWERECTAER L3 — R,
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Abstract: This study focused on dissolution and solvation of CO; in ionic liquids to under-
stand the mechanism of its highly soluble nature in ionic liquids. We considered that the inter-
nal structure of the void in ionic liquids accommodates small gas molecules such as CO; and
0:. To understand the voids, time-resolved near infrared spectroscopy of singlet oxygen was
performed in ionic liquids. Regarding peak shift values of singlet oxygen phosphorescence from
that in the gas phase, the size of voids in ionic liquids was estimated. Even in the presence of
a large amount of dissolved COs in ionic liquids, no further spectral shift of singlet oxygen was
observed. This spectroscopic information suggests that no voids are occupied by coexisting CO:
and O: molecules. Voids are rather occupied with either COs or Oz and, therefore, spectral shift
of singlet oxygen does not occur. This model was well rationalized by estimation of the dissolved
CO: concentration using reported Henry constant values of COs in ionic liquids. We considered
that a much higher concentration of CO: under higher pressure of CO: in the order of 10 atm
will cause unusual spectral shifts of singlet oxygen.

Keywords: time-resolved near IR spectroscopy, singlet oxygen, ionic liquid, carbon dioxide
spectral shift, solvation
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Population Analysis of Self-reproducing Giant Vesicle Consisting of
Cationic Amphiphiles towards Model-protocell Providing Evolvability
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Abstract: Using Z-stack observations of laser scanning confocal fluorescence microscopy,
population analysis of self-reproducing cationic giant vesicles (GVs) dispersing into buffered
saline for an enzymatic reaction, which is the major component of GV-based model-protocell,
was performed. After addition of the precursor of the membrane molecule, the number of GVs
showd a 4-times increase, and the diameters of GVs increased from 1-2 to 3-4 pm before addi-
tion of the precursor . This behavior can be explained by a cell-like auxesis and self-division of
the self-reproducing GVs caused by the chemical reaction to produce the membrane molecule
constructing GVs themselves from the membrane precursor assisted by the lipophilic catalyst
placed into the vesicular membrane. This interpretation is consistent with a previous report
employing a combination of optical microscopy observation and flow-cytometry (FCM). This
new analysis, which can be performed using only optical microscopy and not FCM, which re-
quires special experimental conditions optimizing GVs, facilitates rapid measurement for op-
timization of the conditions for construction of the GV-based model protocell, which can evolve
spontaneously.

Keywords: giant vesicle, self-reproduction, model-protocell, amphiphile, laser scanning
confocal fluorescence microscope
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EEHATE S, NIRRT RISENE L, A
HHIFET 5 AN LD GV AME T X, Mgl LT

DIAKIROWEE % i 2 72 E 7 /v N LIl OREEEIC S
f&ﬁé D, AL, BENIC AR A R L T A
MEGVIT, BRARBEDIERINC & » T F A Sy
%f\kw?ﬁ&éhéﬂﬁ >FHIEMA L ZRIA LT, B
HEjt SR LT THOARE GV OREE
SRR LTz P, B2, 2 2 THWZ A F A4 PR
S EaEte GVRR Ty & LTODNA #H
ORI 2 2 LT [y 7 VRN TR O 2SBH%
STz, WE DNA OFOIEHZTEH L, BLFEOM
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Fao> X 9 ITHigC K DL ATRE /e £ 7 L N Al 7
ZRBT D701, gL b HOARE GV OFF
ORFED, X0 REMZ RN AR AR Th B,

L U CEMNIE RS GV X5 L3 50
FEIZRBWTIE, @30 GV Z2%tg & U= mmimss
WX 2 BRGNS ETHD, LLERNL, —
[ D E CHEERI AL 2 B 2B GV T, st
R 72 R LB e G A R S 2 E R EE LV, 23K
ORI OE M) 72 G @ A2 5 2 372D
HEniz7a—HA hA—%—(FCM) ZFHT5 =
& T, FHRFHO O BIZHET b DOZE GV IZET 21
WAEGIEHTZELARETIEH D Y, LorLZ Ih
LD HERIL. BEDECHEICIRE IIRE SN D
LOICROBND DT, FOMRICIL, B %2
XL ETHRFEDFHUNA K TH D,

BT E 2 1, b—Y —ERASE SR (LSCM)
OFfF>, EAENZ T TR, BATEHRICicx L
THHE SN D EWERSfERBICE B L. EBIEH
& EFFH O BT DR % R b - 72 E L & B
Loodh 5 ", AEFERFZE T, Z OBEEZIGH L,
N7 NN TR ZAESR T 5 ) 2 CHRAEL 7 D~
7 NN THIRT, S50~ O Sy - RBRA 2 i
LTS & A F 3 7 ATHONWTHITER L ORI 217
VY, ZAUZ DNA @ & 5 e tE Ry 1 & A be iz
LT B 7 AN THIIRIC BN D E# A 5] & H
T2 EeEHELEL,

FEREE J5ik
ARt

JE4y - BITBRAR V¥, 45+ V 36 I OV R 1 fik 14t
C (K1) 1F, T TICHAE LZFHIEICLY AL Y,
Z ORI, BUETIC 'H NMR HIEIC L 0 iR L=,
LSCM 2 # & s haifttade & LT, kot
£V HEE BODIPY-HPC (B) (D3792, Invitrogen) %
ZOFEFERA Lz, XU 7 AaEEBEE L THWRE
%, KOD-plus- FIfEMEIR (HPER) %V,

NRY 753 R Ok
T AR #mERmEIC, V., C, BZZEh 9:1:0.1 D
ENHTEHEOEEERAZFH L, s, BEaeko
JEEEA 1 mM & 725 & 9 725D KOD-plus- HI#EE
WEMz Tz, BAEEER, FRICRE L HESRT
T—RFILL BfE L. BAEEBISE N O GV ik %
iz, 7236, 56N 72B O —H & (LA 2B S8
BT H LT, BEICELERXVZANERENT
WA Z EERER LT,

T2, GV BRI Z 2 VAR E LT, V* %
KOD-plus- JAFEE K IZ & 5> L= I8 (4 mM) & Bk

AR 7=,

TUINT — O

Ty R RV T T a—T7 I, BIETHRE L GV
IHUR L Va2 111 Ot ThbE, B
L7z ZOEAKZ.9mm X 9mm OFEFILEF-
7oy B 25 ulh D A—H— (7 L—LEHAT A
R+ o 3— #SLF0201, BIO-LAD) # ALff L7=7
W=7 ATWEMZ, &) —BDI =TT AT
HUCT, B2V T — b E LT, E2, VIR
A EIRWVRER A2 101 TIRA Lzt e S b
TR,

Bl%E L b

THIRZRN T I BEMFFE L7 LT — b &, L—
W— AR IS S EAMEE (LSM700, Carl Zeiss) @
2F— RITEE, LT — RO 7 LD
WTBIERZIT o 7o, A= — (T LA A~—
P —DNURENTED 160 pm X 160 pm ZBIELEE &
L. ZNFIIH LT, LT — MNE@EN D, K%
FEETHKIZ00 um %, 5 pm DOFE T Z-stack
BE L7z (M2A), migfHr > 7 + Image J Fiji'?
Z R U2 B AT I O W L, ASCdoR Ls,
F 7. BRI B T 2 A XICBET B IEHRIL.
LSM700 O #4#1 Y 7  ZEN(Carl Zeiss) 7> 54551
HIEREFIE LT,

AR

AR RIS D

HOEFE GV 25T 2 0 THEA R 1IRT 2,
XU I H CERE GV 2B Lizm A, 4Bkt
& LTHIK (f AU 28foKk) ZHVWTnS P, —J T,
TNEREIELT 7 AR AT Tk, GV
PN CRESE G (PCR) 12 L %5 DNA 8417 5 #4
MG, EAEEEREO B A YT kEE R (KOD

-plus- FFEENR : pHS-9 F2E D Tris- Mgk /LI AT

K) BHEWSIDS, FZ T, X7 VR TR

/\/\/\/\/\/°‘< }CHO
@q + EBREE
AV P e
Br®
BHTFV

Hony NN SN NN
®N\=/N

cl1o
fER ALK C
\ /\/\/\/\/\/O‘Q—\\ \ /
NAV NN NOOL_/N\@
Br@ Br@
f&E 5 FRTER{K v*

X 1. HOEENY 7 VEBRT D EERy . KT TH
M S TWAREE C D7 L3 LEH 0 80T 18.



