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Abstract: The green paramecium, Paramecium bursaria, widely distributed in fresh-
water habitats around the world, has hundreds of symbiotic green algae in its cytoplasm.
P bursaria is classified as a paramecium, a species of ciliate. Symbiotic algae cannot ex-
ist inside paramecia other than P bursaria, like as P tetraurelia or P caudatum. Much in-
terest has been accumulating in elucidating the symbiotic mechanism of symbiotic algae
that can exist only inside P bursaria. However, the basic properties related to P bursaria
and symbiotic algae have not yet been fully elucidated. Are the species of symbiotic algae
in P bursaria uniform or diverse? Are the symbiotic microorganisms in £ bursaria symbi-
otic algae only? Does each individual P bursaria show physiologically similar properties
regarding the rate and frequency of cell division and also in terms of longevity? Actually,
many things described above still remain unanswered. In this study, after isolating, wash-
ing and cloning £ bursaria, the rate of proliferation was measured for individual cells. Al-
though each cloned strain should have the same genetic background, we obtained interest-
ing results showing that the proliferation rates were significantly varied among the strains.

Keywords: green paramecium, Paramecium bursaria, symbiotic algae, symbiosis, cloning

Introduction
Paramecium bursaria (P bursaria) harbors hun-
dreds of symbiotic algae in its cytoplasm.

It has been reported that “algae-free” P bursaria
(white P bursaria) has been produced in the labora-

1.2 and also that such paramecia actually exist

tory
in the field”. However, in the case of white 2 bur-
saria, 1t has not been confirmed that the symbiotic
algae are completely removed from the cell body.
Papers published so far regarded the observation
that green algae could not be seen in the cell body of
P, bursaria under an optical microscope or that auto-
fluorescence emitted by symbiotic algae was not de-
tected under a fluorescent microscope, as proof of re-
moval of symbiotic algae® > ?. These criteria suggest
that the chlorophyll pigment of the symbiotic algae
does not exist in the cell body of 2 bursaria but are

not a direct proof that the symbiotic algae have been
completely removed. For a long time, experiments of
re-symbiosis of symbiotic algae, in which symbiotic
algae were administered to the white £ bursaria
and the symbiotic algae were taken up into the cell
body, were often carried out. However, it was impos-
sible to determine whether the symbiotic algae were
newly taken up from the outside and proliferated
in the cell body, or the original symbiotic algae re-
maining in the white P bursaria were stimulated to
proliferate by the additional symbiotic algae from
the outside. Until the complete removal of symbiotic
algae 1s proved, it is difficult to regard the uptake of
symbiotic algae into white P bursaria as the estab-
lishment of re-symbiosis.

It has been revealed that the ribulose-1,5-bispho-
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sphate carboxylase small subunit (rbcS) encoding
gene present in photosynthetic plant cells was no
longer detected in the white P. bursaria®, which
were generated by the treatment with a photosyn-
thesis inhibitor paraquat and in which the autofluo-
rescence of symbiotic algae was no longer detected.
Thus, we were one step closer to the proof of algal
removal from P. bursaria.

Are the hundreds of symbiotic algae in P. bursaria
the same species in all individuals? Furthermore,
are there the same species or the same proportion
of symbiotic algae in P. bursaria found all over the
world? The basic matters regarding the character-
istics of such individual or regional differences in
symbiotic algae remain unclear. Under these cir-
cumstances, there is no guarantee that the results
obtained with P. bursaria isolated in one area will
be consistent with those using P. bursaria isolated
in another area.

In order to further develop symbiosis research on
P. bursaria, 1t 1s an urgent task to make the quality
of P. bursaria stabilize, which has so far not been
uniform. For the first step to supply P. bursaria
having stabilized quality, it is important to clarify
what kind of property difference is observed in each
individually cloned P. bursaria that should have
the same genetic background. In this study, for each
individual in a P. bursaria clone obtained using a
unified method, its proliferation was observed over

time.

Materials and Methods

1. Preparation of lettuce medium

Lettuce medium was used for the culture of P. bur-
saria ®. The preparation of lettuce medium is as fol-
lows: After washing leaves of the lettuce, they were
soaked in boiling tap water for 1 minute. After boil-
ing, they were soaked in tap water at room tempera-
ture, spread on filter paper and dried in a dry heat

sterilizer at 75°C for 3 hours and further at 65°C for
3.5 hours. The dried lettuce leaves were crushed to
an appropriate size and stored in a jar inside a des-
iccator at room temperature. 1.5 gram of the stocked
lettuce leaf was added to 3 L of deionized water in a
5 L Erlenmeyer flask, and extraction was performed
at 100°C for 5 minutes. After the extract cooled, it was
filtered using filter paper (Advantec, No. 2, 50 cm) to
remove tiny pieces of lettuce leaves. The lettuce me-
dium thus obtained was dispensed into wide-mouth
medium bottles, autoclaved (121°C , 20 minutes), and
stored at 4°C until use.

2. Isolation and cloning of P. bursaria

A strain KUNY-2 has been originally established in
2016 and stocked in the bacterized lettuce medium?.
In 2017, the strain was further cloned and washed
with the sterilized lettuce medium, as described in
Fig.1. This strain was designated as KUHH-4 and
has been stocked in the sterilized lettuce medium
under no-feed condition until use. One single P.
bursaria was isolated using a micropipette from
the stock (KUHH-4), washed with sterilized let-
tuce medium as follows, and then cultured in the
sterilized lettuce medium. Four drops of the lettuce
medium were placed on a slide glass, and isolated
individuals of P. bursaria were allowed to swim in
the first drop, and transferred to the second drop.
This procedure was further repeated two times (Fig.
1). By this operation, we confirmed the isolation of
one individual (cloning) and removal of microorgan-
isms existing in the original culture media (washing).
Then, 3 mL of sterilized lettuce medium was placed
into each well of a 6-well plate (TPP 92006, flat bot-
tom), and one individual P. bursaria, treated by the
above-mentioned isolation and washing four times,
was put into each well. The cells were cultured in
an incubator (Biotron, LH-411S) at 23°C under light
irradiation (12 hours light, 12 hours dark). Two

OO0

Fig. 1. Overview of cleaning and cloning methods for 7 bursaria.
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weeks after the start of culture, strains that grew to
about 20-30 cells/well (7-10 cells/mL in density) were
selected and placed in a 100 mL sterilized lettuce
medium (200 mL Erlenmeyer flask) and growth was
observed. About 40-60 days after the start of the cul-
ture, the cells grew to a density of 1,000-1,400 cells/
mL and were stored in the incubator for a long peri-
od of time in that state (the steady phase of growth).

Results and Discussion

As mentioned above, for P. bursaria collected either
in Japan or overseas, it is unclear whether the same
type of symbiotic algae exist in all individuals or
whether the symbiotic algae (about 400 cells) inside
one individual are of the same species.

For multiple P. bursaria individuals (clones) ob-
tained by the above method, growth was started
from one individual in each well (3 mL sterilized
lettuce medium) of a 6-well plate, and the number
of cells in each well was observed over time. The
growth densities around 73 days and 98 days from
the start of growth are shown in (a) and (b) of Table
1 as growth index. The growth index was designated
as the number of P bursaria cells in one well at
around 73 days or 98 days of growth divided by the
initial number of cells in one well (1 cell), respec-
tively. From Fig. 2, which shows the average values
of 13 data in (a) and 11 data in (b), it was found that
P, bursaria reached the stationary phase of growth
about 2 months after the start of culture. In addi-
tion, as shown in Table 1, it was found that there are
some strains, even arrived at the stationary phase,
in which the cell density suddenly decreases. By re-
peating the cloning, the individuals, whose prolifera-

Table 1. The growth indices at (a) around 73 days and
(b) around 98 days after the start of culture. I stands
for Iwanaga (2 samples). O, Ominato (4); K, Komiya (1);
S, Suzuki (2); M, Matsushima (2); Y, Yokoyama (2).

(a) (b)

days # growth index days # growth index
i Kl | Al el )

1 1446 2 1287
e e R e —
70 Y e Rl A P T
7S] | % [MET e
7 | M—a] |22 [YoT— e
A —

tion was measured, should have the same genetic
background. However, as is clear from Table 1 and
Fig. 2, the proliferation rate considerably varied
among individual clones. It is natural to think that
these differences in proliferation ability are derived
from symbiotic algae and/or other microorganisms
existing in the cell body of P. bursaria. Specifically,
it seems highly possible that the species of symbiotic
algae in each individual P. bursaria are not uniform
but diverse in the first place and that the extent of
diversity is different for each P. bursaria individual.
In addition, it is also possible that symbiotic micro-
organisms other than symbiotic algae exist in P.
bursaria® and they induce the proliferation diversity
of the host.

In the present study, it is revealed that there is
a large difference in the proliferation rate among
individuals of P. bursaria, which are considered to
have the same genetic background. From this, it is
newly indicated that the growth of the host may be
controlled by symbiotic algae and other symbiotic
microorganisms. It is an urgent task to clarify what
are the specific factors controlling the growth of P.
bursaria.
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Experimental Study of Group-IV Semiconductor Quantum Dots

Tomohisa Mizuno® 2 and Takashi Aoki!
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Abstract: We experimentally studied three types of group-IV-semiconductor quantum-dots
(IV-QDs) of Si-, SiC-, and C-QDs in a thermal SiO: layer that were fabricated using a very sim-
ple hot-ion implantation technique for Si+, double Si*/C*, and C* into the SiO: layer, respective-
ly, to realize a different wavelength photoluminescence (PL) emission from near-IR to near-UV
ranges. TEM analyses newly confirmed both Si- and C-QDs with a diameter of approximately
2-4 nm in addition to SiC-QDs in SiO.. We successfully demonstrated very strong PL emission
from three IV-QDs, and the peak photon energies (£rx) (peak PL-wavelength) of Si-, SiC", C-
QDs were approximately 1.56 eV (800 nm), 2.5 eV (500 nm), and 3.3 eV (380 nm), respectively.
IV-QDs showed that the PL properties markedly depend on the hot-ion doses of Si and C atoms
and post N» annealing processes. Consequently, it is strainghtforward to design peak PL wave-
lengths by controlling the ion doses of Si* and C* implanted into the SiO- layer.

Keywords: IV-group-semiconductor, quantum-dot, Si, SiC, C, photoluminescence, Si-based

photonics, quantum confinement, hot-ion implantation, oxide
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Possibility of Electrical Activation of Ion-Implanted n-type Dopants into
Diamond Semiconductor Substrates
Using IBIEC (Ion-Beam-Induced Epitaxial Crystallization) Technologies
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Abstract: We already reported previously that we succeeded in obtaining excellent electrical
properties of B-implanted type-Ila chemical-vapor-deposition (CVD) diamond substrates under
conditions for room-temperature (RT) B implantation followed by relatively low-temperature
annealing of 1150°C ~ 1300°C . The doping efficiency markedly progressed to 78% and the
Hall mobility at RT was 108 cm?/(V - sec) for the RT-implanted sample followed by anneal-
ing at 1300 °C . We consequently confirmed p-type conductivity and typical ionization energy
of acceptor B using a wide temperature range. Furthermore, we have succeeded in fabricating
a Schottky barrier diode using the all-ion-implantation process of B-ion-implanted into self-
standing CVD diamond substrate. We have also succeeded in achieving extremely high-efficient
B ion implantation doping efficiency of around 100% using high-quality CVD film with a 5 ym
thickness deposited on the high-pressure high-temperature (HPHT) type-Ib diamond substrate.
Thus, B doping implantation into diamond semiconductors along with p-type electrical activa-
tion is now a reality for diamond device fabrication.

This time, we report that n-tZype conductivity has been achieved for the P-implanted CVD
diamond film annealed by MeV ion beam irradiation technologies at the comparatively low
temperature of 750°C . After 140-keV P implantation for a 2 x 10"*/cm? dose and successive 50-
keV P implantation for a 1 x 10'*/cm? dose at RT, 3-MeV Ne? irradiation for a 1 x 10'%/cm? dose
at 750°C was performed. The dependence of sheet resistivity upon the reciprocal absolute tem-
perature showed two activation energies of ~1.2 eV and ~0.4 eV, using Hall effect measurement
methods. In the temperature range from 300 °C to 700 °C , sheet resistivity exhibited ~1.2 eV
activation energy. We also observed clear n-type conductivities at within the temperature range.
However, in the temperature range from 100°C to 300°C , exhibiting ~0.4 eV activation energy,
n-type conductivities could not be entirely observed. We qualitatively discussed these p-n judge-
ment results. Eventually, after Hall effect measurement had been completed, we performed
SIMS measurement to investigate profiles of impurity elements contained in the CVD films.
We found not only implanted P atoms, but also N atoms that had been unintentionally present
during CVD film deposition. These facts will be published elsewhere. That is, the CVD film had
double donor states. We discussed possibilities of electrical activation for implanted P atoms be-
ing introduced into substitutional sites. Atomistic models of dynamic movement for implanted
P and surrounding C atoms were proposed. These models showed that implanted P atoms could
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be introduced into substitutional sites during MeV-IBIEC annealing irradiations. We also discussed defects
annealing mechanism using MeV-IBIEC technologies, based on basic atomistic models.
Keywords: ion implantation, diamond, hopping conduction, ion-implanted defects, IBIEC
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IBIEC & TERANCTE ML S8 72308 o -V Bt (BRI (190°C
HEL, 4MOXAICHHBEME O -V EEEZE) »6EMEa2HE L. (@): IBIEC &%

1) 400-keV

Ne+ 750°C, 1 x 10%cm?. (b): IBIEC 413 2) 4.0-MeV Si2+ 660°C, 4.2 x 10"/cm?. (¢): (@) & (b) Z-&bH =K. (): (@) & (b)
DOAPNE AT DOWTHIRRF (35572 30°C— 190°C) & BRIREF (SFR 190°C— 30°C) Dt A7 U v ADFEE.



FPHBEE M A A EATA Y'Y REEEOF LT =— ik 27

58 E ppm F—7&ENTWiz, it->TC, P&EEAT
LHICH > THHEFEE % O CVD 5L, IBIEC 7 =—
MR ZELHNIE AL L CERAHEND b L
WEE o7, UL, 2 @ IBIEC &4t Tl 7(b)
DOF T L7 Lo I@mEdt (10MQ ~ 10%Q) 7223 & %t
A 2 B OBF A WETE 2, 1D @ IBIEC
FUECIEERITE RMmENT, MEARETH-
72, CVD BEHEREZIIN S R—7 & T\ T bhh
CEBMNEESEALTELT, o TEXMIZH
EHEAE L Tt b, Ll 2 @ MeV Si
@ IBIEC ALFRIC L » T N 2N EHALE IS A Sz
FER L L CERBSMMINZEEZE LTS, L
L. Z Ok BRI (30°C ~ 190C) T
HETWD subband ¥ 2% v U TEFNETT D
Hopping =& D /[ GEMENR BV, X 7(@) D7 T 7D 1
FElZ Non dope — Unmeasured & 50 L7=D1E N 25 E
FLL7e XTI a RWERLICH D . A RIOWEIRE
#HN (30°C ~ 190°C) TIHZERIT I S d,
HEARFREE B EN=DTh 5,

7M) 121X, N4 — h R—7 & 7= CVD JEIC
P EA L7256 O EMEEGTHE OB RN R I T
W5, ZOFHIIE2) OF =— L& THEAN S ST
AHTELS BT L (5x107Q~ 10°0) P A DR R A
FizHbniz (M), ZiuitA—h F—Er7ahn
NJFEFLSMC BIEALZP H 4-MeV Si IBIEC 7 =—
VT LD FIRFICERANCTEME (L LGl CH 5, (R
L. M6 LEL S ICERICBT DIEE (L v
F—1E~03eV &/hx<, ZORBHIE L TITFEER
12 Hall I L TWARWO THEER TIZZR VS, pn
HIENARTRETH D ATREMED R, T L TEDEA,
& U 7HEA1E 30°C ~ 190°C OAKIEfEIL T sub-band
Hh % {al 5750 Hopping % LT\ 5 & Ebivs,

) & 70) N OHMEFEIZE 2D Z LT IBIEC 7
=—/UIZ K D EKITEMELITEE keV O RS =L
F—TiE < MeV DK =R L X —DFHNIED
MICELRTEE L E R L ATRZAD ENH ZET
B 5, i keV O Ne = % /L¥ — Tl CVD HEfE
WA — bk =¥t 7 &7 N R FIZENE ' A
TP, o TERMICELER LSRR -T2 L
ExD, INHOFERFIKROFIZBNCTHiEm T b,

701X @ & O 2HbLEEHNTH D, KRTR
L 7= 400-keV Ne* 750° C, 1 x 10"/cm? IBIEC ®%h
B EE TR LT 4.0-MeV Si** 660°C , 4.2 x 10"cm?
IBIEC O EDOFEE 5009 < £ LK TH
%, MIEMICHSIRZ JBlck % & CVD HEFEE %X
X L22WE T N R Ib Bt s S g s 4 — b
F—Er 73N TLEY, ZOREIT b FERkiZE5
¥H ppm DA —H —|Z72>TW5b, Lo, ZOD

N FEXIZITEIEHE(E L TRy, ME— 4-MeV
Si** ,660°C , 4.2 x 10"/cm? IBIEC FES TE#lHiian
5 (10" ~ 10Q) BRI THE ML L 72 23, 400-keV
Ne*, 750°C , 1 x 10"*/cm?® @ IBIEC Ti34 < iEMEAL L
ol LrL, £D%IZ CVD EIZ ZHE PEA
L7=3BHZEI L TlE, 4-MeV Si**,660°C. 4.2 x 10'Y
cm? IBIEC M5 T 5 x 107 ~ 10°Q & 4 #7 HAKHLPTIC
ol LW Z X OBEE RS UIZHE S H
WZHEAP A A5 MeV Si IBIEC 12 & V) EBEAANICHE
P L7z Z ELDSMCEBI T E e, BIL, PIEAL
T2V assCVD OREETIEEHICE N TWVWDH N
J5LF- 78 4-MeV, Si IBIEC @ 7 TES N IEMEAL L.
as-CVD IREEDMfEIZ Py EA L7=30EHLIE U 4-MeV
SiIBIECIZL VY N, P oD nl K— 0 MNETF%
FRFICESPICIEE (L L2 2 &2 D, AL, &l
MHEHLZ JIE L 72X 7 OEBRIZEB W CTIEaRIC &2
NHFR—NVNRBTEZEIT /> TWRWDO T, pn HIE
1L TE TRV, F£72 as-CVD REHT IV Tt 400-
keV Ne @ IBIEC TIH{EIE K (30°C ~ 190C) 12
WCERITHRN T 2IEHETE TR 720 T,
7 ==L R L LTt 4-MeV Si IBIEC @ J573 400-
keV Ne IBIEC £V HiE5 0 KE WV E WD B
5,

6 12315 % IBIEC FEST STl 3-MeV Ne*, 1
x 10"%cm? 750°C T, M= ¥ —& L TiL MeV
WTHDHN, BEEIT1x10%em? & 22720 Eil &
BH5MTIBIEC LCW5, - T, FREZIC 2 kK
MaZs s L CW D alREMEN H 5, b 2 IR
BFED Trap HENS° sub-band Z AL L T 5 mlRENE
DD, Zilt o0  EHALEICA - TEME L
7-AFEANP DX ) 7T ETH subband F1 % &
17 U AR A C U pn I T & 2270 o T IR 23
KEV, ZOZ EIFHRD PIEALEA2E DT MeV
WA A @ IBIEC RSS2 LB L, Sai b7 % 44
ERHDHENWS T EERBELTND, T2 ZIEAP
FAFIZEVEFSFr U TNREEAELTEH 300°CLL
TOKIRER, F LT 70 30C ~ 190°CHIKIE
fEIkIZB N TeL pn HEIIAARETH D B 2 D,
ZOHHIZZEOREEKICB N TIXETFS Y VT H
HIREEZEIT L TCWDDOTIEZR L, I L=~
O Trap ¥EAL, B WNZZN D OELGIKRTH 5 sub
band PN % Hopping {538 L T\ 5728, b IZ
ML TEFXFY I TOEE R —1L Y a5 T
HEEIC A D, Nt Hall BERAFHR S e <
2o T, pn MBI ARAEEE WO fEimi TV s &
bivd,

7 1% (@) & () OFRESIZOWTHIER (52
1 30C— 190°C) LFRIEFRE (A#R 190C— 30°C) I
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E 2T U AN E I RR LIZIKTH D, FA
e 27U U ZAMRITFRD BN,

RET
ZOEIZBWNTEn B R— R M FUTEALESY
A Y REERD IBIEC 7 =—/WEIZ L D8 L
BLRANEMAL D ATREMEIC DWW TR T %, 22T
FEamlc 95X 8 ~ X 13 1FBEIC R EE Ham T o
MHFIHLTWS 9,

TEMRMEEHINE 12 5 MeV & sub-MeV T 3L
F¥—I1Z#H13 % IBIEC %1

FEAEROFTIZEB T S EMM O TV FE, R 7
\ 2R L7z MeV kA A REHZ K D 7 =— 1 3h R
LV AMTREBBERTESE TS5 286, 1E
A LT PR EWRALEIZA > TEKICTEME
LTWDAEEMERENEBZZ TS, 7272l 20
EBAERT T 0 DI ST S R — VR E Z 1T
o TWRNWDT, [BEXA TR nRITHLZ L%
RAETE TV, Loy, BXWIE b L F—
25 0.27 eV~0.41 eV L i@H CVD K—7 L7 P D%
ML= XX —TH 5 06eV~0.7eV & LikdT 5
ENSHMEDLLDICEX D, o, BIEOK 6 DR
RIZBW Ty — ML 28 Y OFFHE e 2L X —
DEEZHELTBY ., — 2 EEERICBIT 5 ~1.2
eV Thh, ) —DHEIRMEKD 0.37 eV TH 5,
ZD~1.2eV EWVIHfEY NFETBE AR
b xLF— 1.4 eV ~ 1.7 eV IZHET 2 ST
INEVETH D, ZD X1, CVD FERHIFET
HAFFEANTE D PR & CVD REHERSH 2 E X
HIEFENTLESTZNFEFOEHT DO n B K—r3
NEEDIFIEIC LD, Z TV R F—RkEglZ > T
HHEEEMRE, TNHX TN R F—nbititsh
5% U T EFVBREREICR L TED X D 72iEM
b= RGN X —ZFFODONE WD T EITRD XD Ik
EEND, FHUIP A A EANEZDH%O IBIEC AL
D 2 BeMED A F 2 BB ITHRAEANTIRFE L TV D
ST U 72 Trap Y7, BV Z0 6 23ES L 7= sub-
band 73T /L ¥ — band & KD H Tl E 4 )
b EDONLE (FREE) (272 5 =)L —IF Tk
SNTWVDEDONEGFTDHENHI T ETHD, BIb,
NV R EROHIZH 5 sub-band O E ()
EFOIRIZED R 72WFEROHF TENLD B —
X NREFBARFRFF - TOBIEE L= kL F—35
NABEVMEIZS 7 FLTLESTWS EEZ T
%, AL, ¥ VT EFEMIGT DN & PAREET
HARMMENL L. EDOX ¥ U T ETHEITT S sub-
band £ TOMERE (=R F—2) /PN WITETE

AL =R F—IHENF Y7 95, BIE TR

L720.3 eV ~0.4 eV &9 37 0 /NS 2P b

NR—DIEIFE T 24 LTV D N, P O R HEN

235 0.3 eV ~0.4 eV FREED/NE 7o f )L — D

I sub-band ¥EMNTFIE L., sub-band P THF+ U T

BINEITL TS, 2L, subband HTIEF v

V7 O Hall BEIE S /NS <720 XD b pn HIE

MDARBICRDENIRERT AV v MR ® D, HiX

sub-band N AU WT = — )LEAENMIETH

0. FO=HIZiE MeV #% IBIEC & FREFS14:% fii

LU . TELEIHE F—2AORHETIMZ Tl F—

Ny MNRFEEMESED Z ERIFEE 2D,
FEARMN T B A A b= R — (TR

b ¥ —) ZFFon i F— R0 hnRE2HE LH

L. TOFEAFHELEREILT L E LA F U FEA

BOT =— )V FEIZE LT HREROEVILEL & [ FARA

I B2 B BB O T =— VAHETH 5

IBIEC ([ZHARNCEE T HMERSH D LB X D,
INBDOZ E#FATT HT-DITITET,

1) @E T TE LT EEND RSP 72 HpR
BT 5.

2) A A EANT D n i K= MNRFITZFDEANIC
Ko T, EWPNEICFHRL S D KIBEDBIE B A
A UFEANC L 5> TRFZREBRTFHENSE LN TV D
HEANC L DEERRBEDOHFIZAD X5 eG4
RET D,

3) HARICE TN DA L I EFF v+ U
T OFEFLE 72D B RRBHIEF D 72 2
I ppb A—F —DHEMREFEHTRETH D, D
Al & LTIV EN &2 FFS N R 7§ ppb 2
NP2 THEIICTRETH D,

PLEDFEEHZHEV, & 512 IBIEC (240 B 72 R i
TARAF—& F—2 G, £ L CHRE TP OIREE % i
b U TR T =— L1210 F% D R & & i )b S
w5, £HTHILICEY, 2WKMERIZHE D
sub-band % & M1 2 5, FEZX 6 1R LTzdk—
VERNRME 24T 72 o 27k IBIEC 4413 3-MeV
Ne** % 750°C D HEZEH T 1 x 10"%em? &V 9 fid T
W ETHD, DT, T=—/LE—LHHN
R 5 2 WK Ifa &3, RBS-channeling 7% CTld K
fal L CHRLE M CE o l2 LTHLEEITER
SNTWDHREEND D, fERE L TEILD sub
band #3&-°NNE L 7= Trap YELL D FERRIZ D72 28 5,
X512 PN R ¥ENT band & (1.4 ~ 1.7 eV. 0.6 ~
0.7eV) MBI xE L TANRRF - THIEMH b=V
X—DEEZFD ST LE S Z IO R 5,

N AN P JR-23 4 A Y& 2 REHE AR



FPHBE M A A EATA V'Y REEEROF LWT =—/LiE 29

TENENEF O AT 3L ¥ — band HENL (A
oAb F—) BFL, 2D OENRIOFE T
ARENTWNALELYINIZHDWTIT14~1.7eV—1.2
eV, P22\ TiX0.6eV~07eV—0.3eV~0.4eV
L7 MLTWD, ZOEBIZZOEORINCH I
NTHBHMN, BERZ LD THER#HT 5,
PNJREFRZAVEY N TAREF> T
ZDT%‘@%E&N‘/ ROMMRZE (7 b)) T 5 HH
ETFEY U T ORKTRLF— N RN
T T == VI EREIICTERE T 5 2 IR I =R
@ sub-band fi&E, BT AKEERDOAINLH Trap
HENI IS KT %, Bl D, 2415 sub-band f i
DM - AR B D [H I & 5 K & 72 band-gap
TEDHE (=R LF—2) LR THER I 0T
KGET 5, FFlZ subband H & F v U 7E AT
9% sub-band {3 O B2 (X VRH (Variable Range
Hopping), NNH (Nearest Neighbor Hopping (NNH)
EIEIND X+ U 7T E T Hopping 3 D 1nETEHED
B %, ®£9&M%”%imm%%ME®%
b Al ve—v oy hies TE)E@E
DIEFITHEELS 720 Hall B EZ B Lic< v, Zhult,
E2IZ L TCpn HIENRAREE 725, X6 TIRIEME
b b ¥ —Z R IR L (Z=51R ~ 300C) TIxZ
@ Hopping {552 XV pn HENBARAHE L 72> T
%o F1=ZFI 5 sub-band # & DMl E - H & ASE G
EETe Ny RIEE 2RO T T EDONE (=R F—
%) EME TR 4L 5 0303 53 Ui, @-ﬂiflﬁl?ﬂ/
—OEbE (7 b)) ZFHPITx5, 29 LTPN
I%%ﬁ&&%ﬁ%&@m*w¥~%6447éc
0.6 ~ 0.7 eV) 22 B3R FE ATEHE LT R L F—DEL Y
R R —f] (~<1.2 eV, 0.3 ~ 0.4eV) I2¥ 7 T 5
ZENFHTE S, RDOTH 6 DA, ERHRE
ﬁmizw% DEME=RLF—MIZT 7 b5
it michvBEsZ EThD, KEmmIC i%ﬁ
VIHEANSA TR REERZ R K ERAITIENE
b3 5720121

1) tx DX A YTy RERBERZSHE TRMY b
FREGE WM AT 5,

2) K= 32 MR Z A A AEANT D BRI IZROHE 72
R—2BEZFHE LT, R &EOKMEEANT 5,

3) A AV EABDOT =— i 9% IBIEC fa4t &

ZA[EEZRRR D K K — & (10" ~ 10%em?) 2z C.
2 R = %2 5.,
LWH ZLITRE S, K2 3) 12 LTI sub-band

DGR ER TN Z D Z & CEREDR R 5,
X 6 (251 DARIRM DR MEVEL = %L ¥ — ZoR

L TV IREHEEICH WV Tid subband H % F v U
TEIFBEITLTND VD) Z & 2k pn HIE
MARBETH D &V FEELEERNTIEH L5, Uk
WRARTEFELRVHRETHHATE D L5 2T
%, BUE, MIRFEIRIZE T 2 mWIEE (LT R L ¥ —
> S AKIR AR O AT M b = L X —fE A~ E VR
L HITE LTV a2 ARSI ET 5
%%k)?@%%%ﬁ%Tw%%%¢fﬁéo%
R BRI TFETH D,

4 A VBB X 3RS E L E RSB O BERE (&
AXYEV L SiLDlig)
ZZTO#EMIZIBIECIC X D7 =— VALELN, &
AYEY FREROBMIFETTHS C LY LIFT
PENPRKER B R—RU NETEZEDOL D ITHE
BN EIZEANT 200, TOHEL I 7 a el
EET NV ERBICHAT 5, &9, CAFUEAT
XA YT RAEEICE A SN D K74 % RBS @
channeling A7 kL Tmd, TDOHKIEME L
IBIEC LB OFEIZ DN T, FEARR 72 R 74k |2 5
SNWEETNVERET D, ZHHDET /MIDONT
BRI, BRINTCRUTBEINTZNETH D3,
FHTEIEC ) LT WVWET L EREL TN D
DT, ZZICEHBTS W,

Je9°, HPHT Ib B & A ¥ & o NEEMR & Si BLfG &
FEWRIZ C A A BN LTSI S5 ftdh K e
£E+% [100]-channeling A7 /L%t Helgd
2o

X8 D377 71X HPHT 44 YvE Kbk
I C % 50 keV CT=IREA L TXRIEZEA L2
ko RBS random A7 kL & [100]-channeling A
~7 ML TH D, RBS HIESM 1L 1.0-MeV He' T
SSB M 2R A 1T 170° (ZEE LTz,

B 8(a) (2L TV D A#E C % 1 x 10%/em? 1
ANBEHZD AR MLV TREFEOWHRTRLTH D,
ZnZ N EE 51X No.(D), @ TH 5, FEFRILT
== VEOREIDO AT MV TH D, HRiT 3.0-MeV
Ne?* A 4> B — A2 X 5 750°C TP IBIEC 0D A
7 ML C, BEREIZ1x 10%em? TH D, F-HFD
FHRIT MeV #% IBIEC & Rl CIRE & BEIGFCTH 2
750°C , 80 57 THE.ZE I EMILER 217 7% o 7o 5k D A~
7 MVTh D,

X 8(b) D A7 kL iditEl No.(3), (4) T C #EA
R—2 8 2 x 10%em? & 2 512 L 723kt o [AlkE 7n
T == 7 abt R ERREOR R TH 5.

