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Abstract: To examine the origin of activator Ca and its translocation during contraction in
body wall muscles (BWM) of spoon worms, Urechis unicinctus, physiological and ultrastructural
studies, including cytochemistry, were performed. The potassium (K-) contracture tension was
significantly reduced by the removal of external Ca, and by the application of Mn, La and vera-
pamil. On the other hand, caffeine induced a prolonged contraction. The removal of Ca and Mg
from the external solution, and the rapid cooling caused an irregular or oscillatory contraction.
These results suggested that, in BWM fibers, the activator Ca is supplied partially from both
external solution and intracellular Ca-accumulating structures. Ultrastructural observations
revealed that the muscle fibers contain a relatively large amount of sarcoplasmic reticulum
(SR). The fractional volume of the SR relative to the fiber volume was 2~5% in all fibers of three
muscle layers. To demonstrate the Ca localization, the muscle fibers were fixed by pyroanti-
monate (PA) methods at resting and contracting states. In the resting fibers, the PA precipitates
were exclusively localized in the SR and the inner surface of plasma membrane. On the other
hand, in the contracting fibers, they were diffusely distributed in the central regions of myo-
plasm, and had disappeared from the SR and plasma membrane. X-ray microanalysis revealed
that the PA precipitates contain Ca. With the results of physiological experiments, these results
indicate that the activator Ca originates not only from the external solution, but also from the
intracellular Ca-accumulating structures, the SR and the inner surface of plasma membrane.
Keywords: regulatory mechanism of smooth muscle, intracellular Ca localization, Ca translo-
cation during contraction, body wall muscles of spoon worms, pyroantimonate method

Introduction

It has been generally accepted that the mechanical
activity in muscles is regulated by the change of free
Ca concentration in the myoplasm”. However, the
sources of Ca ions that activate the contractile mech-
anism in smooth muscles remain to be determined
because both vertebrate and invertebrate smooth

muscles exhibit considerable functional and
structural variations. The peristaltic movement
traveling along the entire body of spoon worms
is effectively performed by contraction of body
wall muscles (BWM). Although pharmacological
investigations have provided information about the
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neurotransmitters regulating muscle contraction?,
little information is available about the fine struc-
tures and their role in excitation- contraction cou-
pling in the BWM of spoon worms. Furthermore,
it has been reported that the body wall (BW) is
constructed by three muscle layers; the inner circu-
lar, middle longitudinal, and outer circular layers®.
However, the physiological properties and structural
features have not been compared among these mus-
cles.

Numerous cytochemical methods have been estab-
lished to detect the intracellular Ca localization in
various types of muscles. The pyroantimonate (PA)
method is now considered the best because it can
demonstrate both intracellular Ca localization and
Ca translocation during muscle contraction*'®. Us-
ing the PA method with physiological experiments,
the present study was performed to clarify the intra-
cellular Ca localization and translocation during me-
chanical activity in the BWM fibers of spoon worms.

When the body of spoon worms shrinks in response
to injurious stimulation, the contraction of BWM
is sometimes prolonged. This mechanical response
of BWM closely resembles the catch found in mol-
luscan smooth muscles, e.g. the anterior byssus
retractor muscle (ABRM) of Mytilus edulis'. In
ABRM fibers, the thick filament protein twitchin
was reported to regulate the catch'>'. A prelimi-
nary immuno-electron microscopic study was also
performed to examine the existence of twitchin in
the BWM fibers of spoon worms.

Materials and Methods

Preparation

Spoon worms (relaxed body length, ~20 cm), Ure-
chis unicinctus, were obtained from a commercial
source and kept in circulating seawater at 18°C (Fig.
1A). The preparations of muscle fiber bundles were
obtained from three layers of the BW (Fig. 1B), con-
taining inner circular body wall muscle (ICBWM),
longitudinal body wall muscle (LBWM) and outer
circular body wall muscle (OCBWM). To prepare
the ICBWM and OCBWM, animal bodies were cut
transversely to give ring strips of approximately 2
mm in width. These ring strips were cut along the
middle longitudinal layer to separate the inner and
outer circular layers, and then muscle fiber bundles
of 10-20 mm in length were prepared. In the prepa-

Fig. 1. Spoon worm and its body wall construction. A.
Spoon worm living in a water tank filled with circulating
ASW. B. Light micrograph of the section cut transversely
to the body, showing three types of body wall muscles
(BWM); inner circular BWM (ICBWM), longitudinal
BWM (LBWM) and outer circular BWM (OCBWM). Scale
bar, 0.1 mm.

ration of LBWM, the animal body was dissected lon-
gitudinally along the median line, and muscle fiber
bundles of 2 mm in width and 10-20 mm in length
were isolated.

Physiological experiments
A pair of stainless-steel wire connectors was tied to
both ends of the preparation with a cotton thread.
Then, the preparation was mounted horizontally
at its slack length in a chamber filled with experi-
mental solution; one end of the preparation was at-
tached to the mechanical support and the other end
was connected to a strain gauge (U-gauge, Shinko
Tushin Co.) to record the isometric tension on an
ink-writing oscillograph. The standard experimen-
tal solution was artificial seawater (ASW) having
the following composition (mM): NaCl, 513; KCl,
10; CaCLe, 10; MgCls, 50 (pH adjusted to 7.2 by
NaHCOs). The preparation was mainly stimulated
to contract by high K solution, prepared by substi-
tuting K ions (20-400 mM) for an equal amount of
Na ions in ASW. Ca-free and Ca- and Mg-free (Ca *
Mg-free) solutions were prepared by removing these
ions and adding an osmotically equivalent amount
of Na ions in ASW.

Furthermore, to remove Ca ions completely, 2 mM
ethyleneglycol-bis(2-aminoethylether)-N,N, N’, N’
-tetraacetic acid (EGTA) was added to ASW. Other
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experimental solutions used to assess the effects of
drugs and ions on the mechanical response were
made by addition of the drugs at appropriate con-
centrations to the standard solution and/or by sub-
stitution for Na. The physiological experiments were
performed at room temperature.

Electron microscopy

For conventional electron microscopy, relaxed prepa-
rations were prefixed with a 2-6% glutaraldehyde
solution containing 2 mM CaCls; (pH 7.2 by 0.1 M
cacodylate buffer). Then, they were postfixed in a 2%
0s04 solution (unbuffered), dehydrated with a grad-
ed series of ethanol, substituted by propylene oxide,
and embedded in Quetol 812. Ultrathin sections of
fixed specimens were cut on an Ultracut N ultra-
microtome (Reichert, Vienna, Austria), and stained
with uranyl acetate and/or lead citrate. Both stained
and unstained sections were examined by using a
transmission electron microscope (JEM2000EX:
JEOL, Akishima, Tokyo, Japan).