O R A B AN TEARWIE THW S it s L
T, [AFRMER 2RI L7z, BRERTICEEN D,
AEPREHKIZE VR E OBME ORI XL D #Hik
O L7 GV PR K & < B2 D wREMEN B
%o T, [FAEEIRY CTHF A MRSV D
7% GV 2L, PR TR LR, M
KT LIZGE EERL, I =Y KRGV (#
~ A FRICZ T O FEE L2 GV) DU % iR
L7,

U — ¥ — AR IR RS BB
BER T TR SN, CEEDL AT AUV S
725 I Y R GV RIS, ERTERMATH 5 V*
4m&%#@ﬂ§15%?%%@Ltﬁ%%@owf\ISCM
WEVBIE L (M2A), ik, 5%KATOGV
RER Ay T-& . TRINL 7= VF O E X, = Fh. 0.5
mM & 2mM Th 5D,

ZIETOMEN G, REHITEWIERSHETIX
BT B IR EEIC E > T b Z 3:75%
BLAIERE OB féGV&%% 7 AT

LTRY, —RFMREEL2ET 280 P ICFHlC 22
BHZDEI)BMREIREZITEZ RN D L
Ez bbb,

ST & % GV DL

ML TEIOR LIEFIET, [A—7" L3 — RO,
5 EATOJER (160 um X 160 pm) BILUE & (300
pm) OMUARNROBRIGEEIZ L 5 pm D& Z[H
fa T, Zstack HIEZITHo 70, ZHICEVELNT,
LSCM it} (%#Etb7- 0, 300 L) Zieh
(2% L. Image d Fiji' (X v, LLFD X 9 2pfifhr &

TLIN5—hk
L=

AT

1300

2. (A) LSCM T & % A CAEFE GV DAL EHR oA X
F. MPOHEMNIEpm) &, BN S - BMEiG o (&2,
O30l 160 pm). (B) fEMiALE% OBEMEE . (C)
AT O Wi,

BTHSELE, . 70 F oA Pk CAERE RS 2 O 27

ﬁo 77
5o caotmg a2 “aMmaEt L (K 2B), 156

htﬁh@%L%_ﬁL\%wﬁkiwﬁ4xL%
THHEMEES L (M20), 22T, kil um
Z FEl5 GV IL, ZOERN LIRS DN IR
T/ E < ANTHE 2 REF I AN TZFSE Tl iR
BRI+ 03 7235 B et T & 2p\n 10, AR Tt
S35 GV XA LRNARITEF S H O TlE7e s,
PERDIFFRIZMN, 1 pm Z FlED GV IZOW T
oI LR nWZ e Lis, F2, WBRONEE
FSMEICFET D GV IOV TE, IELWHA
RaRb D Z EMHERN D, 2B AT D
FFa v ERALE,

o vl

By FRISMATRINC X 5 GV Y14 X5 D%k
V*EIRINZ £ 5 GV DR ZELIZ DWW T 3 ITRT,
V* 2N U723k Tt — ¥ & 72 0 S 99 oo
GV RIS 7=, RIS L, V* 25 £ 20V Rk
R N2 T3 B CONYEESIL 25 [ CTh o7, WA
S g A KO, SHUETICEEND GV O F
YA XL, Z- stack OREME XL D /NS Wi=dH, I
AR OBLIEIRICE TN DT To GV i
DD TERNA, RRHEIOFEICL Y, male &
HIEPL LR P EIcE->TH ERRELDT, =
OfEEIE, REHCE TN D GV &% & KM L& T
boERLRED,

ACEREX 4 F I 7 A2k 3 GV 314 X8k
AL D GV VA RCEBTHE, VEEIRIML
o 2B TR S - GV B ORI 1-2

50
B [ without V*
% 40t [ with V*
5 [ L4
o 30} h
(@)
| S
(O]
QO 20t
E
=]
< 1o
h HH
O i " L .D.ﬂ.ﬂ. n el me |

0 2 4 6 8 10
Diameter / um

3. HOCAEME GV oBURIS, VFIRKHDHWITVE 25 %
PRVKETER 2 WS L, 15 BERIEGE U 7= 508k oo A SE 1R B
NIZEEND GV OV A X054, P D= T — 3 — | JjEiE
MEERT
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um CTH-o7e, —FH, V¥ 2N L7230k Tk 34
umZHER L, &5, V¥EIRINLAZ o256
WIXIFEAEBRIEIND Z ERen o725 um %@
25 GV L, tolECBEIND LRtz
SYEIETH O GV IE, TOHFLTESREZE S LI
RS2VWDOT, BIRSnN-EZIL. ToEE GV
BE 732 Lk, L, GV RN
X, ZAUTHAI LTRSS GV RS #m5
HDOT, ZZTHLALEIT, VFIZED GV RifR
BRICE#E L2 8'E LTV D Z L0 kS,

EGHIRS D S5 A S GV X4 F3I 27
HL, IBRTZZ L7 GVNRBRELEEGE, B
ICHBL L7 GV ORiZIZ S & L/ hEL %, Zh
ZRF L BN & FIRRCY A R BB SN D
(K 3) Z &b, AGVITIEKE SN -
TmEfRIREND, GVICV* Z2IRINT 5 &, HRNORE
filfit C DRNRIZ LY VF DA I BT INAKSY
RSN S, BRER Sy T ChDHV 725 (K
D, Zh2GVICHEVIAEN GV ZHERL T 5 I T
V ORBEBEL L, GV oY XK (JBR) O
K& n 2 GVABERLEBTHRELEDD, &5
WMEL SRBITIER L2 DN D W TIIARBFE DO fE
T CE v, EHEL0REEMELR Y
HHZLIE, TTICHELTWS 19,

HOAEBREIZB W T, gIHIEEHT A 5 5 T
BRI Y URGVOFEE, FIEFEORETE L2,
FIE R ZOBNK 4B THNT 5 &, 4
GV WEMARE ORI D 30 5L L & B i
Do LU, ARSEER TN A 716555 1Rk V=
DOREIT.GV ZHERT D0 1V D 4 52T &R0,
WA L 0 A THICTER SN2 GV & ALZERIE
A LCHOEAMIEREN S GV & ofIiciTit
BIZEWASHY O VFERINEBICAELS GV T, #)
MZixbEVEENR, HIERNKEEZR 722
B GV AEEND ZENAMBNTND Y, E-T,
AEE BT GV OEHHE R &4 A8 X, £&
2 H CAPE GV OB E IR 2T b D Th D LR T
ERAN

BbhIZ

ARIOMFZETIE, DNAEHRLE X 7 )V H DA RE)
LB SN 7 RN T8N T
BEERERERTHDL, T4 A CAEERT Y
VOB A 22 Rl 7- LSCM & F1
LC, Ity 2 2 & &2 B LTIZigE &7 72,
FECOIEIRIT /N S S W FE D T2 NTET D GV &%
G LT 5BIETIE, bABMOE BN L, RELD