X 8(c) 177k} No. (1), (2) T 8(a) ikt & < %
T D0, 8() 2BV T RBS-channeling /& ki
FIFHAEEICE T2 TELL OFREHI X L THIZ
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C#% 2x 10%em? HAQCTHEALL, 72O TESE 3x
10%/em? {FEA L72IE & A 70 LU ClRR e 7 =— /L 4Lt
AT/ o T B O AT MV TH D, - T, WK
(\Z1% as-supplied @ Ib FEMFEHI 8 x 10%/ecm? @ C
ZIEALTEH O TIEZ2\W A3, channeling A2 L
THIM &N 5 damage D& E L TR E 370
WEEZMEZEITIR ST,

J7. 8la) DT 7 THRIEHI 2R DITIEANE % D
50-keV C OHFEAFE Rp 11 (70 ch 131 ) DF ¥ =+
IVEFIZBWTIEN EA L. ZOfEIX random A
A7 MVOIGEE LT U2 BREICETHEMLT

Surface —crystalline(1)
(a) 3.5 T — SR —crystalline(2)
SR e R R 50-keV C,
r 1x10"/em*(1)
3.0 e 50-keV C,
1x10"%/em’(2)
%‘2'5 —1430-MeV Ne>*,
E ;L 1.0x10'%cm’, 750°C
820 | —''4750°C-80 min.
S I
C1s
<
] ;
=1.0

020 40 60 80 )
Channel number (ch)

(b) Surface ——crystalline(3)
——crystalline(4)
---- 50-keV C,

2x10"/em?*(3)
----- 50-keV C

2x10"/cm*(4)

z =——143.0-MeV Ne*,

s '.:' 16 2 = ~
2 y 1.0x10"%em”, 750°C
8,0 | =—"4750°C-80 min.
%

SRl

~ Rl

i

2o

20 40 60 80 100 120
Channel number (ch)

(c) Surface =——random

35 " R e eyl seseel 50-keV C.

3x10"/em’(1)

N TEnel | = 50-keV C

5 3x10"%em’(2)

i = (1)+3.0-MeV Ne**,
BT 2.0x10"/em?, 750°C
8 w—(2)+750°C-150 min.
920 T et 5

)
=

QIS —— W
o2 .
=
-

20 40 60 80 100 120
Channel number (ch)

X 8. HPHT Ib # A ¥ NIz C % 50keV T=RILME

AL TCKIaZEEANLZEEO RBSrandom A7 kL&

[100]-channeling A7 kL. C F— A &% (a): 1 x 10%/

em?, (b): 2 x 10%/cm?, (¢): 3 x 10%/cm? TH 5.

WHZETHD, TNEESL D ESTHAPEY
RNEARAAERCT D 150D C IR 038Rl & LT
FEAS T OMEPLITTHR TSNS ZEThH D,
CIUTETEEFRE ORBRN LT 5 & S HE SR O
A, b LENTETEN LT SURTBSA A HEAIT
Lo THMREN TR, ZOHROBMBETHE L
7o 2WRME (FERERME, B5R55) 130 0 RAfF T 5
P ThD, TLTIND 2IRAMEERS TS 7=
DIZITEH 1200°C ~ 1300°C DT = — VIR FEMN LB
2725, L, 8@) B HaMnD Xk oz, B
72 2 LT T50°CREEE DR E O FLZE R AL |- RBS-
channeling A7 R BLH L2 X 12, 1FIFH
FEAIIT W E Tl LT 5,

wIZIX 8(b) TH %M. as-supplied ik TH 5 5l
® No. (3), (4) 12 50-keV C %X 8(a) D 25 TH 5 2
x 10%cem? & 2 f5ICIEA L CHhiz, 725 EFHEMEC
JEDOULERTH % random A2Y ML DILERIZ—FT
%1% £ damage &% Rp T O S (70 ch f37) (2
BOTIERBMANER Sz GREF O ), =0
Z & ERIEK 8(a) OFERAE RAUX TR, Blb,
CUHEAEN 2512 o70r, BALL7ZCED 2F51
P2 AR S L C random WRIC—FHK LZiRTH 5,
2 x 10%/em? C ZIEANBZIZT =— /L LT AT L%k
TR CTRT, FROKNERRD 3-MeV Ne* IBIEC T
T OKWFERREA 750°C 80 47 @ﬁ@@%@XA&hw
Thd, TORMPLHLNRE DT, BVLEEZIZR
FHEDOIEENBD LTEBY ., fEabnznia L:iﬁ
ITLEEZEPRHLNTHD, L, RLT=—
BETHY 72215 IBIEC (2 X DiEsa b O T OFRE
DS QBB K DR EORRE L Y k&
{725 TEY, IBIEC 7 =— VRO TR RKE W E
WO ZEbmoT,

8(c) 1%¥ 8(a) (2 H T = 7238} No. (1), (2) IzoW
T OB % 7213 3-MeV Ne** IBIEC 7 =— /b
L CUZIF A ISR LI, Bmo C % 2 x 10/
cem? A L723E D channeling A7 MV T®H 5,
BAID B 3 x 10%em? FEA L7ZFR T2V, LavL
channeling 27 R~ L CHIET 2 KM EOFRHTIZIE
e BZ IO TEIMEAE WS WEE Lz, 20
B 8(c) IZBWTIFIENIERE DTN E —FT 5
f (08) 2SI L T ClE o Si TTHESNDIED
BNEFRETH D, 7T =—RIZHONTIEX 8Db) 1T
T LTZIE E TRV, 3-MeV Ne* IBIEC (1 L %
T = VN OBEZEREE ) AT T LT
W5, 20O C % 3x10%cm? 1 EA L7=AE Tl 7 =—
JVEERT Y 150 43 S IEIFE 2512 L7z, ZHid IBIEC
T o=— VB ES 250 2x 10%em? IC L= b T
bHb, LrL, ELLOHEBEABEEZD AT K



PHE M A A EATA T REEEROF LVWT =— 1% 31

Jb & TR, FEMEOMAIDN B & FEAD S DR
e b3 ETT LTV D ARl T =— L2 SRIXZIX[H
CThod,

ZOFEDOE 2E T4 A VBRI L DIERE &
falEfE OB (X4 v e SiEoklz)) 12k
WTTIE, BRIZX 8(a) &K 8(b) 12k D CiEANE L
DA MPNEBIET DR TH o7, BlH,
SilZCEHETA A VEATILE, BAENL ~
2 x 10%/em? FEE THIUXFEH ORRBRIZ L 5 & RBS-
channeling #|7E Ti3%h EXRMaN R T o 721%
TROTHDH, ZHIUTEFZFHLD St TRERR LT
TRV VWEREIE THoTe, D L
RO QNS 7T 7 &2 ad, £ LTSI H
fEm S CA TV EATLIHEAG L, ¥4 YEL NCHE
g~ C A A UIENT D0 AN IR D ODFEARN 72
JRA-ET % IR D,

9% SilZ C % 50-keV, 1 x 10%/cm? 2 x 10"%/cm?
SEJEEA L7230kl [100]-channeling A7 kLT
&%, RBS HIESA1E 1.0-MeV He' T SSB #i %5
AL 170° ICHEE LTz, Z OWESHEIZK 8@) ~
8c) LRLTHD, B2EDDHIZ20keV C % 3 x
10"%em® EIRIEALTZFHER B RT, ZDOAXT fv
MNHHLREIIZC % SIIZEATLIEAICITL ~
2 x 10%/em? OEAE TITPER O IITFE SR T
RWEETH Y . DT 210 ch D Bp £ TILR D
LHNBDINERPONIRETHD, LbHFER
DOEBIBROMNIRNVETH Y | 2RO RITEL
B S TWRWDE T > TN SWDITHRE S ME:
TN D, ZOFEBRFEIITN 8@), 8b) (TR LI
A YE 2 REMRITHK L TR CHEASHFO C EiRA A
VEANEREKT S L] B A RERIZ o TV D,
ZORKEILSI O%E, UHEHEEE N SI~DOA F
VIENDR A BRI L T2 BRIC MeV #A
FANACEDEADFHEMETTHINDKIBEELD b

3 5 g T
| C implanted in Si

=20-keV C, 3x10'cm’
==50-keV C, 1x10'%/cm’
| ==50-keV C, 2x10"/cm’

R of 50-keV C

Yield (10° counts)

160 180 200 220 240 260 280
Channel number (ch)

9. SiiZ C % 50-keV T 1 x 10%cm?, 2 x 10%cm? =
7EA L 723k [100]-channeling A 2727 kb (—).
20-keV C % 3 x 10%%cm? SIEEA L CHEE E TS Si
JE 2R LBt 227 L (—).

JEBIENZ D 72 WK B L gk S 7en & & &, SIBA
(Self-Ion Beam Annealing) Zh5# ® & 44+ 1) 7= B4
HETWDHLEWNWHIZLThD, FFHIEIRCS) 1058
HELTZ Ty U AT EfEICERD,
— RN A A TEANERE (<10"sec) IZEA I DK
FalXAS A A DRI RIC LD A A N T v 7D
UM CZEE TR % < BRIk S vzt
TR NERIIFET D &0 9 KfakEic 22> T
W5, FOAREENND 1070 ~ 107 sec FRE DRFREIN T2
RCHoTHAFL N T v 7 DAV I NDZE
A e RO T 7 OREF IS ALC
BO6 7 BN 8] D BRI K D BB 8RR Tk~ &
fEaaZ L, KM EET 5, £ LT, BEA 4
U MeVHEDEZRLE—THHES, A4k
Z v 7 DA D IZZERE T - AT (Frenkel Pair)
EEBICEBEIERENTWAEF - EFL Oz
&0 B S TR O BV EE S BMEE S
o, ZHUT XV AEEREITE S EA R NRANTE 2
HDOTH DD, BN MeV D FRE — 3L F—T/h
< THhiEwE o+ keV kDA 4 EATRNLF—T
b AR 72 A R BaEIE TR Z > T\ b, MeV fk—
FNAFX =TI E DI RIEHRI N TNDD
Th DA keV TH AR ZEHE T - &R
T OYELE FREAIC L 0 RIBEIESEAFIZ LG
FFITL THERZI>TVWHDTH D,

FRTIE, M8 LK 9ITTRENTWA R U
TAFEALESLI EXATEL REWVWS) X —F
N AR C TR S D K& A KR OMEITMIC A
THOMNEND Z &2 D, ZORKILSHTHE—O
fEimR L ORI E LW, XA Y NI
HAXYELRETTT774 Fen) 2FEHOLEL
T FB SRR DTFET D Z LI L DD TR
LEZTWD, 8@ ~ 8@ IZ/sL7=Loic, CA
F A L7Z30BHT 12 SIBA 2 828 SilE S @ h 7
WOTHD, ALz X oIcA A EALT CIRT
X ~10" R DR CIE IR 35, ZOREA A 7R
BREPOMHT I I B S 7 C RIS & 0 78 - 72884
TR EVRE TR OH.ODIZE E D . RSO JE
TR S 7z C R 23 @O JR B CHEAE
THMEEICe D, D%, 10" ~ 107 B O RERH IR
D TZERE A A& C 723 & 1T B 5 1)
(ZENZ VT IS EEBT D, BRHECT D RIS HY
Do BT R E TR T L IXAEWVICHSEST 5
L. EOREMETHKTM CIRFABEBRMEICAD 7
EET S, L, BALA Y BEATYESR
FEERORM LR T CHFDOBHE, KT v
DOHLT L ITFE > TWD DIIBR TR S - @i
EOCHETFERD, b, #EFREFIZEAAL A
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%é\&)fﬁ#/—\f‘% 720 T BT O HL )

WZFE D . BRI C IR0 %LfngA%f
ﬁ—‘c‘i?‘é‘l’ V7577 A bOWESEEEERT 5,
DT T 774 MERERIT-BEERSND & MeV
IBIEC 5t %2177 > CTh, XA VE L RO MLIEE
WCEBEINTIZ, 44 YT RiEREOFP TRE LTz
RKVITZT77 A4 REWHITETHETDHZ LIZRD,
THE, FAVEY REROFTC A A FEAZLT
725 T SIBA ZhHTOZEHE T i« KT DA
PRI 77774%%L%ﬂﬁbfw5f)7§
77 A NEERICEH S AL, TS IR TD
hﬁ<ﬁ50%nﬁsmAm%#%<@w\hm]
channeling A7 FLH O CRFI12X 5 Rp
FEDICRINZ /e > TV D EEZ BN D,
PLEDOEMMNIET VR — N 5 EERE R 2
WD 10 1R,

X 10 1% 50-keV C % 2 x 10%/cm?, 3 x 10%/cm? 1+
ALTCE#HRDZ A T R Ib ERPICHRE S 72X
fas3Ai 2 RBS O @, o fEReis CHlE L7c X
T ML TH D, 2x10%em? D F— A& TIHH G
PTIEZRV A3, 3 x 10%em? I8N 5 & 50-keV C
O Rp ITEEOGEE (100 ch 3165 ) 123 THI BT
BOWP PR TE L, ZOHAZLTITRT, 50-
keV C OFEAEN 3 x 10%em? & L ERT=-0DIC,
ABENRE =7 fHEDOR ST W TEZHOMM 7 Z
T 7 A MERERLTWS, b O 5
77 A M, ZOREE TN FER L A ¥ E 2 Nikdh
FL eI > TWRWARY 77774 h & LTHEKR S
nNTns, RV I77774 MTIE= U A—FEh
7oHES He B — AR D X A ¥ £ RORES AL
RGNS L CTHIAERY 757 7 A4 FHTde-

; —50-keV C, 2x10'/cm*(3)

50 nm _ =50-keV C, 2x10'%/cm*(4)
- s A 4
==50-keV C, 3x10"/cm’(5)

—50-keV C, 3x10'/cm?*(6)
—50-keV C, 3x10'"/cm*(7)

o I o
«n S

=
o

Yield (10° counts)

graphite formation

=)
2]

00 50 100 150 200
Channel number (ch)

% 10. 50-keV C % 2 x 10"%/cm?, 3 x 10%/cm? 7 L 7= E 1%
DHEAF¥EL R Ib HA ﬁténtﬁw@ 577 2 RBS @
R | B ARAETE CHIE Lz . IESRHE 1.0-MeV He+
T SSB it O B — AT 5 AL 1107 TH D . F#5II
OFOEMITFREEZ 5 TH Y, (3), @) 1XX 8 F kL [F]
C.

— D B — A L ) channeling &
BT

channeling & 71,
72wy, £ O—#d channeling £ — A2 XY
GLE—ADPEFERN DTN LD TH 5,

ORI T T 7 A FOWHESRNARY 777 7
A4 & LTHSE CRFOFITHDIAENTND &
WD & LCBIIT D2 N TED, 20T o
TWE P B E BB LR 75774 FORK
PIFIET DL, ZOHDOT =—LIZBWTENLD

DIEGNTA YT RO p’ FEGICEBREIND Z &
(NI} f&éo%h&lswxd_kwfigg
@ 3-MeV Ne?* 1 x 10*%/cm?, 750°CHHIZ L 5 IBIEC
WX THH A YEY FORREDE X 2o 7o D
ThbH, LNLZ T 774 MNEDPEIZ> TS
REOEIEBICE L X, sp’ e EEoERE &
4%%/km\@%e@@f\lswxo_rut

DN HAMRGR ORISR & R iR ) O G S b3 AT L

7’:@“(“&')60

WEINZBWTIE, A A AR IBIEC (2 L > T
172 2 ¥ CRE A b-PIE AL EE 2 5 D& i
HEIC SN BT L TEET 5,

IR PRSIV 4 viIRgHc &k B9
B - BRSAMEET L

B 111 A A A LD BT B S, 9
WEASN T <BREEZTRT I 7 1 22l fAE 2
DLETNTH D, WEERTFRIIANA AL
B =7y NERAERER T 5 C R SR & DOEEEN
TRBMERTZRIC K KBk S N Te H —F MR DB
SN EICTED, KPEEITARAEZ LT
Bt 2 4 SO EFEUW L THERE LY —F >
MEFIEZHHBIZTLHENW)IZETHDL, O
B, YIWr S 7=%E S T3 dangling bond & 72V | It
DX —4 > NERFBWT-ZERITZER il e b, £
DZERE T RITBEE RO Sz 4 SDDREEF D

Amorphization by ion © Carbon
implantation without recoil e Dangling bond,
or + charged state

T <100°C

a) One dangling )One and two c)Deformation of
bond per one danglmg bonds diamond keeping
atom per one atom sp3 -bonds

B 11, A A AEAIC KD ZERRF SR S, FERELL
ERTVBREZ R I 7 v 2R THEEIC S ET L.
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HNTHD4o0EFTEAITWD, —FH, X
Pk a7z CIRF b BEE & I TESRANZI LT TH
%o = L THEOHFNEC i1 & L TR REORT
VR VDOARNIEIZINE Y ZRE LTS R
Ll b, BB % DR RO ZERNII AR & D~
TORENTHD 4 DOBEBFDHFEL TVDIREN
5% 4 ©® dangling-bond (272 > T\ 5, ZDIRRE
1o, BOKBkSNIZERHNZH D CIRF 13-
TL B L2 HNICH o 72 4 O dangling-bond
EHAREE L TRMOFIZME 5, BlG. Frenkel
pair DEFESIZ L DMEREIE TH D, 207 rE R
N d 5 replacement collision T Dk i al{E TdH
5, Lo, K & > TEBEZER TR &R
TR SN TH, AR &EX—F v MR
& DOIEHMERRIC L > THER T RANERIND Z
ERBHAHAZEEX I OET VTR LTS, Z0D
FEFPEAE 22 S (IR A A D+ B o b o TR T84
L2 —=0y MNEFEOEVITAHFELTWDES LD
MOEZETH D, Z OIFHMERELIZIB N TIL, #—
7y NRFHROEFREOT R —IREEIC ik <
NDHENEHHIND ENDIENLE 5, 2L
Y B 11 e a) 127 & 5 IRt 7= 2 — 7
MNEFOREGFRUIM S5, /=720 Th
if dangling bond & L CHREITREINTZE TR 1
TEDIRFIZDONTIRABIZ 22 203, 2 OARAECTILERE
SN TWRWD TIRAFB—liD+ A A KB 5
ZliF v, ARA A L OmEE TG T AR L
TWEEFXO 1 & S HICFN E X2 LTV
72b 9 LEEFNFRFFICRIZSATLE S & fHia
LCWEBEY & o7z 2 HO S I RIRFIC—{li D + A
TN D, TDE AFURED Y —w 3T
IZE D BOWDBRE LW E ZIZZE R RIS L 72
Z2[#] (vacant space) 3R S 41, Z AL & RN —1ff
(L 72 RO MA A (B R - Cid/e
W) MRS LD, Lo L. dangling bond TR Y
B ol =X OJRF Rt b OB HIO RERIZTE K S
T RAXE & BN TR S IVTWDIRY | #8123
#ETe (deformation) & & 172y, L2xL, Z#aub D
Bl & 7= 55 A F° dangling-bond (£ F— A L — |
D3 WA IXIAIRELZ 5 8 O dangling-bond % ik
THHALHVED, TOERTIEK 1L OEAFIC
(b) EINTZETARNREN TS, 2D X H 72l
AICILERE L 7RBBIZ 72 o 72 REIC 1054, dangling-
bond 7% 5 il & & 2RI TIIHEFDEDRE LAY,
T EZERS T (divacancey) & 2l OF TR 780
IXHs 181 4> (interstitials) DK & k0 155, X
111D a), b) W OREE S IR EARRE DR E
(T<100C) THEZ D A[REMERH VY, XA FTEL R

DOEFAIFEAREN D72 TH SIBA BiG Th D 2284
TR TR T O AEMEDWNRY 777 7
A MR 25 4 S TRTEAR T H A& TR 1
OENEMNT 5, ZAMBATHEI O (2) TR L7- RBS-
channeling A7 R /WZBLALTZ K g g DU ERH N &
o THRS - Bbhnd,

BN RE A 5B LT2 ¥ 11e) TR S i,
HEANC sp? FaB B RFF LI BARIERE X A1 v
v R 72 O, KR (300°C ~ 400°C ) i
WEMLELTH > T IBIEC Toh->Th, channeling
AR STET DHAER S A Y LYUIZEIET S,

PLEDS, EVER TS D DK ERFEIT R VR T
LV TOIBENDET NV TH D, RITRTDIT
FRoO X 9IC, BEEEREOBBRICHE W TEELROIX
HAR IS TEAET D 220 1 4 (vacancy) 80\ vacant
space™ L IHEN D EEPICTHRE Sh D2 TH D,
ZIE DR E R 1 space DG TICIEET S &
- ML -0k - pL AR [ B 5 i DR B E Eh
HHENKE <20, KR TORMMSEA Si TH & A
TELVRTHEZ D EWVIFERICED, ZOMHEK
fl i b1E IBIEC ALFE % 17 72 > CHRi 912 FE b &
H1Z vacant spaces A TEET 5 Z & TIATTE D08,
12(a) 12 B 17 5 UHV (Ultra-High-Vacuum) CVD
ETHERE L7 FRE ST lcBW T, A 4 B — AR
A b 7 WGl OBVLELIZ B\ T HRIE (300°C ~
400°C ) TOHFEGIFBH S TN D 19,

UHV-CVD THERE U 72 I O AR B, S LA 2
X 11 O&E L g L CE OB EEERT 5,

X 12(a) 1Z UHV-CVD {5 CZ B X %3 v )L & A
Y& FERZ S S 80 nm HERS L 7-#12 80-keV P
ZEALTI100 nm E SO EERBEIER LIz, <
DIZIZEGLFE L CHES LT 2T 2R LTz ET L
MTHo, ZDCVDTEHF L v LS ERT
SiHy/H; OIRA T A % @B ZEH Tt L7223 B St AR
Rz & F v VIR ESE D, TOEE. 7R
OEO HIFFNEPICIAERTWS, SIMS %
HrofE R, B HE2 ~10%%em?® i< & £ T
WAHZEDHEIL TS, 20X D e CHERE L
TR R EE B TP A4 EALCHLEREE
TERE L=tk i%, X 12() DLEMIZR LTZ X 9 72 JERE
THIRFAERE S EMELTEENTVHLESE
ZTCW5, ZHIEK 11 OEA PR LI EEEL
LTWa23, X 11 045 13@1% dangling bond %71k
TEFTHIN, M2@ DEA@ITIHEF2%D
LTW5, ZOXH72 HIRT & DREATZHEN P A 4
VIEATER LEERE SiBOFIZEENTWD &
EZ D, ZHO HEFIEERY] 300 ~ 350°C DEVIL
¢ SiH: — SiH + H/2 & 9 (B2 R0E T H 2359
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B SiENSHITH TV, ERICE T ZEo H

D845y AY dangling bond, T 7cb HE 7 ICE X i
D, ZOOETOIENRI Y —2DMEETE K
T 5, WiHE< 350°C ~ 450°C DEILEL D R P ¢l

a)Thermal annealing mechanism
of amorphized UHV-CVD epi. Si

Silicon
morphous layer e Hydrogen
le‘? SiH+12H,  SiH— Si+1/2H,
Crystalline substrate’

a) T =300-350°C b) T =350-450°C c¢) T>450°C

X 12 (a). KFERF%2LEICE AT SiHAR 2 UHV-CVD
ECHERS U7 FEAA ' Si g iE 450 CREE O RIREVLEE T
B X Ry W HERE B LTz,

b) IBIEC mechanism O ls)ilic;ll_l i
@ Dangling bond,
(Amor[.)hous la.yer) . or + charged state
Divacancies with T = 300-350°C

two-interstitials

[Crystallme substrate)
a) b) c)

X 12 (b). MeV #% IBIEC FREHIC X 0 Hifkdh Si At oIk
AR SNBSS L TV A 2 7 e R LU
THELI-ET L.

¢) Thermal annealing mechanism
of amorphous Si

(Amorphous layer T=550-600°C @ Silicon

-

Y

(Crystalline substrate)

B 12 (). SiFFMLEIEN Si HAESFMR FICIFEL , ZDF
S B NS & vacant spaces 2MELE L 722 UWA T EVIL
B2 CED XD Aefb i ORENE Z 0 152 Do R
L7z 7 aip il HiEET L.

SiH — Si+ Hoy/2 32 %, = 9 L TEMEIIIZ 450°C
TR OBFEE T P A A U EARAR L- B E Si
JE O HAE AL TERR T D, 450°C & 9 IRE TN
VT S MR E P AT EALCIERENL LT T
IFHRER T E X U Y VR EIRIEF ISR, Y
FEEBRICIT D 30 SREED T =— LRERE T, 12 L
IMNETEXZ Xy VRENMRITE 20, HEZL
& 1o UHV-CVD 75 2 FEENE L L 72 1% O AR IR B &
bt IBIEC |2 & D KIR AL b & O EEEE
VAR B FE S E O AT D O TR S D
vacant spaces BOWMIZF D7 T A X — L) KIfaDTFE
EIZL Y, 2D RIS L= B R O RS
HEZ KX TAHZLICORRY, fERE L TRIE
2 & 2 HfERIE T 5,

Iz 12(b) & {# - T IBIEC |2 X 2 &R EfS S b
Ot % Si FEBRIZOWTHEET 5, REMIZITZ A
YEY FERICELTHRRTH LD, b9 —DD
LERFEEFERD 7T 7 74 FPBHERAR Y 75
774 M LTIHFEET DDT, A A4 IEARR WX
IBIEC FfIC N B2 2 72 JE Cnl R—/ 30 |k
DA U FEANGM L IBIEC FRSHC & 5 7 =— L&k
D ODFM ORI ZAT D72 T TR B 72wy,

12(b) 1% MeV % IBIEC BREHZ X 0 Hifkdh Si ik
W EOIEE SiER AR L T <L I 7
RFEF L~V THE LIZET VK TH D, Si DA
EFATERERRY BELEEFAZERETHD Y
7774 MY T 2HEEIX AR, o
T, SIBA Zh#13X 8@a) XX 9T R L=k oIz, B
BH2ME Si B EARO T X D MNICHE TH D, £
D3 HEA T FEROERFEELD b o &K
T 300 ~ 350°CHEE CTHE faElE 23T 72 i % D T,
MeV IBIEC 7 =— V&Mt & fciif{t 32 Db E S T
b, EoT, X 120) OET VK TIIRENLRT
=— VIRETH D 300C ~350CEHELTH D,
O XD BIRRIZE W TN E St @R O
BB TR DX XUy VREIX LRV DOTH
B8, Z DOIRE TR MeV #A A4 BE 24772
Il FLLZEX XU L EHEEN RIS,
ZAUE MeV #lA A Ot Z2IC K 0 B> Si i
ARk S AL THUYR D 224 7 45 (single vacancy) %

RS 2720 T <, iU 7eiE AE (dose rate) %
BIET D Z &2 XV divacancy, triple vacancy, & @
i vacancy 7 7 A X% —EZ KT SR L E L R D,
X 12(b) @ 2l D [X] 1% divacancy 23k S 4L 7= Kk 7

%57, @E dangling bond @ k%) 'CE;?)%’) BT TH
DM, FNS A LWERITSNHGEIZIT IO+
A F DT A ﬂ‘/(*ﬁ%?ﬁﬁ%f IT7ewv) L
THETDHZ LT/ 5, divacancy MR I N D &
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Mgz U7 —E O FRFF2— B @@ S,
ZhaER L WEE R EE S EI T 5, s 1200) O E
AR ELARMOETLVHICH TSN TS, S HIZ,
MeV #kHESH A 4> % IBIEC (2425 A U > M,
FEREME B ELD R TR & 2 R O E T 1B FLx
BENEICER L, ZRO0NEREAT D & &Ik
&N D RS 3L T3 TR ISR ST
R R Eh A T 2 R b B D, T X
0 IBIEC FRStA A > ORRG &E2 ) S8 5 5 b
720, IBIEC A A BE BT 5 2 IRKRMEO =D
WO Z Ll s, BENICIET =— OB
Pem B2 b O RN B AREMENRH 5, AIEOK 7() 1T
BT, 4-MeV Si** @ IBIEC %) % & 400-keV Ne**
DO IBIEC #h R & 2+ 5 &, HOLNDORTIED S
DEAFICRE W ERHL N5, BB S
BEMEBLELIC X 2[RI Z80E 1 R R B 1 R RIE R U
TH DM, 20 fFI < KEWIEMMEEEL I L -
TR EINDET - EAMAEEEDO-DIZRKE 72
IBIEC A4 T 5,

WD 12() I8 Tk vacancy, 3\ T vacant
spaces 23MTFAE L 72 WA O FESLE Si Jg i i BV
BRI X B KRIaEE %2553 5,

[ 12(c) 1 Si Bk it bl b iC Si RS 2NFEE L.
D IEHLE JE NERIZFA & vacant spaces A TFAE L 720
B BV 720 C E D K ) At dh Il o T RE DN R
IVEDLIONERLEI 7 uRRHAEEET L TH
%, EMESIEOTE X X ¥ L EIRE T 550
NH 600 CRETHLIZ EiTL<HMbn TS, 7=
722 UEIESE R O HIZ AT H A DRy Ol TR T D
HENTWARWEGEAITHRALT 5, RERZROITERE
fl FE AR LT (2 Si02 D X 9 22 2Y sub-monolayer f&
FETFEL TV AT CRMLEE S Tl = e X %
Yy OVEE L7y, LavL, MeV IBIEC AU Tt
HAEZBA T F® T vUET S EIEFBRIC, #
HELTWD, BB TR ICHE T 50134
ZAEA F U AENEIHE > COIRREIL LI BAETH D,
FOHETH-THnMlCp M F— 32 FEHEIC
L4 AV EAOH AR EEE TS HICHHE X
DN, BFEXOH AR A A HEANTHEEL
<HEV— M3 5, RFER 12) (X5 e
AN DA T . IEAE I KA 23
ROWBAEBELEETFTAKTHY . FOHAITIT
550°C ~ 600°CREEDIRE TR ENEZ 5, 2D
KOG B OIFEE SIBD X 7 v 2R RIS TR
I sp3 FEAMMEBEATETETHET D, b L, fH
FEA L2V REE CERMICHIEZ R > 72 Si 1231
SZHoTELTH, 2D X ) 7IRRED Si R 0E|
BlImDTOETH D, £ LT, EALHEAIRREN