To estimate the volume of sarcoplasmic reticulum
(SR), digital electron micrograph images of BWM
fibers were analyzed by the montage method'”'?
using image analysis software (Image J). Cross-
sectional areas of a specified fiber on an electron
micrograph and total cross-sectional area of all SR
included in the specified fiber were measured in ;m?
and the fractional volume of SR, 1.e. the total SR
volume relative to the fiber volume was calculated
based on the assumption that the value of the area
is equivalent to the value of volume.

For cytochemistry to demonstrate the intracellu-
lar Ca localization and translocation during muscle
contraction, the PA method”'” was applied. Prepara-
tions of BWM fiber bundles were fixed with 2% OsO.
solution containing 2% potassium pyroantimonate
(K-PA: K[Sb(OH)s]), dehydrated with ethanol, and
embedded in Quetol 812. Calcium in PA precipitates
was identified in the sections without staining by
using an energy dispersive X-ray microanalyzer
(JEM1230 TEM with EX-14033JTP detector; JEOL,
Akishima, Tokyo, Japan).

For immuno-electron microscopy to examine the
existence of twitchin, relaxed preparations were
fixed with 4% paraformaldehyde (pH 7.2 by 0.1 M
phosphate buffer) and treated with 50 mM glycine
solution (pH 7.2 by 0.1 M phosphate buffer) to neu-

tralize the aldehyde groups. After dehydration with
an ethanol series on ice or at -20°C , they were em-
bedded in Lowicryl K4M resin, and polymerized by
illumination with ultraviolet light at -20 °C . Ultra-
thin sections treated previously with 20 mM glycine
and 1% bovine serum albumin (BSA) were immuno-
stained with anti-twitchin antibody (anti D2 anti-
body)'*'?, and further stained with 10 nm colloidal
gold conjugated antibody. Immuno-stained sections
stained further with or without uranyl acetate and
lead citrate were examined by using an electron
microscope (JEM2000EX; JEOL, Akishima, Tokyo,
Japan).

Results

Mechanical properties

The muscle fiber bundles of the BW were caused
contraction by increasing the external potassium
concentration ([Klo). The mechanical response was
tonic in character, as shown in typical examples of
isometric tension records in Fig. 2. The mechanical
threshold for isometric tension rise was approxi-
mately 20 mM K. The isometric contracture tension
was related to the log of [K]o by an S shaped curve
in the three types of BWM (Fig. 3). The peak tension
reached its half-maximum at approximately 40-50
mM K, and full maximum at 200 mM K. Thus, the
contracture induced by 200 mM of [Klo (abbrevia-
tion, 200K) was used as a control to examine the
effects of drugs and ions on the potassium (K-) con-
tracture. The response to [Klo was slightly different
among the three types of BWM. The fiber bundle of
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Fig. 2. Examples of the mechanical response to different
values of high [Klo in ICBWM. A-F. Labels (20K, 30K,
50K, 70K, 100K, and 200K) indicate [Klo in mM.
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Fig. 3. Relationships between the peak tension of K-
contracture and the external potassium concentration,
showing S-shaped curves. Solid circles and diamonds
for ICBWM, solid squares for LBWM, solid triangles for
OCBWM. Solid diamonds indicate the curve in 20 mM Ca.
Tension is expressed relative to the maximal tension. Ab-
scissa indicates the logarithmic potassium concentration.

ICBWM was the most sensitive, whereas the fiber
bundle of LBWM was the most insensitive to [K]o.
When the external concentration of Ca ([Calo) was
increased from 10 to 20 mM, the S-shaped curve for
ICBWM was slightly shifted to a lower potassium
concentration, with a decrease in the mechanical
threshold.

The mechanical response induced by ACh (107 to
10" M) was also examined in ICBWN and LBWM,
and a similar S-shaped curve demonstrated the re-
lationship between isometric tension and ACh con-
centration, with a tension rise at 10 to 10° M and
maximum tension at 107 to 10" M.

Prior to the experiments on factors influencing K-
contracture, the recovery time of contractile ability
in ASW following the first contracture (control con-
tracture) with 200K was measured. As shown in Fig.
4, 10 min was sufficient for recovery. Thus, in this
study, a resting time of 10 min was aaplied before
the test contracture.

Factors influencing K-contracture
When Ca ions were removed from the external solu-
tion by preloading of Ca-free ASW for 10~20 min,
the contracture tension in response to 200K was
reduced by ~25% in ICBWM, and by 70~80% in
LBWM and OCBWM (Fig. 5). As shown in Fig. 3,
the K-contracture in ICBWM was slightly enhanced
by increasing [Calo from 10 to 20 mM, with a de-
crease in the mechanical threshold.

In ICBWM, Mn and La ions reduced the tension to

1.0f

Relative tension

OL, L L
0 5 10
t-time (min)

Fig. 4. Recovery of contractile ability in the K-contracture
of ICBWM. The extent of recovery is expressed as the
magnitude of the second (test) contracture, and t-time
indicates the resting time in ASW between first (control)
and second (test) contractures (see inset).

>

200K TCafree-200Kk  20sec
B8 |29
1 min
1200k 1 Ca-free - 200K

0

|0.Sg

T min

. =i

200K Ca-free - 200K

Fig. 5. Effects of Ca removal from external solution on
the K-contracture. Contracture tension in ICBWM (A), in
LBWM (B), and in OCBWM (C). Left records indicate con-
trol contractures and right records indicate test contrac-
tures.

approximately 75% of the maximum tension induced
by the control contracture (Fig. 6A, B). Verapamil, a
Ca-channel blocker, reduced the tension to 35~40%
of the maximum contracture tension (Fig. 6C).

Mechanical responses induced by the re-
lease of intracellular Ca

After preloading of Ca-free solution containing 2
mM EGTA for 10-20 min, BWM fiber bundles de-
veloped a prolonged contracture tension when 1
mM caffeine was applied. The caffeine contracture
tension was approximately 43% of the maximum K-
contracture tension in ICBWM (Fig. 7A), although it
was small, being approximately 1% of the maximum
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Fig. 6. Effects of Ca-influx interruption on the K-contrac-
ture in ICBWM. Development of contracture tension is
repressed by the application of 10 mM Mn (A), 1 mM La
(B), and 1 mM verapamil (C). Left records indicate control
contractures and right records indicate test contractures.

K-contracture tension in LBWM (Fig. 7B).