IO GV ORIEEZmMD Z L3 LV, Tz, &
BREAGAE S O T £ TOEFHEIZERC, FCMIZX 5
EFFHIA R AR TH o 7-, FHUTk L, LSCM &
T ZE o fRee R 3 2 2 & T, Z1bhi & Z1k
#B O TS OBTIEDIHNS TH, WERDOBLHIKE
WCHJE L7200 GV OB DR A2 5| & 5 2 &8,
LRI DRFFEIN SR ST,

Bt SRERFUERFINVLEL END, X7 L
BN LA OB FE 286D 5 E T, HFFEDOZ TR D
] EICEEN D EBERFERAER L EZHTEA 9,

6

AW, st THEbRED %2 B LIRS
DNA WNET 7 VRN TAHINE ) 2% 25 2022 4%
e BRI O L FINFFEB Ak (RI1S202203) (2 L -
Ttz
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Study on the Role of the Sonic hedgehog Signaling Pathway in the
Morphogenesis of Urodelan External Gills

Tamaki Momoi"? and Ryuji Toyoizumi" *
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Abstract: Developing external gill of the urodelan larva is a good model for the study of
the organogenesis of vertebrate respiratory organ. We can observe the entire process of the
branching morphogenesis of the newt external gills non-invasively, so the newt gills are ame-
nable to experimental manipulations and/or pharmacological treatments. In this study we
examined the role of sonic hedgehog signaling for the external gill branching morphogenesis
using an emerging model organism, Iberian ribbed newt (Pleurodeles waltl). We found that
administration of the sonic hedgehog inhibitor SANT-1 markedly reduced the number of fine
gill filaments (fimbriae), and the direction of the protrusion of the gill stems (rachises) shifted
toward the anterior more than the intact ones, resulting in the radial expansion of the three
pairs of the gill stems. Immunohistochemistry targeting the striated muscles revealed that the
fasciculation of the gill muscles in the posterior portion within the gill stems in normal larvae
was impaired after the administration of the sonic hedgehog inhibitor. Based on these results,
we propose that gill primordia develop to protrude the fine gill filaments in their posterior por-
tions in reference to the sonic hedgehog signaling-dependent antero-posterior polarity within
developing gills.
Keywords: newt, larva, external gill, branching morphogenesis, sonic hedgehog, FGF
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FHEEN OMRIZNHEE S sk oG T 0 . KEAY
DHBRBED B 2 B AN D 72 DI B 72 R 25
BThbd, REOHIZHEETOMH & ZITs
REOMAIZ L > TER S, AAIZ 5T % dH 2 il
ZLLMEEN B 0 OB FRUCIXEEESE, = L CHES
HET D, K& OFESOIMUNTIZZE OO
THDHMIPEN 2FNW O, T BT ALZHOE L
2%, HEAETIE, TO—EEERE, KD OM
FOMICHREANTEL, ZBEfHMEERET
ET DI TEEOBILEERT S, WEAHEICE
W MERRIRE TR L U, 2SI X 4 2 fIEZE D Sl
EERENE S T1HOOMILE k., #ITNERT

2 1»5)O

WAFICB W THIZ RIS AEY TA LN D, TR
WA A, HlxX7 7V B> A H )V Xenopus
laevis I st. 28 £ TIZHE N FNDIEIZ X > TR
B L 72D b |l 4 OfERFBZ 5 < XA D
FHICE>TREET 5, iR L7fliT st. 37/38 (2
XA LARD B8, st 42 ITHREIB M AE £ - T
SIENE LT 2 ¢, —JF CHEmAEOHIINIEL
B9, AREIZE - THAEKRT 5 F TIIIMEE FF
(K1), HFREmMAEA XY T NrA TV Pleurodeles
walt] 1% st. 27 THEHAY 3 kf OFAJFELITIG U7 Mkl
253k, st 30 TZEM L, Wil OR D% T~ &
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HRZMGD 5, st. 31 LIBRIZITMIEIEER 2 {1\ 72 3
SAMEDIE A DI, st. 33 THMEEAL (rachises) D
#% )7 THI K B WHIE: (fimbriae) DIERSEAE D .
BixZz o aE#Ee LT (K2)7, fEANTELT
LDEHBFSOMR B A &3R0S L
L CHOMANCZE T 54~ U 7 h7 A &V Pleurodeles
walt] DIMIBORRREIZ, N THRKN TOBEMETEIEIC
F 0 FEBRENTES ICEHBOBIENRETH D,

i D BHELTERBIEIRIT. B & AR M HAEH
WK DR D
—4. RTeb e MIMER AT L8 TH H, o
JFE L, NIREE & N IR 5E (visceral mesoderm)
M5 72 DL E RGO RIE - MW R eIk D fig
BEQR=E & L THET 5, £ L THIRER RO
W bRz ORIFFRE & N EE O NI IR EE ok
DOEFEMEIT LT L, ~ 7 ARIZBNTIL 9.5
dpc (¥ 9.5 HH) THiZEERKT 5, Z D%,
pseudoglandular stage (& (k) #) LRI D
9.5-16 dpc |ZfiZE DR 72 & QNTHl b2 D Fe ] D
a3 U, LIBED canalicular stage (BRH) &k
® saccular stage (FEIRH]) & PRI DRFHNCIE, &
Bl Doy & AR COEBMIME O EAAE T, 1
BERY 7RI~ & 6T 5 9,

Z O OFEREIERIZIE ER & R FERROAE BAEH A
o TWna, MiOIRERAM ORI TIE, KED

1. 4V 7 N A EY Pleurodeles waltl $h’E (st. 37)
DIEH IR OTEE B, /4 3 xfO/METER () D%
FHIE% < ORIEE (b) BRSNS, AMEL Y LETHIC
VLV A D T2 D DT o — (o) IR &, TRASHSHT
JF G ITHIE () BARET D, FFRERE Th HIMBOFRE
TERIE N TP CIHEEERICBIE TRECTH Y, TFLIED
Jti 2N T-E N O JRAF O TR AT 20 L IIRITH 5.

Bar, 2mm.

JEZ D TR FE R8T B St D pli e & 43 2 kil 4
LH—F. [REOLEIZ, Miodehk ek & O AAE
FIZ LY, DU PAHFEEESND 2 & DB ERIC
FVRERTNWS W,

X 2. SMROTRM DA XY T R A F V- ShAEDEF A
O, DD, TS EI D OREREE (a—d), HMND
DOFEH G- (e-h), S OFEGILKE B () 2779, FMil
IEFEPOME AN ELRIO% I THE L, F0%, %
NENDFEFALTT 0 BRI AL LT <. Bar, 1 mm.

(a, e,1) st. 30. 3 K OFUNEHT HAT—VThHD.

(b, £, j) st. 32. 3 Xt OFEA T TN T D.

(c, @) st. 33. MDA E D AT —VTh 5.