FERDFESL TN T H - T2 TEY LTV DT
Xy VETHY . ZODIThERIEMEL
THLF—F23 e VEEDHETHY, XX v
JVRRRIRE H 550°C ~ 600°C & Ly & iR Ic 72 5,
LU, X 120) Tl 7= X 5 1] S D405 D
Hli% ( Z DA 1T IBIEC FRE ) CHALEE HIc 22/
(vacant spaces) Z3RilICIERT HZ Ltk =
ZX T VR EEREA NS E 52 LN TE D,

WiZIZ, X4 YEY RERIZPEORMET LD
HLRER DB F— U NRTEAFUEAL, 1
5% IBIEC CTEHBNEICEA L TEXICIEMHE L S
BHEWVWI Tt ADI 7 aH T T L2
35,

Bl13IZ PEDOMIFE LV b RER A F—X
VMNRFEAFUCEAL, AL LA IBIEC 7 =—
JVHLE CE BT EICEA L CERKMIIE LS E 5
TatAOI 7 a i EEET LV TH D, IBIEC
FE o O 1R FE 11T 600°C ~ 800°C#HE L T\ 5
B, U OWTIERE(LT 20 ERH D, TDE
TNENSGND LA T UEALE P IR C
JFFLEbITHAEHR L, BEARETHEELT
W5, LL, ZORETEIRTT—PHET (@)D
JEAPHZ[E > TWD R F—FF () IZEA TR
FERRRE T OHIZED A E N CWOIUTERF D 0.6 ~ 0.7
eV D RF—¥WERL 2> TH A 90, EROINE
REEOFIZIR Y IAEN TV HFEEITITEL B b
MERF->TND I ENTPHREND, £ 2 ThRTHN
[B]18 S8 T P 2@ E O 1 R OB EISEANT D
722 IBIEC JLHEA1T 9, ZHUZ K Y EHALE I P
EHANTLH7-DIZPRETORFEBICRBDOH H K7
Z2f#] (vacant spaces) Z ¥ T 5, Z DZERIIH] ZI1E
divacancy F& % DO K& S DZEHIN — I TERK S
UL, L VEGICEBALEIC P A 8 A RIS/

Substitutional P @ Carbon
induced by IBIEC () Phosph
3 phorus
T = 600-800°C 9 Dangling bond
(Ion-implanted defects) o Donor electron

(Crystalline substrate

a) b) ¢)

13. PEHEORME LD b REZn B K—s30 M-
AAFUEAL, F 6% IBIEC TE#HMEICEALT
BRCIEMALEEE o203 7 a i THEES
.
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%, divacancy F2E DK X S DZE[R] % IBIEC |12 X %
B IR ICIERE L2 D03 X 13 DE A H DX b)
Thd, —HZOXIREZAIK L TLEZIELSD
EIXASRIZ 600°C ~ 800°C &\ H JREE IRV TRT
@ dangling bond ( @) 2355 & % A L TR &N
BT 5, AL, EEALE &V )R RALE IR E
2 PRI IAENTRBUT A D, 29 L TEH
M 5AT5 PRFO KT —E 11306 ~ 0.7 eV
DHARHIEN R —EL A RO N TE 5,

Z DED % IZ PIXE {% & RBS-channeling {512
& 5B 2R A R~ T,

PIXE & RBS iC & 2 A5005r b
14 1% Si BLfs dh & i AE#% o HPHT Ib A 4 1 ¥
> REEM D RBS-channeling A X7 ~/VTh 5,
HIESAEIE 1.0-MeV He' 1 A > THGITHFE M Si.
RENTHEAYEY ROART MV ThD, 2D RBS
HEIZB W T —REEMR L0, IEFICERH He
E—AxBE L TAY MLORKRIEE BT 2
L ThDH, SIOLGHEILN—4%/1256 1 C, A YE
Y ROEHAIZIF 166 1 CF CERBBIREZ NS
B THIE Lz, 8% ORIESRMETIX 15 53R DRFH]
T2~3u CEREODEHEEMRME CTHD, FFRIZARID
SialElDGE . SSB it 4 He B — L ASTH
B LT 95° &9 glancing A EIC L CRRE %
FHREEDE L BT, REOGE S F o fERE b # B
2 LSS CRIEETT e o 72,
ZOFERIIHNRT X 912 S LTI Rmicsh
E R DMEAER S 200 ch PL_E oD & = kL ¥ —1H|
WCBDLILDPNERITIALE T X TOTF ¥ RMTHBWTO
count Th-o7-, FNIZxf L CHPHT Ib B! % 1 ¥t
> REMRIZH L ClEm =k X — D Fe, Co, Ni %5
DR A BIG YN R ICIHE Bl S TWh A 72T
T, BEOLLLRABREDOZ V—= 710D 3
WRICHKT Ao bRt EnTnsd, L, —&
FENE L7=D13 100 ch PL EOE = 5L F— M ThiH &
TV 5 EINEER O background B TH 5, ZiE
FXIZH1T 5 St TlEeE< & Tunien, - T,
FRERENPOEES EFTHRIC =7 TnDH 7%
W LD & Bbitd, 100 ch PLEOE T+
)L ¥ — background [HEAR EIZTE -S> TWDHE— 7 13k
HIZMHE L TWD R E Bbnd, LnLETH
7 L —E AR TR LTV 5 background IR 113
EDHHES ETHLS F—=7 SN TS ARH oAl
MRS D, £ LTI O K—7ORMP I LATb
L7z & 91, HPHT MG DOBRITAEH S 41 5 il
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Ion-Beam-Induced Epitaxial Crystallization (IBIEC)
EMEEN, BEICE S OFFEET- bl k> TRk
BHEDTHIHRF SN TS, 2D
F LD TARFHILD First FH IXHFETRF S B
TR ERG L, £, ZOHKEKEICRBT
% KifE SOI(Si On Insulator) #&E I L. 2
OORFFFLEF LTV D 920 o A fRSCHEf T
HIMET B X ¥y VARBIGIE, B ELEIZ X
LEMAT B X %y LR ECEENERRIC K 5 B
s fbBLG e D3 LT, FERVEMRERRIC K A KIRE
2B AR eEgRTch b, ZDIBIEC ¥ A ¥
EY RHERERICA AV EALEZEPRAsD L H 72 C
A X0 R ERENRKE VTR E B EISEA
T5ZEE, FOIFBFEHRFER D ZITATRER &
LD EZEZT, 7205 MeV #k IBIEC [ZIRSHE
. EBID A A RO JE I S B O ZERE T - 4%
THERTRZRT D, TNOBREMRBEICL->T
RIE SN DILHURECRBE L CHRASS L TRt i RIE
DL Z B, S BIZE OB TR 72 07 AN 22k 1 AL
TR TR L v BEIT 5, T0RTD
BEOBFE TS S L TR RIET 2D Th 503,
ZDORBE)OMBE & BT HEE 2 H > TV D ORE
T EALX OFRE A E > THH S L5 ES o = x
NE—Thbd, b, BT AT &
R SN DL BOET - EARPEHEET DR
R S D HEST = RV X — 28 KA R <ok
TFRNEICH D R— v MRFICER SN S, £ L
TERENIRIEIC & 5 24 B R T ICH S LT @S =
LT =DV  FEFFINLEIZ S D R R0 R —
X MR AL (AL E ) IZ K& < N
T 5, b, MR IR 7R E OB E
BAIZHERE LT 5, £, BT F— 0 MR &
ZERE PRI X | 2 D CEA SN TERMISTEEL
END B, ZORER, MeV #A 4 v BHIZEA
R—/X2 b e 2 N RAICEWRALE I EA L CTER
BNCIEME b S Z E IR CE D e Higm LTz, =
oI 53, MeV i#k IBIEC (280 7T =—/L1 5
EZORIETORAHERIEBZRIZ LV . 1 RKMEH
7 =—/LHIZ 2 IARKGICERE T 5 AlRetE B IRV o ¢
TRV EHERIL TV %, $7bh St et X0l
Ay EAESNT F—Xv MNETFEEE LS5 TE
& LT, BANAKIE (500C ~600°C) TZE X ¥
SV & C 1 IR a2 1HIR S, il T 1000°C LA
LOEETEA K= b A DIEMAL E 2 IRK
MaDFEAEZMZ D EVN D 2 BT =— L &1T72 95 =
EDRFHTHDLEVIRERD D, Hewn AR (F
SIFIC L Dl E A CI Z AT B X v L
RERELID LS OIEWVIRE) TF =— VILHE %

—ETHEEEE, ¥ A Y'Y RERIZR LT R—
XV MRS B B E IS RE AT D L [FIRFIC
2 YR MBI & i C & 5 O CThE FMIIZ sub-band &
b TE 5, ZDJH; & LT Hopping i & 2
LMZ D ZENHRDDOTIH RN EEZ TN D,

B i3
ARWFZED—FFIE, 2021 - D7) | KPS A EL A
ZeRF AL EIMFZE AR 4 (RI1IS202102) OB %5217~

SCHk

1) Koizumi S, Kamo M and Sato Y (1997) Growth
and characterization of phosphorous doped {111}
homoepitaxial diamond thin films. Appl. Phys. Lett.
71: 1065.

2) Seki Y, Hoshino Y and Nakata J (2019) Remarkable
p-type activation of heavily doped diamond
accomplished by boron ion implantation at room
temperature and subsequent annealing at relatively
low temperatures of 1150 and 1300 ‘C. Appl. Phys.
Lett. 115: 072108.

3) Seki Y, Hoshino Y and Nakata J (2020) Electrical
properties and conduction mechanisms of heavily
B+-ion-implanted type Ila diamond : effects of
temperatures during the ion implantation and
postannealing upon the electrical conduction. Jpn. J.
Appl. Phys. 59: 021003.

4) Shigematsu S, Oishi T, Seki Y, Hoshino Y, Nakata J
and Kasu M (2021) Jpn. J. Appl. Phys. 60: 050903 .

5) SekiY, Hoshino Y and Nakata J, J. Appl. Phys. 129:
195702 (2021).

6) Ziegler JF, Biersack JP and Littmark U (1985)
The stopping and range of ions in solids, (Oxford:
Pergamon Press). http:/srim.org/

7) Kasu M and Kubovic M (2010) Arsenic-doped n-type
diamond grown by microwave-assisted plasma
chemical vapor deposition, Jpn. J. Appl. Phys. 49:
110209.

8) Nakata J, Takahashi M and Kajiyama K (1981) In
situ self ion beam annealing of damage in Si during
high energy (0.53Mev-2.56MeV) As* ion implantation,
Jpn. J. Appl. Phys. 20: 2211-2221.

9) Nakata J and Kajiyama K (1982) Novel low
temperature recrystallization of amorphous sillicon
by high-energy ion beam, Appl. Phys.Lett. 40: 686-
688.

10) Nakata J and Kajiyama K (1982) Novel low
temperature ( = 300°C ) annealing of amorphous Si by
scanned high energy heavy ion beam. In: Proceedings
of the 13th conference on solid state devices,
Tokyo,1981. Jpn. J. Appl. Phys. 21 (Supplement 21- 1):
211-216.

11) 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.
B43: 14643-14668.

12) Nakata J (1994) The role of inelastic electronic
scattering in low-temperature crystallization of
amorphous Si under high-energy heavy-ion beam



40 Science Journal of Kanagawa University Vol. 33, 2022

13)

14)

15)

irradiation. Invited lecture to the international
conference on the application of accelerators in
research and industry november 7-10, Denton, Texas,
U.S.A.

o RETS (1995) T4 A v — 28k AR IR kR
—X DB LISH—. KL B — A D TEA~DIGH
132 ZE R 129 [MREH S 1-8 H. pp.1-8.
Nakata J (1996) Evidence of enhanced epitaxial
crystallization at low temperature by inelastic
electronic scattering of mega-electron-volt heavy-ion
beam irradiation. J. Appl. Phys. 79: 682-698.

Nakata J (1996) Reply to comment on evidence of
enhanced epitaxial crystallization at temperature by
inelastic electronic scattering of mega-electron-volt
heavy-ion beam irradiation. J. Appl. Phys. 80: 4235-
4239.

16)

17)

18)

19)

20)

Nakata J (1997) Enhanced crystallization of amorphous
Si containing hydrogen without oxygen during ion-
beam irradiation at 310°C and during furnace annealing
below 450°C . J. Appl. Phys. 82: 5433-5445.

Nakata J (1997) Epitaxial crystallization during 600°C
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.
Nakata J (1999) Annealing of ion implanted defects
in diamond by MeV ion-beam irradiation. Phys. Reuv.
B60: 2747-2761.

RS, FRILENE FRFS 1316930 5 [FRAERE -
D HFESL R T 1)

TAENE, PFRILMEA RS 1683801 5 [HLfG e I
DI B F I X RS RR R



Science Journal of Kanagawa University 33 : 41-46 (2022)

BE EZW 2021 FEEMHS) RS P Fe A 2R FE B plia =

I VIIGRE=Zy 2 F IIREERHOEY=_Ealb—Y 3 VEOR
R

THEE' Rz Hightwts 234

Development of Optical Tweezers based
on Non-plasmonic Nanostructures
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Abstract: A plasmon-enhanced electric field exerts a strong optical force on nanomaterials,
leading to their optical trapping on plasmonic nanostructures. Such nanostructure-assisted op-
tical manipulation techniques may become a promising tool for manipulation of nanomaterials.
Recently, we demonstrated stable optical trapping of polymeric nanobeads on a nanostructured
titanium surface (B-Ti). Irradiation of an incoherent weak UV light source resulted in optical
trapping of numerous nanobeads on an irradiated black-Ti surface area: nanostructured Ti-
assisted optical tweezers (NASTIA-OT). Such laser-free optical trapping behavior would be
caused by an electric-field enhancement effect of nanostructured TiO: as a passive layer of
black-Ti surfaces. However, the precise trapping mechanism is still under debate. In the pres-
ent study, we demonstrate optical trapping of polystyrene nanospheres on black-Ti surfaces
fabricated by an acid-etching process. Acid treatment resulted in wrinkle-like nanostructures
on titanium surfaces. Irradiation of nanostructures with near-infrared laser light led to optical
trapping of polystyrene nanospheres. We discuss the formation mechanism of B-Ti based on
the redox reaction, and trapping mechanism based on calculation of the local electric field with
the finite element method.

Keywords: optical tweezers, optical force, polystyrene nanospheres, fluorescence microscopy
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Abstract: Thiolate iron complexes with a phenanthridine moiety were synthesized from
4-(benzolblthiophen-2-yl)phenanthridine. The photoreaction of pentacarbonyl iron with the
ligand precursor afforded the diiron carbonyl complex [Fe.(I*)(CO)sl, where L is a dianionic
N,C,S-tridentate ligand containing thiolate S, vinyl C, and phenanthridine N. The diiron com-
plex was converted to the N,C,S-pincer iron(I) complex ¢rans-[Fe(L*)(CO)(PMes):] by reaction
with an excess amount of trimethylphosphine. The electronic absorption spectrum of zrans-
[Fe(L?)(CO)(PMes):] was compared with those of the analogous iron(II) complexes trans[Fe(L!)
(CO)(PMes)2] and trans-[Fe(L)(CO)(PMes)2], where L' contains thiolate S, phenyl C, and pyri-
dine N, and L? contains thiolate S, vinyl C, and quinoline N. For trans-[Fe(I’)(CO)(PMes)=], an
intense band was observed at around 500 nm, which is due to the transition from the orbitals
around the thiolate-containing metallacycle to phenanthridine moiety. The corresponding
absorption band of #rans-[Fe(L)(CO)(PMes):] appears in a similar region at a lower intensity.
These bands are red-shifted compared with frans-[Fe(L)(CO)(PMes)s], which is attributed to
the = systems containing the vinyl moiety. The higher intensity and red-shift for the phen-
anthridine-based iron(II) complex are consistent with the TD-DFT calculations of these three
N,C,S-pincer iron(IT) complexes.

Keywords: iron complex, benzothiophene derivatives, N,C,S-tridentate ligand, phenanthridine,

charge transfer transition, electronic spectrum
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Excited State of Oligosilane Compounds
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Abstract: Structure-property associations of polysilane in the ground state have been ex-

tensively elucidated , whereas much less is known in the excited state. Previous studies on

photoluminescence of polysilanes indicated that the emission wavelengths and Stokes shifts

depend on the silicon chain lengths. In this study, the luminescent property of some tetrasilane

compounds is discussed. It will be interesting to elucidate more details of structure-property

associations in excited states and control the luminescence by designing a molecular structure

in the near future.

Keywords: Oligosilanes, Excited state, Structure, Photophysical properties

V¥ i

A (SD) JRFSURICERS L, Mg e L TAaRE
EEFACEWIIRY v 7 > LT, R R
v aro—kuERkE LTRREND, D
EERREO LRSS X012, 74 FHNICE

7% Si-Si o fEEETOIFREDIEN R oD (o
W), 20X o DRI, KUV T
{EEWITEAS (o ffE) LA LARWIZH 0D
53 IERSMEB O LI OFE O 7R & DRFEA) 72

Mo, EBDIRRE I 01 B IEFLE SRR /e & 08
REERES 2T Y, 2D ORI e e E D 72
(2. 1990 A7 B 2000 FEARAPIBHIZ T T, Bz 7a
MEE LTORY 5 ORREMEZRE T 57200
RN T — b lpole, BEMWREDOMENL, £
D%—IF FKThHoTN, FaEDF /77 /may—
DOHERIZ L - T, 8RR E L CORHTREMEIC
CEARHOE->TND 2,

o AT EERR R %@% WX R TH 5,
KU VT U OBEIRREIT, EHO 7 A FaHiEEC
REKGFT D720, ZOBERELILETH D,
FEEREE I 2 H1E - WMEFERI I SV T i i
DR SR Y 7 AeBEaE T BEEic K -
Tﬂ@@@;kﬁ%%éﬂ\aiﬁiﬁ4$£ﬁ¢
® SiSiSiSi ALK E KA R T 2 EDRH S
METpo Tz 30 05T, FhEIREEIZBE T 5 R 2

Bbu IOWTIE, EBROICIIA T VERLTY T
VA n-SiuMeonse (23T DHFEA T LD Si fﬁﬁ
KA L V. W ODOHGHHEN RS TWS
IEE'U’QI}’L’CU‘P 219 OKEFFE IR, A BN ’f“b\Zl‘
Jad~— 75%7‘5/E'JE75)EWJE«H§ﬁEiE bWNZE
@*%Lﬁ%”ﬁﬂ@j BT Dam 1T 0,

Bk 1tk

Figure 1 (Z7R9 47 A #EN 4 S8RICH 2> 727 T
I UACEMD OB SEARBERIEA 72 STV e
W a-SiMer (1), ZARDRZ AF L A RO
WUV T o=y NCTAREO _mMAN 107 FRE
WCEE Sz syns 7 b7 v 7 ALEW 2, 180° I
BE Sz anti- 7 73T ALEW 3. FIL < MR
Vv rva=y MR 2OEET A Z & T EANK
100° % & % ortho- 7 b7 T L MLEM 41225\ C
MREEEAT > T2,

Wik

TR KPR X n-SiuMero (1) X SCHREIC K D &
377nm ToH Y., Stokes 7 M A 11X 150 nm IZ %
L&, HESNIZT b7V 7 AbE 2 iiﬁ‘é%ﬁ“
/o 7=28, 312360 nm (A A =120 nm).
412nm (A1 =180nm) ThH-o7-,

©Research Institute for Integrated Science, Kanagawa University



54 Science Journal of Kanagawa University Vol. 33, 2022

Me,Si SiMe,
Me, Yi—sl
Si SiMe; i—Si
MeSi™ ~si”
: Me, @
1 2
SiMea Me
| |
Si =8i
Qg(é Sll
H
| Si
MeSi Qg{b
3 Mé 4

Fig. 1. Structural drawings of tetrasilanes examined in
this study: n-SisMeio (1), conformationally constrained syn-
tetrasilane (2) , ortho-tetrasilane (3) and anti-tetrasilane
(4) using bicyclic bis (tetramethylene)-tethered disilane
unit(s).
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In Vitro Approach to Decode the Mechanisms of Coiling
Morphogenesis of Xenopus Larval Gut

Kaoru Akinaga'?, Yoshitaka Azumi" 2, Kazue Mogi' and Ryuji Toyoizumi'*

! 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

3 To whom correspondence should be addressed. E-mail: akky0323biolaboratory@gmail.com

Abstract: Xenopus laevis is a good model organism for the study of gut morphogenesis dur-
ing larval development. Because its larva has a very translucent abdominal epidermis, we can
make noninvasive observations consistently during gut coiling morphogenesis for a long time.
Recently, we developed an in vitro organ culture system that can recapitulate the early gut
looping morphogenesis of Xenopus larvae. With a combination of in vivo and in vitro experi-
ments, we have tried to elucidate the mechanisms of Xenopus larval gut coiling morphogen-
esis. In this study, we first observed the distribution of phosphorylated myosin (p-myosin) in
the larval gut. Myosin-positive filamentous structures, which might correspond to gut smooth
muscle cells, aligned in the transverse direction on the gut surface in the duodenum. Next, the
cellular meshwork of the p-myosin-positive cells was organized by their circular and longitudi-
nal orientations. Anisotropic twisting of the meshwork was observed at the center of the coiled
gut. A pharmacological approach using a gut organ culture system suggested that contraction
by actomyosin interaction is essential for gut coiling morphogenesis. Administration of inhibi-
tors for myosin II ATPase and Rho-kinase significantly perturbed gut looping in vitro. Finally,
we examined whether cell-to-cell communication by Wnt signaling is involved in the gut coil-
ing. Administration of Wnt inhibitors also prevented successful gut looping. Taken together, we
propose that reciprocal contraction by peristaltic movement of the nascent gut smooth muscle
cells is needed for proper gut coiling morphogenesis in anuran amphibians.

Keywords: intestinal smooth muscle, myosin, actin, Wnt signaling, organ culture
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-benzeneacetamide; Wnt ligand 43 WiBHEFH] T Wnt

Bk A Y AT VENGE OB OMTE 59

TR TIROMIEA 3 KA TERET 5 )W 0L
ATV, BB OFEREA~ORE L FELo 3 B THIE
L7z, & 512, wholemount @ st. 38-39 DY X
= )L &2 10 uM Cardionogen-1 (6-Cyclohexyl-3-(2-
furanyl)-1,2,4-triazolo[3,4-b][1,3,4] thiadiazole; Wnt
o LR B P A )P CIRIEALER 2 AT\, K FREE DS
stage 46 [ZH5Z L 72 Bt CTHRE DL REOHIE 21T -
7

BT HE

I8 DEERFERORIZBW T, LRt L 2 DFRIES
AEDRHRE &6 LT BEZKYE 1% £7213 0.1% T,
2X2 EIROREEAT T2, ZOEE, ZNENORE
T looping 23 pkH) L 72 B4 IC % L T UFIEE D 2
looping L 72\ Ml % bhis L 7=,

AR
Y A I TIOVHIEGAS O

VAT A O BE T, SNTIEIE ERRR
THHHB, BANLATHREIZCFEZH LI
MERIENR 2 CFoFIcETe X D enic b T3
% (stage 42; [X 1), <28 TREMIRERSRI LI5S D4
PN A O L2 i B de s S A5 B E R T W 1 A o
TRBE L, ROICHENLTHL 22 IBEHERTH D
+ T HRI L BEE T 5 L D 1278 D (stage 43), T DH
B, BRI R BEIR O BGE A3H < FEN R DS B X
REEtE] 0 (I FEEEE 2 L oo, M (FAF W) DL
I IRTIROEMMONIGE 2 =2 27 MR
TWL BB AGEE) 21T O (stage 44 DA ),

Y VIt myosin 7 4 7 X ¥ t D LIBIK

VAT IVDIFEIZE VT actin & FEAEFAT S
myosin 73 ED L D IZHAAT HDONTONT, il v
E2 1k myosin HLiR % H W 7o 8 et Yeta 217 - 72
AT VIR T S AE 2 O AR R O fE S L —
F—BEMET TEIZE L= (X 2),

HOCFRBIMERIC L 28152 TIE, Y U2k myosin
IXPHIT stage 41-46 TIHEEIKITOMA L TEBY, Fx
DALLRTFAA L 7= SM-actin O3 2 5041 & 135547 D
BRI > TP, IFE DY U R{E myosin
B2 L0 @B T D7 0lc, ERL—
W —BHEE C stage 41-46 £ TOIHE D coiling 73T
OIS IEAEBMED Y A T VG EE IV TRIZE LT,
stage 41-42 £ TOY A H T VI EDIE TlX, V>
(b myosin #8EH D > 7 FViXT 4 T A 2 NIRD Sy
iz RE IR0 7=, stage 43 SHAEDIE TIX, U v
iz myosin 285D > 7 F L ix -+ T HR G fEIR CREE
IR LTRS¢ T A MIRD AR LTS



60 Science Journal of Kanagawa University Vol. 33, 2022
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DFEF B, cardionogen-1 #4512 Lo TR Z o 72
BT OFFIROBLA 2N KR ICELL 2. BT e, F

IZ cardionogen-1 #¢5-#£. scale bar 1%, €I, A, BT
1% 500 um, C, D TiZ 1 mm, E, F Ti% 50 um.

ZOWEMBEILFTT DR, BERMEL->D, 2
DRI EA DORF — TRNTHY l-Fh, £
FIERIFRRICREIE AL AT 50 EH HIX, mWViEiItE
o OT T VA AT TN EEZNT, 94
7o N5 DTERETEEIZ X Z DB O actomyosin % D
IRFZ2 A A S V7o BT E DS LM T D | & D
TEENGH % b & \CEBRIF TR 21T > 7=,

EH D OEATHIZE L LT IR R actin
(SM-actin) @ 43 i & Bl A % "l Hifb 3 5 7= o 12,
wholemount >/ A = /LR Y7 E LTh
-SM-actin FURIZ K D REREEIT 572, FDRER,
Y A I VRIS AE DRIGE 235\ T SM-actin O 5L
RIS AR B PR AFAICIER LT 2 & 2 L L
oo DS, BEOEM (HEHM)ICERZT 5 M
JE G NG E T £ IEE M L, RO TRE O
YR - 7o R IS SEE A BT 522 & 6
FERLE?, 9 LTERSNEIBE BN L
DR DREAIIL, IBE DB Z OFLOHTEI;GM

Bk A Y AT VIV ENGE OTRE R OMFTE 63

(anisotropy) Z /R T2 U AEL D Z & b HT-IC i
L7227, AlEl%, SM-actin & AHAAEF LERAY 72 1)
Z3429 % myosin OFLA %, SM-actin & [FlERIZ 50
PR K0 A b U 7e, TEPE(E L 724K BE O myosin
R 5 H0 Y R myosin BREHPLIA A V=50
YL L . Y A T T VIE R RO myosin (20U
TliX, SM-actin DA & FERIC, BEICBWNTET
KW 7 e U 24k myosin ByPERIE A B A L, IR
W THEE ORI - 72 FKifihi 5 Mz U > &1L myosin
BPERIRE SR L7z (X 2A-F), U »#&{k myosin [5
PEHERL DOMERE DR 112 H . Bt -SM-actin HLiA THLH
et LIRERIS, IBE OB & OTGRETERL D H L 0D 7
TERFMEZRTIRUANE L Tz (K 2G-1), SM-
actin 72 HNZ Y Rl myosin (2% 5 2 S DHLK
TYFE o oMb, LT E EEMnThH 5 & R
bivd, Zhb ZOOMBEIZFET 2R AT, Hil
Z Ao To IR 72 ) D3R8 D FE A FERIFR 8 & DT
RETERRICRE G- L CWD Z L 2R LT 5,

2 O HATHZEIZ BT, myosin II ATPase &
FH.55 % @ U C actomyosin @ 8 A/ # BLE T 5
Blebbistatin % > A 7 /L 4% #5913 60 A= 12
T TR Lz, ZOME, IHEITE S ORI
DOFEENGIE D0, ARG 7 M O WA T
UBRERICIZ B R 2202 P L LABE, 2
@ wholemount @ 5 % & T % Blebbistatin $¢ 5- 12
£ D O~ DR BENRIRAINGE DB EITH
WEZ L LUBEORREREENEE SN
TERWEDERDH T, £ZTHRIEE LI
vitro THHE D& & O & FHli T 2 €7 L85
#ROIEHZ1TV, Blebbistatin 2 £ 5 L7z, 2
4% % T Blebbistatin # 512 L > TH 3 L < I
® loop FER MG T B AL T= 5 57> © 1T Bleebistatin
wholemount ~D 50 % T & 58 15 1) 53 O
I 72> TN Z & AR S 4, BRE I O IUiE
II5HE D loop BRI LB Td 5 Z & AVRIE STz,

HEE D ORATHIZEIZ BT, A D5 E S A
R RICBWTEAI®R G- TR AT > 72, actin HA
FH %= &l CK-666. myosin light chain kinase BH %2 #l
ML-9, calmodulin 7 > % ==& s W-7 ® 3 #EHl| %
FNENHZ LT 5 Z & T actomyosin D ILHE & FHE
L. SMER~DREZ TN LTz, W oAb
BECH, BXDOEERKAELT O FMEAR OB A3 %) R
BHCEARTHEIE T L (Wb p<0.0D)7, 4
[, actin AAE A& OEFMEIZEE 57 5 ROCK (ZRr 2
HI7RPREH Y-27632 25 L7 HBEIGE 132 < B hs
7ot (K4, ZORERIL, in vitro DEFERAE R
T Blebbistatin #$¢5- L7z R & AT 5, WE- T,
TODFEREEZGDEDL L, BEOEAFNEX
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DIEHEZ AT I\ T actomyosin 0 REH- 1354 1254 <
RN EWR D,

2 TIIZEFE 51X, actomyosin O 1EH @ i
WALET D, IBE OB X 2 F MM Y 7T Vs
ERBERRT DL LI L, EHIIZZITY A
T NAE I - AR - BRI OGE ICBW\WT Y &
v RSBy 3B LT B A3 UAIK - Wnt D v
T IARERKEICEH L2 %2, Wnt U T Ko
Oy % BHE T % BHE A Wit C-59 % BB & (2 B
HLIEEZ A, BENESBHENMIT L, £,
Wnt > 7 LV DO KA 3 #EH D 5 Bl #ikg
(canonical pathway) @ 7 % 57 % Cardionogen-1
% wholemount ODHEIZE G LIz Z A, VAN
WIHEDIGE DB X IIIHEL ), EIELZ, b
DFERING ., HE DB E DRREIEAIC Wnt &7
IAREERRRS . FRIC R B 5 LTV D 2 &R
W X7z, ROCK X Wnt @ EE 722 Tk 70Ok
S LTHBNTND 29 4 DIFEFFEFRIZB
T, Y-27632 ¥ 5-CTHHE @ loop EAIFEIMICIE E -
7=DT, S%IE. BE OREERIZEHSVT ROCK 28
Wnt O FHtEF & L THERET 2 DT DWW THR-% 72
AENLHTE LN EBZ TN D,