After recovery from the control K-contracture by
soaking in ASW, Ca-Mg-free solution was applied
(Fig. 8A, B). The BWM fiber bundles exhibited
irregular or oscillatory development of tension,
amounting to approximately 18% and 28% of the
maximum K-contracture tension in ICBWM (Fig.
8A) and LBWM (Fig. 8B), respectively. On the other
hand, when the fully restored ICBWM fiber bundles
were rapidly cooled by changing the temperature of
ASW from ~20 C to 5-3 C within 5-10 sec, a small
contracture was induced (Fig. 8C). The rapid cooling
contracture tension was approximately 20% of the
maximum tension of control K-contracture observed

at room temperature.

Fine structures of BWM fibers

Prior to electron microscopy, transverse thick sec-
tions of the body wall, stained with toluidine blue,
were observed by a light microscope. As shown in

A

TCafree -ASW 1 caffeine

B JSO mg

8 |29

MWWMMMWWW r |5 5
T Ca-Mg-free ASW T 200K

C - 2 1g
_ﬂw\\\ |29 _ |

'T‘cooﬁng 1 min

200k

Fig. 8. Mechanical responses of BWM fiber bundles to
factors causing intracellular Ca release. Mechanical re-
sponses to the application of Ca- and Mg-free solution (Ca*
Mg-free ASW) in ICBWM (A) and LBWM (B), and to rapid
cooling of ICBWM (C).

Fig. 1B, the BW was constructed by three muscle
layers, with a thickness of approximately 0.2, 0.35,
and 0.08 mm for ICBWM, LBWM, and OCBWM,
respectively. In these muscle layers, homogeneous
muscle fibers were packed compactly.

Transverse ultrathin sections revealed that the
BWM fibers were uninucleated and unstriated
muscle fibers of 5-15 ym in diameter, and con-
tained thick (diameter, ~30 nm) and thin (diam-
eter, ~7 nm) myofilaments (Fig. 9). The central re-
gion of myoplasm was occupied by these contractile
elements. The sarcoplasmic reticulum (SR) consist-
ed of vesicular elements in variable size and shape,
and was localized exclusively near or beneath the
plasma membrane. They frequently exhibited char-
acteristic features of diads by forming junctions with
the plasma membrane. As shown in Table 1, aver-
age values of fractional SR volumes relative to the
fiber volume were 3.9% in ICBWM, 5.2% in LBWM,
and 2.1% in OCBWM. Mitochondria were frequently
found in the peripheral region of fibers and/or near
the SR. Caveolae, plasma membrane invaginations,
were not found in these muscle fibers. These struc-
tural features were common among muscle fibers of
all three BWM layers.

Table 1. Fractional volumes of the SR relative to the
fiber volume in body wall muscles of spoon worms

M

T Cafree-ASW Tcaffeine
Fig. 7. Mechanical responses of BWM fiber bundles to
caffeine (1 mM). After preloading of Ca-free ASW, contrac-
tures were induced by caffeine in ICBWM (A) and LBWM
B).

ICBWM LBWM OCBWM
3.9+4.1 52+3.0 21+1.7
(n=14) (n=11) (n=12)

Values (%) are the mean+SD.
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Fig. 9. Fine structures of BWM fibers. A. Transverse section image of ICBWM fibers, showing the localization of SR be-
neath the plasma membrane. B. Enlarged view of SR localization in Fig. 9A. C. Transverse section of LBWM fibers. D.
Transverse section of OCBWM fibers. Scale bars, 1 um (A, C, D) and 0.5 zm (B).

Intracellular Ca localization and transloca-
tion during contraction

Fiber bundles of BWM were chemically fixed with
2% 0s04 solution containing 2% potassium pyroan-
timonate (PAOs) to demonstrate the intracellular
Ca localization and translocation during muscle
contraction. Isometric tension records during the
course of cytochemical fixation are shown in Fig. 10.
When the relaxed fiber bundles were fixed after the
complete recovery in ASW, no significant increase
in tension was observed in ICBWM (Fig. 10A), dem-
onstrating successful fixation at the resting state.
Similar tension records were obtained in LBWM
and OCBWM. On the other hand, in fiber bundles of
BWM contracted with 200K, the PAOs solution was
applied near the peak of contracture tension (Fig.
10B-D). After the application of PAOs, the tension in
the three types of BWM gradually decreased. How-

200K ‘ i ‘ T
C __J 5g
2min
PAOs a f
200K i
D |o.5 g
gy HEE 2 min
PAOs
200K

Fig. 10. Tension changes in BWM fibers during fixation
with pyroantimonate-OsO4 (PAOs) solution. For the rest-
ing state, fibers were fixed after relaxation of a control
K-contracture (A). For the contracting state, fibers were
fixed at the tension peak of the control K-contracture (B,
C, D). Typical records of ICBWM (A, B), LBWM (C), and
OCBWM (D).
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Fig. 11. Intracellular localization of electron-opaque PA precipitates in BWM fibers. A-D. Cross-sections of ICBWM fibers.
E, F. Cross-sections of LBWM fibers. G, H. Cross-sections of OCBWM fibers. Precipitates are found exclusively at the pe-
ripheral region of resting fibers (A, E, G), whereas they are diffusely distributed in the myoplasm of contracting fibers (C, F,
H). High-magnification view of ICBWM fibers reveals the localization of precipitates in the SR and along the inner surface
of plasma membrane in the resting state (B), and the conspicuous decrease in precipitates in the peripheral region in the

contracted state (D). Scale bars; 1 um (A, C, E-H), 0.2 zm (B) and 0.5 zm (D).

ever, the tension was well maintained at a relatively
higher level, demonstrating successful fixation in
the contracted state.

In the resting state of all BWM fibers, electron-
opaque PA precipitates were mainly found at the
peripheral region of fibers (Fig. 11 A, E, G). Closer
examination of the fiber periphery revealed that PA
precipitates were located along the inner surface of
the plasma membrane and SR limiting membrane
(Fig. 11B). However, few or no precipitates were
found in the central region of the myoplasm and
extracellular space. On the other hand, in all BWM

fibers fixed during K-contracture, PA precipitates
were diffusely distributed in the central region of
the myoplasm where myofilaments were packed
closely (Fig. 11C, F, H). In contrast, PA precipitates
conspicuously decreased at the inner surface of the
plasma membrane and in the SR lumen, suggesting
the intracellular movement of Ca to the central re-
gion of the myoplasm (Fig. 11D).