(d, h) st. 36. ML HZE < Bk S LTV 5.
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L O MFIEI BT, MRk E BEA &
FINT 2D TF KEV T FRES T Th
%o Bl 21X, FGF10 ik 2F A i85 A 1 10) 1%
Jifi J s AR (AR e i) (SRR R e B A T 5,
L0 v 7T 7 kST~ T A CIEMZENE
RENRNWZ ERRESATWS D, =, i b
M OB R R ICBW T, FGF10 & 87/
PR — X A L R IE D S0 LEfENLTZ & 2 AT
&< EH BRI e =R zmp o MEER L, f£f10 13
oM EEE & B E), bbbt EEOM T
RMA~DOZEH AR = EAVRIE S, — 5, bmp4
(BN T 4) 2o deu R &2 o005
ik CHBLT D DN, £fof10 O i [ Fe ik T O R 8
ko TFaansd, EHRZ LIz, Zolfi ko
HEtE R R ICB W T, FGF10Ic k> CFE N~
BMP4 /X FGF10 DER 2852 7 4 — KXy 7
M7 E 2RO LRI NTWND, 2D XKD IT,
Jili R FE Ak (< JRPTEIZ 28 B3 5 FGF10 28B4 5 I
FEOMEEFHEL, #%ikd X 912 BMP4 Mo 53 s
K+ Td 5 Wnt=° Shh & & HITEEHD A7 — R
BT D2 & T, EMAREEAHIE S D 1819,

~ 7 AN EBICTEBLS B shh 3. fIRHIMETE Z
DIEEIER IR 24 S5 »»

bmpd, (210 \ZN % T, ~ v A DM I 1% sonie
hedgehog (shh) H33BL L, FEZHl EE2 ORI S
THRWREILZ TR T Z EBNMLNTND W19, flid 2
BHRERICBWT Shh #8595 L i Ef#kTo
210 BH MG S D, oS LR THET L
surfactant protein-C (SP-C) ® 7' v & — % g3 % H
W R RERTES C shh B FIRBL S E 2 & MR
AR OBIFES TN L, AU AHRE L7 BRIk
REWELTZZ EPHESNTND O, —Jishh %
w277 hLizw T AT, KJE & MbE B
FROFE Z o TRHEE 700 . BIIIMER O
K. EROGIEIER D K GEZFEDOFRBRNA iz 2
ERRESNTND Y, Eioshh /v I TV =D
ZIZBWTIE, TR T D £fof10 DIEEBLN T DK
BN £ THRIET 5 2 LD, shh I3 fgfl0 % i
TN IRE T % ATEEEA VR STV D 17,

shh X3 a vy a vRxmhb Biolho 7z hedgehog
(hh) OFHEEMIZ 3T HHFE (s T (ortholog) T
Y, FBRAMCCTHILT 5 Z &I K- TR E Rk
Z2OIT3 T DTN, TR, DOV THIREE DERIZ
FETDHZ LIzl o THIDER = = — 1 N TE
Za—u R E~DHEIEMERET DLV S TE
N7 xF v BR) & LTogEZFF>, S5l
BN OO F8E DRBINIIL R I BV TR R FEfk o

A XY T FTAE Y ONESMEO SEITCRETE bk 33

Shh

|— SANT-1

Lk

Patched

/ —
- T
THROZEMELRTF

[X] 8. Shh > 7 F /v {miEZfk & & Shh > 7 /L kr S AT FH
EX| SANT-1 OVEHBFOBEE. AR5 CHHEAIE LT
i L7z SANT'1 %, Shh % FIKTH 2 A MAE QY
@ Smoothened ([ZFFEIIIZHE S L, ZOf)= Z k3 5.
Shh U 7> RFEHETFTIL, FIROMINY 7T kT v
AT a—H—L L THEET DB R T GLIIEENIZ LT
LEREIEMALIRF & LTEi<. LasL, SANT1I12k - T
Smoothened Ol = 3| S5 &, Gl IXHEEHNH] A+
ELT<.

FHIK T & 5 ZPA (zone of polarizing activity; i/t
TEVEH ) < Z & T, BEEoRI®EmEHE T 19,
BEFOIRE D/ Z —JBAIC S Shh (3575,

Shh 7 1137 F RO 2 I =2 =/ — 3
VaFTHY, TOY T T NARERR S T
DRI TIH 5 Patched TR END Z & THERE
3% (X 3), Patched 1 Shh U %' R A{EF T
V37 A1 i B A VB @ Smoothened O #1 il [ - &
L Cfj <. Shh 7% Patched (Z#E A L TR \VWVIREET
[T T Gli 1% Cos2 & Fused (T & - TH/NEIC
BMLTWS, B X7z GliiZ PKA & Slimb (2 &
D U (shedding) %= \F. G &7z Gl R
DIEREIR T DY AT L AL MCHEA L TEIEEM
MlAF & LT <, L» L Shh 7 Patched |2/ &
9% & Patched O AR IE DN Z (L L, Patched &
Smoothened (F###fE L, #i5 5 & L C Smoothened 1%
i) 2 f#FR <45, Smoothened (L35 % 5 < Fused
L Cos2 &V b9 5 Z LIk Gl 21 NE D
fREEE S, PKA & Slimb (2 k5 Gli O] 4
%, BTSN n7 L4 X0 Gl 3EENICBITH.
CBP &6 3 52 & T, MROEMEMLRFIZX LT
A BT GIE A LR - & LTl <,

BT T 7 v alZBT shh IZNHEER O 53 Hifl
DFA BT & 5 30 hpf (k514 30 FE[ITA) 7>
SUHBENIRIE D B URAE T 5 O LR 2 & TelHeE i
TILL FBHLT 5, Xenopus laevis |ZEB VT HEFR
HR AR R O IERIFEIR D 1Z 7>, WHERR THRILN 5
NHZENMBENTND 9,
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Control

IE2 A 1%

MIBAR %

50 uM SANT-1

100 uM SANT-1

4. HMEME S Shh o 7 UG ER IR AL ER] SANT-1 285 L7=A XU T KA € VLD, SMEOTERE
JERL D254l . Bar, 1 mm. SANT-1 Z 4 R D st. 30 25 2 AR, $hEIC#RE L, 2 A (b, o) & 4 Hi% (o) Ik L7-.

FBRA @ LT 24 CTRE L7z

(a, d) XTPEREL 722 1% DMSO (FFREIVERE) O TUEE L-FIEShA. (b, ) 50 uM SANT-1 ALERE DSh/E. AMETAL
DOERLRIMEl SNz, MBI A ER SR, KVRTTICHE > THEL, #RMOICHEFNRICER Sz, i

RPN (ST INQUNEY e Wl ES/ANNE U153 COPN A T 0oy Al NSV d Wl

(c) 100 M SANT-1 MLHEH O, FMEBOHE O

NELIZHLS ENTZ. ZOREOMFLCIE, £ TOMBEEN 3 HEIZITET L.

A4 RN T NFA Y Pleurodeles walt! 13 20 it
PARITRAEBRERND R INT D, ZOH%ORARE
Mk DET ? 28>, Pleurodeles waltl 1%, MK
FAEMIREIZBW T, i <26 FEBRIAFRIIRIC
Ao TEhi e r VERWEAETH 5,
L2 LA R E OSMEDIZREZAIZ BT 2 013IE &
AT TELT, REARENZ N, £/, F
JB2 H OB D shh DFRBL /XX — 1351
T2, AKHFIE X Pleurodeles waltl O F4 il 0 1
REFE R IZ DWW T, H5IC Shh R ICE S 2 Y TTE
DOEENZfRAT 52 L2 B E L=, SMEE A O
Pleurodeles waltl &% Shh #& I DK A 72 FHERC
BBETHLIZE-TEOREBLERE L, G650
T EBRERZ S L2, AR WAFNMEO TR
WBiFoMiEM a2l == —v a1 Ths Shh
DEENZ SN THERT D,

B, AXNYT MAA Y AMEOTERE BRI
FHRIDRETEEEDO R 7 ) — =2 7 Ol <,
FGF o 7 MuEt i E A & L TH 4 72 SUB402
WBMEZ L7637 EHEZRWE L0 T, Zhic
SNWTHWET S, Bl XS ITfiiciksne, £
MERIRIZBVTH, FGFIXEn 5 O RO HEIERE
EHRICB W CEEW R EE 2 5T THD 22,
HREH OB T FGF ¥ 7 RS D Fe 7=