AWFEIE, (1) YV B2 b myosin & FE B4 5 55 -
YRR DA D In vivo TOEIEE, 72 HONZ, (2) [LE
H& G- 2 MG D T IBE SMEIR D 1n vitro F5'E £
B ... O ODOEREGHEAIHAGDETY AT
VWIS A D RGE DT RETE Al D B % iRt L 7=,
BFoNTz—HEOERERND, IBEIRZ LD D]
HShA D> A 7 = VGRS Cld actomyosin OFH AAE
FHEAFRNCRGE 2  loop L, TT0 el EnTES Z L
Do T, B TR AR DS REZE R AT SRS TR B
ML, &L THRND Z &N, BHE O colling % BE#) 7
B E BT, in vitro TOEBAIPREETE 5 X
N2 D BERIERDBEL L TWD 2t DR E L
TiX, Y AT AGEICBN T, BXORER K
(X372 0 OFEEE, IHE BHERIATOND Z L BET
LNDHTHA A9,

F LoD e, PIhAERTD actomyosin OFH AAE
RICE VAL DIHEI A, FAYERRE CThd D8 O
IERIRBEDNG = DRI R TH D Z LN
AWFGEIZ L0 B 59y 72> 7=, Nascone-Yoder & M
WFZe 7 v—71%, WV A H VA OME LR o
R AT 2 I LE OMEICTH ST 5 & 5k
LTCW5 2, AS%I1%, BE IR OULHE 7172 5 N
WLE LR ORET 2 ORE SSHFMMEONIE 72
Exm LT, Fx OEERER & Nascone-Yoder © D
e & &2 05 Ui B ORE RO b b,

S% DA

AS%ORERL L L TIL, actomyosin DEHE DAL &
INHED FIH, RRZERIAIC & o K 9 ICHlE S Hu, Eis
HCTRE A O 0 7o Te 3B — 2272738 % loop T
RIS SN TV ONERAT 5 2 L 2 B
\CEBRIFIE AT O MER D D, o, T7 U DY R
HEVIRENRET VEEHRTHLN, 770D
Y A TV TRIULAMG BT E O loop FEREE
DA T =X LN T AEE I > TEZE
TRAESNTWT, #HATREZR D DNT DN T, AH
DIENFETe EDIE - TF7 VIR H O A% FHVTH
LML TVEZV, FIZIE, FHEEWIC B TR
LEENOBRMNEGRBEOT R — koA £ U DY)
EDONFEITEER H S AEIF IR 0N, BRI
WESTZ—EBONRE =TT 2 L2 E 2T
H R HOWGE OEALIEXNFRI e K & 2R 0%
A& DI & FE S A PRI AR SR e BT S
MIZ L TWDE T,

T

ARFGEIT, AR KL R FEBE B 4 O Bk %
ZATTHFGERRE (7 7 U B A T VI ERGE O
N—T TR OWFZE ) (2019 45 No. 2; 2019 &
-2021 ) IC K B HFEAFFE & L CEB I E LizD
T, ZZIZEH N2 LET,

1 DEEZHRY L TL 28 o 12 BRI (24
) OBNHLRITEHT N LET, Y AT LD
wholemount et D HEEO 7 v F a VA5 L
TL P& o BRI RFOWN USRIz, /IR
COYIE) ITEH W LET, E2, Fx offsEiE
BhC DX W& F LSRR A LT
ZEHTHT RN A ZE MR 72 5 N AT B SN R# O 72
LET, AFFEEOEHITICHIZY ., x0T E %2
0 E LT RIEL B HER, INEEHEE T D O K]
BERHGEHI N2 L ET,
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The Role of Actomyosin Contraction Force in Heart
Morphogenesis of Xenopus Tadpole Larvae
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Abstract: Many researchers have long been investigating the mechanism of actomyosin con-
traction. Actomyosin is an interesting macromolecular complex, which enables energy conver-
sion that generates mechanical force very efficiently at a temperature compatible for animals.
Vertebrate embryos gradually develop striated muscles, and the embryos can make various
body movements by muscular contraction as early as at the late embryonic stage before hatch-
ing. In lower vertebrates, pulsation of the heart is also observable in late stage embryos. Here,
we examined whether active contraction of actomyosin is necessary for normal morphogenesis
of the embryonic/larval heart.

Xenopus early larvae are very transparent, so they are suitable to observe the heart morphol-
ogy and its contractile activities non-invasively. From such a viewpoint, the Xenopus larva is
an ideal model organism. Thus, we first administered Blebbistatin, an inhibitor of actomyo-
sin contraction, to Xenopus late stage embryos, and reared them until the early larval stage.

As the results, hypoplasia of heart morphogenesis was frequently induced. As a next step,
we intended to perform a comparable experiment; we administered Omecamtiv, a cardio-
tonic reagent, to potentiate the actomyosin contraction of the developing heart. Unexpect-
edly, Omecamtiv also induced a dwarf heart at a high frequency. Immunostaining using the
antibody for muscles revealed that both Blebbistatin and Omecamtiv caused changes of fine
structures of the heart. Based on these complementary experiments, we concluded that mod-
erate contraction of actomyosin is essential for the normal asymmetric morphogenesis of the
heart. Finally we report that Phenylhydrazine significantly induced hyperplasia of the heart,
and fasciculation of the ventricular muscles was disordered after Phenylhydrazine treatment.
Keywords: heart morphogenesis, actomyosin contraction, tadpole larva, Xenopus laevis

J¥ i

IR E L BT C2EOE—¥—EHAERE b
2, W/NE L FAEAEH T % kinesin + dynein & &
actin & myosin O tH AAEH I X % actomyosin % D
ToThDH, INHLDOET—HX—EAHHEIL ATPase &
a— RT5HEEEHIER AL L LTHLTEY,
ATP ZNUKGHRET 2 AR CTEDZRLF—|Z LT

FELWHEEIRZ A U, ENENDHAEERT L7 1
T A N ETCHEEN AT O, AWFENERT S actin-
myosin OFHAAEMIZ & % actomyosin &%, M@y
GO & DEMBGITERIZEEG LTV
7o, EOWFEIFIEFITIERIZI T T E 72, actin
IZERIR actin (G-actin) V7 =+ k& L THEEN
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FLURITHE BT D Z & THRHEIR actin (F-actin) & 2R
I 5, £7o. WEIE L O actin TIL 6 fEO T
AT F—LBIFEL, EOND 4 FEEITE .
O, FEMIIZENZNREL TWD Z ERmbR
T2 Y, actin & FHAVEM T % myosin [ L HEH#H & %
O 2FHOY T o=y ML INDEAE
BEKRTH Y . myosin 238> ATP FiE A BT ATP
KRG FE L THRTAL = L F — 2 R 0 @B
LD EH T L F—ICEH L T actin EEABEIT S
Z T, BATIERIE DA U D, myosin X2k
DOHEFEAFAEL, REREABE 7 7 I Y —&2kL
TW3?, £/, myosin 7 7 2 U —IXIHO @4 &
B OBIOM THIASRIFEIN TN D, BilZIE, Hi
REMDOETNVEMTHLX AR a Ty ayNT
Drosophila melanogaster 13 3 Fi¥H D myosin 1 &=
FERL, MOBMOETNEMTHLT 7V Y
A =)V Xenopus laevis 1% 7 Fi¥H O myosin 1 &=
TEFFSTND Y,

ARBFGEIE, WAKET 7V Y AT T OIS
B AERE/K AT —~ & L, £ 2T actin &
myosin O & 1K T & % actomyosin % 73 F& ik 1) |2
BIH-7 5 & DIEERFEZ D &1C, HHEMFEBLIY
P GOIEIZ KD R AAT - T2, FHEBEMW) O RH D
LD A X BRI > B B CIREFHRI D (23D, Lafli
RGO & KX 6 —AROEIREED IR Ui 2
ETA—E 7L, BREBEKREZITI), LrL, 20
JFAR LR ED K D R BRI TIR UL d D h, Alika /)
TR T e AT Ao Ty, Brlk, i

O O LI HOWT, B Z2filNZ KD\ T
HERAE R 23 57 1l 2 PR > UG L. AR D HE
DMK CREEICa Y hr— L ST W b
Zy FELTHINLZDOTIERO N E TFHELTY
5o EENTHFN R 128 E ST KRR E
ELTHIANZET b D, FAZHERT 2 e
myosin 7 4 7 A k& actin 7 4 7 A2 N OFHAAE
X0 71520070 1% 5384 & %, actin & myosin
DZEENT in vitro TOEERCHMNE L ~L TOWFSEHN
%<, KRk - BWE LV TORIIED 20 Y, T,
WRETC S AL ) D A BA 2 i AR I T AR B AR
DOHERA 723 ED X 5 ICF DEREFERICE G L, ik
AL TOL ODPNIRARENRZ N, 207, in
vivo 35 &2 OF wholemount T?. actomyosin & D Z5Hf
RTCRETE R~ DB G- % R A TR T 5 2 &
IFEFITERENEEB 20N, DIRITHEMERRE
E L COMEEE BT- T 72 DI Lo i & B &I
GATEY, 2o DN ZRERKT 5 actomyosin $
WIRD Z & 7253 5 minor isoform % & 6O T2
Fih, BN TV AT <7 4 v 7 ITHEELSh T

Do EDID, WIAEIZIB T 5 DIRO FERET Hlke D
JL— & 71T actomyosin S DYLHEEHH- LT b 2
ERTREIND,

KWFEEAT O DI, 77V AV ATV ZE
BRE L U CGEIN LTz, 77 U Y 2 Wi ksh
SRRV ZHEINEB LN DD, MOYIMFRAED
O EBRIME ATV, BEYICE Y mEEN ks Z
ERRRELTETOND, £, Y ATTVHE
ZJEMI HBIEE LR RERE RN DR D b
gz FFREANBETEZ D EBREITO ETO
FlRb LoD, 77V 0 AT/
LA FERIRR IR BT AR 2 IR R A D IR H 7 HAT U,
FHEI) — X DL CR O N D BRI = hr—
NENTEASERT, EOH, W THRELE
HRITFHEEN Y O LR O TERETZ R & 3 1 L 2
TEx5AREERDH S, Edo X, 77U YA
A NVHEDFEREZIEN T 52 & T, LlED/L—
v ZICET AT O ETET VEN E L TR
WTHDH, TDD, AR TIET 7V DY AHT
JUIRE W T REIZERIZ 35 1T D actomyosin S/
DEEN 2T 2 Z LI LT,

RN DEDTERETE RS DWWl B, DL O
Dt z [#] 72 < BB 7RG IS & o Tk &= 2510k
% & T HIROFERT ORI R E R A it
Fa T %, DIBIETELIBRTIRED S 0T 2, #1
RO RITIT e A7 W O Mg Rk T 7 Sk )~ B 1O
EEED b L, W TLNBEREDSER S, 2
SESA—XOFENEOIETICBEIT S, D%,
FEAMREEIZIER TRAE L, — RO LME % AL
T2, ZOFMGOENE S L IEEHNCTEE o 72 1)
=BT T HZLICED ., DA IER IR
b,

DO —V o ZIZBET DL < IF=TY MY
R~ ADWEHWTITOIL TS, ZD— 2D
L L Thand & JIINDBETRH D, ~ T ADL
g = 33\ T basic helix-loop-helix(bHLH)Factor i
a— K45 KA A v %FFDehand & dhand I35

HOLE CRFTICEET 2 Z RSN, v TR
DILMEDN—¥ > 71 ehand 35 LT 5H Z &R
TR, ZO®BIC=T R OLKICB T,
ehand & dhand NUMEDONV—E L TIZES LTS
ZEBGMY, INOLDBETE v I T UMD
EEDON—E L IARBENELD Z L b hol,
Fio. T O 2MEHO hand B I ORI HE
5 LTEY., dhand (hand2) (3471 )5 O LEHE
\Z. ehand (handl) 3 /E DB DRI, FhE
NEbH-> TWAHEZERHLNIIR-T27, &5,
DD — ¥ 7R E OB BB DS R AFTHIC F BT



ok HEAh: 77U BY ATV ELROTEREIE R DOHFFE 69

HZ L THbS TV & DHENEHIIIC /2 SNT
W5, DIEDL—E > 7128, myosin IT D5
NEEENTWD ¥, Flectin & FEEH % myosin £k
EHEIL~ T ADJFIEOE O— B v Z IR
WCRBLL TWD Z DR REIEIZ LY 5000, i
DL —E s ZICEE LTS Z AR ST Y,
F72. Z D Flectin N EAFERFEDHENLIZ BT 5
pitx2 O TR TP ELBFER TR L TnH 2 L=
U R VIETHESHTWS O Z20t%, Z O Flectin
NI myosin I EHE THD Z RS, =V
kU IR~ AR % W2 EZER S FLEE O L
DJL— ¥ > 7\Z actomyosin 54 72 E Ol E # Y1
DI TH DL DR E e L7z Z &2, Linask
5 (2002) D 7 N—T DD EHRNH D, I HIT,
RO N— B > 7 O LB TR SN TER
D, B7774va=0U M ODRIZERIN S
RChHEX22RT, Z0O2HMOEMRED LD /L—
L 72 B W T, BMP4 & 7LD FHiRE TH 5
Prrx] BFEIA O O MITHRELT 5 Z & TBMP v~
T F IR DR N B &IV — 7352 L
DRI TS, FEROBEN~ 7AW TH RS
TVWDHDOT, D&RON—E > 7 OF R EICE 5
D T AR DN HEBM) O [ CHEEALRIZRE S
TV Z EDREENTNS W,

myosin 7 7 X U —IZET 5D myosin I NIHE B KL
OV Al g O £ A FERTRE D fESTIC B 5- L TV b
ZENHENTWA, vavYa UL 3EED
myosin I #F¢t, ZOHO—FE T 5 Myo31DF 1
B (D Rz & = ichicting ) oL aHEx
FREOFENLIZEE G- LT D Z &3, EAEOWN %
R GRAE FARDIRIT /B S sz 2, £7-,
T 7Y B AT RN TIE, IR 245 FE skt
PMEIC myosin I NG L CTWB Z &R Ehiz W,
PE- T, BIDEM) &% OB ORHIZE D> T,
PN A A5 FESRTFRIE DORESL I 1S myosin 1 H3E85-3 2
ZERNEERICRE SN WA RN B X BN D,
AWFGECTHW =T 7 U 5 A TV O DRI TE
ERkix, FEFICL<BEIN TS, Kolker et al.
(2000) DHFFEIC L DL, 77U DY AHTIVIR] 4
AOUIRERIL, st. 27 (KL 31 FifiH) TR
FSTEEA O < 72 B ZANIROBRER R 1Y, st.
31 (ZHit% 38 KffH]) T, Z o =AM LI E
TR OFEIRAR 2 18R < 72 %, st. 33/34 (X Kbtk
42 FE[H])  COMEIEE DS EdhIC s L CHEMER D D L5
IR Uahah, st. 35 (52fE# 50 i) TixlZ S5
WOWREIZ /2 D, st. 41 (FEMR 76 Filf]) 7260
MDBIZEE LIAD 5, st. 46 (A% 106 FEfE) T
DEPA S, BRI SEIE LRI &

YTV

DB DO FEREFE A TR 72 i, —AROE &N
BRUNDETERENET LL—E 73528 T
Hb, ZNHDONL—E IS 58RO
IR IIZ o> TE TV AN, fERHIaME ~« o
B2 OF BEAEH OACERIRZ Nk L7z ECTERE O
N—E L TREESN TN D DI T, 2ok
RIS S, ZOWE ONL— B TR
FIZFTSNDITHTED, BIBHRFEET 0 7T L
DOXE T T SO TR NG L TnWb Z &
DPHEIND, DIEICIZOHPAEEICEENLTVD
ZENAHOZ EE L THEbILTWA D, FxlTk
HFERFRIETS A O —FEOFAEIR 1 & L Ll 23 HERE
LTWDHDTIERWINEB R T, RBFZETIE, €D
VEENGRZRE T2 FE & LT, DR LV — T Tk
T EHTOI A BRI T actomyosin OAH A /EH % 5l
TAHHAEZRGTHZ LA AE L THERIIEE
1T-o7,

AW TIEEICHREE~— T — &2 HR & T 5
YA AW geayh & 3O IEAIZ v
BIEAIZ Fe ke LT E2 T2, Y AN
TOVIR « AR A 72 D T, FEAI~DIRIFIC
LGN LHEEE T, —EDORERBEORIZT
WAEHSE L Z ek, EHIEROREIITIL,
actomyosin Z1#/%9 % myosin DOFEHE 2 [HE L 7=
AN~ D FEEE A i~ T2, myosin DFAEFHAIE LT,
Blebbistatin & FEIE4L % FE4) myosin IT ATPase BHE
%l 2 F 7=, Blebbistatin |3 myosin II @ ATPase
R o TAFESNTHBRO K ZmEl+ 22 & T
myosin IT O RERE A [H5E 4 % Y, Z & Blebbistatin
IR F O CE S HWLNDIEAITH Y |
Bl Z X, MDA LA T 7 A4 R—DEROEIC
Ao g, ABFFEONERICE Y, ZREhD X
HFEAT I S TE DOERBE 23 G5 iER S T
WAHLEREH D Z Eh D, myosin 1T OFRFEA]E LT
Blebbistatin  fiif] L7z '°, Blebbistatin % #15- L 7=
FKERRED Y A W TV TlE, DIROIKFE R Z R L
7o ZOEEMEE S5 FE 2T, WIZ myosin IT DOF%
e WIC(EE (9fE ) L72iGaiay A 0= v oL
DICTE~D B ZTIT=\ N L& 2 7=, myosin 1T DfE
H#EF#) & L T Omecamtiv mecarbil Z AHF7E Tl L
720 T OFANLLOA myosin IT ATPase (EEHITH 1 |
myosin II TAEESNTZY VRO K RS 2 17,
2F V., Omecamtiv [L%)R & L T Blebbistatin & %}
RN E LT b 7=, Blebbistatin @S2 R &
KT HZENTED LB X, ZOIEKZ AR T
A L7Z, BN S, myosin IT OFERE 2 (2 L 7=
A2 S myosin & [ L7254 1B 72 DR ORI
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PR Uiz, b 2D, o LV T
T HVEH 2T 3H) 2 W28 £ 0 DRI
R DAL, D DOEEN A LT Z Enb, b
DI G 72 AE DS O D 1 72 TERETE RS LB T do B
ZENTRREIN, FZT3HFRIC, DIROEF K
IR E A L S5 2 & TOLMHIZ K
ET B PAE Li, DIROBIEAL Z TS 2 HA
L L T Phenylhydrazine hydrochloride % fi i L 7=,
ZOEFNIET T 7 4 vy aODIER W CRERK A
BT D 2 ERNITHRICE D s SN TERY 19,
WA OT 7V HY 2 HTLTHUEROBER % 5
ETEXDETFTHRLT, ZOFEKEAMIETHH LT,
Phenylhydrazine ZLEEIZ L 0 | L2 X OYFRENR
M b3 2R R ORI A A U, kP HREEIC L
NTEBRBEOOH CIIRIENSBIE TE, DIROIER
TR TERETE R I X B0 72 Dl OUNHME NS LB T D 2 &
DRI 472,

INHOEREREZ D LI, DIRORERKRIZE
I % actomyosin A DEENHOWNWTELET 5, I HIT,
FRE DLIEAAIERFREDOMENLIZ I 1T % actomyosin 5& D
TENZOWTHEBLEL, SBORFHORELZ BN
%
Rt 5k
Feth
7 7Y J1) X HIN Xenopus laevis
A~ 7Y BFREOH TV TH D, ALHEIRg
RNVEEFICEVBETIPZHEDL Z LN TE 5,
RN ZRECZREINEGD 2 ENTE, BAEERMDOY)
M OHIETE D, AFREICEBITAFEE LT, #
D> 297 = VA O KEIEMR TIE R aFEN D72 <
IRERN OB A BT 2 2 LR TE D ERET D
o,

14 11 5 71

(+)-Blebbistatin (1,2,3,3a-tetrahydro-3a-hydroxy-
6-methyl-1-phenyl-4H-pyrrolo[2,3-b]quinolin-4-
one)

7373 CisHisN2Os, 437 & 292.3

FEA myosin I ATPase BHEHXITH 5, actin #rifE &
myosin FRHED TH U B UAEIZF VT, myosin 58
Wz & D ATPase |2 ATP A L. ofit <, ADP
CHREY PR PL AN T D 2 & CTHI 72 )i R
%, Blebbistatin (% Z OFHE/EMICEHBWT ADP O
B ZMLET S Z L2k v, actin B X O myosin ##
HEDOWMEZLE T 2 Y, KPR EREFDH, (+)
-Blebbistatin 35 & Y (—)-Blebbistatin (2571 & 4L
b 15)O

Omecamtiv mecarbil(CK-1827452) (Methyl4-
(2-fluoro-3-(3-(6-methylpyridin-3-yl)ureido)-
benzyl)piperazine-1-carboxylate)

4572 CooH2uFN50s, 45 F 5 401.43

Laffi myosin 1T ATPase {2#£#4]Cé %, Blebbistatin
EIEBRIZ, actin & myosin #RHEIC X D AHAVEH
IZHBW\ T ADP Dt ARt 9 2 1ER &2 FEo 10, #i
TR DARRITKRT 1R L L CRilIcG kS
B bamTod 5,

Phenylhydrazine hydrochloride
(Monophenylhydrazine, Hydrazinobenzene)
537 CeHsNHNH. -HCl, %715 144.60

BT T 7 4wy DDRIZ BT Z OFEHF|TULEES
D2 IR IROBIZR AL D Z L HE S
TV Y, v RCBWCHIMLZFHIE T 5 3EAEH
PESNTND ) MR O~ET B L fES
THZENDNHOTNDS D,

ZHRMORIN L Y — gDk L

T 7V R ATV OMREREENENIZ, B b
# E ' gonadotropin % M 500unit, & 300unit 7>
HEH L7z, BERBRICEONTCZREINZ I 7,
ZHEINTIE R > Y — VICAN, T4 7Y a—L g
(pH=8.6) MMz 7=, #HuME#s L, BV —ExkrE
L7c, BY —@MRIEE /BT 610, ALK
ELTHWOLILD 10% Steinberg Kifg & VT F 4
7 a— Lkt L, k9% 10% Steinberg
KR E ATy v — LK v =72 EIZANTHBY
DFAEREBEC /2D £ T16 ~ 24 CTRE L1m, F4
BXPE DA E 121, Nieuwkoop and Faber (1967) D%
A B SR P 2,

(£)-blebbistatin O RELA

Myosin II [H5E | T & % Blebbistatin 27 7 U
AT DB RS LTz 19, F8 A4 BERE st. 38-39
Dt IR %A 0.05, 0.1 pM (£)-blebbistatin/0.1%
DMSO0-10% Steinberg X # Z 1 ml A #U 7= Organ
Culture Dish |2 A L, #AHIZANTZD HIZ 60 rpm
THRE L7z, RHREEL LTI, 0.1% DMSO/ 10%
Steinberg FiRITIEIET B RIEMZ A E Lz, 6 K
. 10% Steinberg iz T (=) -blebbistatin ZLERR
ZEE L. 10% Steinberg i % 2 ml AiL7z 24 X
7= MZ LEETORA L, 24 COIERS CFE
L7z, REBRBEDFEAEBREN st. 46 (2852 L2 BT
FRBEAMSE 2 VTR ATV, BREO A a7 %D
F7ze —FBOEEREE & RREDOIR & 504 1T Eh ] 4 1)
®li,
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Blebbistatin D& E 2 RPEMAA\ DR TULEE
AR st. 3839 DT 7 U H Y A A T L% HIIN
({2 0.05, 0.1 uM R-(+)-Blebbistatin/ 0.1% DMSO-
10% Steinberg K I8 * 7= 1% 0.05, 0.1 upM S-(-)-
Blebbistatin/ 0.1% DMSO-10% Steinberg X % % 6
FER ORIEEL TR G- L=, ZOEE %= 1 ml A
7z Organ Culture Dish [CRZ A L, AEIZAILIZ
DHIZ 60 rpm TG L7-, *EEEE LT, FE
® 0.1% DMSO/ 10% Steinberg ik & v 7=, 6
2. 10% Steinberg Fik TILIR A WE L, 10%
Steinberg ik % 2 ml Aiv7z 24 )X 7 L — K2 1 {#
P OFA L, 24 COERITHE Lz, XREED
SEA BRI st. 46 (CHE L 72 BEPE C RIRBEMEE & F
WTBIEAITV., RO R 3T Z2l) 7z,

Omecamtiv mecarbil (CK-1827452) “\ d ¥ i
JoLBp

FAEB P st. 26-27T D7 7V 1 AT VR EFIRZ 0.1
mM Omecamtiv/0.1% DMSO-10% Steinberg K% %
1 ml A#v7z Organ Culture Dish 28 A L, {85
ANT=DHIZ 60 rpm TIEE T A THRE L, %t
HEREIE 0.1% DMSO/10% Steinberg FiRIZA L7=,
24 il ¥, 10% Steinberg S CTRUERIR & Faifr L.
10% Steinberg Kk % 2 ml A7z 24 N7 L— b iZ
AT SEA L, 24 COMERMTRE Lz, *fF
FEDFABEREDS st. 46 (ZHIE U 72 B C SRR
EHWTBEZITV., RO 2T 2572,

LD

LA 13 (£)-blebbistatin & % V> (% Omecamtiv ~ D
IRIEALBEE T E & 10% Steinberg FCiZ THE R4 20
RE & 7213 24 BERORERUCHIE Lz, D OREIX
30 Mo aEE T X —IC LV EHIL7Z, 11{#
RizoE 3MEEHI L7z, MEHFRIRAEZDOFED
HIEIE Welch 0 ¢ BEIZ K0 HIE LTz,

T plgE

(%)-Blebbistatin ¥ & 08 Omecamtiv @ 4L # #f %,
TR ZFh 6 HE M £ 72 1% 24 BRI 0 12 1 % 12 Organ
Culture Dish FOMIRE | BAMEL T CT~T L—7
(2 R0 B A 5 2 T, O BIERE 21T > 7,

Phenylhydrazine hydrochloride Dz iFULAE
FEA BB st. 3536 DT 7 U h Y A H T )VIR IR E
10 uM Phenylhydrazine/10% Steinberg FGifZ 12 % A
L. 24°CITRGE L7 EiR S THE L7z, HEANZ S
TiE. 1U2 2 ml AL/ 7 L — h e IV CIRIE
AT o T2, XHIREEOFE A BEREDS st. 46 ([ ZHE L7 B

PECL R IRRE S OSBRI 2 BRI CBIZ LT,

DNk D SR

LD LT D actin FRHEDELR 2 B1%2 95 BB THR%E
et AT o7z, —IRPUE L LU TOR & B 2 585%
9% Anti-Myosin, Heavy Chain, Mouse-Monoclonal
Pi i (MF-20 #i {4 : R&D SYSTEMS #: #) % H
W7z, ZIRPUA L LT Alexa Fluor 488-conjugated
AffiniPure® Fab Fragment Goat Anti-Mouse
IgG(H+L) (ThermoFisher #:#) M L7,

FIT st. 3846 ShAMI DY ta ¥ v 7L &
4% /X7 RNV LT VT B R PBSC) 12 XD 1R 30
Sy PL B a2 REf E CREE L 721418 100% A ¥
S —IVIZEH, b oy ORE A 2 [T - 7=, PBS()
I%. Phosphate-buffered Saline ® g T, Z Z TIix
Mg*, Ca?* & £ 72\ pH 7.2-7.4 IZ pH 3% L 7=
HOxE W, WIT, 5%, 50%, 25% A &/ —)L
[PBST OFLD A B 7 — )LD FERINZ AWTE 5
SMOIEZEATV, T EAKF LTz, PBST X,
Tween20 % fc #& 2 E 0.1% (V/V) & PBS TH 5,
Z D%, PBST ~E#LL 5 [ OwRE 2 [BiT-72,
PBST %Z#57C. 3% Blocking reagent/PBST 400 ul (2
B L, S CRIK 1 RFRIEE L, 1RO~
X 2 ~_X— ., Blocking/PBST ##C, —kPiik%
& A72 150 ul @ 3% Blocking Reagent/PBST % /il %
T, ACOMMET IR EZ T 2SS T2, &
D%, PBSTIZ X % 20 43 M OFE O Weis % 5 14T
VY, FFUY400 ul @ 3% Blocking reagent/PBST (2 &
Bl SR C1RFRRIEE Lz, VT, Zkbiiks
& A7 150 pl @ Blocking Reagent/PBST (Z & #4 L .
4 COMEET LB Sz, £ D%, PBSTIZ
£ DD 20 43 O Peif 2 =R T 5 [[IfTV, PBS
W2 X5 5o % 2 BTV, 8O SR BEMEE
(SZX16, Olympus #15) | BN H0LIMeT IX-
73, Olympus fE8) 36 X O S L — W — BRI EE
(LSM1700, Zeiss ##4) % W THIZR 21T o 72,

LD D AT E

- SEFNVUHLEE DO ARIZ DV T, MF-20 Hiikz vz
FRROGEREEIZL D | DRk (0 & #hjREk)
AL L7z, WICIX73 CTHIE L, T2
RO CEFER DB 2 G LTc, Z OmEifga T,
EgpLEE Y 7~ GIMP2 (Windows it 7 U — o7 = 7)
& Mac it Photoshop % VT, DMigsE Ik o 5 6 %
e BEWE L, ZOWE LY 7 B E
T 7 v A —F—Z i L CHIE L7 100 pm
X 100 pm=10* (um)* D HH 5 TOE 7 B LETH
V., EEOHMEEZ (um)P X—ATHRH L7, FLIE



72 Science Journal of Kanagawa University Vol. 33, 2022

JE SRR CHAlE L 7= F2BREE & W i 5k FREE 0O Ui fE R o
KE SOFFFN A BEZOF D EX, Welch
D EREICE Y HIE L,

iR

st. 42 7 5 st. 46 DYYEIZIH T B DIRIERE

IZ U DI, ERIZREAE L T2 LD S A 0Ll
WZDOWT, B R X OVH D myosin ZHUR & L
THEkT 5 MF-20 HUkic L B ougdeta z i L7- =T
BLE (M),