The electron-probe X-ray microanalysis was per-
formed to confirm the existence of Ca in the PA pre-
cipitates. The X-ray spectra from the precipitates
localized at the plasma membrane and the SR in the
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resting fibers, and at the myoplasm in the contract-
ing fibers always exhibited the most distinct peak
at 3,620 eV (Fig. 12), considered to be a combination

+7_ Relative

peak of antimonite and calcium (Sb-Ca)
concentration ratios of elements were calculated for
the X-ray spectra obtained from the PA precipitates
found in ICBWM fibers (Table 2), and indicated the

existence of Ca in the PA precipitates.

Immuno-electron microscopy on the exis-
tence of twitchin

As a preliminary examination to demonstrate the
existence of twitchin in BWM of spoon worms,
immuno-electron microscopy was performed. When
transverse sections from fiber bundles of ICBWM
were immuno-stained with anti-twitchin antibody,
gold particles as markers of twitchin localization
were noted on thick filaments (Fig. 13A). However,
in the sections without immuno-staining of the pri-
mary anti-twitchin antibody, gold particles were not
observed (Fig.13B). These results indicated a possi-
bility that twitchin molecules exist on the thick fila-
ments, as reported in Mytilus ABRM".

Discussion

The present physiological experiments demon-
strated the similarity in the nature of potassium
contracture between the BWM of spoon worms and
different muscle types, i.e. vertebrate and inverte-
brate smooth muscles and frog skeletal muscles®®??.
In these cases, the peak contracture tension was
related to the log [Klo by an S-shaped curve (Fig.
3). In the BWM, however, the difference among the
three types of muscles was reflected as a shift of the

S-shaped curve in Fig. 3. This suggests that their

3.2 3.4 3.6 3.8 40 42
X- ray energy (keV)

Fig. 12. A typical example of X-ray spectra obtained from
the PA precipitates found in the SR of resting ICBWM fi-
bers. The vertical gray line indicates the position of Sb-L «
emission at 3,600 eV. Note the distinct peak at 3,620 eV
(Sb-Ca combination peak). Peaks of Sb-L: (3,840 eV) and
SB-L: (4,100 eV) are also shown. The ordinate gives the
number of X-ray events, and the abscissa shows the X-ray
energy in keV (range 3.2 ~ 4.2 keV).

response to [K]o is slightly different.

The development of K-contracture tension in all
BWM fibers was repressed to a certain extent by the
removal of external Ca (Fig.5), and in ICBWM fibers
it was enhanced by the increase in [Calo (Fig. 3).
Furthermore, in ICBWM fibers, K-contracture was
repressed by Mn ions, La ions, and verapamil, which
block Ca influx in excitable membranes®, and ver-
tebrate and invertebrate smooth muscles® * 2> 29,
These results indicate that activator Ca of BWM is
partially supplied from the external solution.

On the other hand, in Ca-free ASW, caffeine in-
duced contraction in BWM (Fig. 7). It is well known
that caffeine causes contraction in various skeletal
and smooth muscles as a result of Ca release from
the SR?> %29 Tn addition, ultrastructural observa-
tions and image analyses revealed that the BWM
fibers contained a large number of vesicular SR
forming diads with the plasma membrane (Fig. 9),

Table 2. Relative concentration ratios of elements in the pyroantimonate precipitate in the ICBWM fibers of

Spoon worms

Relative concentration ratios

Element- Resting fibers Contracting fibers
line Plasma membrane Sarcoplasmic reticulum Myoplasm
(n=15) (n=15) (n=30)
Sb-La 1.000 1.000 1.000
Ca-Ka 0.063 = 0.025 0.061 = 0.016 0.030 = 0.015
K-Ka 0.016 = 0.011 0.023 = 0.013 0.040 = 0.016
Mg-Ko 0.008 = 0.006 0.012 %= 0.009 0.011 £ 0.004
Na-Ka 0.000 0.000 0.001 = 0.004

Values are the mean+SD (n=12).
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LA N

Fig. 13. Immuno-electron microscopy. A. Electron micrograph of a section immuno-stained with anti-twitchin antibody,
showing antibody-conjugated gold particles (arrow heads) located on the surface of thick filaments. B. Electron micrograph
of a section without the primary anti-twitchin antibody. Scale bars, 200 nm (A) and 100 nm (B).

and its fractional volume was relatively high (Table
1). Thus, the present results suggest that activator
Ca is partially supplied from the SR.

When Ca and Mg ions were removed from the
external solution, the BWM exhibited irregular or
oscillatory contraction (Fig. 8). Such mechanical re-
sponses closely resemble those observed in inverte-

4,6,17, 25), and may be caused by

brate smooth muscles
activator Ca released from the inner surface of the
plasma membrane when it becomes unstable due
to the lack of divalent cations. Thus, there may be
the second intracellular Ca-accumulating structure
in BWM], i.e. the inner surface of the plasma mem-
brane.

Cytochemical experiments demonstrated that, in
the BWM fibers, the PA precipitates were mostly
localized in the SR and along the inner surface of
the plasma membrane at the resting state, whereas,
concomitantly with the disappearance of precipi-
tates from these structures, they were diffusely
distributed in the central region of the myoplasm at
the contracting state. In cytochemical observations,
no difference was found among the three types of
BWM fibers. In addition, the X-ray microanalysis of
PA precipitates observed in resting and contracting
fibers revealed that they contain Ca. These results
are consistent with those of previous studies on
Ca localization and translocation during mechani-
cal activity in vertebrate and invertebrate smooth
muscles by the PA method*'?. Therefore, in BWM
fibers, Ca accumulated in the SR and inner surface
of the plasma membrane may be released into the
myoplasm to cause contraction during mechanical
activity. As demonstrated by the physiological ex-

periments, activator Ca may also be supplied from
the external solution via Ca influx.
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Abstract: To establish the intracellular Ca translocation during the contraction-relaxation
cycle in the swimbladder muscle (SBM) of a scorpionfish (Sebastiscus marmoratus), a cyto-
chemical study using a pyroantimonate (PA) method was performed. In the resting state, PA
precipitates cytochemically indicating the presence of Ca were found only in the terminal cis-
ternae (TC) of the sarcoplasmic reticulum (SR). On the other hand, during caffeine-induced
contractures, the number of PA precipitates remarkably decreased in the TC, and they ap-
peared newly in the myoplasm, distributed diffusely around myofibrils. During the recovery
period, after the onset of relaxation from the caffeine-induced contracture, PA precipitates
disappeared in the myoplasm, and were newly found in fenestrated collars (FC) and longitu-
dinal tubules (LT) of the SR. Later, in the fully relaxed fibers after tetanus, PA precipitates
were again found mainly at the TC. These results supported our previous view that Ca*
released from the TC during contraction is first taken up mainly by the FC and the LT dur-
ing the relaxation, and then gradually returns to the TC by passing through the SR lumen.
Keywords: intracellular Ca translocation, contraction-relaxation cycle, sarcoplasmic reticulum,
scorpionfish swimbladder muscle, pyroantimonate method

Introduction

It is well known that the contraction-relaxation based on electron probe X-ray microanalysis of cryo-

cycle of muscles is regulated by the change in the
myoplasmic Ca concentration”. In vertebrate skel-
etal muscles, the Ca concentration change is caused
by its release and uptake by the sarcoplasmic reticu-
lum (SR)". However, the process of intracellular Ca
translocation during the contraction-relaxation cycle
has not been investigated in detail.