FTARENZOWT b BEDOIE Ciliam L7,

PR Tk
g
EBRMEITCHDA XU T N7 AE Y (Pleurodeles
waltl) WRIE, MERE D Rl R EA & [F]— K FE NI AdL,
X7V 7 %T 5L THE BoRTERIE25%
A)NNH T NEFERS N v A (FAT U a—)LEE g
U v 2, pH9.0; FUJIFILM-Wako) /K&K Cliit Y —
L. ANTL#K (10% Steinberg i) T 16-24°C
THEHE L, BHORAERIC 5 TRESET,
Jg 4 PR 1X Shi and Boucaut (1995) D84k PRt
WCEVEELRE?,

GBI WS T 4% A<= )
kR (PBS) (X WEEL, EHT5FET4C
THRAF LT,

A XY T M4 €Y O SANT-1 DR

Shh # # o [ %= &l & L T SANT1 [(4-Benzyl-
piperazin-1-y1)-(3,5-dimethyl-1-phenyl-1H-pyrazol-
4-ylmethylene)-amine](C2sH2:Ns, MW 373.49, CAS
Number 304909-07-7, Sigma-Aldrich) %z v 7= (X
3), SANT-1 (I E @M F'E Cd 5 Smoothened
ZRLE 4% Z & ¢ Shh & o) = %2 63 5,



BRIt BR A A XU T NS A Y OYESNMEO FEIEREE A 35

SANT-1 % i Bl E 4y 1 CT&H 5 DMSO (dimethyl
sulfoxide) |Z¥EfE L7205, DMSO 23R 1% A
fiti 73> SANT-1 728 HH) DR FEIZ 70 % £ T ALK
(10% Steinberg FLitk) THMR L7z, ZOEAEIZLY |
100 © M & 50 p M @ SANT-1 i & AERL LTz, =
AUD OPRFE TR & OSEATHFFE T S v, EERIZH)
ERGEoNT4M% S LIZIRE L=, Organ culture
dish N2 SANT-1 & ik % 2 mL 23 E L, & 51T st.
30 £/idst. 32 FTHRASHILARNIT MFAEY
% 8 T > A LTz, £72. 1% DMSO/ A\ L%
KIZE DB Z RS LTz, T DE%E 24CA
VX = NOWFEICE S, 40 rpm AT 2 HIE
PR L= H SANT-1 LB O B A 152 Uiz, #8152
. MOIRE ~OHBERET H7-DITPIEF L, 69X
7 L— FNO N THRKICEEIR 2 AT LT, £ Dk
S HIT 2 Ak L7 BB 4 H HIZ SANT1 4L
HOREEZFHOBIE LT,

12/101 Hidki & 5 iR D S yEguen

T Ye o I EE L= 7% 100% A X ) —)b
WCEHAL ., 5MIIRE L-, a2 IR LT,
F D% 5%, 50%. 25% D A X ) — L% i PBST
(0.1% Tween20 /PBS) ZNHEIZEHL, % 5 /rfiRE
LTHh 5 PBST (CEH# L 545, 2EHEE T2 Z L
TARFAILTZ, 3% AF LI V7 24T PBST 21
REfHIFRE L7205 100 {54 R L7z 12/101 Hifk & 3%
2F LINY ZET PBST 2 X » T—WHUAR G %
4CT—WiT»>7-, FH PBST 2LV 2047/ 5 alod
R LENLEEFLEDL, 3% AFLINT 25
Tp PBST H1Z 1 BEfHF#E L. 200 547 R L 7= Alexa
Fluor 488 &5kt~ 7 A IgG Hilk & 3% A% A I L
7 HE&te PBSTIZ L » T PR S % 4°CT—
WeiT 7=, % H PBSTZ X5 20 4[5 B DiES &
PBS (2L 5 5 53] 2 [BlOHRE THes LT,

Py VB X b v H3 hidkic & 3 H0Egn
—WHURE LTHLY Vb e 2 k> H3(PHHS3) Hifk
Z. IRPUARE LT FITC kbt ¥ % 1gG bk %
L7z, —WPuils, ZRPuEHLIC 50 fEaR & L,
12/101 HriRiz X 2 faEyeta b [FEk D TR TYf L
77

A XY 7 br 4 EY RO SU5402 D #i%

FGF % & o B E #| & L T SU5402 [3-[4-Methyl-
2-(2-0x0-1,2-dihydro-indol-3-ylidenemethyl)-1H-
pyrrol-3-yll-propionic acid] (Ci7H1sN203, MW
296.32, CAS Number 215543-92-3, TOCRIS) %
V72, DMSO IZ ¥ fif L 7= SU5402 % SANT-1 AL #f

mIB2 R %

MIBAR %

Control

50 pM SANT-1

5. MIETERLERTOR AR Shh o 7 F /AR
B FRAUPHER] SANT1 2 4% 5. L7=A U 7 AT U shdk
D, IMEOICHE LD Z L. Bar, 1 mm. SANT-1 % #ik
FRIERTO st.32 2°5 2 HE, $hAEIES L, 2% (b) &L 4
H# (@ I Lz, EBiam L T 24 CTfH L.

(a, ) XEEEL 725, 1% DMSO (AL OACTRLELL
-EMESE. (b, d) 50 1M SANT-1 ALER% OShA. fikk
B OWONEE THD. I THIR S 7= s 3o R
LRFREIZEV. st.30 225 DF 5 OHA & RS, S
DA OISR OAMETR DR, FME-COE MmN
BEREND. VAT VR =U [ IR/ 8Tl shh 733
W52 ENHBNARIRGET, KERE -T2 (1FEA
ERZ 0.

ERIBRICA TR THRL, 256 uM & 50 uM D
SUB402 1A & . % IRREE LT 1% DMSO/ A Tk
ZERR LT, 26 ORI st. 30 DA XU T 7
AV in% SANT-1 LB L [F] U TR CTIRIE L, Bl52
i1 o7,

iR

A XY T A E Y Pleurodeles waltl $h'E ® 4\ il
DIE SRS 2 B9 5 72012, AMEBIE I O % o
T IARER R R R 72 ERCRE L, O
L L7=, Shh HEAID SANT-1I2L V., &V
BUME CHOMEAIL O REDRBIINE LN, ZOFR
BRI ZHFE EDHZES & LTI IO L, FMil
DOHEE DB D30 D o 7 F IV D BeE| % i
L7,

st. 30 5 5 @ Shh Pl SANT-1 D5

SMIBHEI DA XY 7 N7 A E VR (st. 30) % Shh
FRIE 2495 SANT1 12 2 HRIEIE L, Z D
AT, T ORE, kBRSSO DMSO @
T CHLER U7z, XPRREEDS st. 33 (22 L7-WE, X} IRRE
&g U CERBEOMIIR FE RS (K 4),
Z OIXIERLIE 100 1 M SANT-1 O EBREE CTHRCHR< |
AMEIZIZEAEHE Lo (K4de), $7-. &
M. & 5 7 RAED B A2 DA, #ERICIRLS 72
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DRI BT,