DEIZ BV TIE, st 39 TIHERIN D BT =A’
ROHEE TR L (0=9), st. 40, 41 TlE = H HIROFE
fex /R L7z (ENEh, n=6, n=7), MM R T,
BJRER (aortic bulb) I LFEOEICZNNH TH -7,
st. 42 DBEETOBO L — TR ITE L < 11T L.
DEOAHRIFICENRERAMIE L (n=10; X 1A-A") |
st. 43, 44, 45 TH Z OEXIR 72 EBIMRITRFF S
TR AE R LTz (£ Z4, n=10, n=9, n=10), st.
46 TL—T R OEE T L, B OFEL R
L7z (n=10/10; ¥ 1B-B), ZiLH OBIERERND
DIZ DWW THE st 39-40 DT, D7 & bLEE
TRER (2 OBARM#E, TR ONLEBIRIZEHE W
TR D NV — T TR LB AR S AU, st. 46 Tl —
THRITTE T2 2 LBl SN,

Blebbistatin £¢5:12 & % DIk D B ME
FE 5 myosin II ATPase [HE#| T&H % (£ )-Blebbi-
statin & H W72 % B2 FEIRIIC B I 2 RIEFHER %

Light field MF-20

st.42

st.46

1. Y AH T VA DIBOIER A, A-A) LEOIEEE
flE, 22-24°C TH;#E 4 1% D st. 42 THMIMN S BT
5 - e - BRER (1% OBWIRM&E, Bk, R E BV D)
ICED MR A E (FEM S R THEHEIY ) & 72 b IERE
ZRLT-. B-B) Z0%t - DAEXOFELZ R L, Bk
BRSO U CERTT (1> TAERTDT ) ICThLE LT,
st. 46 TlE st. 42 $hE L RO LIEEREZ R LIZ. 2T
BEIIERNOHRE L TWD. REEITD=EZ/RL, A
KHENIEIIRER A7~ 9°. Bars, 200 um.

s

1ToTc. ZORER, EBRBED LIRS KRB~ T
IR Ch - 7= (IR, [RIIEXRHEEE n=0/60; 0.05
uM, n=35/45; 0.1 uM, n=41/51 (SyRHTHERF DA TF
fEAEE) 5 K 2C-C), F£7=. FFLEOIKFE AT
EThHoT,

Blebbistatin ZLERZ XL 5 0 DB L 2 BT 5 7=
WIZ, BB E L OV O myosin (259 D HAT
H D MF-20 % H 7= 5275844 %47\, Blebbistatin
KRB SN AR D Uil % IR L Lo, ZEORER & LT
Blebbistatin ZLEREE D Lagl OB 3 EEE L, [F UU8
EEEORBIE TR OND X9 20D A » =ik
DERRE & /R & 727 - 72 (0.05 uM, n=11/15; 0.1 uM,
n=14/15; [X 2D-D"), &DOIKIE A L 0 E&EAIIC
RTTZOIT, MF-20 HUikI X v e ta L= Bk o
DO 1E{ 4 % 3212 Photoshop % AW T, i L D0
IO ERE Z KD Tz, Z DGR, FEEE O CNRTEIRIE
KRR LTI S 72O H A EMET L
Tz GRIIRIEZS 11.1 £ 0.9, 0.05 uM JLELRET 6.7
+ 2.1, 0.1 pM LFHEET 6.5 = 1.4 X 10000 pm? X
40), F72. 1% OF BKUETHIHFZHINCAH BEREZN
o7 (P<0.01), My o DgFEEL D 5 A HEFE VT

2. (£ )-Blebbistatin {2 IE LR OBIEFE R, A) WL
HEBOYE. IEWYE LIV EE D B2\, B) 0.05
uM Blebbistatin ZLEE#L (2 2 H [HIZ 72 o ThiZE L FJE
SHAED st. 46 122 L2 OAEREOSh A, BF 5 I3l
FEREOAX FITEE N U TR RN A b3 & Uiz, C-C)
myosin IT OFREAERICH % (&= )-Blebbistatin ALERIZ
X0 LIEITIEER & 22 o 7=, D-D) %A (D) & 0.05
uM Blebbistatin ZLFREE (D) & MF-20 Hiik THfa L7z 0
ligi % 79" . Scale bars; A 1 Imm, B (% 0.5mm, C-C'i%
200 pm, D-D'/% 100 um.
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TLTW=Z &b BRI O RIEZ R LT
HEEZD,

myosin II ® #§ 68 2 [ & L 7= = & »» &,
( = )-Blebbistatin ZLFRIC L 2 DI ~D 8 2 T~
7= (+ )-Blebbistatin (& 6 WffEHE L 7= %12 0%
e Uiz, ALERE% 0041 (0 £ 0[5 /30 7)) 1X[FRIE
%fPRREE (53.8 = 1.31 [0] /30 ) IR THAEITIK T
L7, F72. P<0.01 OF EKAETIFEAGEIIZER S
AU, RERREE & ALBREE CHREEHFARICH B R =N AE T T
W7, F7-. (% )-Blebbistatin DD 7= 812 AT
YAKIZIRTEALERIR 2 1T L C 20 BRI I HE LA
HIE Uiz & 2 A, [RExHRRE (78.5 + 1.06 [A] /30 #5)
& EBREE (0.05uM;  66.6 = 1.60 71 /30 #, 0.1 pM;
67.1 = 1.39 [A1 /30 B ) THEGHFMICHEE R EZNRH 5
H DD (P<0.01), FEEREEDLHAITE L < [F1FE L 7= (
4E), F*7-. (+ )-Blebbistatin ZL¥|Z J % jEE)HEHE
~OEEERARDT2DIT, FHBERZIZA~T L—
TN K DB A RIEEE R ORI 2 T, T D
FER, SRR CIIRE E 5 2 D L kR TEN AR LTS
2 (n=4/4), EEREECITRBEATEN 2 2R E o
72 (0.05 uM: n=4/4, 0.1 pM: n=4/4), LI EDO.LOE
) & RBEFTEY OB EAE R 5, (£ )-Blebbistatin 1%
myosin IT {2 X 2 AIHE A2 FLE LTV 5 2 & D3R S
wic,

it =% 325k T ] L 7= ( & )-Blebbistatin (% 2
TR DO BTG B QL RER) RELZ TR
KTHHIEFNEMER Lz, 0 2 FEOLF R
(R-(4)-Blebbistatin & S-(-)-Blebbistatin) DN T &5
B NEBZOIROIEIE R Z 5| 2 Li-on & ifiE
T D7 OIT, FNENDBMEIRE VSR LT3R
AT TR ERIE LT, £ OfE5, S-()-Blebbistatin
ZiEE LIRS B W T DIROIRTE R A BlEZ S h
72 (0.05 uM, n=11/19; 0.1 pM, n=22/29), L72°L. b
9 —J7 ™ R-(+)-Blebbistatin |2 {2 i L 7= {8 & Tl %t
FREE & BRI IEFITRAE L, AN LR8I
Bl h o7 (IRIALE. 0.05 uM, n=0/36; 0.1
uM, n=0/36), Zi b OBIERERENG, 2 HEOHIG
BRI DT S-(-)-Blebbistatin @ 75 A3 LMD T HETK
AT A 5.2 122 L NS o Tz,

Omecamtiv £¢5:-12 X % DIk D%R/ME

> 7 myosin II ATPase 12 it %] T & %5 Omecamtiv
mecarbil # FHAE EIRICR G LIz & 2 A, EBEE
D g IE R BB FE R TIRTE R & 72 > 72 (0.1 mM
T n=58/62; [ 3C-C', D-D), ##!Z 0% DK Bl A
PHE CTH - 7=, Omecamtiv &Z 512 L HX— A X —
T —HERE DB 2 PR D T 0I0Z2HE LT,
Omecamtiv Z & e N THE/KIZ 24 REIRIE L 72 E%

WODAZRE Lo L 2 A, XHRREE S N CTEBREET
FHLDMEMET Lz (B2, IR{ELFEE 0 =
0 [m] /30 F, [FIiE %F FEAE 34.9 = 0.83 [8] /30 ), D>
FH1E 5% DA EAKUE THGH PRI A B 2R 2203 % A
EEBREECR O (P<0.01), S 5I2, ALEKIC
IRIEERZ AT LT L, 24 RERZICHE.OM %
HWELZEZA, RIRE U CTHEBREE L XTHREE S T
SHERICH B RER D ST b DO (P<0.01), FEHHE
DOOAIEE L EHE L7z (K 4F), 26 OBIEERER
M, TREAOFEIR CIEH 525, myosin IT OIEEA]
T 5 Omecamtiv D% 5-CTH myosin IT (2R L 7=
Ol & € DR OBRE LA E L TnDH Z &
77o F£72. Omecamtiv ALERIZ X 2 LB E (R D TEEE
BE~DEEB LR LT 0I12, MEERICA~T IL—T
Z W TR B EAR A~ DO RITR TR AT o 1o ~T /—

Omecamtiv

control

3. Omecamtiv i@ {EALFRRE DO BIELFE B, A-D' IZLFRRE
Z, A-D IZ[RIERTIRREZ R, A-A) JMBELEZ O E (A).
B 7 A (A) EAMEIESA E 2L T 7w, B-B) [FIiE
YE (B) 23 st. 46 1T L 72 Rp O ALERBE D Sh A= L T Mg A2
KL INE T Tz (BY). C-C) ALBRRE ClrdDi DRI Ak
(C) 234 U 7=. Scale bars; A-A' /X 1mm, B-B'!Z 0.5mm,
C-C' 1 200 pm, D-D' 3 100 um.
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FIZ RV H LT= st. 40-41 OMPMEKIL, St REET
AEE DGR TE A2 7~ L (n=24/24), FEERAULVER{EKZ
BT bR TEN 2 R TR AL 5 7 (n=18/24),
Z OBIEREE DS . Omecamtiv ITIEINCERT 58
R ORI T B2 523, @ORFREEZ - T
M7 myosin II AL LTWD I EARIE I N,
Omecamtiv LEREIZ B W T H, D ~D B %
W /T B Bk &2 O - s Y i % i L 7- (8 A T
T LTz, D5 2385 MF-20 HiiRlc L Al
{4, %47 - 7= Omecamtiv JLELSN A O LMiglZ BTt
KRB IZ LTI O D) OREE N EBRILERE T
Blzrsniz (0.1 mM, n=12/15), 5 L — —Hif%
ﬁ_iéﬁﬁ_%mf%\ﬁ%ﬁ_wmfuiﬁ%
£ LTV (n=5/5; X 3D-D), T DM DT
DO A IR T2 L\MMEWTMFWVW
X % S Ye e CRIEAL S A 2 SR OO AR A {5 AL EE
V7 NCHIE Lz, ZORSEE, BN 5 77 LR
O LMERER D 5 A R (2.6 £ 0.5 X 10000 pm?) 23,
STRREOZH (10.4 £+ 1.1 X 10000 pm?) LV /A E
WZ EATREN., AEAKE 1% THREFFIICLAE
727N B o 72 (P<0.01; X 4D), DMERGEIK O b5 47 i FE
MEFLTW=Z £, Omecamtiv ZLEE CTLMEA

Blebbistatin Omecamtiv

BEE(12) 0.05uMALEEEE(14) 0.1pMALIEE(15) SHEREE (n=14)

m)"2

x 10000 (um)~2
x 10000 (ur

o N 2 o o

0.1 mMMALEE (n=15)

E o F w0

80 800

00

3 600 @ 600
I3 2

@ 500 R

éé 0o ﬁann

Q30 Qo

2 00

100

00 00

HEE oM ouM BB oM OyM o1M

206

4. Blebbistatin ZLFEEE & Omeacmtiv ZLFEEE O LM lE fE
WO & o E A=A, B-B) JEITEF#) 5 7
MF-20 HiiR CHe & » 7= OIS GEIR O E RS (R THA T4 b
DR L BIIRER O AR ) & Wit 4LFE Y 7 b Photoshop (2 & ¥
HE L7=. C) Blebbistatin ZLHC & ¥ UG O HFE A
BT L G, ** 13, Wb P<0.01).D) Omecamtiv
FRIZ K o> THLRERO RS A EIK T L (i
P<0.01).E, F) Blebbistatin #L ¥} (E) 72 & (V2 Omecamtiv
ALER (F) (2 20 DA LR TF L722S, fREAKICAT
T5 &DHERIEEE L ) % 1, Wit h P<0.01).

ﬁ%ﬁ&ﬁot_k#réhtoﬁfm@®ﬁmﬁ
b b, DIROTERETE R O O IEF 72l 4 -
AL VILTH D Z LB ENT,

Phenylhydrazine ¢ 5:12 & % 0% L FiE % 0 #
JEK
AR @ myosin PR A 35 L OMRIE A D IR 18 FEBR Dk
FlE, AL K > Tl AN T DI OARTE B
Z R CEBEEICEN T 2 RBR 2 BET 5 2 &N
TEERMT Z ek D, ZORMERE 2,
DO DO IR ZEH L, D~ B 28l
B9 52 L ERBT-, ZOEBRFZROIEH T DI
4% 3K L L C Phenylhydrazine |Z7EH L7z, Z®
WA YT T 7 4 v vaDOMAICEETDHZ LT,
ZOLBISEBEREE L SED Z ERREIN T
28 HEAEHOETA AN THIETT T 4
VaTHIOEADOEENRONTZ NG, it
HOETNAMTHLT 7)Y AT LT EE
NROND ETFRL, Z OA %% R FIRG Y
AT T ORIZEE Uiz, ZORE, D= 10 pM,
n=34/39) ¥ L Q@R / BHAR [ 8 O T EEI T H
% it tH % (outflow tract) Tz k234 U7z (10 uM,
n=33/39; X 5A-A), Fiz, LIZBWTIE, KRt
IRV TLE & i B O IEW AR 22 IGHE S T8 B AL
77

MF-20 #iiRIZ £ 2 @ Ye iR OBl 217 > 72
& Z A, Phenylhydrazine ZLEERE D .LyEEEH O L ff D
75 AR — DRI A A— 2T 5 REEC R TE L
o TR, DHOFIEMEES L TND K HICH
%72 (10 uM, n=14/16; [X] 5B-B’), F7=, LML —
P—PEEEC LA BIZRICB O TH Z OHWHEI R X
oy DEITHLE T 2 O IR BB T H b M
XN Tz (n=5/5; X 5C-C’), X I, LMK

TERL DA M A2 E BRI 721, MF-20 Hiik% M
N2 S Y ti 2 20 AT L 72 D igl e 2T, AR

D 2OOFALE L [F CFIE, WY 7 hoxT T
DB O IR A HIE Lz, T ORER, &R (10.8
+ 1.2 X 10000 pm?) (Z bt~ T EBREE (18.5 + 3.0 X
10000 pm?) O-LAROHEFEO S A HRHIZEN L, HEk
NS LA EEND - 72 (P<0.01; K 5D), b D
BIEAERIN D DIERO EF 2RI BV CTL
TR HAL DY, E DERE DR EZF I OHF|HEIC
METHDH I ERRBEINT,

) i

ZEH 513 myosin IT OFEEE 2 [HE S L OMEtE4 5 3K
&2 AT, DIROTEREIE K~ D 528 % G~ Tz,
AN OFER, DIRORET I ZEENE U,



ok HEAh: 77U B AT IVELBROTEIETE R OWFIE 75

actomyosin &2 DULHEN Z 11 5 DOEE DILREI ARIZ &
BCThHDHZ EEWHLMNI Lz, AW THER L7200
i IR T IR RIREZ R L, b D
B DLEAIERFRE ORI OREIE, T — %R T
AR IR EE (lateral plate mesoderm: LPM) CI&E9
% nodal =>pitx2 #H\2 & > TheSL S5 22,

control

10uM Phenylhydrazine

—
o

o N B OO

882 (n=30) 10 uMALEREE (n=26)

5. Phenylhydrazine 2L B % @ L # 2 B F 5 0Ll
D 5y A & 0 ik E 3k o 15 RS O F & A-A!, B-B', C-C)
Phenylhydrazine ZLEERE (A, B, C) TiX, xfHE#E A, B, C)
WZHEATMROIBIZ A U Tz, MF-20 Fiik % v /-
SPEYLalC LY, EBREEO.LF B, C) iIxtEEOZ (B,
O I _THALPMERE S, DFHE OB LN - T
WD ZENGnoTz. D) DB mEAE T RIS T
HFETHIN L Tz (513 P<0.01). IESTETR 4 EFT
Td7%. Scalebars; A-A', B-B', C-C' O\ 341 100 pum.

Los L, BRI S ShAERNC 2T CORE TR
(2, MHSERH] C & 2 FI 1R NS B3 2 prex2
IZ X W IRE LI EEmIEDIEREZ b & I EBRICAE
FEXTR e a B HE 2 HE LT D BB XA 72 3 20
W RBFZE I A O A FER PR R 2 E O REE
%12 actomyosin OULHEDS EAEAZEI 5 L T2 FIRE
P R L7z,

Dk D ITETETE IR D0 D 55 2B

MF-20 Hufk 2 W7o e alc L0 D & et L,
st. 42 725 46 [ZH T TDY A T )V AED LIE DT
REAEE LTz, Z 0 st. 42-46 O TILLIEROEREIT
FkE (DS BT, DSk L CEIRER S M2 >
CTHEMANCALE T 2, BEEMRD S T, My REEt[E]
V) OFREEZRLTEY ., LIROL—TRRRIZIEIE
SET LTV, ARIOBETIILEIZBNTALR
o TR, st 46 IZITTER SN TWAD Z &R
FATHFFRICE VAL T0 D Y, &hic, Z
® Kolker & (2000) O Y4 5%3H 3L Tl st. 41 2> H L E
WCLMMBELIRD D Z ENRHEINTWA Z &
5. ARIOBIERT st. 42-46 TOLMEIZHED BN 2228
BT B IZ2 o 7203, F ONEL TR O A &
DIFEA B BE ST (2 DAL CTHIIME R 3- 2 &3 E 2
biLD, Fio EA L —F S L5 BIE 5,
DEOLHIF D & st 46 DEEPECTHAL LT-F
REZ /R Z ERAETHRENT (K 50),

myosin IT ®FEHE % 15 9 % Blebbistatin (Z L 5
ERZ X0 DEROIKTE RN E U7z (%] 2C-C),
Blebbistatin ZLEERED L2 MF-20 THEieta L7
LA DEFORE (5D D KREOBEME) 8%
L7 (K 2D-D), ZH 5 DFERNG, DIROEER
1T actomyosin & D st. 42-46 O ] C D I HE 23 4
HCTHDAREMEN RS SN, T ORAERM T,
T T EDLIRITIER B L TV 5, ZOfEE
Z % F % . Blebbistatin ZLH & 13312 myosin IT OF
REZ L L, actomyosin D&% /L U S E 725412
BT D DEDOIERE~ DL TR D 12012, A
T 0 O OUHE & EHES % Omecamtiv LERZ 1T -
T2 TORER, B4 2 Z L2, Omecamtiv ZLFRIZ IS
W H DR 234 ©, MF-20 (2 K 2 ALEERED
CaPE YA L DB TIL OIS D0 OEEEN
BB Tx T2, DI EDOFERNS DIBOFREZRIZ & -
T, 89 &95959 X 72\ actomyosin 54 0D 72 VAR
DB TH D AR IEF 1B £~ T,

VATV OEE | st 33/34 1> 5 LR OB 23 BH
WBEND, 6> T e fashosh S & AEN OB,
BHIIR | A D2E DEEFEPKBE OGO AT 5T,
Dl B IRDOTREFE R, FFIZ LA OHFEIC 595



76 Science Journal of Kanagawa University Vol. 33, 2022

ETPRHEND, SWEREMOLHEND, LN S
cardiac cushion ~® EMT (epithelial- mesenchymal
transformation; b/ 3R ) 2 EHET 200, £
e b, L% ORGE R ET D DTN
THRMO D Z L0, 5% OBEERMNITIREL 2D,
Jackson © (2017) (. #IHI OO Coigt AL (8 < 3R )3
EMT Zf&H1 L7227 = VYT REERR 0 Dig ak
ICEETHDHZ E2WE LTS P, Omecamtiv 4L
HIZ LA OMMEEZHE L, TORR, VXI i
HEVZPHE L & Bbivd, BIfE, Omecamtiv Lk
RIRBR OHETe, 50 < WIFF SN DBRLHFITH D08 2,
FRICAEIR U7 B IC B W IR EE R R 5 O EN
koo HrTHAH, hhatlwn b, 2D
FNC X 2 FBRAE RO Dl O 8 722 SUHE 23 i D
EFREBERELNE A XOHIEICKLETSHD Z
LRI E T,

TS 2 FEOMERRE T O REE & b L
THFHFELKIBIZIKETFLTCW=2 &b, EREo T
ik 0> 1E 5 72 T RE T A2 56 AR B 0D W00 15 0D 18 BT) 732 A
MULETHD] & ORMEIFF LT, IUHE DR S
DNE Y] TR 2R WAL DR OB R FH R S
Too & 20, DROARTE K & 13k BRI Lol oD 1 7
B FHIE LIS a0 O b ~DBIx & 5 7
DO & OREE D 5 Phenylhydrazine (2 X
HIRIEERBR AT T2, T DFER, Phenylhydrazine
REIZBN T, WFR SO~ —0 =GO
IR T H 505 B LOFPRER (5 HH ) Oz RLA
£ U 72, & 52 Phenylhydrazine ZLEEEE D 0 i %
MF-20 #ifkZz 7o soggealc L v arfidb Lz, &
OFEFR., FCIRERECHEE L TH, xRS
T Phenylhydrazine fLEERE DOl TIEARALMELE X
. D EREEOMBENIA L 72 - 7= (X 5B-B, C—
C), Phenylhydrazine O 18 X5 BEEIZ LT, D
LMK & CHAEICEER S ENENART AT
HE L T\, D RFEIEOMBRERIALS o7
O, D OIGEDFENRFENAE T2 EZ 2 B,
Phenylhydrazine ZLEEIR D DB DOBEZL 05 6 Dl
DL 72 DS Ll D B 72 FERETE U LB Th D
ZEWIRENT, BEMETH S OEO ER 72 dqEh o
L, IO, FrCHIbD & A X 7 H3E
IETH DI ENBELRDONS LRV,

Phenylhydrazine |Z X 2B L > T, w7 AT
BMENEL D Z ENBEINTNDE Y, 2oz &
7B Phenylhydrazine ZLEE23 T 7 U 71> A FF )|
DO A FHE L7 ER T & LTk, Y AT
T/UZEBWTHEMIEITER L7z mReER & 5, %
FolE, Bl XY Mg EMET L7z 7o DI Ofigins
BN H 72 0 O MG &% LiF 5 2 & CHEMmI

MIGLE D E LB TWD, TEEMGLE LTI,
Phenylhydrazine ZLERIZ J > CLMg I = VAT 23 7>
Mol Z EMD, MR A TLIH OFAL Mt

S, D OGS 2 — AT RENE L, 2B
DLROBER N E LT EEZ TS, 5%IF, 2
DYEZEARGH & WAL 3 5 72 12, Phenylhydrazine (2
EVEMPECTODLONENOTET L A%G5
VENRD D, ZOTET U AEHEDHTZDIC, AlSE
DK AR D FEHL B O A & & RT-PCR T~
fenekEZEZ TS, £z, EEEOGWEM THA
LR T O AR M ER ORI E T A LTS Al
BEMENNE 2 b5 7= %, Phenylhydrazine ZLEEEE)>
Oz 7Y 7 L, MRS O Bk B %
ELTENWEEZTNWD,

I8 N R R it 12 L 2 BRI K 0 ifET 5
ZEBRGPoTND P, A ITHE LTS N B
XZDOREEEL ST S B2 DB THLE
SCENIRER D NEES ML X B3R FiEALT 0 77 (fuid
shear stress) 2517 T\ 5728, (DigiZ 9 2
JlZHONWThH, ZOBEEIZK L, MildL~L Tl
TNEEST DT DIHIROETNEL D EEZ D,
FTo, RO 3 FFHDIEANT L 2 EBROFERN G,
DEDTERETE BT 30l D BN 22 G S BT D
ZEDBH LM SO T, Z O O Y] AR I
DO OTEREZFRET L. & D% D LIgOFAE
Tt AR EBERIEL T, BEKNRT U N7y b
& LTl et X (RFE) OLIRIC 72 5 X 58EL D
TIERWNEBZTWD, 207D, LIEOAMED)
FEER L, &25WVIT0NERE R RO s
T, A b L TR L — Y — BRI L 5 3D
MEEG N, 0O LRMREELZBIE L ERT D
VENSD D EZEZTND, Ty NOKBROIMAE -
TR ARIE D BE A & T 7228 Tl BT (laminar
flow) ®F 2 X U F i 7% actin X° smooth muscle
protein 22 (SM22) 72 & O~ — 1 — D FHBLOA
ICRBIBNENT 52 ERMESHL TS P, K
WFIEDEB R TiE, DIROIEIZ R 22 LR
L TS 23035 ML H> B @ fluid shear stress O
ZALRAEL TS &P S, Shi b (2010) D
DIRMET 5 X D12, Y ATV ORI O LR
MEFRIZEBNTH, MFEOH S ORISR U CiidL
TOVISTIBEL L TWDAEESERH D, T DT,
T 7YY AT DLNERNERIZBIT S0
DN~ — 1 — D3 BLEAE . £713E & RT-PCR
FIZEOVFAE LW EBZ TN D,

SRITFEH PN LAY TFRIR T 7 a—F
T, DED Z < B VEIR TREFRAYIZ actomyosin DY
MEE 2 PLETHZ & T, =T B ED K I (1T



ok HEAh: 77U BY AT VBB OTEIETE R OWFIE  TT7

LT ONEBI LERDH D, HDHVIE,
FRETCBABR L C. B 21X ATP 72 EINEBIZEA LiAd 5
NTAR 12 9% caged (L& ZEFIA L, e
FEI 721 C actomyosin OULHEER) 2 1E (LT 25 & Bl
BRI RS OND THH D P,

myosin (¥, K&Z727 7 IV —%kT 5% 1
Thod, £O77IY—AN—=T%% myosin I
IZactin 7 4+ 7 A2 M EFHAEERH L, AN/
PERHIFE DR D ORI 545 %2, vavYs
7 XD myosin T IZEHNCHELE RIS ENZ
W g oY R OMBE SNBSS 2R D
souther 75 FARDBLR IR F- ORGS0 7
=TI XV REESH, Z OISO R KBS T
M myosin I % 2— K75 Myo31DF ThH % Z &
Bl o3, S5, BBO#R D FaEE% g
R R ORI IEEE D chirality IC L W RED . Z D
chirality DIEERIZ myosin T a3 5 L T\5 2
LMo TE Y, anisotropic 7214 5 R OMIIRE
REDETEDBENG DN — T TERIZ LB TH D REM: %
RIELTWD P, FHEBW O T 7 ) 1 A A T
BT, myosin T30S X OWHEICRILL T D
9, BOTRAEFE £ 6 ORFZEIES] 7 L — 712 & 0 S
WINRIZIEIR S, 77 U Y A T = )v D myosin I %
I BT D e WIEYE LA T RO FIE D
WML Z EBRBESNTHWD Y, 2Dz Enb,
TI7VHYABTNEY a7y g U/ T
B OLRAIERIFMEDDTE~D myosin T DEIG-HHEAL
FINZRIFENTND Z ENRB 2 bILD, TDT®D,
Y A I =L O (JFRARLME ) 12 W T H Al RE
O chirality & & DL U 5 ATREMESHEZR CTX 5,

F LD L, ARIFZEIZEBWT, LIEOES 2k
JERIZ & actomyosin O E) 72 NAE N M ETH D Z
EWRENT, ABORBELEL LT, EENTO actin
X° myosin Il OEEABIZET 5 Z L FREE LT
Fohd, £ TRISFENEC L > THILERE
¥\ F 72 actin £7-1% myosin Bl H AL b T
VAV z =y 7Y AH T AEZER L, EEREOA
AN T actomyosin i V) JEB) O ENFE A RRFH 2B
L, DIEOIRE R~D actomyosin & DUiE D RE
HZ&, HEMZ, DOV T NVZA LATHLNILE
LRSI 7 R i i ok T e i O E S Eog = ol ST A e
U »B&{k Histone |Z GFP % 7 %Dl I A A —V
TREELVAEHEEDND,

P& D i Ay JE X PR IRE D BRI o A r — F
(nodal => pitx2 %) D FPIRL LTONL—TIE
BRI

AWFZETIER L= Do £ A It om & (£

R ) O fESLZ X, nodal & WX D TGF- B
superfamily (ZJ& 3 2 3 WK+ 4 22— R34 585 F
ML TWD Z ERM b TWD, nodal 133 HE
iy cHam L, JRIBIRENC I3 AV T T A —
(2, BRI (RIS ) (i, AR P R
(LPM) CTHEMFERIZHBT D, I D nodal DFH
JERIFRARFEBUC L0 . BEIA LA T A P —fE (>
A T IV R TIIARRIRIE G O 14 7 RIFZEER ) T Ol
FIEF DN ERKT DI & DA IEFHEDOM LN
FEAFERFR72 B FHBLE L TR b S, AligIC
RERMEOFBERAINESND 637 S5, B
HIRSE O JFRA LRI AR S D ¥, 20w,
RTHEBUC L D A ORI B FBRIZE DL
WE b LA FRT DS L — o 73 D
DK LT, Nodal ¥ 7" F /AT %4 2 Ul o R
EORPFHFEDO 2 v~ 2 v FOSERT D AR
Exohs, BB EEREOETVENTHLE
7T 7 4 vy aDDEDN—E L 71 actomyosin
DR BLETH Y, ZON—E T OIHMHIE
Nodal & 7 /VIiZ L 5o FHz b LI Tbh
HEMESNTND P, ZOMRIZETAEOE T
T77 40 aDbDTIEH SN, Nodal > 7 F /LD
TN I T D LD FEAG FER PRI DHESL D FATH &
L T actomyosin ARG L TWAH I & &2 RELT
W%, nodal [ZEMEBME TR RFEINTEY,
WA THLT 7Y Y AT BN TS LM
® LPM C nodal B:# & 15 - Xnr-1 (Xenopus nodal
related-1) N FEEL L, e FERIFREREIZRE 5 L T
WD 2 EEFRAITHE L TN D 0

g

actomyosin {3 FFHEBY I O IELD Y — L+ v b
=0 5H»

A SLOBeth D5 & LT, DIROIEA 2 7Ext 5
& LIeARIEDONI SN S, FHEEM 2R OTN %
EAERMTFCRET D, 5%IL. BFREWDO S 6,
FHEENY) & X BNyl U= SHR B, THEEY
O N AT A OEE RO TLESCIGE 72 &
DM EROZFEIZRRIZ actomyosin DOULAENB S L T
WHDNEDRIEERE b L IR Z Ik L, #FE
TERHEAIZ 1T 5 actomyosin & DAERLIRF D 95 B B AR
M (<A F—7¢ family member & & C) & D1
ROy FAN, EORRE, LRI SN TN D D)
IR LTIV EBEZ TS, FHEEM O.OITE S
TN —E 735, 61T, LIETKE{fESD
RO NTIAEMFEIC L > TR DR, DELELEIS
Lo END 2, FHEE T L BRI REENIC
S LM AETH D 0T XY 2 ORI LE
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IR L. M oFFHESEN) O CgIE Rk o K {2 B 5
T 5 thx R OFICER L TND Z L3ninoT
W5 W F 1= nodal DT VTV TH D pitx
WL, ZER R IRZEIZIN 2 CL Dl IRIE IS A2 A FE
KRB L TWD Y, ZhbDE0 5, FHEEY
D DD REI B2 3 1T % actomyosin & D B 5-
23 AL O CREICER S e b D72 D)
RS D Z LIFIERICHEIRIR W E B 2 T D, ]
. myosin 23 Z FUFE TSR D2 ([ZOW T,
hkx 7284 T, BRax RBET BB AT, £ DR
FREN O NERBE TR D B D BN Feiifb 37 <
fine tuning N THEET 25 Lo I rELL TE
NH] EWIOEEGZ A TWD, ARz 5 E
SHAUE, HEVICHHA 7 actomyosin & H Y —
Ry RO, BRI OEL & ZERMEEFES ETH
ROPERY—NLFy b THHDLZERREINDNE
LAt7euy,

i

MREZITT 5 LT, Bx0@Bhs%Bo £ L7
INEEIRRA R, H B A B R, RS
B2 IR EBER KRB E LR L B ET,
EBRGTEEZ R Z TR & F LEEEHEEINRE O
ESRES ARG L EFE 9, £/, Y AT
JUIR « %4 @ wholemount 60 Ys 2 D 1 1k % % %
TLESWE L7z, BRETSZKRFOWN LR Hd=,
ANARII I EGHI N2 L E T, BA2 O % Z34%
L CIHE F LA AU eiTaT R AR Bz 7
5N BB - L ET,
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Abstract: Molt-inhibiting hormone (MIH) is produced in the X-organ/sinus gland complex
of the eyestalk. MIH negatively regulates molting hormone (ecdysteroids) synthesis in the Y-
organ. Therefore, MIH is considered to be one of the most important molecules for growth
regulation in crustaceans. In order to discover new MIH molecules from the whiteleg shrimp
Litopenaeus vannamer, RNA-seq analysis was conducted in this study. Total RNAs were ex-
tracted from the eyestalk, brain, thoracic ganglia, and abdominal ganglia, and were used for
library preparation. Pair-end sequencing of the constructed cDNA libraries was performed (3.0
Mb for each library). As a result, five new MIH molecules were identified and one of them was
expressed in all nerve tissues. This characteristic gene expression pattern was similar to that
of the kuruma prawn Marsupenaeus japonicus MIH-B, so this molecule from L. vannamer was
designated as Liv-MIH-B. Amino acid sequence comparison of Liv-MIH-B and known MIHs in-
dicated that Liv-MIH-B must be a non-eyestalk type molecule. However, the expression level of
Liv-MIH-B in the eyestalk was very high. Therefore, Liv-MIH-B was considered to be a unique
MIH molecule that has never been reported.