Using “’Ca autoradiography, Winegrad? first dem-
onstrated the change of intracellular Ca distribution
during the contraction-relaxation cycle in frog skel-
etal muscles, and proposed that Ca ions are released
at the terminal cisternae (TC) of the SR during the
contraction, taken up at the longitudinal tubules (LT)
of the SR during relaxation, and transported slowly
to the TC during the recovery period. However,

sections in frog muscle fibers frozen at rest, during
and after tetanus, Somlyo and colleagues” claimed
that, during relaxation, released Ca ions are again
taken up directly into the TC, but not into the LT. To
clarify the above discrepancy, the authors examined
the process of intracellular Ca translocation during
the contraction-relaxation cycle by electron probe
X-ray microanalysis of cryosections of scorpionfish
swimbladder muscles (SBM), and revealed that the
Ca ions released from the TC are taken up at the LT
and fenestrated collars (FC) of the SR, and trans-
ported to the TC by passing through the SR lumen
during the recovery period from muscle contrac-
)

tion®. To further confirm and support the previous

studies, in the present study, the authors examined

©Research Institute for Integrated Science, Kanagawa University
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intracellular Ca translocation during the contrac-
tion-relaxation cycle of SBM fibers by using the po-
tassium pyroantimonate (PA) method, an excellent
cytochemical method to evaluate intracellular Ca

translocation®®.

Materials and Methods

The procedure to prepare the SBM of adult scorpi-
onfishes, Sebastiscus marmoratus, was previously
described in detail”. Briefly, the muscle bundle of 3
- 5 fibers with tendons was dissected from the pos-
terior part of the SBM in Ringer's solution. Muscle
bundles were mounted horizontally in an acrylic
chamber filled with Ringer's solution; one end of
the muscle bundle was clamped, and the other was
connected to a strain gauge to monitor the isometric
force before and during fixation. For conventional
electron microscopy, the muscle bundles were fixed
with a 2.5% glutaraldehyde solution and postfixed
with a 2% osmium tetroxide (OsO4) solution. For
cytochemical electron microscopy, they were fixed
with a 1% osmium tetroxide solution containing
2% potassium pyroantimonate (PAOs solution; pH
adjusted to 7.2 by 0.01 N CH;COOH/0.1 N KOH) at
the resting state, during the caffeine contracture in-
duced by application of Ringer's solution containing
2 mM caffeine, during relaxation, and at the fully
relaxed state after the contracture. Several fiber
bundles were fixed with PAOs solution just after
tetanus caused by electrical stimulation using a su-
pramaximal AC current (100 Hz).

Small pieces were cut from the middle region of
SBM fibers fixed by conventional or cytochemical
methods. They were then dehydrated with a graded
series of ethanol, substituted with propylene oxide,
and embedded in Quetol 812 epoxy resin. Ultrathin
sections were cut longitudinally on ultramicrotomes
(Porter- Blum MT-2 or Reichert Ultracut-N), stained
with uranyl acetate and lead citrate, and examined
with a transmission electron microscope (JEM2000
or JEM1230: JEOL). For elemental identification of
PA precipitates, unstained sections were analyzed
with an energy dispersive X-ray microanalyzer (Tra-
cor Northern TN5450 or JEOL EX-14033JTP). X-
ray emission was collected over a detection time of
200 sec.

Results and Discussion

Ultrathin sections cut longitudinally from the mid-
dle region of SBM fibers fixed with glutaraldehyde
and OsO. were observed by electron microscope. A
single SBM fiber was previously reported to contain
two types of triadic contacts, the Al-type triad in
the fiber middle and the Z-type triad in both fiber
ends’” ¥. Therefore, in the present study, the fibers
treated with conventional fixatives exhibited only
Al-type triads (Fig. 1). Triadic contacts composed of
TC and a transverse tubule (T tubule) were located
around the level of the boundary between the A- and
I-bands of sarcomeres. Between triadic contacts, FC
of the SR were observed around the level of the M-
band and Z-band. Furthermore, the LT of the SR
were clearly observed around the level of the overlap
zone of A-bands, although it was difficult to confirm
the LT around the I-band due to the short length be-
tween two TC in that SR unit.

Structural features of T-SR systems constructed
with T tubules and the SR were naturally held in
the SBM fibers fixed cytochemically with PAOs solu-
tion, although membranes and myofilaments were
unclear because glutaraldehyde as a protein fixative
was not used and conventional electron staining
was not performed. In the fibers fixed at the resting
state, electron-opaque PA precipitates were found in
the SR, especially at the TC (arrows in Fig. 2A), and
at the N-line of the sarcomeres (Fig. 2A). Similar
localization of PA precipitates at the N-line was re-
ported previously in the resting fibers of frog skele-
tal muscle®™. In contrast to the resting state, in the
SBM fibers fixed cytochemically during the caffeine-
infduced contracture, the number of PA precipitates
conspicuously decreased in the TC, but were diffuse-
ly distributed in the A-band region (Fig. 2B). These
results suggest that Ca ions stored in the TC are re-
leased into the myoplasm to activate the contractile
elements of sarcomeres during mechanical activity
of SBM fibers. On the other hand, at the N-line of
sarcomeres, there was no change in the distribution
of PA precipitates, suggesting no correlation with
the contraction-relaxation cycles. In the SBM fibers
fixed during relaxation after the caffeine-induced
contracture, PA precipitates were found not only in
the TC, but also in the FC (arrow in Fig. 2C) and
LT (Fig. 2C), reflecting Ca re-uptake into the SR. In
the SBM fibers fixed at the fully relaxed state after
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Fig. 1. Conventional electron micrograph of a longi-
tudinal section obtained from the middle region of a SBM
fiber, showing sarcomeres and T-SR system including Al-
type triads. Arrows indicate T-tubules. Scale bar, 1 um.