IZIEBME 2 B H O#lE%, LB AEZ e LA L
BARKFIIRITL., S 5122 HEDORERMG S IMmE
T4 HBICHEBEAZIT-72, 100 M OFEBRIEIX
P OB HIZIET L2720, 50 u M DO IFEERRE L i
REDLHE & 7p o7z, Z ORFOXRIIBEET st. 34/35 (2%
LT e, SEBREE O MM =R 1o FRRE & AR D =
E, ENEVEIRSERENTE (Kde), &5
CHMBEERIZ X 0 T THEE L, 3 R4t
FROBLE IR & 72 o 72, FERMG 2 H B & [FER,
B N HMESCEERE TR LN, SIREETITMC B
AL 2SRRI T IS 2 < TR ST W2y, FEBREED
MRIT D 7e <L FEHME LTV,

st. 32 7 5 @ Shh B SANT-1 D5

ATEE D st. 30 2> D OIRHEMIRIZ > T, SMEOHIEL
DD LTe Z & v6, Shh #BREE 2SO TE AL
b0 TIERnwnEEx T, &2 CHIAHELL
WD BZEBTORBEEBETH D st. 32 DA XY T 7
A F VW% SANT-1IZ{RIE LI U, 2 HIZICHEHE
L., REBFGNSG 2B & 4 BEICBEZTo 72
(M 5), SANT1 % AfR L 7= A ¢ & %5 DMSO
DI L D5 REEO R A B IL 2 H BITIX st. 33/34
2. 4 B AL st. 35/36 I3EL T2, FEBREETIX
259@%&(%30%%@@@&H%\k<@w
AR L, —EIE#im AL L Tz, 4 BB
F & A EDERIRTHRIEEDTEZR STV o7,
BN DEIER ST AR T, A 1 R4 %
TWAHRRETH-7 (M5b,d), &5 DOEFER
ST DOFERALE X, <t REED S O &
LT 5 L E*ﬁ@ﬁf%ﬁﬁiﬁ”ﬁ%ﬁﬁl F 72T b EE
BNZA 2 DO EICFHS LWz (K5d), —
FTAZFES T ORES X, MEZEEXSHL LD,
KBREDORIEFTOZN EIFER U TH 72, Zh b
OFEFRA S Shh BREE LA RIZI VT, ML D
R Tl < RRBIERIC B B 2 E RBR < RIB X
Too TOMOEEL L -CIX, BEIEOIRROMEIHEL
BENTIED, NEREOEMA~DE b B Sh
77

Y vg{be X b v H3(PHHS3) Hifhsic & 5 il ig
WAk oD ¥ A

AR OB DT E R PR 72 HERR B SR AR A7 2 D>
BNERET H720I12, MRS O~—0— &7
% PHH3 O Hifk % T whole-mount CTH i,
EAToTz, TORER, Bty 7 Vidbiia Gt s
HFCTROI, ZOFUERA XY T A E DRI
ETDHIEIRENT (X64a),

6. A XUT NFAEYSAE (ﬂﬂﬂfﬁ%%ibf’ﬂﬁ]
) OHFFMOMIAD /TEAZ 779, bt -PHHS Hiigic
e e tafg, HOERIRBASE (a, b) 3R — ‘ﬁ‘*—
PEAMEE (e, D) IC X WBIE L=, Bodnofeimoim i
IR S 4D T DO AT CHREEES A TH D & T
720, EEEOBIZRBIIZ O X HITIT R A0,

(a, b) &% () &FEFRPEKI (b). Bar, 1 mm.

(c, d) fEFSHLRIK . AR T O DN L% 5. Bar,
100 um.

st. 33/34 st. 38

S
ByPe e L

X 7. EWBEELZELEOA XY T N7FA € UHED,
ST IS T AR D4, st. 33/34 £ 713 st. 38 TREIE
U 7= LB D Sh A DFFIA D53 AT 7, B IG &2 Yesh 5 12/101
PUiRk 2 W Coafgdeta L, 3 CBEMEE (a, b) & L HEE
s () TEE L. (a,c e) st 33/34 S, AIEE
HOhC, MR SIS #% IR > TR ST
5. FERGRTFOMEOFICHL SRR b o
7=. (b, d, D) st.38 $h/E. st. 33/34 DAKDEE & FEEIC,
HRIFE T IR > TER STV D



PR BR A

st. 33/34 O AMIIZ BB CTHRIfREESE 2 R § > 7 )
SRR —RRICH BTz (K6b), ZDRAER
BEIIAMEOHEL DI E Y . O AL LT
WS BAERMETHD, LOLARRL, PRICKLT
AL D 2 O Jedi F 7 I ARIZEE S LT sEsH s
FTIR N o7z (K6¢c, d), T TR
ERDOMGRRE T IR IS D0, EEOMICEH, £
DO S EIC R BN T Ve LT 6 72
Motz (X 6b-d), o THELDIAITHILIETED
FRTHLD DO TIE72 < RO LR FBLS D 2
FROLEDOTIEERESOEYN TH D Z L BRIE X
iz,

12/101 Hifhk % O 2= iR X 2R D 53 D
AL

Shh BT G3 5 Z LB b T b,
IEFRAETIIORR S (BAD (2 TRHT 540
R RN, ABFFED SANT1 AFRIZ BT, BT
(BEED) 12 HIEAS 0 BERRICE R S 7z, SANT1 4L
ffﬁﬁjjif‘i Shh R A EE SN2 DI ERE DO
FERIZ B 3 U TR IRIZ 22 L 7= D Tl vy
&%z\ %n%*ﬁpm“ét s Y ST S RS E 7R N
ﬁwkﬁﬁ%é%smw1ﬂﬁ@$*mbto%m
72 12/101 FURITBERAGITHE S L. A & Ol
%éb@wﬁ%?‘k%%<%mmm®ﬁ%ﬁ£%
AT h—7L LCRMT 5L sd, 12/101 Hifk

VLR AR I I A ZE L7,

Y OFER, B OFHA O > 7 x4
HMBERE D% IFITALE T 2 TR L, RO
FHEER OMIARE (Z A BIX TR L TR M %
BT DX IICEMT D) TR (X
7)o ZDOZENLARYT N4 E Y OO
RORFNEL. I F M- TE L TWD Z EnNghno

toé%_ﬁﬁ@¢ H—E DT ST R ST
fﬂiﬁ@fﬁ‘:iﬁ‘ﬁ@%& i /7 TR GNT,
I"? IHMBOR B ST B A Lo 72 (K

7e, ). E&ODEP@%W#E%E@’\Z‘H LT, 2h
5 OBIEERE BT st. 33/34 & st. 38 DT DI A By
OHETHB L TE LN,

SANT-1 8¢ 5% DY) T O DIRLES

WIT, BB ZYesh % 12/101 HUIRIC X B fhs et %
st. 30 7» 5 SANT-1 ZLFE L 7= 8K A L, SANT-1
G- DFREA~DEBE SN TR~ (X8), D
AR, EEREE I FREE & bl U CRB I AR Y &
DEIFIZHIEN Y, 1 ROEZRFW® L LT TR
<, Mo BN oMK R &z (X8b, d).,
LU B, AR OSMEOE T~ O 13

A XY T FTAE Y ONESMEO SEITRET bk 37

Control

50 uM SANT-1

8. SANT-1 5% DA XV T NrA T VHED, HA
DA DAY, st. 30 2>6 SANT-1 QLA 2 AMATV, *
D2HBICEELEY I LT, BRG 2D 5
12/101 HiiR % VLT dets L, a0 BamMEE CRlgR L=,
(a, ©) 1% DMSO A (FPRABED &) ORIESHED, 4
1% (@) LEEEROIERE (o).