Keywords: crustacea, eyestalk hormone, whiteleg shrimp, Litopenaecus vannamei, molt-

inhibiting hormone
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%ﬁ%@%EQM’iwﬁ&ﬁﬁ i Rz I E . Rz
. PLEBIC T 2 TE D, FREOBE
I%. SEMGE Tf#éY RETCTHABREIND L AL
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1990 4E, #IHTT AV B BT AX—DY A F A
R 7> & B Rz il 75 /L€ > (molt-inhibiting hormone,
MIH) AHEESHh, 7 BESISRESN Y, 7
AVHruaT7 AL —pMIH L, Y#E COZT VA
TuA REREMHET HIEEERF LT\ e, 74
Hrna T AK—@ MIH L, 1989 4F (2 Hif -
EIN TV N =0 FEJEmE L& ALvE s

(crustacean hyperglycemic hormone, CHH) &#E{ElL
TWe?, I, TAUV a7 AZ—DINEE
AN ARV - (vitellogenesis-inhibiting hormone,
VIH) o7 2 7 BBES S R E S, VIH $ MIH <°
CHH L7 2/ BlsEH LTz 9% Zhb
DHRIAARVE ANTAEBIEED R > TODHITH D0
DT, FRT L7 I BESERLTWD Z L
5, 12OXFFR77IU— (CHHR) %FAL
TWDZERHLNE ST,

MIH (3R Z T 5 2 & T, HaEED R E &
WLTWD, FDOi=8, MIH 2T 2 158X R sE
DR EZBfFT 5 ECEELZEZONH L OIT7RY,
HHR P CEANCEFEP I TON TS 7 L~ RO
T EHHO MIH 28k 2 & [RIE iz, 1996 4122 v
2T DY A F AR S MIH ARG - B S,
2005 F 21X H 721 MIH & L < 2724+ (MIH-B)
NEESNE?Y, 7~z MIH-BIZMIH LYt
EHEHENb OO, FEIZZZ VAT rA ROGKE
PN L7z, 2002 4F, v =it MIH 728 2 FREETF
D LN DNA Y n—= 7 L) RENTZ Y,
o 250 MIH (3022 7 2 /R L) - TE
59, —EENS L <HERIL iz (3K 97.4%),
Ll 06 2 OOBIETH LEEERKRD T 7 A
DNA (2B & IZFEL TV Z &b, AREIC L D
HEWTIERWZ ERP LN E R0, ZD% LB
DI N RO BTN T30 i, MIH
AR AT D 2 L AVRES N 1,

AU A ML v Vv a7 (Litopenaues
vannamer) TR TR LBANCEHINTWD 7L
VI bR O ThH DL, ZD7-H, MIH O S
HEATWD, BIEETIZ, RUA Ry T val
7" 7 5 MIH1, MIH2, MIH like protein, MIH-1,
MIH-2 @ 5 ffiffi% = — K92 cDNA 23 Hff S v,
BEENTWE M g, RIS by F vzl
TDT ) LEHNMENT S v, Bk 5 FEHIC N A T
E 5122 < O MIH BFEET 5 ATREMEAVR SavTz 9,
ZZTARBMETIE, AVA Ry T va ) 7o
AR (ARFR. BN, Mot ehiReli, MEEAPRREs) o
RNA v — 7 = U AR ATV, B FRBLL T
DB MIH 288584252 L2 A& LTz,

PR L T5 Tk

p B R A ) IV 4
REROBIHEFRNFHE L TWeATA MLy s
a2 T OB AR ERTHEH L, mhifkARL
EUDOEAIRE CTh O, MM, Kok, B
PR 2 EARBEMUEE T O L7z, L7249
DERBE13A] % 12 RNAlater ™ Stabilization Solution
(Thermo Fisher Scientific) ® A > 7= 1.5 mL F = —
THIZAR -80 JE TR LT,

Total RNA OHlith

A2 7 1% total RNA % #if 1 9 % A7 (2 MR # L.
RNAlater ™ Stabilization Solution H' Ci% & @[5 &
br U CHRANMRRET O A2 SRR T H L7z, R
AR AR SR, MM, SRR AR S, 1 AR R T o Total
RNAZISOGENII (=vhRyv—r) #FEHALT
Hhit L. RNeasy Micro Kit (QIAGEN) % v CHs
L7 (M2 24 n=1), Total RNA DRI
/ Kwu v 7 (Thermo Fisher Scientific) % F\V>TH|
E LTz,

RNA-seq fi#br

i H LU 7= total RNA % Gene Nex fL 12 & fF L.
RNA v — 7 = v A ffifr 4T ole 7477 U —
I3 Eukaryotic Transcriptome Library # H \ T {E
#l X 17z, RNA-seq X 101 bp @ paired-end T %
fil, &% 7N 3.0Gbp DY —7 v AEf,
V=V ADMET = v 71X FastQC Y1 7T A
(version 0.11.2) THEfi L7z, mUA Pl v T o
Vo3R8 eT =2 R=ANE T ) A N T A
V7 h—AT7 =2 PHHAGETH 25 (http//lwww.
shrimpbase.net/lva.download.html), YV — K& 7
MZiZ salmon (version 1.4.0) % M\ 7z,

iR

FI4 MLy Ty VTOMRRIBETRIIL T
W% MIH

A al QAT L 0, 5 FEEH O MIH mRNA 73 # %
M CRILL Tz, 25 5O MIH O 7
R BRI, RUA Ry Y2 T
LECHI N 5 HEM & 7z MIH <2 MIH #4550 7
R BEAIE eI B LW (T 7y
> #F = ROT81026, ROT81028.1, XP_027237983,
XP_027237684.1, XP_027223582.1), L HDH b,
XP_027223582.1 O A DR 72 A 384 L T
U7z, XP_027223582.1 134 (A7~ 7= 4 C o 4kl
MECTHRILL TV (K1), fho 4 FEEIXIEMR O
ATLMBEL W ol (TF—XAmE), Fi-.
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XP_027223582.1 IFHRAA, M4, Mot € M sl
LT 7zns, IERE OB R -7 (K1),
ZOFBNNZ—F, 7~z D MIH-B &L
LTV ¥, ZOROARMIETIX, = ORMN25
FHARTA by 72 7 MIH-B (Liv-MIH-B)
EfHT T,

Liv-MIH-B
Liv-MIH-B OiBRAIL 141 7 3 BRIEIEN S 720
N RSN D 256 7 2V RIRIED T 7T T F R,
417 2 VBB ORI T T K, 27 2 BEE
DFavw ST . 187 3 BEERO Liv-
MIH-B TRk S Cuh7= (14 2), Liv-MIH-B & BE
HMOFRTA "Ly 727 MIHDOT 2 ERE
¥ %t U 7= 5. Liv-MIH-B 1% Liv-MIH-T & &
HE<HEE LTV, LarL, LivMIH-B & Liv-
MIH-T X C Kl 2 7 X BN R > TNz
(K2, Zr~=—bE® CHH=XY >t MIH iZ
BWTH, #E11D 27 2/ BEOVOS TN E—
FEETRHALTWDZEBHALMIERTNDS 19,
o Eas, LivMIH-B & Liv-MIH-T & %7

LT LEZLNI,
|| |I .

L
& ¢ & &
&
¢ ¢
X1 R"UA MLy a2l 7 MH-B (LivMIH-B) @
ARGRERR B OB s T-FE B

1200
1000
800
600
400
200

Transcript per million

4mm Signal peptide mm) um

of vili

FIAL Ly Ty a) Y TOMRRERTRIILT
W% MIH

AWFFE TIPS CTREBLL TW\W5 5 >0 MIH %
R LR, Z2nbi3dEmoR T A MLy Fia
U » 7 MIH1, MIH2. MIH like protein, MIH-1,
MIH-2 37 2/ BRECH IR R > Tz WY Z o
MERXV, RUAL MLy v ) IR, RO
MIH 553 F RS EAMEL TWD T E RSN E 2o
oo F oo AWML THRA L5 >0 MIH 75 11X,
MR CBRIETRE L TW =2 b, EERNT
AL bDMRER B L TWH EEZ BN, KU
A4 Ny 7 va 7%, RNA PRI X 58T
) I BT UNENTHD ZENRESNTNS Y,
A%, Zhb 5O MIH ORiE%Z RNA TH#IC X
LG T ) v I AT FEBRCTRARD TETH D,

Liv-MIH-B

Liv-MIH-B & # 6 B < Tz LivMIH-T (23 A 7
FA N7 (LivMIH-ID 2AFEET 5 (K
2), Liv-MIH-T & Liv-MIH-II (3% #vik v & > 0 43
BRADOY AT A ETIET 2 BESINFE—TH
L0, LD B CRIOT I AT >
TWz, i, A7 74 v ZEEXOEVBRIA
TEEXDZENPHALNER>TWVDS, T R T=D
CHH T [FEkOBR MBI I TR Y, # CHH
D C RN T X by 7 VBN TFAET D5 1R
WTHRBEL, 7 MEy 7T ARNEE LW
PHLZSE CRILL TV, 2%, FEORRLY
ATF TG A o0 CHH R F R T
S, T2 MMby TV FEAET B Ay IR & A
7. T MEY TPV EE LI I FERR IR #
AT LN T ENS otz ', Liv-MIH-B 1% C Kbl
N7 2 My 7P DBMFELE L2 2 & 5 FEIRIR
A ATLEZ DN IR T IEELL Tz (M

Precursor peptide 3

Liv-MIH-B MVSFLSLRMVCSAALVSLLVLALSS RSAFARSVDGVGRLEKLLSSSSSSSGSSSPLDALGGDHSVN

Liv-MIH-I
Liv-MIH-II

KR
EKLLSSSSSSSGSSSPLDALGGDHSVN |KR
EKLLSSSSSSSGSSSPLDALGGDHSVN |[KR

= Mature hormone . )
Liv-MIH-B DTFDHSCKGIYDRELFRKLDRVCEDCYNLYRKPYVATECKSNC FVNKRFNVCVADLRHDVSRFLKI&’-\KHLRYP
Liv-MIH-I DTFDHSCKGIYDRELFRKLDRVCEDCYNLYRKPYVATECKSNCFVNKRFNVCVADLRHDVSRFLKMTKSLRYP
Liv-MIH-II DTFDHSCKGIYDRELFRKLDRVCEDC YNLYRKPYVATECKSNC‘: YANFVFKQCLDDLLMVDAIDEYVNTVQLV

(K2 FmUA Ly Zal) 7 MIH-B (Liv-MIH-B), Liv-MIH-T 12), Liv-MIH-1I 12) 7 X 2 BEESIOT 54 A k.
FEROR 7 2T avs o I I F Nk EBROR 7 2% LivMIH-B & Liv-MIH-1 TR > TWAT 2 /g4, /' L—
DRy 7 LT I N ZF I Zmrd. =AIT43BEE DT AT A V&R,
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1), ZORkIZ, Liv-MIH-B (ZBEE O R, & 13 R %
B A2A LW, 0=, LivMIH-B iX#i7-72
WEEZH 3 B et b B 2 Hiv/z, Liv-MIH-B (Zi%
AT FGA TR T SOBWRE A 7 HIFET 5
LEZbND, 5%, LivMIH-B 721 T/, A7
TA T INYT 2 N ORRZ T L TV 2 & T,
Liv-MIH-B OAKNTOZEE ZH 50 LT T
ETHD,

T

ARFGEIT, FER P VX —H T2 5ERT - B
T v ¥a YT RLX LR O 2022 4 R
W58 [Bacillus JBMFE N2 L D3 F A A4 ZEDRL
FARERAE O] GRS ZE2022B-46) | O 34%
BT b D TY, ZZICHEERLET,
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Identification of Primitive Microtubule-Associated Protein Genes using
the Marine Planarian, Stylochoplana pusilla
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Abstract: Microtubule-associated proteins (MAPs) interact with microtubules and regulate
cell division, cell morphogenesis, cell movement, spindle formation, and intracellular trans-
port. Mammalian MAPs, MAP2, MAP4, and Tau, have a repeating site of the "AP (assembly-
promoting) sequence" in the central part of the microtubule-associated site that directly
binds to microtubules. Recently, genetic analysis revealed that molecules with repeated AP
sequences exist throughout the animal kingdom, but it remains unclear whether these mol-
ecules function as MAPs. The purpose of this study was to identify the primordial MAP mol-
ecule using the marine planarian, Stylochoplana pusilla. First, we examined the breeding
method to maintain S, pusi//a in the laboratory. As a result of changing the diets, the S. pusilia
chased and preyed on brine shrimp, and the body size and survival rate of the group that ate
the brine shrimp were high. Furthermore, two S. pusilla MAP (SpMAP) molecules were identi-
fied based on RNA-seq data. The predicted amino acid sequences were analyzed based on the
cloned sequences of Sp)MAP mRNA. As a result, the two types of SpMAPs had different num-
bers of AP sequence iterations, and there were SpMAP_4R with 4 repeating AP sequences and
SpMAP_5R with 5 repeating AP sequences. SpMAP_4R was missing the 4th AP sequence of
SpMAP_5R. Mammalian neural MAPs, MAP2 and T, lack the second AP sequence of systemic
MAP4, so SpMAPs may also show differences in localization and function such as neuronic and
systemic. In the future, we will analyze the functional conservation and localization of these
SpMAPs and clarify the evolutionary conservation of the MAPs family.

Keywords: microtubule-associated proteins (MAPs), assembly-promoting (AP) sequence,
Stylochoplana pusilla

Fein

W NEIIEEAEMOMIAEKO—FETH D, My T INE DTE RV INE DAL, O & D4R

A, MRS, RO EHE Z,ﬁémﬁﬁfx&@ﬁ 72 & OWUINE O FEAREIE I ZB D 2 i FLEH D MAPs

%ﬁﬁ%% @%ﬁ’%%#é b OREE & LT MAP2/MAP4/Tau A —/3—7 7 I U —3 515

BT 2720120, BUNE DX 72580 NETRE & 2 2 X nNTWns, MAP2, MAP4, Tau X\ 91 N K
75 (MAPS) CHEERTOMENRDD, T TH, ANz 22 e 5347 (Projection domain) . C 2R ¥Rl 2 1%
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INEREATL (Microtubule-binding domain) % & %,
WUNEREETNLIX 7 v U 2 E T Prorich fiElg,
VI USERE, RBES tail iICy T 5D (K1) Y, Y
WU, U NVEREATEEE D 18 %L T X/
i D FAKEE “Assembly-Promoting (AP) AZ51” 23
HEMEH Y, EIRWAT T A 728D AP )
DRV W UEITEOBE T 5, WELEO MAP2 (AP
BoA O 3 UE 8 F) . MAP4 (5 &), Tau (4 f#)
DORTIL AP BEAOFFRIMEDR & < . 0 DR
T, 1HD AP ESI A b o+ EE L, #Y
WL & OB MAP 3 72384 L, T 0tk, #HE
DFFITHIE LI EEZ BN TS Y, WILEICE
WTCIE, MAP2 <0 Tau 3R RIS 25—
T, MAP4 [IHRA L ED-2H TRET D, Zh
HOZ END, ETEWMBOERE - BREMRF D=
DD MAP4 3G S, FARMRECR D ERS S 72 LL
%12 MAP2-like 43 7-=° Tau-like 43 F-I24 I L= & %
ZHIDN, WIS OEMFEIZEB T D MAPs #%
RE DM MELCHEAL I BE I S\ TIRIE & A EBFZE &
ATV, T, WFLEUSN BRI S AP B
FIDMEY K L Z OB T BIFET D Z L3 5 )
\Z72 > C&EM, MAPs & L COMREZ N E D
MIRATH 5, FxlzznE Tio, WizliE MAP4
D APESIDOT I BEEHIE HRE TIc ¥ X7 H
T —H RX= 2R R ATV, FEEPED E
581 FIHD X v X7 EaERHELTWE 2, £72, AP
FHNCHELL LBl %2 & 5. WYL MAPs & E{0l4
% MAPs & TPl EREOET T 7 4 v o, il

Projection Microtubule—binding
domain domain
' "Pro—rich repeat tail '

1. microtubule-associated protein (MAP) 0> J: A 4% i,
N 2R i 1z 22 2 #5A7. (Projection domain), C 7R i i 12
WoNE RS S AL (Microtubule-binding domain) % % .
Microtubule-binding domain (Z7'2 U (2 &Ze (Pro-rich)

FEIR, W/ NERE B IEYE % FF > assembly-promoting Bt @
MOIEL (repeat) fEHI, B (tail) fEIKIC/H T HRS.

LI EDA & 4% 2 (Monodonta confusa). A7 —/L/X—:
1 mm.

HEDOT 7V Y AH TV KO ¥ R T
AT T, WIEM O R 7R Ehkx 22 AR TR ARAE
THZLEEPALMILTWVD, Fric, #ho MAPs
Ba7 (Ptl-1) (2B L Tid, Ptl-1 2350 N T
INEEEASEDLZELHLMTLE Y, HOoE,
HO#EmCcHiBE L TCMAP 77 S U —NFELIZZ
LB, MAPs O FI38r D@, 1A D8I
DT DENCHIL L, Z OFEARN 725y T-HEE & BEEE
VLR STV D ATREMED B,
RIEEMH A4 ¥ R U & T &Y (Stylochoplana
pusilla) \ZHT OB, IH DB 3 T < AL E
T 55 bR IR A A EFREN T, R b S T
R (JRARN) 26>, AP RUeEZAY (¥
2A) VX EEEN AR T 5 A4 v 4 % X (Monodonta
confusa) (X 2B) 1244 Cnb, filr. ZEAMFR
I 72 FERAZIERLE (N T LY
FX R ) OMERMARLESNE T LY TIA
ENT=, DD, FEAFHREMIC &N 75y 1
DR PAEER DT 11 b ¥ A T OWFFEITE L T
WahbEEZLND, LML, IAYRIETALATD
ARECBMEITIIARIZ2 803 % < | FEBRE TOBAHE
FERITHENL STV eV, £ Z TAFETIE. R
a4 ¥ RV & T L OREROMEN & A
FREMIZ BT D HAI MAP OETR 2R AT,

PR L Tk

EgEmey 7Yy

P 2 1| UR R AR AR T 38 L OV 231 IR = J AR 3
WHT Z IR F TR L2 A Y R BT Ly
(Stylochoplana pusilla) % A\ T & FEBR 21T -
Too FE 7o, L BT N T A AR T JE D TR L 72
A4 Y¥ RV v T AvE VT MAPslike #1517 O
RIEZIT T, DAY RV ETAUITA T HH
(Monodonta confusa) R F|HAEL TS, BRIL
TeA Y HE B I ey~ —TEY, FZOAYONEA
HICAEBTHIA Y R BT AVERRL, 77 A
F v 7T — VIZHEKEANGEE Lz, @ OFHE
%, 30C, TERSETTITW, ffIE LT I1 v a
Vo7 %3 HIC1ES 2, £/, v~V 7—Hi
(Osakayakken, Osaka, Japan) % FVTA LifFK%E
ERLL, SEKE Lz, KX I E 5 27RO A
W7o 72,

BilE KO

B KON T D12, FER)IREE T
ORI L 72K, NTHK2H (A5 (2019,
Marine Environmental Research) Dk >, ~ U
> 7 — M Hil ZHWT, fEIESEE 30CT14 H
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MfAE Lo, THEBIC 1, S2BEMEE (CKX-41,
Olympus, Tokyo, Japan) Tt 7 AL DEE &g L.
ImageJ (Imaged 1.44p) W TE T ALATVDOKRKE S
(imf&) ZWE L7,

i)Y i )

ANTHEK (DT —h) HTT I va) 7,
T, T AT VT O A5 2T 28 HRHL
THRE S 80CTEE Lz, 77914y =2 U v (#)
MPEORR) FWIC2EHE X, T /AT I TS
L—hZ~vy MRICRDEOB#EL, 4 HEIC1E
KLz, 1AMB A YRV T AVOEEY
% L. Imaged ATkt T ALY DORE S (HHE)
ZRE LTz,

HA4 X RV TF LAY Stylochoplana pusilla MAP
(SPMAP) s 1 DR

HAYXY RT3 DRNAseqlC LV BN T
YA VT =L OHING, OB D MAP 7 7
) —BisFEA & M RIME A £ D b O % BLAST
(Basic Local Alignment Search Tool) % AV CTHESR
L. SpMAP i fa & Lz, ZHOBETD
THIT X BB AV, AP BLAIOME D R L & Ff
274y SpMAP (SpMAP 4R. SpMAP 5R) % [F]iE
L7z,

SpMAP sy —=2 %

FTATHRIEIC e » Clifn 7 v —=v T 54T 729,
BARMICIIRDO L 512472l ATV RU BT A
v @ total RNA % NucleoSpin RNA Kit (Takara
bio, Tokyo, Japan) % VTl L7z, Total RNA
DOREIEFT / K v 7 (Thermo Fisher Scientific,
Waltham, MA) % iV CRIE L7z, Z @ Total RNA 7)»
% Omniscript Reverse Transcriptase (Qiagen, Strassel,
Germany) % VT, HHIRE 10 ng/uL (2725 X H 1
— R85 cDNA % &% L 72, Premix Tag ™ (Ex Taq ™
Version 2.0) (Takara bio, Tokyo, Japan) & SpMAP i&
BTN 72 7 F A ~— (Forward; 5 -GTGCGGCC
GCAAGCTATGGAAACCGTTGTGACCA-3’, Reverse;
5 -AAGGAGATATACATATCAACCACCGCCTGGC
TT3’, FEMY A X ; SpMAP 4R 684 bp, SpMAP 5R
774 bp) %MW T PCR #17 -7z, PCR Z17>7-H
TNNL16% T v — A )L TEkE) L, Ez-Capture
II (ATTO, Tokyo, Japan) % HWTHgE L7z, #K#)
%, BHIO N FE2Y) 0 H L, FastGene Gel/PCR
Extraction Kit (Nihon Genetics, Tokyo, Japan) %
WTC, TH =R DNA Zfit Lz, fli L
7= DNA % p-GEM-T Easy Vector System (Promega,

WI, USA) % i\ T p-GEM-T-Easy Vector (Z #i 7
ANTE, ZDOXT Z—% E colif DH5 oo Competent
Cells (Takara bio) ® 7'm b = /L {ZHEVY, E. coli
DH5 « IZHAAATE, BHEYA P — Fa b o7
H—NHARIAFENTZ E. colif DHS o % LB £5#1CTh:
&L, W8 L7= KIBE A & FastGene Plasmid Mini
Kit (Nihon Genetics) # MW\ CT7Z A2 I K DNA %
LT, 2O 7 A RDNAD Y —r U AZATUN,
HEIEEAA 2 P LT,

531 R

BE#? Z#2 W L., Gene Bank (& &S T\ 5
MAP 7 7 2 U —ifs 1 & SpMAP /s 1% FH\\C
5y F RARIEAT 24T o T FEHTICIZI MEGA X (ver.
10.1.8) & MW7z,

i HEb

AT R BT LSOV A XTFHE)HFERERET
7~ L 72, GraphPad Prism8 (GraphPad Software,
San Diego, CA, USA) % H\>, one-way analysis of
variance (ANOVA) & % 1% two-way ANOVA T4
BENR BN DX post hoe Tukey's test 2 FH >
TEREH AT o T2,

AR
WARDBND ALY FY LT LVOEDY AL I
5.2 58

Mgk & 2 FD N THEKZ AW TRBEKDEWNZE D
HAY R BT LAVOREZIOEALEMGNT LTz, fid
BT HBTHEKEERE, ANTyK2FE (V7 —
NEE, A D O N THEAREE) OV A 2T A5
Nniginot= (K3A), —FH T, fAE 14 HETIE, A
THEAK 2 FEIZHE A, WKEBRE RO A AR RE
K720tz (K 3A), ZND % EEMICHNT LI-iER,
WAKEBFRIL 7T HBICOT TR RE 220 (1.3
). Z D% 14 BB L THA AR STz (K
3B), — 5T, ANLIF/KTEE LTI, HEF T
HTHEDY A XIBBE LD HT, filF 14 H T
FOHHIY B A ZAWNEL 72D () T —
K5 0.9f%, HIAEDONTHK; 0.81F) fHmzxRL
7= (X 3B),

fHDBNRHAL X VLT LAVOHDYI AL X2
AL

IAY R e T L ORMEEREDORBRREMSH
BT, 77900y (Emto]) 25.27-
B (OI9A40va2 VT8, > 720707 (E
Wk DE]) ZHZTRE (T NI T VTR, 7T
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25O (A) B 5WKT2HABEE LIZKob A1 ¥
KU BT Ay, SEEmu 7 i TR L 72K ClaE L7-iE
(BB 2k, =V 7—bh (FEY), Minbo N T
K (FE) TfE LR CIIfE 2 T4 A2V &
oot A —)L8—:1mm. (B) fE0HBDOKEE
DONVHIRF A X% 17 & LIRS A K. O,
Wi~V o7 —b, AITHESONTHEK.

i EAPY0)
ATk

1%t
ez 1]

A ﬁEE&
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ja{wluﬂﬁ&n}:kﬁﬁu ll
rocrrr [N TP
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avka—iL

ST/ FIT

4% 5 4
*
i, R L T
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0 T T T T T 3 T T T T T
0 7 14 21 28 0 7 14 21 28

HEEY HEEY

X 4. FEOBENN AV R BT ADIEOY A X5 %
L (A) BIpDEA VT 28 HMfE Lani= A
Y RUET AT, 28 HRMiRE S8 (=2 br—)L)
ET NI T ) THERETE, Bttoffit 5277 T
A2 THRTITA 2V T+ T IR IT )
TR TRY A AN ES L o, Ar—ILb_— 1 1
mm. (B) (K4 A XOEREMENT. *P<0.05,vs 771 =
Uo7 (C) BEDEWZ L B AEMFREEEOEN. Old=a
fa—, MITT7A 022007 NI T 375
7, OIETIA a2 ) T T R T TR

A2 )Ty T )T )T EERHIS 272
B (T4 2) 0T+ T I RX0F VTR %
v, v bhar—n b LTHRREE AW (22 b
n—/L#f), fE 14 B B £ TR T A XoEWN
A DN o7y, fE 21 HELRE, =20 ha—
NBEELT )N TIVTHTIET I, va) v
B, 794022007+ T AT TRICH
T, A AL go7m (M4A), ZNHETE
BANCRAT L7-AER, fE 21 HETIL, 2 hr—
NEEL VT IR TIUTEET T4 2 T RE,
TIA a2V T AT IR T ) TREE AT,
YA XN e b E R LT (K4B), F7-,
filE 28 AH ClX, 2 bua—ARE, 7 /7T
TRETIZTIA 02 TR T A AR
BlOhEL otz (P<0.05) (X4B), &51c, fil
B COELFEREZfRIT LTER. 7714 v
Vo727 877 U TEEL 28 B TR A

FLTCWEDIZXL, 77942220 U TRETIES
R, o bha—EEL LT )R T U TRETIL 4
EDALEICE £ -7= (X 40),

AAXRFIVLITAVIZEBTIAL /v aVVTD
fifx

NAFXYRIVETAVEMBELTND Y Y —LIZT T
frva)l 7wz IAYRIETAVRT T
Ay a ) T EHET AR EBE L, 14T
RUETLINETIA a2l TI~bins3% (¥
5A). &AM S (KBB), 79427
MOEENTZ G WA Y RV E T AVNT T A
vva ) T NERER YR T AN B SN (K
5C),

A

M5 HAVYRIETAINTITA 02 et
DT, WAV RV e T AV EZ AN Yy — LI T TA
Va7 EANS (A &, BATVYRIETAIVRT T
Arval) T3 B), BR->THAETS (0

BEF-2lzsng-. A7 —/Ls3— 1 200 pm.
SpMAP D531 & Rt b

S p MAP &5 #7277 A4 ~—%H\TPCR
ZAT o TGS, 700 bp fHUTic Ny RRBIE ST
(FAEN L R4 X - SpMAP 4R 684 bp, SpMAP 5R
774 bp) (X 6A), Z b DHEFEEHY % gt L, BE
FOMAP 7 7 2V —0O7 2 JBEIIEHREZ D &



B it i

\Z SpMAP O 7 2/ feEdsI 2 HEE L= (K6B, C),
SpMAP 4R (IX] 6B). SpMAP 5R (X 6C) & Hiz~7
Oyl valrRAAL ., 7Ta ) oF RAL L,
APV IR L R A A > EAE S5 D R S 1
72. SpMAP 4R TI!J SpMAP 5R @ 4 & H ® AP i
IR RIE L T, RIS, b 220 SpMAP @
TR REYE, BEENO MAP 77 XU —D7
2 BERA E FHWCRERHREIT 21T > 72 (KT), %

SpMAP 4R: 228 a.a.