Fig. 2. Intracellular Ca translocation during the contrac-
tion-relaxation cycle of scorpionfish SBM fibers, demon-
strated by the cytochemical PA method. A. Resting fibers,
showing the localization of PA precipitates mainly in the
TC of the SR (arrows). B. Fibers fixed during caffeine-
induced contracture, showing that PA precipitates disap-
peared from the T'C, and appeared around the sarcomeres.
C. Fibers fixed during relaxation from caffeine-induced
contracture, showing that PA precipitates disappeared
around the sarcomeres, and appeared in the FC (arrow),
LT, and TC of the SR. D. Fibers fixed at the fully relaxed
state after the contraction induced by electrical stimula-
tion, showing the localization of PA precipitates mainly in
the TC. Scale bars, 1 um.

isometric tetanus induced by electrical stimulation,
PA precipitates were found exclusively around the
TC, but not around the FC or LT (Fig. 2D). This

3001

3.2 34 3.6 3

.8 4.0
X-ray energy (keV)

4.2

Fig. 3. A typical example of X-ray spectra from PA precipi-
tates found in the SR of resting SBM fibers. The vertical
gray line indicates the position of Sb-La emission at 3,600
eV. Note the distinct peak at 3,620 eV (Sb-Ca combination
peak). Peaks of Sb-L31 (3,840 eV) and SB-L 32 (4,100 eV)
are also shown. The ordinate indicates the number of X-
ray events, and the abscissa shows the X-ray energy in
keV (range 3.05 ~ 4.20 keV).

suggest that, during the course of relaxation, Ca
ions pumped up to the regions of the FC and LT are
transferred to the TC through the SR lumen. During
and after relaxation, no PA precipitates were distrib-
uted around the N-line (Fig. 2C and D).

X-ray microanalysis was performed to demonstrate
that PA precipitates are composed of PA and Ca, and
closely reflect the Ca distribution. The X-ray spec-
tra obtained from PA precipitates in the SBM fibers
fixed at different states of the contraction-relaxation
cycle exhibited a distinct spectral peak at 3,620 eV
(Fig. 3), a combination peak of antimonite and cal-
cium (Sb-Ca)””. Based on the X-ray spectra, relative
concentration ratios of elements were calculated
(Table 1), confirming the presence of Ca in PA pre-
cipitates.

It is difficult to explain the PA precipitate distribution
around the N-line. Although PA precipitates were re-
ported to disappear during contraction of frog skeletal

919 such a distribution

muscles in previous studies
change of PA precipitates was not observed in the pres-
ent study. Furthermore, the localization of PA precipi-
tates around the N-line was not noted during muscle
relaxation. It is therefore unlikely that PA precipitates
observed around the N-line are correlated with intracel-
lular Ca translocation during the contraction-relaxation
cycle in SBM muscles.

In conclusion, the present study supports the previous
view” that Ca ions released into the myoplasm from
the TC during contraction are taken up mainly by the
FC and the LT, and then transported to the TC during
and after relaxation, passing through the SR lumen.
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Table 1. Elemental concentration ratios of pyoroantimonate precipitates found in the fibers at different physi-
ological states during the contraction-relaxation cycle of scorpionfish swimbladder muscles

Physiological

Elemental concentration ratio*

state Structure™ Sh-La Ca-Ka K-Ka Mg-Ka Na-Ka

Resting SR-TC 1.00 0.27 + 0.04 0.34 £ 0.08 0.05 = 0.03 0.08 £ 0.05
A-band 1.00 0.25+0.10 0.33 + 0.04 0.07 £ 0.03 0.57 £ 0.27

Caffeine SR-TC 1.00 0.18 £ 0.11 0.42 + 0.08 0.03 +0.01 0.06 = 0.05
contracture A-band 1.00 0.11+0.07 0.45+0.10 0.10 = 0.09 0.13+0.12
Post caffeine SR-TC 1.00 0.39 +0.10 0.20 + 0.06 0.06 = 0.02 0.09 £ 0.02
contracture SR-FC 1.00 0.24 + 0.09 0.25 + 0.05 0.07 £ 0.06 0.06 £ 0.03
Post tetanus SR-FC 1.00 0.18+0.13 0.27 +0.10 0.01 +0.02 0.21 +0.04

* mean + S.D., n=10.
**TC-SR: terminal cisternae of the sarconlasmic reticulum (SR). SR-FC: fenestrated collars of the SR.
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Abstract: The brain circulatory system is essential for the survival and development of the
central nervous system in all vertebrates. Brain vessels form in a reproducible and evolutionari-
ly conserved manner. In zebrafish, hindbrain vessels develop independently of the shear stress
of blood flow but are regulated genetically. Epigenetics is another regulatory system regulat-
ing gene activation, but the epigenetic contribution to angiogenesis remains unclear. Here, we
examine expression patterns of genes involved in SET1/mixed lineage leukemia (MLL) histone
methyltransferase complexes. All mRNAs we tested as orthologs of molecules in the MLL com-
plex were expressed throughout the central nervous system, including the hindbrain. We also
show immunofluorescent staining of retinoblastoma-binding protein 5 (RBBP5) protein in the
dorsal hindbrain, suggesting the possibility of differences in epigenetic state along the dorsal-
ventral axis. Finally, we demonstrate histone methylation with non-methylated, dimethylated,

and trimethylated types.

Keywords: zebrafish, hindbrain, angiogenesis, histone methylation

Introduction
Brain vascular development is a topic of intensive
study. A thorough knowledge of the developmental
biology of brain vessel formation is important for
understanding both development of the central
nervous system and cerebrovascular pathologies.
Examination of the vascular anatomy of the devel-
oping zebrafish embryo reveals an initial vascular
plan that is well conserved among other developing
vertebrates, including humans”. This conservation
extends to the brain vasculature. A previous report
found that in zebrafish embryos, angiogenic sprout-
ing and invasion into the hindbrain parenchyma
as hindbrain central arteries (CtA) occurs between
30 and 60 hours post fertilization (hpf)?. During
this stage, the dorsal hindbrain has no blood vessel.
However, regional differences of the dorsal-ventral
axis during vascularization have not yet been exam-
ined in detail in zebrafish or any other vertebrate
model organism.

Epigenetics refers to a gene regulatory system
based on DNA modifications that do not depend
on the nucleotide sequence. Epigenetic regulation

affects gene activity via chemical modification of
histones, such as acetylation, methylation, and
phosphorylation, as well as DNA methylation®”. It
has been reported that epigenetic abnormalities are
involved in various diseases, and that epigenetic
regulation contributes significantly to ontogeny and
cell differentiation®'?.