(b, d) 50 uM SANT-1 WL DEhAED, 2k (b) & fEs
DYERK (). *TREEEIC N, SANT-1 % 58 D il o i
WL, SMIBORTE %0 I L IEEREIEZ L, ZeBoofEE
RIS TV A,

FanizfFFcholz, ZNHDOMENS, Shh
MBI I TR TE BRI 2 % 5 IS IR T 5 8 & %
FoTuwizé ZAIC, SANT1 OEERFEICL - T
Shh O ~D#% 7 RTELIER N E 5 Z & T, A
BRRED M CILATT IS TR R SEIR A LR L7 & 5
ZBhb,

st. 30 7 5 D FGF Rl SU5402 DY
ARYT N A EYREEZFGFOHERTH S
SU5402 % & A 72 N TKIT st. 30 725 2 H iR IE

L. SANT1 JLE DA & RIERICRIEFE (L2 B L
7= (K9), ZORER, 12i1E 2 A HORERTHEEIZIX
KEUEDS R B, B LITIEAWVERY A TE TERE
DR 7r o Tz, SMEITE RN Y K> Tz, JRE
BHHRAZ DN T, FRA&IRIE 25 1M SU5H402 D EEREE
£V 50 uM OFEBREEO T NEERIEREZ R L (£
Nz, X9b,e, g X 9c, ), ZDORFORIRELEDFR
ERBETH B st. 33 1%, AMIEPNER O ML A 3 %F DAk

BT THLINTWDLRHITH D, Lo LEEREE
TIL 25 uM, 50 p M FEEED BT Tl A Bl S
enol, F L TCEBIMMPBEIN-, — T, /Ml
OfMEITAET Tz (M 9g),

SU5402 25 £ 72 WA TIRAKICEITL T2 HIZED,
RLFRBRAAH & @E 4 H B OB TH Miki%EE LT
WMo Tn, Fo, MIBIIZEERECTHY . [ st.
34/35 OIFRINEXIHRFED K 9 7ol < BWMIEIE R &4
o7z, SUB402 DF Do L LTk, WLt
%%2aakﬂﬁ_%@%ﬁw5L 4 0Bz

L EEKYAE, E L TOERWERDY | %%@@
%ﬂﬁ%ﬂto%ﬁ@ SI~D VIR Y HBIER
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7228, 25 M FEBREECTIXIE & A EOEKRTEIE LT
Wiz, F7o, SUB02 etz 4 HH, §7ebbHAl
HEAMAEHEAE 6 H HIZiX, EBRBEOMEMAKIZT T
T L7,

o v

RS I L RCOMERR IR, FLR e &% < DEREIC
BWTHLNLHEETHY, v TV ABITFO I
O DOFRFEDORE LR R AWV TE OIIER K OIS
PTONTE T2, ZORIIIRWFFEOEL R H D |
JEAF R OB CHAT 2 i ZE-CMERR IR L O T
BB A2 AR LT 272012, ZnbDFED Fo
BHOHMER 2 L OFEBHLENTND P, Zh
ETOWEICLY, M LEOSEIEREIERIZ, FIC
RXIF R T TNVt EN Lis, B EZDEH
DEIFERE & D OFEEAERIC X - TitEde 2 & D3R
SNTET, AW THEER ULIFEMELE LTzA XY
7 N7 A V) Pleurodeles waltl DD . 57
B & LT DEMI%TICE < O A2 FFo, 4+
Iz oA O IMUNZRH LIEHEETH D DT,
ANTRKFTEHE LN b, EHIMICHZ 2R
REBEROBIEN R TH DL, ANV T NFAE
U RTEINE 2 RN T2 SR NG T GE B 72 & ool BLAY IR SR
—ER B DN, XRAVIZ, SMEDOIERETE A, FFlCZ
D 7 F VAR O 2 3510 LT2WF9EI3E & A L7
W, ARAFFRIE, ANV T AT OIMED, Sk
TEREIER T D e B BT D RED T 7 IBERR
DOEEZ BIICH- 0 RIS 72D DH L
WET U7 D AREMEZ R LT,

Shh &% K7 LI BIL A SANT-1 F25% D FZ 5k,
IZDWTDELE; AHRORME: D5 BT Shh #
PEIKAAY A

MR OB E N D D bE 2 b a—
NT DY T F IR F1E. B HEEM DSETRIE A0,
i 2 A= A IRMESR B C b 2 WHEH S % & & 7= HEATE
RO EINECE AT NE— = TICEHETH D 2,
PR AAIE, WEERTORTR — IEENI I - 7o HEBL
MEIC K VR E72a Iy M AV M EZIT, BICK
R OB NBREE L O E/EHORBELZ T T, %
D% DILEMDBFFE/L S TP, ZD LD 7pf
PRI N4 1%, Dr. Nicole LeDouarin & @ 7' jL—=>7
2L D) —VVEREN TR 2D, =TV MURE Y
KT R DO ZSHIEHENT X 5 2 A T EBRIC X - TAlLA
SNtz %, HERAER AN A2 e LT DTN 11X
BHIZEMICB W TRET 2R AL ARy 7 A8 6T
(hox i) THV ., MRIEMIENIEET S Z &I
F o TZDORBFA O EFROHEHAIZA—I

Control

25 uM SU5402

50 uM SU5402

W H#%

WIEAE#%

X19. FGF ¥ 7 F /U {5 2 /% B 1 il 5l SUS402 % #% 5- L
A RYT NEAEYDNED, SMEOTGEER R D ZE L.
SU5402 % #Mifii B HA D st. 30 75 2 HREghAEICEE L
2H#% (b,c,g E4HE @ DICHRE L. EBRaz@ELU T
24°CCfAE L7z,

(a, d) 1% DMSO LB O [FIJESE.

(b, ) 25 uM SU5402 MLERGhA. TR DI, KE L EXIX
SERREE & R & Zefli&Eid e, NMERAEL TS,

(c, ) 50 uM SU5402 JLERGhAE. AN R L3 5
LT D. MELETTWD.

(g) 25 M SU5402 ALEE 2 HEDHED A OJLKX. 1
OB ST IME 2.

Bars, a-f, 1 mm; g, 250 um.

I DRI GESND 2, BT T T v
¥ 2 PRI W CHHBENIREE THRELT 5 shh 13,
PEAG & O BENREEDOM CTHAIIRE SN DHE
TN EMPNT DB E R 3 50, 20k, NIE
HEDOBAHEFERRIC K - T, WIS OM IR b3 S
% Shh NEHENIRIEIC S VT IVRETH 2 & T
SHE DO ORRZEANEL D Z ENRENT, &
DT, WIREN SRR R TRk ~D > 7 F U
T2 X > T, WEEHS CTOBME~— I — O] 758
HENL SN D 27, NIREED S OFFE L 7 F W%
DR D & O IRE IS ISR C D shh DBRT-%
AR T 52 L, MREROBMEIERIC LV /RS
j/LTb‘é 37)O

TS DFEATHIE A2 JEIT, SANT1 % H5-#E D S il
DIREFERR D EACIZ DWW TELET D, £9°, SANT1
ZE e NTIRAK~DIREIZ LD | AMET R CHIE I
WENECTZ 8D, ShhiidARBEICB W T, 4
RDOTERETE L & Z DOWNEOMRRIEZIZES- LT\ 5
Z NSRS NTo, shh IXUBEMW) ORI R
BV TIHEF% O FEAESE CTd 5 ZPA THIBLT S
1839 ZPA % EIERT S OB TP ISR 5 & 85k
NTERR S5 T & 3 i N 70 ZPA SRS O B Al SR
MHMBNTEY ., Z B EEORIZENIZ SV TO
filEASET T (A) 225107 (P) ~ P-A-P & 8515912