AP/

1 IQSKVKSFSNFNHSPGGG
2VSSKCGSRKNLKHQAGGG
3ASSKIGSLKNTKHVAGGG

5 TGSRVGSWQN | KHKPGGG

SpMAP 5R: 258 a.a.
5{&

100 aa.
1 IQSKVKSFSNFNHSPGGG
2 VSSKCGSRKNLKHQAGGG
3 ASSKIGSLKNTKHVAGGG

4 VGSRVGSWQNVKHKAGGG
5 TGSRVGSWQN | KHKPGGG

6. WA ¥ KUt F L MAP-like 15+ (SpMAP)
Dy a—=27 L APEY O TET I EEE L (A)
SpMAP #1172 77 4 ~—% 7= RT'PCR IZ L ),
800 bp (TTIC 2FED N RIgR SNz, foi~v— T — E'
RT-PCR ##. (B) SpMAP_4R @ AP it 5| +47 I /
fi£fc 4. (C) SpMAP_5R @ AP B D487 X 7 AR 4.

FRIZE ORUINE BEAEAEEEFZRET A 89

H#ERYMMAPs

A HEBIYIMAPS 1

7. MAPs 7 7 X U — D4 T R AT, FHEEIY
MAPs 7 7 2 U — (¥5) & 2 >OMFHEBIY MAPs 7 7
IVU— GaEf, FR) Tz, JREE : SpMAP.

OFER, 1 EOFHE MAPs D7 L— K (¥8) &
2 H D EEFFHEEN Y MAP D 7 L — R (A, &%) I
Sy Tz, BEHEENY MAPs 7 7 2 U — TR R
FRRAICHRBLT 5 MAP2, tau D7 L—F (F) &
BHMICRITDLIMAPA D7 L—F (B 7)) M
b, T E b &% L7z, —FH T, EBHEHEDY
MAPs 7 7 X U —TIFHRBESHA Y KU e T AV %
G/ L—FK (k) T AV BLTH X7 =Rk
mEzEier L— R (M) ([2hlil, SpMAP 4R &
SpMAP_5R O 7' — K Ak F » 7ffiE 100% CThH - 7=
(P .
o
AEl, IAY RY BT LG AP B OH )N B
% 2 F D MAP-like i#{x 1 % [l & L7z, SpMAP_4R
TIX5 O AP LS D v K L % FF> SpMAP_5R
D 43 A 232 < TR D 251 MAP (MAP4)
&AM MAP (MAP2, Tau) OBIR & X< LTz,
A%, 26 O SpMAP DOERERIRAE LT HL R
EZMHT L. MAP 7 7 2 ) —O# LA REEEZ I 5
MM LTV,
ANTHEK2ETHE L= A YR BT LINTF
i%@?@ﬁf?&/ﬁﬂ’@kfﬁﬂ? L7zAiA4¥Y R T L
W R A AN E o T, N LUK IT AR
Eﬁ/}%gk{xérﬁ‘{@7}<& L7 Lo IcEfsh
TWb, —J5 TR&AE - KIS A Y
BEEND, L 79402V T HEEE LT
G272 HBELLTHA Y R BT LAV OERY A X
WZEDR N2 EnD, AV RV e T AVIET
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JUEAAE T, BHRIGERROIZEEZBEX TS DM
H LAvZeuy,

BT AURT T YT Lo iz RIEEY) O/
AT IC B WL, EERTO 1M, ERsEs L S
N It (signal to noise ratio) 23 < 72825 Z Lk,
BIEATNCHR SESD 2 ENEN Y, A, 2 HEe
SETHLIATY R BT AVDIRYA XIEDS
o loZ Linn, EEMICHW LA EER 1
MO EITERE R T T « TR BE 5 2 20
EEZLND,

LEFHAITHAF FY BT 52 MAP (SpMAP)
BR T4 2 FEEE Lc, HEET X BRI % b
4% & SpMAP_4R (% SpMAP_5R @ 4 % H » AP i
IR EE R L > TNz, HILEMAP 7 7 2 Y —
TIXA AP ELH O AH FIPE S |/ <. MAP4 1% 5 # O
AP 4% & 5, MAP2 & Tau Id# KT 4 # D AP
Bls & b o, LI MAP2 & Tau i MAP4 @ 2 3%
Ho AP EFIN 2\ MG E2 & 5 Y, HRo AP BlSIA
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SYU—LHAFYRIETLTOMAP 77 3 U —I(C
ITHEMEN D D, T MAP4 (348 Ofifia TH
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Transcriptomic Characterization of Eyestalk Hormones Regulating
Photophores from the Antarctic Krill Fuphausia superba
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Abstract: The Antarctic krill Euphausia superba has ten photophores, a single pair on the
eyestalks, two pairs on the thorax, and four unpaired organs on the abdomen. The biolumines-
cence emitted by the photophores is used for camouflage from predators below and intraspecific
communication. The photophores are considered to be regulated by the nervous and endocrine
systems, but hormonal molecules that control the photophores have never been identified. In
this study, transcriptome analysis of the eyestalk from £. superba, which is the biggest gan-
glion in the central nervous system and most important endocrine organ in crustaceans, was
conducted. As a result, a transcript encodeing red pigment-concentrating hormone (RPCH)
was identified. RPCH is known to be secreted from nerve endings and act as a neurotransmit-
ter and neuromodulator. Therefore, the Antarctic krill RPCH may regulate photophores on the
thorax and abdomen. Moreover, ten transcripts encode pigment-dispersing hormone (PDH).
PDH regulates the light-adapting migration of pigment granules in the distal pigment cells of
the compound eye. The strong association between vision and bioluminescence suggests that
some PDHs identified from the Antarctic krill may regulate photophores in addition to body
color change. The transcriptomic data obtained in this study will contribute to further elucida-
tion of the endocrine regulation of photophores in the Antarctic krill.

Keywords: Antarctic krill, Euphausia superba, eyestalk hormone, red pigment concentrating

hormone, pigment dispersing hormone
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WD, AT X, M OmIE S TR
T bR bIEERL, EEL TS, Fv
X a7 AXT7 IOMEMICIT 5 ROMEMRHY, i
DILER O T= Db b,

T a s AXT ITRAHBEALTEY, HEk
DI ENTE D, FNARITARMIC 1%, M 2 %t
JERI D FEERIC 4 H DA 10 ENTFET S Y, ¥ a
7 AXT I OFNEE. FOCHRuE & RO D &
720 BIEICIIKBAERFEL TV D 4, FOLMIT
PAZ L > ClERSE 5 Z LN TE 5, ZORRIZ, %
%%H%xﬁ%f%éﬁ’@@?é%ﬁ&%ﬁ%ﬁb
TWD, BN L DFMITA T IO ZFTHIHL,
HRENPOHEAIIUKLKTEINET TV a v AT
AELTHREL T2 LB BNTND Y, E7o, [H
FEOaIa=r—ya b Tnd &)
HLEZ HNTWS

FEIAFOIITHRIC E VD HIFE I T D, 4F
7 FAD Meganyctiphanes norvegica Tl%, EEROH

RICELHINHZ N2 D ERIERDIENT D Z &R
éﬂfw O £z, ko b= AERT D LR

DRENTDHZ LMD, tmbﬁy¢%¢:;~my
DXREZITTNAELEEZ LN TWD D, —F, 7
T BT, wm&m%#aeﬁw%%» BIXh

59, ZORRELY., BERIRH AR SN DAL

NIV ENTWD EEZSERTNE Y, Ln
L. EORMAANLE DRI ZHIE L T D00
TSN E 725 T,

W&l orXaldAxT7 I8 ATTH L8 L
WZEND, FrXa s AxT IORMAKRLESD
HRITERChH o7, ABFETIE, ¥ a s 4%
T 2O EHHT A RN ERERTHI LB
HRE LT, 7o a s 47 IR THRIALT
WD B ORI 72T 21T > T,

PR L 75k

FrFarsxrEFTI

ol BUESKIERE CIFMREE ShvCnwbdForda 74
7 I ERICHW, 201946 7 12 H225 10
A2 BT THrXarstdxT7 I0MTRERE
SEMLIRMN AR M L, fiH 3 %5 % T RNAlater ™
Stabilization Solution (Thermo Fisher Scientific)

HCERAE LT,

Total RNA Ol

RNAlater ™ Stabilization Solution THRAF L TW 7=
FoFa v AxT7 I OMEREDIRI A H IR AR RRET
Fa AVBHEICE] 0 U7z, AR #RRRET O Total RNA
IZISOGENII (=y Ry o—y) & LT L,

RNeasy Micro Kit (QIAGEN) % VTR U7z (M
HEFNF1n=1), Total RNA OEETS/ Ky~
(Thermo Fisher Scientific) % HAVWCHlE L7z,

RNA-seq f#bT

fiH U 7= total RNA % Gene Nex (2 %4+ L RNA
V= 2 A EAT o7, 74 7 7 U —I% Eukaryotic
Transcriptome Library % N CT/ER X7z, RNA-
seq 1% 101 bp @ paired-end THEfE L, &V 7L
$98.0Gbp D—H L RAET, —r U ADEE
F = v 71X FastQC 7' 2 7' Z & (version 0.11.2) T
Fhi Lz, Tr¥a s AT IFMHEATRERL T 7
L AWM 7pniz . Trinity (version 2.9.1) %
T de novo assembly #1772 ~>7-, I LIZEETET
NVDILEMEZ PEFRT 5 72 8 evidentialgene (httpsi/
sourceforge.net/p/evidentialgene/discussion/general/
thread/a4f0e29f/) % F\ T F= 72 transcripts O i
HE21T772 o572, UV — KD 7 MZid salmon (version
1.4.0) #HW, S HICHUESZGT 52T
ZICERT 2~y B I RIKT2dEmT 5720, F
BPRE— S Carv T 4 BB 7
A KU 7§ % Corset (version 1.09) % FfiE L
77 Corset WOHLEKI LT T 4 7D fasta 7 7 A
v (FrF a7 A4 %7 2D de novo assembly L 72
BARFET L) AL, @#E Blast Y — L Th D
DIAMOND (version 0.9.22) (Z X ¥ BlastX fit 4T %
FEhtE L7z,

nt 1 ACAACTGTGCTGATATGAACCGCACA
nt 27 CAACCCGCGGCAGCAACAGGTGAAGACACTGCTCCGCCGCTGCACAGACACAGATTACAG

aa 1 M R V S I T M M S A M V V A V L A F C A
nt 87 ATGCGTG CCATGA TGC GTGGCCGTGTTGGCTTTCTGTGCC

aa 21 I C V S A Q L N F 8 P G W|G K R|N 8§ D D
nt 147 ATCTGTGTGTCTGCACAGCTCAACTTCTCACCAGGATGGGGCARGCGOAATTCAGATGAC
aa 41 S M S L R P H H S I R S § 8§ G 6 I NG A
nt 207 TCTATGAGCCTGCGGCCTCATCATAGCATAAGAAGCAGCAGTGGTGGCATCAATGGCGCC

aa 61 L P P P I R G L V D NCADMNUPRUV AT
nt 267 CTTCCTCCCCCCATCCGAGGCCTTGTTGACAACTGTGCTGATATGARCCGCGTAGCAACC

aa 81 WV M H I Y N L I K N E A A R M I Q C QD
nt 327 GTCATGCACATCTACAACCTCATCAAGA TGCCCGTATGATCCAGTGTCAAGAT

aa 101 E DL N *
nt 387 GAAGATCTCAACTGATTACTACCACAACTAAATCATCGTGTTCCTCTTCCCTAAACCATT

nt 447 CCCTAAACCATGCAACTGCTGAAACTAATATTAGTGCTCTTAGTAAACAAAGTGTTCGAA
nt 507 CCACTGCACAGCTCTGTGGATTTTGGCATCGGATAGGTTAAAGCATCGTTTTCCTCTTCC
nt 567 CTAAACCATGCAACTGCTGAAACTAATATTAGTGCTCTTAGTAAACAAAGTGTTTGAACC
nt 627 ACTGCACAGCTCTGTGGATCTTGGCATCGGATAGGTTAAAGTATCGCATTCATCATCATT
nt 687 AAAATCATGCAACTGTCGGAAGACAAATATTTTAAAATATTACCTTTTTGTTAAACTTTT
nt 747 CAT TTTATAAAGAATC' TCATTATATATTAAAATGGTGTATTAT
nt 807 GATTA C. TGATAAT CAA TCTCTCATGTCACTGG
nt 867 AATGTACAATTTATATAGCTTTTAAATATTCATATATATGCATACATAAGTATATATATA
nt 927 TGTATACATATATATA

K 1. F ¥ a7 4%7 2 OREAFEEESRLVE Y (RPCH)
Za— R 2% cDNA O LAY & 5fET </ BBEdyl. T
I 7NN RTTF RE, KFIEIRPCH %2, Ay 7 A
L7 X R 7 v %, FHRIX RPCH precursor-related
peptide %7~
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1 10
Pandalus boreali N(S|G M|[I N|S|I|L G
Pandalus jordani N||S|G M|I N|S|I|L G
Uca pugilator N|s[E]L|T N|s|I|L G
Callinectes sapidus II N(S|E|L|I N|S|L|L G
Romalea microptera N||S|E|I|I N|S|L|L G
Marsupenaeus japonicus I |N|S|E|L|I N|S|L|L G
Marsupenaeus japonicus II |[N||S|E|L|I N|S|L|L G
Euphausia superba I N(S|E|[T|I N|A M|L G
Euphausia superba II N|S|E||T|I N[A M|L G
Euphausia superba III N|A|E|T|I N(A M|L G

. 20 24
I|P[- - - - -~ RVMTE|A amide"a_type
o R K V|M|A D|A| amide _|
LIP|- ===~ - K V|M|N D|A| amide 7]
IS=-====-= A L|M|N E|a| amide
R KL L N D|A|amide [B-type
| B[RS K V[M|T D|a| amide
M K F M| I D|A| amide |
LIP[@ TL RV Q|K L |[M|S [K L] amide |
L|PIl[0 TLRAOQ|K L|M|A|K L| amide |y -type
LIP[@ TL RA Q|0 L |MA K L| amide |

2. Fr¥xarsAxT I0CFELHAGLES (PDH)

LI PDH O 7 2 BBESIOT T4 A2 . EROR Y 7 A%

BTCOIA T TRIFSNTNDT X V%, RHROR v 7 At a ¥ A TITHFENRT X %, 7L—0DRy 7 Aldy ¥
A TR 7T X /W%~ . P borealis 13), P.jordani 14), U. pugilator 15), C. sapidus 16), R. microptera 17), M.

japonicus 19).

iR

FTUvFa A7 IORMTHEIL TSI
DGR

RNA-seq fittlr T HNTZEBSNOFHRT 7 7 iz &
0. 39611 HO =T 4 FBERINTZ, TDHH
BlastX (2 LV 19,031 &{nFI27 /T —3 a »iff
H3his,

F V¥ a 24 F 7 IohfaFREEERLVE Y (RPCH)
F ¥ 3 74 %7T I RPCH cDNA O FEH 5 &
T X BESEK ISR, FrXa s dxT
X RPCH @ cDNA [ 942bp » 5 72 V. 312bp @
Open reading frame (ORF) %#§iH, 104 7 X /g
BRENS DT % a 74 %7 2 RPCH OriIEMAZ
a—RLTwWez (K1), ¥ a74%7 I RPCH
DOHIBIAIL N Koo, 26 7 X BIREN G2 D
I TNANTF R8T X IR G T ke
7 4% 7 I RPCH, 37 X /% (Gly-Lys-Arg)
MHRDT I My 7, 687 X BRI G2
% RPCH precursor-related peptide & FEIEZAL 5 FERE
AHDRTF RIZL Otk sh Tz (K1), T
Fa74%7 I RPCH® N KD Gn 1w /v
2 I b & pGlu iz, CERED Trp 1£7 X NME &
noEHRSNTZZ Lnb, RO F X a 74
27 2 RPCH O — k#1513 [pGlu-Leu-Asn-Phe-Ser-
Pro-Gly-Trp-NHz| &H#EE S4L77,

F X arskx7 I0MFERBENLE Y (PDH)

ASRIOFHFT THE LN T 4 ZOHI2iE 10 Mo
Fr % a 7 4 %7 2 PDH iR & HEMH X2 A
DAL LTz, Z10 0 OILERS ) 5 HER U 72 sl iRy
DOFrFXa s AT IPDHIZSHETH-7- (X
2, Thb%F % a7 4%7 3 PDH175 PDH-

I &40 7=, 3FEEHDF % a7 4% 7 I PDH
TG 24 7 I BRI B20 . CRMD Leu
X7 Meah s L sz, 3D T =
7 A%7 X PDH %, N K] 1275 E £ To7
J BREEAIZBEA O PDH & B < LTV =23, 13 7%
H LA ORI TR RIPEIZ R S - 7=, 3 FikE
DF a7 A4%7 I PDH (2%, B4 PDH 1%
FE LR WY 6 7 2 BRFRESTREA S LT
7= (1 2),

wf il

+v*a2s%+73I RPCH

RPCH (3 H#JE D IR AR IIN Ot R 4 BEdE
WTHEMAZRL, REAaFAFICEb- T DEEZL
NTWD 9, Fio, MR D W S iR s
WSRO, MRHEE S LTHE Y, Zhbo
Z 6, RPCH I3 Yeas 2 HiliH LT 5 rTREMED
bHLEZT, AFERICIVHALNILET U F g
7 24%7 2 RPCH 7 2/ BEhdsiE, B0 RPCH
EERIZH LTV (K1), ZofEReFrFa
IAXT I HROOERPARRIFETDL L %
EETHE, IR CTREAT LT X a 4T3
RPCH XBE%n o FEHE & Rk ISR @ IZ B -
Wb EEZ BN, —J7, RPCH IXIRALIAN O
M CTOHLRIEE L TWAZENRHOEN Lo TWNA,
RUA MLy 72 7o RPCHIZIRIEIZIN 2
T MM, M RpAR e, REERARRRET © b s TR BL
Blgzsni2, %327 4%7 I TH RPCH 23
FRAR ARSI AR THBLL TN D DR 5,
KNG LRI A ET D e 2 il LTy 5 ATREME
LEZLND, 5k, ¥ a74%7 2 RPCH ®
FRER B T RAEFIRD Z e DDA X — T 54
EHNH D,
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F+vFarAt*+7 I PDH

PDH (3 H#E O AFE N O Bk 2 YA S 5 1E
MZzHH, RPCH & [AEEICRGHGEIICE D> TV 5
EEZLNTVWS Y, £7-, BIRICHEAET IENMEA
FHIICE TN D AFREROBELHIE L T D 2,
TN TE D NIREE DB L ZIT TNWDH 2 b,
WS B % i e M & il 48 L T % PDH
ITFRNERZHIEH L T D AREMERH D E B 272, A
WFRIC X WS M Lz %3 7 457 2 PDH
OT X /RS, BEEO PDH & 37 v Km0
T BRI EE LW (K2), FrXxa st
X7 IOPDHICIZ6 T 2 VEREEN/HEASHTE
D, ZTNETICHLNZENTWS PDH D 2 >0
BT ITN—T (aZATEBEAT) LIFHLMNIC
HipoTniz, 20D, AR TH LN LT
VX a s AF T IOPDHIE 3OOV T I —T
(yZA7) KT HEEZ LN, ZOREX
V. Fr¥asF+%7I0PDH . B&o PDH &
I ZE 72 2 0T O LEMIENE 2 FR O ATREME RS 2 bz,
3FIEDF % 3 74 %7 2 PDH (3G A Al
R A XD, A%, T r¥a s Ax7 2
PDH % HW THRMA DI A TFHET 5008 5 nE il
HDHTETHD,

T3

ABFFEIE 2021 4 BEAR AR R 8B BRI 50 A HL [F)
WEZEBhEL [ % a 7 4% 7 2 ORCiaE il
T OPFE] (RIIS202107) Tirbiizs D TT,
RNA-seq DT — X A 13 ILE AW A0 52 B O A1
NS AT AEHWTITWE LT, Z2ICHESL
FLET,
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Abstract: Retinoic acid (RA) is a lipid-soluble bioactive substance, which is not only an es-
sential factor in organogenesis, but is also involved in the regulation of cell functions in adult
tissues. RA is synthesized from retinoids through oxidation processes, in which the retinalde-
hyde dehydrogenase (RALDH) family converts from retinal to RA. We previously reported that
RALDH2 and RALDHS3 were expressed in the developing anterior pituitary gland of rats. How-
ever, these RALDH-expressing cells have not been characterized. The present study aimed to
clarify the spatiotemporal relationship between mRNA expressions of RALDHs and pituitary-
specific transcription factors (Prop1 and Pit-1) in the pituitary primordium of rat embryos. By
in situ hybridization using digoxigenin-labeled cRNA probes, we successfully detected mRNA
expressions for RALDH2, RALDHS, Propl, and Pit-1. The results showed that RALDH2 and
RALDH3 were expressed specifically in Rathke’s pouch on embryonic day 11.5 (e11.5), and
were subsequently distributed in the pituitary primordium. On the other hand, the expression
of Propl was observed from e12.5, and then was decreased after €15.5. Pit-1 mRNA was first
detected on e15.5, and became distributed throughout the entire pituitary primordium during
development. Moreover, Pit-1-positive cells expressed RALDH2 and RALDHS in the pituitary
primordium on el17.5. These results suggest that stem/progenitor cells of the anterior pituitary
gland express RALDH2 and RALDH3. RA may act in an autocrine and/or paracrine manner to
induce hormone-producing cells in the pituitary.

Keywords: retinoic acid, retinaldehyde dehydrogenase, Prop1, Pit-1, embryo, rat

V¥ sini

VF A VBRI, BARRE TOM L RERE TR %
RN THDIEND T, KA CTHIFEERE
FAENZ B D D RREE O AIEEYE CL H D, LT
A VBRITHIN TE X IV ATHDLTF /) —Ad
HbRPERTERIND, LT/ —AhbTLa—
NWKBERHERICEID LFF—ABAELT, VT L
F T NT v RUKFERSE (RALDH) (L0 LT

TS VF A VEENEL DY, LTI,
RALDH 7 7 2 U —4y+& LT RALDHI, 2, 3, 4
DIFET D, MIENTHER SN VT A U RITEE
WIZBITL, BNZEIKTH D VT ) A U2 RKIR
(RAR) &1/ 4 FXZAFEKE RXR) AT 2,
RAR & RXR [I~T ¥ A ~—% L, LF /A
VgL RARRXR OEARIL, Eis iy
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ETHLVF A VBISERSNIH AT 5 2 & TRIB
FRBLZ T D,
THERARFTEEIT O EANRER RO T N7 ENLAT
5, FAWBRTT N EOMIIL, B & k%@
L C FEIKFTER VT VEAMBEA~EKD, 2D
BS, 2L OV T AT TRIEEAZFET S,
B ZAE, D B 73 W S AU 2 e 25 0 14 5 1A 1
(FGF8, FGF10, FGF18), HIEKIA -4 (BMP4),
wingless-type MMTV integration site 5a (WNT5a)
BLOT NrENDEASIND BMP2 ., WNT4 X°
M bRz CrEAE &5 Sonic hedgehog 735 « 22
Fe A L C T RIROEAICE 532 29, L
L. FEEERCHISEOFER =X T ET
FTIIA BN o TR,

~ U AMRAEO T RRRTEEFEL Gl RALDH2 ” 73,
7w F TiE RALDH2 & RALDHS3 2538 L T\ %
ZERHEINRTVWDY, ZhbDZ End, TE&E
RATEEFRAECLT /A VEBRERS N TND EE X
bRTW5, £72, v~ 7R 20 BINT v b FRIK
A5 C RAR, RXR OEBRHES N TEY W,
TFTRAGTEFEOMIAIILTF ) A L EBESRT S &
Exzbhb, b, 7y NFTERET 0T 7 F U
7 SRS S T FEAR LT L BEAERIRARE T d D MET/
Efialc LT/ A Vi ENET 5 2 & T, lEHRL
TUEANBRASOMLEFET L LN TE S 12,
INbDZ EnD, TEAROEHRERETLF /A v
BIXRPT CrEA S, Fowd LITBECaWET
L C FERAERTEEMBEOSMEFER 7L LTIEH LT
WhEEzZLND, L, FEARKERBVT
ED XS 72 A 7O T ERFHEMIZA RALDH A%
HLTWDDOMNEIG0n>Tnaw, Z Z TR T
W, FERAFRKICBT S VT A VEEA MR Z R
ETHZExBME L, Insitu hybridization K OV
PR %% T RALDH & T A RTHEATERMAD
THIT LRGN TH D Propl & Pit-1 & DOFHL
INH— R LT,

PR L Tk

K

7 v b (Wistar £ 4t ;9 — 12 ls) % H A
SLC # (Shizuoka, Japan) X 0 A L 7=, @&
XA 12 BRI 12 BER O BREE ©. fH &KX
BHICERTX 2RETHE L, W2 R X
B, BEAATICL VT 2R L7 &R 05 H
(embryonic day: €0.5) & E®HT-, BEHRIT, SGH
B#E O THFZEHEBIC 1T 2 B BRI BE - 2 AR
fREH) ITHESWTITY., BIRER R FE &Y FE
BRZE B, MBI KFHEFIEMW) R M, of

ZRNRF B B ) SRR 2 B DK
L7,

RN D GES )

k=111

HURENE I X O BiRS Y R 1

IEREBNIC N b L E X —)L T R U T A
WCIEENE G LR ST 0L, BiFZ2ID
L7z, Iefrd L <R fF O EE 2 W08 4%
paraformaldehyde (PFA) in 0.05 M phosphate
buffer (PB) (pH 7.4) (2 L. 4°C, —Wf CTii&EH
ExAToTe, T D%, k% 30% sucrose in 0.05 M
PBZ# L, 4°CT 2Bl B Tl L7z, £ L C,
#H##% % Tissue Tek compound (Sakura Finetechnical
Co., Tokyo, Japan) (Z @ L, 20EBE Lz, 3
UM T ey 7% 7 VA AKX v b (CM3000, Leica
Inc., NY, USA) MW\ C. 8 um [EDOWREEIF 2 1
U7, (ERLEEEORAITIMAS 2—FXAJ 4 R
7T AR AT, B, -80°C TIRAF LT,

In situ hybridization

Z v b FEKFIEE cDNA 7> 5 PCR #E % H W T L
TOBGETERZEE L, AN 74 ~—1F
RALDH2 (NM_053896; 1488-2079) 1 forward
primer (5’ -ATG GGT GAG TTT GGC TTA CG-
3’) B X reverse primer (5 -CCT GCT GGA
AGG ACT CAA AG-3’), RALDH3 (NM_153300;
396-1002) I forward primer (5° -CGA CCT GGA
GGG CTG TAT TA-3’) ¥ X U reverse primer (5’
-CTC TTC TTG GCG AAC TCC AC-3’). Prop-1
(NM_153627.1; 1-612) % forward primer (5’
-GCC ATG GAA GCT CAAAGAAG3’) B L O
reverse primer (5 -CAG ATG ACC AGT GTG
GGT TG-3’). Pit-1 (NM_013008.2; 135-706) 1%
forward primer (5° -TTT CAC CTC GGC TGA
TAC CT3’) H X U reverse primer (5° -CCT
CCA GCC ACT TGG ATA AA-3’) Th 5, HilE L
7o 8 1x 1 Wr i 1X. pGEM-T easy vector (Promega,
Madison, WI, USA) (2 AL, 7 v — v &7,
Bohlcrsa—rzfl e LT, K£BIEFICRR
1972 digoxigenin (DIG) 7~ L7 v FE &
H LT A—AKRE RNA 7' 7 — 7 % DIG RNA
labeling kit (Roche Diagnostics GmbH, Penzberg,
Germany) % HWTERK L7, In situ hybridization
IFEEH OV 21T - 7= ¥, 81 A % proteinase K (5
pg/ml) T 37°C, 343 L 72#, 4% PFAin 0.1
M PB T 143 F[EE L7z, 0.25% HEKFER 2 & A
72 0.1 M triethanolamine T 10 434 L 7=, DIG
Z L L7= RNA 7' 17— 7 % 50% formamide, 10%
dextran sulfate (Wako Pure Chemical Industries,



RIE D A R IR

Ltd., Osaka, Japan) , 3xSSC, 120 mM PB (pH 7.4) ,
1x Denhardt solution (Nacalai Tesque Inc., Kyoto,
, 125 pg/ml tRNA (Invitrogen, CA, USA) ,
& 100 pg/ml sonicated sperm DNA (Invitrogen) %
BONA TV EAB—var Ny Ty —ITz, ¥
A T L, 55°C T S ¥/, YA % 55C
@ 5xSSC, 2xSSC. % LT 0.2xSSC Ty L=, Yl
J71Z alkaline phosphatase-conjugated it DIG 1 &
(Roche Diagnostics GmbH ; 1:1000 77R) Z¥ F L.
1 S S8 72, 80712 4-nitroblue tetrazolium
chloride & 5-bromo-4-chloro-3-indolyl phosphate
(Roche Diagnostics GmbH) % F L. —Bt i S
iz, WK TG ZEIESH, R K THEEL,
Aquatex (Merck, Darmstadt, Germany) TEFA L72,

Japan)

In situ hybridization & #yEgsfaic k3 “Hijsn
RALDH2 ¥ 7- {3 RALDH3 @ In situ hybridization
DI, YA % PBS Tl L., 2% [EH U~ M5 %
& ATEPBS =i, 30 7. WE LT, Dk,
Ul % PBS Ty L, HLPit-1 7 FFifk (Santa
Cruz Biotechnology, TX, USA;1:100 7 H) %1 F L.
SR T MG S W72, PBS THH L, ©4F 1k
¥ ¥ 517 ¥ IgG (BA-1000, Vector Laboratories,
CA, USA ; 1:150 Airfl) 4 F L. =i T 30 3HX
s &7, PBS Ty L7-1%, avidin-biotinylated
HRP-complex (PK-4000, Vector Laboratories) %
i F L, =i T304 MK S, PBS T
% %, DAB % # (0.02% 3,3-diaminobenzidine-
tetrachloride, 0.006% 1E{L/K3E7K in 0.05 M Tris-
HCI, pH 7.6) T 5 3PS/, WK THE
L7z, 7ZREE/KCHeieth. Aquatex TEIA L7z, 5
FAMEE (BX53, Olympus, Tokyo, Japan) % FVNC#l
2L, WRIXT XN AZ (DP74, Olympus) %
MAWTHEAS LT,

AR

Propl & RALDH DJEBIHIR O b

In situ hybridization |2 L W 7 v MR B T 5
RALDH2, RALDHS ¥ X O Propl @ mRNA % i
AR L (K1), FERARTHERIELOPE LR O
NZEVWAECET VTR LIVERSIND, T D
ell.5b Tix7 MrEEpBlgisne (X 1A-C), ZDt#%
OfEEBETHE, T MFFITKREBICIEEL, O
Ve bz & DEEAR < 720 | FEREDSER ST -
7z. RALDH2, RALDHS # X O! Propl @ i#&{s+ %
BIAEI T TSR IEICIRR LT 2ns, BRI
EWAA BT, ell.5 Tld, RALDH2, RALDH3
X7 N EERi TRV EBLAHER S (K 1A, B),

BULVF /) TNAT e RPUKEBEREOREE 97

E 51T el25 b elb5 227 T, RALDH2 (X
1D, G,J,M) & RALDH3 (¥ 1E, H, K, N) (X I
RRTERE TR LT TV D Z RN hotz, —
J5. Proplidell.s ®F K/ 3ETILENIT LIEBL
LTELT (K1C), el2.5 DT 7 FETHMK I
AR S (X 1F), ZORBBEE L, eld.5 25
WEES L7 (M1 L, 0),

Pit-1 JEBIMIN & RALDH JEBIHINI O fF b
WIZ, elbs 5 ell5 I8 1F 5 IR T o RALDH2,
RALDH3 B X O Pit-1 ® mRNA ¥ ¥l % In situ
hybridization 2 L VST L7-. RALDH2 & RALDHS3
1% el7.5 1222 T FEARRTHE R AL TRV RSB BIEE
Sz (M2), Pit-1 mRNA i el5.5 O | Tk {i 42
JFHECHEMN *%%fﬁrﬁ‘f o (K20), Dk,
el6.5 725 el17.5 (22T CTHRBUHIR OB N Bl S
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H,I. e135.d,K L.el4.5. M, N, O.el5.5. RKHIE FIEAFHEFEZ R L TWES . A7 —/L 23— 1200 yim.