The retinoblastoma-binding protein 5 (RBBP5)
protein is a nuclear protein 66 kD in size that binds
to underphosphorylated retinoblastoma proteins'®.
RBBP5 is also known as a component of the mam-
malian SET1A/SET1B histone H3-Lys methyl-
transferase complex'”. The SET1A/SET1B complex,
also known as the mixed lineage leukemia (MLL)
complex, is a methyltransferase that catalyzes the
methylation of lysine 4 (H3K4) of histone 3. MLL
proteins do not show catalytic activity by them-
selves, but when its catalytically active domain
(SET, Su(var.)3-9, enhancer of zeste and trithorax),
present at the C-terminal end, binds to WD repeat-
containing protein 5 (WDR5), RBBP5, ASH2 like
(ASH2L), and DPY30, the complex then exhibits

©Research Institute for Integrated Science, Kanagawa University
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methylation activity'>'®.

Mutations in the MLL gene are present in 5% to
10% of all cases of acute leukemia, and in an even
larger proportion of infant cases. Similarly, in ze-
brafish, MLL genes have been reported to be impor-
tant in hematopoiesis'™”. Zebrafish MLL1 is also
involved in neurogenesis and brain tumor pathways,
including neural progenitor cell proliferation, neural
cell differentiation, and glial cell differentiation”.

In this study, we examined the expression pattern
of serial genes and proteins related to histone H3
methylation, and observed the methylated condition
of histones during hindbrain angiogenesis.

Materials and Methods

Zebrafish

Zebrafish (Danio rerio) embryos were obtained from
the natural spawning of laboratory lines. Embryos
were raised and fish were maintained as described*"
2 Zebrafish used were from the EK wildtype line
and the 7g(@i1a-EGFP)" transgenic line ?. For im-
aging, embryos were treated with 1-phenyl-2-thio-
urea (PTU) to inhibit pigment formation??.

Whole-mount in situ hybridization
DIG-labeled anti-sense riboprobes were synthesized
using the DIG labeling kit (Roche, Indianapolis, IN).
Antisense mRNA probes used were: kmt2a (mi)'"?*,
kmt2d (mll2)**, kmt2ba (mll42)*”, kmt2bb (mll4b)*,
kmtZca (mll5a)*, kmt2eb (ml3h)/*, kmtZe (mil5)*,
ash2l", dpy30%, wdr5"™, rbbp5®®, and kdrl?”. Em-
bryos were fixed with 4% paraformaldehyde in
phosphate-buffered saline (PBS) overnight at 4 “C .
Signals were detected with alkaline phosphatase-
labeled anti-DIG antibody and BM Purple substrate
(Roche).

Immunostaining

Embryos were fixed with 100% methanol for at least
two days at -20°C and were permeabilized with 0.1%
Triton X-100 in PBS. Blocking was performed with
Blocking Reagent (Roche). Primary antibodies (dilu-
tion 1:200) used were: mouse anti-human Histone
H3 (FUJIFILM Wako Pure Chemical Corporation,
#304-34781), mouse anti-human dimethyl Histone
H3K4 (FUJIFILM Wako Pure Chemical Corpora-
tion, #304-34801), rabbit anti-human trimethyl
Histone H3K4 (Cell Signaling Technology, #9751),

and rabbit anti-RBBP5 (Cell Signaling Technology,
#13171). Mouse anti-chicken myosin heavy chain
(Developmental Studies Hybridoma Bank, MF20)
was used as a positive control at a dilution of 1:200.
Secondary antibodies (dilution 1:2000) used were:
555 anti-mouse IgG (Invitrogen, #A28180) and 555
anti-rabbit IgG (Invitrogen, #A27039).

Microscopy

RNA in situ hybridization images were captured
with a DFC450C camera mounted on a Leica
MZ10F stereomicroscope (LEICA). Confocal mi-
croscopy of immunostained embryos was performed
using a LSM700 laser scanning confocal microscope
(Carl Zeiss).

Results

MLL genes are expressed in the hindbrain
To explore the molecular profile of hindbrain devel-
opment, we examined the distribution of MLL gene
mRNAs by whole-mount RNA in situ hybridization.
At around 36 hpf, CtA elongates and increases with-
in each rhombomere? and histone methylation could
affect this vascularization. During this CtA forma-
tion, seven m// genes, including kmt2a/mll, kmt2d/
mll2, kmt2ba/mlilda, kmt2bb/mll4b, kmt2ca/mlil3a,
kmt2eb/mlil3b, and kmt2e/mll5 are expressed in the
forebrain, midbrain, midbrain-hindbrain boundary,
and hindbrain (Fig. 1A-G). In the hindbrain, these
genes showed stronger expression in the dorsal area
(indicated by arrowheads in Fig. 1A). In addition,
other genes involved in the MLL complex, including
ash2l, dpy30, wdr5, and rbbp5, were expressed in
the central nervous system (Fig. 1H-K). The vascu-
lar endothelial cell marker kdrl was expressed in
blood vessels and elongating CtA was detected in
the ventral half at 36 hpf (Fig. 1L).

RBBP5 protein is localized in the dorsal
hindbrain

Since the dorsal-most area of the hindbrain is
avascular by 60 hpf?, we focused on rbbp5, which
showed obvious differences between dorsal and ven-
tral areas. In order to see the expression patterns of
the RBBP5 protein, we carried out whole-mount im-
munofluorescent staining. First, we investigated the
cross-reactivity of anti-RBBP5 antibody on zebrafish
embryos. The antibody from Cell Signaling Technol-



M. Fujita et al. : Epigenetics of Brain Vascular Formation 17

Fig. 1. Expression patterns of MLL genes. Whole-mount
in situ hybridization of 36 hpf wild-type zebrafish embry-
os, probed for kmt2a (A), kmt2d (B), kmt2ba (C), kmt2bb
(D), kmt2ca (B), kmt2cb (F), kmt2e (G), ash2l (H), dpy30 (),
wdrs (), rbbps (K), or kdrl (L). Lateral views of head are
shown, with rostral to the left. Arrowheads in A indicate
anterior and posterior ends of the hindbrain. Scale bar,
100 pm.

ogy #13171) worked well, and showed that RBBP5
was expressed broadly in the central nervous system
(Fig 2A).

Next, we compared the expression levels in single
planes of the dorsal and ventral areas. RBBP5 was
more strongly expressed in the 13th slice from the
dorsal surface (Fig. 2B-D) than in the 29th slice
(Fig. 2E-G). We confirmed that the expression pat-
tern of the RBBP5 protein was same as that of its
mRNA. Altogether, we found that one component of
the MLL complex was more strongly expressed in
the dorsal hindbrain, which is avascular, suggesting
that histone methylation by the MLL complex may
be involved in maintaining avascular area and/or
activating angiogenic factors in hypoxic regions.