BeHE BR A AU T A Y OENRO SEI IR R 39

EENEZEORMTHLEEZLNTNS Y, =
A& RRRDBEBRIBTERN . A shh % RBL L 720 K
ERTT M FERRIC I T shh BAGF0D I % B TR
RESEFHETHELEY, 2RO DFERND,
shh DSEEEO#% T FERE T ZPA OFEMEZ P L, B
FORBEZ T TS Z ENHER TS, £,
Z D shh FEBUTFRE A D YN RE S e —il ko
LDOThDH, WMBEHBAEHDOT 7V 1 A H T/
BN TH, Shh BEEFEO#hED 2 — o DR E RIC
bz Z &, VAT RIS EICEKT 5 EH 72
e, BT LT 180 FERIRMZ ICFE & Lok, 7o
5 ONCHAT ORI TO shh B ORI 5 RE X
NTW5D O KEFFED SANT1 ALFRZ L - T, FMill
\ZHW TR R B AO 720858 C & 2 i 238 L7z (K
4 LX5), ZOZLiX BEHFEROEGE L FRERIZ,
shh HMEIZIB W T HETZEINCIR o 72N 2 — VTR
WCRET D AMREEA R L, ZhilsnsZ T
MBS 7 Ipo -l BEMERN B 2 B D, £, ALEE
B AR DA BB % st. 32 IZHE HH T SANT1 # 5
TlE, AMEOIZ & A L OMBTER A Il L7223, %
NTHAEEFEY B S A7 MR (e B o [R5 AT
O RRREOR IS Th-o72 (X5d), ZDi=wH
shh 1%, HIEIERZIZ 3\ T2 DRl 5 [ OB
G420 T . MO OBRMGSEFT O ER.
MBS 2 K 9 WS ER AL ORI LR FEfk %
MDD LD REBNE R T LRI NI,
Ho <IE, BT 2 800 T E#E a O FRPUT
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Abstract: Previously, we developed a line of Arabidopsis thaliana transformant for live cell-
imaging of meiotic chromosomes by introducing the fusion gene of the histone H2B gene and
GFP gene under the control of the A£DMC1 promoter (DHG). Using a transformant (DHG1
line), we were able to observe meiotic chromosomes in living pollen mother cells (PMCs). In the
DHGT1 line, the fusion gene was transferred into chromosome 3, and DHG expression was not
specific to PMCs, but also observed in also other cells constituting its anther. We need more
DHG lines, which are transferred DHG gene into chromosomes other than chromosome 3,
and show more PMC-specific expression. We introduced DHG into A. thaliana again, and ob-
tained new DHG lines as survivors on selective media. Some lines were actually confirmed to
be transformants by PCR analysis for the GFP gene. Three lines were further examined using
confocal scanning laser microscopy, and meiotic chromosomes in several stages were clearly
observed in their PMCs.

Keywords: Arabidopsis thaliana (A. thaliana), meiosis, chromosome, green fluorescent protein
(GFP), live cell-imaging
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Projection of Spinal Ejaculation Generator Neurons to the Brain
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Abstract: A spinal ejaculation generator (SEG) exists in the X layer of the rat spinal cord
(lumbar spinal cord) at the L3-L4 level. SEG neurons express gastrin-releasing peptide (GRP)
and oxytocin receptor (OXTR). We have previously reported that sexual experience sowe in-
duced th expressions of GRP and OXTR in SEG neurons with. While SEG neurons project to
the thalamic region and are thought to signal the completion of sexual behavior to the brain,
it is still unclear where SEG neurons project to in the brain. The purpose of this study was to
clarify the projection area of SEG neurons in the brain. Firstly, we analyzed the localizations
of GRP-positive fibers in the brains of sexually experienced and naive male rats. GRP-positive
fibers were observed in the parafascicular nucleus (PF), subparafascicular nucleus (SPF), and
medial amygdala nucleus, posterodorsal part (MePD). In all cases, more GRP fibers were ob-
served in sexually experienced males than in naive males. Secondly, we specifically lesioned
SEG neurons using OXTR human diphtheria toxin receptor (Dtxr)-2A-channelhodopsin-
2-(ChR2)-EYFP transgenic rats. The number of SEG neurons was reduced by half compared
with controls. GRP- and YFP-positive fibers in the MePD were significantly reduced in rats
with a loss of SEG neurons compared with controls. No differences were found in other brain
regions, suggesting that SEG neurons project to the MePD and that sexual experience enhanc-
es input from the SEG neurons to the MePD. In addition, sexual experience might increase the
GRP expression not only in the SEG neurons but also in GRP neurons of the brain.

Keywords: lumbar-spinothalamic, gastrin-releasing peptide, oxytocin receptor, spinal cord,
male sexual function
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Visualization and Quantification of Mechanical Conflict on
Plant Stem Organ
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Abstract: The stem of vascular plants is a fundamental organ that sustains both aspects
of vegetative and reproductive growth. Although the morphology itself and process of stem
development have been extensively investigated, it remains unknown how mechanical forces
and stem organogenesis are coordinated. Good examples to advance our understanding of the
mechanical properties of the stem organ are the recently identified mutant lines of Arabrdopsis
thaliana, which display spontaneous cracks in the stem. In these mutant lines, the morpholo-
gies at certain fixed time-points are becoming clearer. However, morphologies at the time-point
when the stem begins to crack, and those at the time of its extending process are still unclear.
Accordingly, in this research, we set up a method to acquire timelapse images and succeeded
in capturing the process of stem cracking from the beginning to extending stages. Using these
methods, we revealed that the extension of stem cracks did not progress proportionally with
time, but rather proceeded like a random wave of rapid and slow extending.
Keywords: Arabidopsis thaliana, inflorescent stem, mechanical forces, organ breakage, time

lapse imaging.
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- Basic Study of Microplastics in Sagami River Estuary -
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Abstract: As part of the long-term monitoring of environmental changes in the Sagami River
mouth, microplastics were investigated along the riverbanks of the Sagami Bay Estuary. Most
of the plastics recovered were polyethylene and polypropylene. The FT-IR (ATR) technique was
effective to identify the polymer species in the samples.

Keywords: microplastics, Sagami River estuary, FT-IR, plastic pollution
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Long-Term Monitoring of Environmental Changes
in the Sagami River Estuary X
Distribution of Phytoplankton Biomass in January 2023
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Abstract: In the Sagami River Estuary, a brackish water mass extending up to 5000 m

offshore at the surface and a homogeneous water mass below the brackish water mass were

observed in January 2023. Three types of water masses are often observed in this area: brack-

ish, coastal, and open ocean water masses, but coastal and open ocean water masses were

not clearly distinguished in the homogeneous water mass in this season, where water tem-

peratures were generally at least 1 °C lower. Vertical mixing estimated in homogeneous water

masses averaged the distribution of algal biomass. Species diversity and biomass by chloro-

phyll a concentration observed in the homogeneous water mass were significantly lower than

in 2019 and 2021. Algal biomass accumulated near the seafloor at about 1000 m offshore.

Keywords: biomass, Sagami River estuary, species diversity, vertical mixing
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Organometallic Chemistry Based on Reaction Types
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Abstract: Organic compounds containing carbon-metal bonds are called organometallic com-
pounds. Such compounds have been known and studied since the 19 century and have been
widely used to influence synthetic transformation in modern organic chemistry. It is suggested
that many educational benefits could result from the use of reaction types and discoveries for
undergraduates and graduate classes in organic and organometallic chemistry. Organome-
tallic reactions are categorized into several types of metathesis reactions, depending on the
combination of o- and m-bonds, such as 0-0 bond, o-11 bond, and -1t bond metathesis. This ar-
ticle is organized into cycloaddition reactions and thereafter, reactions of which consist of o-x
bond metathesis, i.e., oxidative insertion of m-bond into a metallacyclopentadiene complex as
an intermediate. In 1948, Ni-catalyzed cyclooligomerization of acetylene to benzene as well
as cyclotetraene (COT) was first reported by Reppe of BASF. The theoretician proposed the
cyclobuadiene complex to be a stable intermediate in these reactions. However subsequent
studies revealed that instead of the cyclobutadiene complex, a cyclopentadiene complex is in-
termediate for the Reppe reaction. Cyclobutadiene and cyclopentadiene complexes will be also
discussed in relation to 4 mm antiaromaticity as the well as synthetic [2+2+2] cycloadiition reac-
tion.

Keywords: Reppe reaction, cyclobutadiene complex, [2+2+2]cycloaddition, metallacyclopenta-
diene
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