JEIR WA FTERAFIRICRT 2 VT 7T e FUKERBEROREEL 99

Raldh2

Raldh3

Pit-1

X2. 7 v MEAH el5.505 e17.5 O FEKRTHEFILIC 31T % Raldh2, Raldh3, Pit-1 3. A, B, C. e15.5. D, E, F. €16.5. G.
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Abstract: The physical and chemical conditions in the Sagami River estuary were measured
during the high-temperature summer season of 2021, and the results were correlated with
the distribution of phytoplankton. The results showed that thermal stratification was clearly
observed from the mouth of the river to 5000 m offshore, and that saline stratification was
observed in the thin surface layer from the mouth of the river to 2000 m offshore due to the
inflow of fresh water from the Sagami River. The low-salinity water contains high concentra-
tions of nitrate, which corresponds to the relatively high biomass of phytoplankton, mainly in
the surface layer at 1500 m offshore. Relatively high concentrations of unconsumed phosphate
remained in this water mass, indicating that phytoplankton growth in this region may be rate-
limited by nitrogen nutrients. This study suggested the structure of the phytoplankton com-
munity in this high-temperature season to predict the structure after global warming in the
future, and showed that measurements with improved spatial resolution were able to detect
water mass structures in this area that were missed by normal resolution measurements.
Keywords: biomass, gephyrocapsa oceanica, sagami river estuary, skeletonema costatum com-
plex, species composition
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HRAVIREE B DRSO H vtz (X 2C 47), T H A
5 1000 m F CTOIRFEOIREZ 100 m Z & OIS
BTRDD EL 500 m Z & DOHIETRD =04 & 1%
x| BEIHATIERB) DI E THENIZIZ
—ETHH, MONGEENDIZ O TEEDN EF L
720 WTE 5 50 m A TIE o 1 19.0 Kiifi, 50 m
5 100 m OFFHTIL 19.0 ~ 20.5 DFIFHICH o 7=,
ZiLlE, A 700 m £ TiX o 1E 20.5 ~ 22.0 D#i
PHIZ & o7z, A 800 m LhiE Tl o 1% 22.0 ~ 23.5
DO & 72 o723, A 900 ~ 1000 m DOHFiFH DK
5 mLLEICIT 0 28205 ~ 22.0 L 720 | EMEZVE
MR ENTWD Z LRz (K20 A),
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W75 o b Vo5

BIE LI iE s ran 7 ¢ b a A HEE L.
Wi 77 > 7 N DA KTz, AU THIEZLT
725721 E 0 ~ 5000 m DOFIFH CTIE/KIE 30 m LUET
05~20pg0™* T, 30m L& TIZ20~35ugl™ ®
BETH-T-, 2T, #H4A 500 ~ 3000 m,
4000 ~ 5000 m D FEEZ 3.5 ug 0 LLE DR E CHl
W77 ko iz oA LT, FRIZ 1500 m AT &
& U7 Tl 85 ng 07 & 2 2.5 DOIEE THEY
T N DORHNRRD B, & HIZHE 1000
m {FUT DK 30 m OUFEFTUTIZIX 6.5~ 80 ug 0
DEVIRE T T T 7 S DN H E HINT
7257z (M2D £), W HE235 1000 m £ TOIRFED
IREEZ 100 m Z & OBIHFERTRD D L. KB b5 m
PET35~50pug 0™, /KiE5~25m T20~35
pg 0 ¥HE 900 m LLED/KZE 25 m IR T 0.5 ~ 2.0
g 0 L7 RETEL, KEE & DI T HHH
W7o NS ARRD b (K2D £), i
4 850 ~ 1000 m DFJEIZ1EL 5.0 ~ 6.5 ug 0 D JE
ICHRTHEWBRECHED T T 7 b ORHHRE0H
Bz, ZAUE 1500m FF3T % M BB CIAE L
T HEM T 77 b D—HTHD EHEE ST,

KAEH (MHRREEERLY ViR Y
AKE1m & 10 m 2 HEK L7k (KRRED #H
FRRE AR RIRE L ) VIBRIREZHIE LT, KiE1
m OEZKFBEH O A RE HERS 22 SRR L 13 7P & 200 m
T1l4amg 0P THo7=HL DN, #HE 500 m T 0.32
mg 0 T IZRIAE T L P 2000 m TIEE 512 0.06
mg 0P FETIRF LA (K3 BH), K% 10 m O
KRB O A RE SERE 2 SRR AL IS 200 m T 0.11
mgmg 07 EKE L m OWEAKFED 7.9% TH U,
ME500m TH 0.08 mg 07 EARVVEEAIRL,
£ 2000 m TIX0.05mg 0™t &72 0 fENTHOTHD
METF L7 (K38 B, & 2000 m & 5000 m @
P TE MR 22 SRR B KT ITIR & TRV MEZ 7R Lz,
KGR 1 m OB O Y ERR IS 200 m T
011 mg 0 THoT=HLDON, WANLEEN D ICoh
T T L, #4500 m T0.08 mg 0% #H4 1000 m
P CIEE 5120.05 mg 0 IR R L7= (K3 Buss),
L2>L, 14 1000 m LLzE TIEZ OEIZIE & A %
HHF 500 m OUFKFELD 45% DY EE D HERF
ENtz, —J. AKE10 m OWEAKRET OV R
PEEEII A 2 HEEIL T H 2T A 500 m T 0.05
mg 0 ThY., 4 2000 m TiE0.05mg 0", 5000
m C0.03 mg mg 0-1 TH-o7z, ZOfEIEHA 1000
m LUEDKE 1 m OWEKEE S IFIFE Lo T2 (K
3 FUf),

W75 v 7 bR

FE250m (%), 1000 m, 5000 m DFEEK
ZEOK L, KRB OB A E 1 L. (R 1),
FHEENTMIAD 9% NERIETHY . T b
TLHE DB O I HE B M N5 STz, 45 FEHRE
D BIVTZEEEIED 5 B 20 FEIE IRV O EEBRE C
bote, Flz, ERED S H 19 D Chatoceros
B CH o7z, R Ok <TIE C socialis &S L C
BV, EREESMIED 87.5%% Hb T -, A
DOEIATX 1000 m T 23.6%, 5000 m T 3.7% THY |
METIKTF L7z, 1000 m & 5000 m TiXFEED C
compressus DMELH LTz, W0 T34% Thoiz
FIE73,1000 m & 5000 m Tl 24.7% & 51.8% & 72>
7=, Chatoceros J&LIANCld. i ik T Skeletonema
costatum & Thalassionema nitzschioides 73 & & 1Z
0.7% % 58 T2, Bacteriastrum spp. /X 07> 5
DOEEEZBE D P RREOBE TAH LD b, 0 m,
1000 m, 5000 m CTHEBIEEMINED 1.4%. 4.1%.
9.5% % 5 TU o, A HEEH OO MR B 134 A e
BT 280000 A 0T TH KT, 1000 m T 83000
AR 07, 5000 m "C 40000 MifE 0 T, ] 0k CIX
1000 m @ 3.4 %, 5000 m O 7.0 5 TH->7=, Lo
L. {05k CREE S L2 C socialis Z BV
TEZ 5L, WO, 1000 m, 5000 m TEHZEH
36000, 63000, 38000 AL 0 L 7e b | FRERIZE
B 75 2 fELAN T, i kOB E A e bK< 72 o 72,
Fo, W OEITICER O bR 45 FE 8

0.15
e 0.10 ¢
E £
1 il
W o
b &
& 8005 &
g LT T e A

-------- g =

0 1000 2000 3000 4000 5000

A0S OEEE (m)

3. FEAFINR RO SRR DA, KIE 1 m &K
B 10 m 2> HERK L2k P O EerE B (1 m 3K E AL
10 mBUKA) &V CEREIRE (1 m FEUKEREA L 10
m A/KEAPAF) ZRE L, Sk oW 0205 O RREECHR
RLUTz.
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#* 1@;@%7“7 VU R WA (0m) EiTAAG 1000 m. 5000 m TEEK L 723K FP OHIIES B 2 G FBEMEEIC X
DEE L.

. %8 (0m) . 28 (Om )
Species Om__1000m5000m Species Om__1000m5000m

diatoms flagellates

Lauderia annulata w245 4 Dinophyceae

Skeletonema costatum 1,958 Prorocenirum compressum 163 82
Thalassiosira spp. 163 633 Prorocentrum micans 82
Leptocylindrus danicus 1,469 Prorocentrum minimum 41
Leptocylindrus minimus 122 Prorocentrum triestinum 41
Coscinodiscus spp. 4 T6 28 Ceratinm furca i 24 32 143
Pseudoguinardia recta w245 Ceratium fusus 36 4 16
Rhizosolenia acuminata W 8 4 Ceratinm humile 12 32
Rhizosolenia crassispina W 20 Ceratinm inflatum wo 4
Rhizosolenia formesa W 3 32 Ceratinm massiliense <w 32 X
Rhizosolenia robusta w 4 Ceratium trichoceros w12 16 44
Rhizosolenia striata W &1 Ceratium tripos 16 48
Proboscia alata 41 122 Protoperidinium divergen i 41 20
Pseudosolenia calcar-avi: w 41 41 Peridiniales 12 82 4
Guinardia flaccida 122 530

Guinardia striata 979 1,142 326 i

Dactyliosolen fragilissimus 163 245 e il S
Climacodium frauenfeldic w 82

Bacteriastrum spp. 3,917 3427 3,754 i) w: warm water region, <w is tended to have that pers
Hemiaulus membranacew. w 163 c: cold water region.

Chaetoceros denticulatus w163 326 163 i inshore or coastal region.

Chaetoceros eibenii w 32 0! open water region.

Chaetoceros peruvianus <w 4 4 blank: cosmopolitan or world wide, and unknown.
Chaetoceros rosratus w 163

Chaetoceros affinis 2,122 919 326

Chaetoceros anastomosar <W 490

Chaetoceros compressus 9,192 20,400 20400 5000 m 721 ZFR® BV FEIL 45 FEF 3 FE T, 13 R
Chaetoceros constrictus  <c 2,285 5,059 4896 ), 5000 m  THE L TRO SN, R

Chaetoceros curvisetus  <w 3,672 5875 1,306
Chaetoceros diadema LETT 1,632 1,142 E# 1T 1000 m OWEKFET 15 iR O 5 41, 5000

Chaetoceros didymus ~ <w 1387 979 1795 m OWFKE T 9 FENBD btz, —H, W0
Chaetoceros furcellatus ¢ 1,632 5,059 1,632 BCIX AFHO H O B, € OEIL 1000 m

Chaetoceros laciniosus ¢ 653 653 HEGREE OO 18 i =B AE R AR D 10%., 5000 m Vi
Chaetoceros lorenzianus w 1,550 4,243 286 KO BB E D 19% Th -7z,
Chaetoceros messanensis W 286
Chaetoceros pseudocurvis W 2,938 Lt
e 1,142 ABFFE I, i [ 2> 54 5000 m % T 500 m L E
Chaetoceros socialis 247,738 19,421 1,469 # o i .
Chaetoceros tortissimis 204 Ol Z T TRIE LSRR &L /A2 6 & 1000
Thalassionema nitzschioides 1,958 3,101 163 m F T 100 ~ 200 m @ [EfE THIE L 7255 R % b
Thalassiothrix spp. 8 L7a 2 R Z WE Lz, #0265 4 5000 m £
Meuniera membranacea 979 82 T 500 m LA LA ST THIE LR HRD
Navicula spp. 326 163 T IR OMRATCIE, BN FUR % 1 5 25— 7k &
Pleurosigma/Gyrosigma sp. 163 38 183 Lomsmmimmy s L sk (M2A~ CH).
¥ :@&%@iebf%wﬁﬁmﬁﬁﬁﬁﬁg@%w
: KR E RIS LTz (K 2A ). W, TENG
Total (cell - I ) 23,286 B2,263 3937 2000 m & E TORBIC TR @w \7J<9€75>m

bife (K2BA), ZAUFABEIIZ2SHIA L7-#K
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WWERRTHEEZ NS, ZOKHOEEIXZLL
EORBKEEDLLTICELS (M2AH), LVEE
DARWKIRZTER L. Bl & 8[E 72 6 DI LTz
EEZHND (K2CH), ZOKIIZRHEL T, i
BRI 1 TP 5000 m DR D 20 f2LL ETh - 7=
(%8), F7o, ZDOKILDOFFAE L 720 IKEE 10 m T,
14 500 ~ 5000 m O EiFH TR LD HERE S 41T
W2, TR L2 IKIE DI D 258 & i@ O e i e
FEIZLTWEZ E AR LT, [EIRFICHIE L2
VB OPRE LI OHETE WA THIL T L7223,
U U BRTEFE 13T A T O I O D2451F & O DS HERT
EN TV (X3), fHEEREZEER L Y UEREEDE(L
DFEWIL, WERBEEZRNPREE THESINLTNDD
WXL, UV UBEOHE IR CEEL TS I E
ZRLTEY, BillZB IR -ER T, EED
B ARRBREIC L s S TnD Z E AR LT
7o WKTEAIZ X VBB ST KB e, e
J& & OB DA 1500 m & LI E W oo
T A NVRENRD LI, BV T T 7 b s
F=ANRERTHSZE (K 2D) 1, HIEICLY
AN Lo E B LTWe, £/, 8
T3 & DK DFEANAE D KRB DOMAGDS . plfE
2KV WERIE D ORBIHOMIEDZ LN Z DR
., ZOWECTOBBEOBHICEE CHDH Z L 2R
BLTWe, RETEWEM T 77 b 4~
ADREN TR ORI, mVRE T/ en 7 ¢
VDA DRD AT, AREHEO A 1000 m Al
DOWFEIZIFLIELIEZ DL > R~ 7 7 b
A F~ ADOERPBESIND O, Z OB RO
[HETOINTREITRED 1% RETH Y, BREEE
EE W) o2 (F—F Rt , 2D, HEE
THEM T 7 > 7 MU DHEREITD, AL TWD
ZEIEEX T, WM T T N v OEFEI,
FKETHIIE LT T 57 FoCHET A Z N
HEE S a7z,

W AATYT, T E 225 1000 m & 5000 m @ 3 |
DOFRBEKREM DT Z 7 b ORISR LT,
ZOFER, FHEL SN 99% NEERIETH Y |
CHLISMT IR REDMENTRRO BT 2 &, 45l
R BN HREEHD 5 B 20 FEESBEEERE CTH D
T ENRE N, T ORERIE, BEE LR O KR
M2 CICET AEIRTHH-T2Z & X LTz,
HpafE O T Chatoceros BN L . W HET
1% C. socialis D3 ERNEELD 87.6% % (5 8 2 KMy 72
BEEMR Z R LTz, b /KIBOE L 725 Z 0RO
W77 7 N UOREEIE, T S HIEREE O KR
ERICEY, ABKRELLET LN THEEIND,
2O LEEeEW LT H LT, M7 b

VEHER ORI TEETH DL EE XL TN D,
ARWFSETIE, ] AT O v CRIE MR &2 B8 T
X0 TR EE BT o 72 (X 2 /2) . E DFER,
To] CVAFIE "C O e 7 K BAEIE DT T B ATREME 2 7R
TR, 2GR 2 E e 7o Z OWIE T,
WO 728 & OB ORI Z B p & O BN KX
SEMEEND Z ENTFHEEND, Lo L BRI ()
W) BRI CEOE L Tl E BT R o T b
Z A AT OARKER BE DK & SMFED KT DIH
WAL ICBE KN FET D EbrT 2N
Hsk7z, 2 ORI O AT OVRK K & AMED
K, S HICHEETRNDKIED 3 FEIEDO KIS
SRS LIZLIEBRSn T 2010, -
O, BRI X 2 BBERRERE I L VKK D
HBINHEEL < Ze o723, L VEEMZRRIEICL Y, 2
NEDOKILEHBIFEETH D Z &3, AKWFFRICLD
B B2k Tz, JIERS RN DR Z R < T
25T EiE, AR AE XIS E LIZAE TH LT
2o TS Y, ZEMMRGIE & & D 7o Z ORE T,
WO 72 & OKBLO R ZEE) 72 & OFEMR K X
SKBLEND Z EN PRI, FEBS, ZERRGE
ZEOT-HE (K2 /£) &k OffMgE coflE (X
247) DFERMN, BARIT—B Lo T, 2[R
R % B 7o R E I, B A REE N SLET
H5HZ L ZORERITM B L TV,

T

ARIFZE CIIARAR) RT3 O HER ORI E % B 220D &
IR0 Uiz, ZoREER, B0 0,
I E A B4 5000 m F CHABEZR IR ERE 23580 5
. oI, AN LRAT DEAKICE D, WA
2 BIPE 2000 m OFLPHOFRE I3 E 2780 &
D EEWLMNC LT, Hoa)E 2T 5 IR
TR DKRBLIT R E R EE DRI EE R 2 B AT
BV, ZERE L THA 1500 m OFEJE % 0,
B E WA A AT T 7 7 N BT
HZEER LT, ZOKBTIZITHESND Z L
< Feo 7=V Rt N LR B O R TR =0T D
S, WEOWY T T vy N OREEE, EHR
EEEIC LV RSN TW D AREMEIVR S vt 28
RfRAG B % v 3D 7= 1RV T OVE L OIE 1L, @ E DO
DURE S I T L Lo 722, 500 m = &
DBE TIZRIE & ST Z OV O KBS & TR
TXAHZ EIREn,

o Y
HRE) 3T SR DORERERO T AT E O — B & LT, H &
ERSOWGH L 7T 27 b BRI O T %17
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7o TARRZEIL, #hER ) R FHEE AR A B A ZE AT
HFERFFEE R (RIIS202109) % 9 1 T3 S 7=,
WRIEIC ZERR A THE | SRV o 12D TR 1R 78
TR G FIERT O B O S AR BILH L
FF5,
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WEEH S, $RORFERL (2010) FHAE R 38k DL & Al
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Teaching Materials for On-demand System of Chemical Experiments

Tatsuya Shoji**?

! Department of Chemistry, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa 259-

1293, Japan
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Abstract: The author introduced technical preparation tips for on-demand teaching materi-

als of chemical experiments.

Keywords: webclass, zoom, microsoft powerpoint

J¥ i
REFPATIE, Gl - (HE - Fh - FY - FHR O
RRERADR D D, EBREHIZBWT, FPATFH
FEHLLTTXRA MRS EEL D LICERFEPOH
EZFBR ) — MCE L O TH LY HOERICHET,
WEYMRIT, /— MIRRLEBIETRIRZ G L I2Ep
L CEREZED, Zi & RRHCER T OIS0
2 EORERESSSIT ) — NMIREET 5, FHRF
BE LT, BoNIRERAMYT LSRR L A — F&AfE
Y5, ZO—HOWFRT, dEEEICBO TR D
HEDREZRETHTHAH, 2D L) REBRFHE
TR ETERT DITEL, WLICEBEOE %R
THOMSHYABE YT 2 ERTE 7, EFIT
AFPEEAC TR E R ER T 2HY L T\ 5,
AR TIE, 2 OFEBRFH O @A B OERE
IZDWTHEP & & HITRBEMNT 2,

mIRER & LT, EREE, 47~ MRER)
H, BAEREHE L, RAERHZIE, AT
> R 1T Microsoft PowerPoint (2 T{ERL L 72 A
74 RO—#% PDF{b L, R¥EOFHEL AT
2 (Learning Management System; LMS) T & %
WebClass (Z CHdAi L7-, WebClass % il U CFEERE)
B IO T~ RERERmE S EE L, R A —
FORHE Z DT AT AEFH L, AfETIE, £
FOEBRENE S LA T~ o REERE OERK T
BN TEIZERRS,

PR L Tk

TR i D IR

FEERENE DOIERR DT DIZEFE N ER L, £OMKT %
HO#E Lz, IO A~— 750, T
CHEN—RBA AT ZHERE LT, ABFERTIL,
W22 ENER SN D DT, TD X 9 EL
ECxDHEIIC, Av—F 7+ % =JHTHEEL.
TR (FEH) OF L) L <MD X5 IZEEiRE L,
L FIRFICEBRBEOIFFT CIX, BRI 1T
7

BAS U7 Bhilds X OVE 3 2 O SEBREh i) 2 VE Ak
T HERC, BERE Y 7 b =7 Td D Adobe
Premiere Pro ZfifH L7z (4 1), EhEof5@ 2 m—
HA, U0, XFETay SO, ER
fERROE O e R E O AZITV, Mpeg-4 &
AOBE & L CH L, ERFROEFIX, Zoom
DOur—HNLa—7 47 OKREZFIH L=, Zoom
AN 7 7 A V) L RIRFICE T 7 7 A L b BIR
AT 257 arPhdbonT, ZnafHLy—
VIRIZER T 7 A VEER LT,

BB, MBNKFILT R VAT AXDOEEHR
BT AHE T 1 & o 2K (ETLA) & #5 A TV
%V, Z®D7= b, Premiere 72 1F T 72 < Photoshop,
Tlustrator 72 £ @ Adobe fL# K FH MW Y 7 b7 =7
A - BURE GEFEET) S ATLZ L
RS FIHTE 5, AL BN D T2 OFERNTEIRT D
3, MREEFIH TR 70 IER SR 2 20 1 R X T
1 — KL ?, Adobe Audition % fif \ & Ff] 15 =

©Research Institute for Integrated Science, Kanagawa University
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1. Adobe Premiere % U 7= SE5ATEHIE OFREF].
AR OBAER L, FEREE A LT,

BESEE) il DR

TR ORI Ak, FEBREOM R, T — 2 fiF
Wrofgsile 8Bl 3 b4 07~ v RigERA OB
ZAVERK L 7=, PowerPoint CIZ#A 7 A RaE L7z,
B ERIZ 1L, Zoom F 7=1% PowerPoint 2 L 7=,
TERRIFIZIE, T4 AT VA 280, ~A T, TAT,
RA v H— (m¥ 77—/, R1000SL), X ¥ T L v
MR L (K2),

X 2.

b el
)y i oD At
EENEYTIERT —~ 2 FAENERT D &
3~4 FFIIFEEE 5, FEBROFIZIL, [ UHERIEDM

VIR LR, Bt A FE S0, EEICIT O BEN
HoT- 0T 5, DL IR O DEIEIZ O
T, HHEAECAR L, REfEEZR -7, 20
— T, HREEDOKAHED L 5 7o —BR7ETiE Z
HHBII AT —F— g VAL THIZMN T,
Z DX ) IetEEEOR R & LT, FEBREhE X 10 4y
PN DO FARERIC 72 5 72,

SR D ORAR A I 5 & TERE)E )
MESNTWZDOTETH AT o772 TY, ) [H)
EHRROT, RIRLTELIZHETEE L, B
B R TWAKRIZEH BGM OBNTFTHELL TXEL

Too ) TEBOBSPOMEIZE DN TV 2D TH
LT A TWTERIEK L ERATLE, ] 5
HRETOHRMALH DT I bnedu, | 7l
FARFE OB, VIR LU D Z &R alEE7R AL,
RROTWVRER ENRWVIHMIICER T2 &2 b
%, HIRIRFED T O OERENM TH 503, FEEREEE
EHRT H -0 D L& 2 EREALT O i
FEOZHAEDT-OIZH THEM & L TBITE b it
LTWa,

BBl O RENh
BB E OVERC L Zoom DOFEFEIHERE & PowerPoint
DERBEFEEE D 7 23l 2, & OFRE & FHEIT DWW T
048 L7, Zoom I%, &kE D15 172\ L Zoom % &
T35 & BEMICENE 7 7 A LV OERRIEENIEE D,
Mpeg-4 X OB B A BEWIZAERTHDT, H &
1< WebClass (27 v 7' v — K325 721) CHE8hm %2
Rt cx %, WHEAEBECEMEHE CTZX N, £
DO, ENTERNWT AV v "3 5, FlzIx,
FREE R THEWFIEWVWRL A T 4 RICFRY 2 7217
e, ORI ENEEEBRE T 5 L. gklizfEIk L
BEL, BEIXUDONLEEZ LB T NEND D,
REREEZEE L, B4 T~ FEUET D Hik
THIUE, Zoom |l L=V —/LThHAH I,
PowerPoint ZF|H L 7= #mi{ERkiZ, Zoom DT A
U h&fERTX %, PowerPoint =T [2AF 1 K
v a —Oiiek] IR 5 & BREEwE AT 5 (K]
3), Zoom & &\, PowerPoint O §kFEIRERE D HFAL
X, A7 A NEICERAZRGFT HRICHDH, DFED
WHDOAT A R Tz —RpElk L=y, BIELE
DLIEWGEE, TOATA RET Eekm LET Z &
DHEEIC/2 D, —HOD AT A NOEKHEA KD > 214
|2 PowerPoint M7 AR — MERET., Mpeg-4
OENHZ )T 5,

T DX D ITHERL LT R EBEIZ DWW T, i
OORBMEE —EeT o &, [TV RELSHHARSH Y
DL RNEZABMELEHEETE THLA—

RINRER 580
BRPDIEZE R
wxAzEsscey BN B

Zo@omn
1. RO
2. MEEREDREER
3. BROBYE

L—H—mR1 o5~
N - B UHDFIRATRE

AT REEDHD

71 X5 DON/OFF

(GIE - A XER 51 RBICEERTRR)

a4 [miminl | ] [o] ==}

3. PowerPoint DA T A R = —Fklj o> .
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HEXT o7, ) ELER CHEETELH7D
BEBRZRE D BIELS 720 L CTH MWDo Te, | 72
E VLA TE 5 2 ERZERAEIC L > TR
mEEZLND,

LIk, EZBREIEOA T~ RER O1ER & G
WCDOWTIRRT2, #E THIRANERE I, %
T RO b EBICZHENFEZENL, BREZOS
SIZBlEE L, /— MZREER. SOk R AR
DO E S EICBERBLTLEA—hEaEL, &
W) OB ERBRT O ARV EEDI R

T 5, TO LD extEEEOMBBA & LT
FrTFe s REMOHELTDH EEHITEZ TS,
COVID-19 O& N KA, aa T aiOR A FEE L
LELThH, ZORMTCTHELEA YT~ FH
MITA % b EOF e R— MR DHTHA A9,

1) #Z)IIK%:, Adobe ETLA 249122 C, http//mns.
kanagawa-u.ac.jp/2014/service/Adobe/1.html.

2) 7 U — BGM DOVA-SYNDROME, https://dova-s.jp/.
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Organometallic Chemistry Based on Reaction Types
and Anecdote of Discoveries (10)
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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 19th century and have been
widely used to influence synthetic transformation in modern organic chemistry. It is consid-
ered that many educational benefits could result from the use of reaction types and discoveries
for undergraduates and graduates of organic and organometallic chemistry. Organometallic
reactions were categorized into several types of metathesis reaction, depending on the combi-
nation of 0- and = -bonds, such as 0-0 bond , 0-7 bond and 7 -7 bond metathesis. This article
is organized into C-H and C-C-bond activation, which consists of traditional oxidative addition
mechanisms and 0-o0 bond metathesis using either early- or late transition metals. The first
example of late transition metal-mediated C-H activation was reported by Chatt and Davidson
in 1965, in which naphthalene was found to form Ru(0) complexes and undergo C-H activa-
tion to give an Ru(I) hydride/alkyl product via an oxidative addition mechanism. On the other
hand, Watson and Pharshall at Dupont Company for the first time reported that an early tran-
sition metal catalyzed methane exchange at Cp*:LuMe via a four-centered o-bond metathesis
mechanism. New mechanisms such as 1,2-addition as well as an o-complex-assisted mecha-
nism (0-CAM) were also described. The remaining o-7 and = -7 bond metathesis such as cy-
cloaddition, olefin metathesis, and olefin polymerization will be discussed the next time in the
final article of this series.

Keywords: C-H activation o-bond metahesis oxidative addition
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