Three types of anti-histone antibodies worked
for zebrafish embryo

In order to visualize the activity of histone methyla-
tion during CtA angiogenesis in the hindbrain, we
conducted whole-mount immunofluorescent stain-
ing using four types of anti-histone antibodies: (1)
#304-34781 for non-methyl histone, (2) #301-34791
and #9723 for monomethyl histone, (3) #304-34801
and #9725 for dimethyl histone, and (4) #ab1012
and #9751 for trimethyl histone #30~ were from
FUJIFILM Wako Pure Chemical Corporation, #97~
were from Cell Signaling Technology, and #ab~ was
from Abcam). When embryos were fixed with 4%

Fig. 2. Expression pattern of RBBP5 protein. Whole-
mount immunofluorescent staining of hindbrain paren-
chymal cells with anti-RBBP5 (red), compared with blood
vessels of EGFP from transgenic origin (green). 2D recon-
struction of confocal image (A), single horizontal section
through the dorsal hindbrain (B-D), and single horizontal
section through the ventral hindbrain (E-G) of 54 hpf
Tei1a-EGFP)" embryos. Merge (B, E), EGFP (C,F), and
RBBP5 (D, G). Dorsal views of head are shown, with ros-
tral to the left. Scale bar, 50 um.

paraformaldehyde in PBS, no staining signal was
observed with any anti-histone antibodies. However,
when 100% methanol was tested as an alternative
fixative, #304-34781, #304-34801, #9725, and #9751
were revealed as cross-reacting. Although we were
not able to obtain a working antibody for the mono-
methyl histone, we were able to obtain three types
of anti-histone antibodies.

At 54 hpf, non-methyl type histones were ubiqui-
tously expressed in a dot pattern, representing its
subcellular localization within the nucleus (Fig. 3A).
Dimethyl histone was also detected ubiquitously
and concentrated in nuclei (Fig. 3B). Two different
antibodies, #304-34801 and #9725, showed identical
expression patterns, and we selected the stronger
one for further use. Trimethyl histone was expressed
ubiquitously and broadly (Fig. 3C). Negative control
embryos treated only with the secondary antibody
showed very low background expression (Fig. 3D).
Localization in the nucleus was observed in some
areas, including the epidermis.

Histone methylation is different in epider-
mis and the central nervous system

In order to visualize more detailed expression pat-
terns in the hindbrain, we examined single horizon-
tal sections using confocal microscopy. The expres-
sion of non-methyl histones was suppressed at low
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Fig. 3. Cross-reactivity of antibodies for histone methyla-
tion. Whole-mount immunofluorescent staining with anti-
histone H3 antibody (red, A), anti-dimethyl histone H3
(Lys4) (red, B), anti-trimethyl histone H3 (Lys4) (red, O),
and negative control (D), compared with blood vessels of
EGFP from transgenic origin (green). 2D reconstructions
of confocal images. 54 hpf 7g(fi1a-EGFP)** embryos. Dor-
sal views of head are shown, with rostral to the left. Scale
bar, 50 pm.

levels in the central nervous system (Fig. 4A-C). On
the other hand, boundary cells at the anterior end
of the hindbrain and surface epidermal cells showed
a dotted pattern, representing nuclear localized ex-
pression (Fig. 4C). Dimethyl histones also showed a
similar expression pattern (Fig. 4D-F). Although the
subcellular localization was different, the expression
levels in the CNS were not particularly low relative
to those in the epidermis (Fig. 4F). In the case of
trimethyl histones, overall expression was ubiqui-
tously strong and partially limited to nuclei (Fig.
4G-1). Negative control embryos treated only with
secondary antibodies exhibited very low background
expression (Fig 4J-L).

Discussion
We found that mRNA expression of genes related to
histone methylation is not uniform but is strong in
the cranial nervous system and especially so in the
dorsal hindbrain. Since expression outside the hind-
brain is not restricted to avascular tissue, it is possi-
ble that the different expression levels in dorsal and
ventral portions of the hindbrain may be involved in
angiogenic induction rather than the maintenance
of the avascular region. Since there are multiple
reports that epigenetic regulation is associated with
cardiovascular disease®?, this finding is consistent
with the angiogenic guidance hypothesis. There is
also a report that methylation status is involved in
osteoarthritis in cartilage tissue, which is avascular
and hypoxic*, and thus further analysis is required.
The RBBP5 protein was expressed in the hindbrain

non-methyl

trimethyl

control

Fig. 4. Expression pattern of histone protein. Single
horizontal section of confocal images of whole-mount im-
munofluorescent staining with anti-histone H3 antibody
(red, A-C), anti-dimethyl histone H3 (Lys4) (red, D-F),
anti-trimethyl histone H3 (Lys4) (red, G-I), and nega-
tive control (J-L), compared with blood vessels of EGFP
from transgenic origin (green). 54 hpf Zg({lila-EGFP) '
embryos. Merge (A, D, G, J), EGFP (B, E, H, K), and each
histone (C, F, I). Dorsal views of head are shown, with ros-
tral to the left. Scale bar, 50 um.

itself but was restricted to the dorsal region. Dur-
ing vascular assembly in the zebrafish hindbrain,
CtA sprouts from the ventral side and elongation
is limited to the ventral half?. There may be some
guidance cues for CtA formation in the dorsal and
ventral regions, respectively, but the association of
RBBP5 with angiogenesis has not yet been reported.
Contrary to expectations'”, the RBBP5 protein did
not show nuclear localization. Because the expres-
sion region is consistent with that of the mRNA, we
are confident that the antibody staining did not re-
veal any technical problem. RBBP5 showed high ex-
pression levels generally, and it may be the case that
it is widely distributed in the cytoplasm, making
nuclear localization difficult to observe. To resolve
this question, it is necessary to observe at higher
magnification or develop a clearer staining method.
Although there are relatively few antibodies that
can be used in zebrafish, we used the methanol fixed
staining method to identify five antibodies that were
cross-reactive. The general staining method with 4%
paraformaldehyde fixation did not yield any stain-
ing signal even when permeability was increased.
Organic solvents, such as methanol, ethanol, and ac-
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etone are known to reduce the solubility of proteins
and flatten cells, resulting in reduced penetration
in the nucleus and mitochondria. Due to this effect,
the localization of the nucleus may not be visible.
Fixation with trichloroacetic acid might improve
the ability to visualize nuclear expression. Although
technically difficult, one possible method to improve
immunospecificity would be to produce an antibody
using zebrafish protein as an antigen.

We did not observe any significant methylation
signal in nuclei in the CNS. If these results demon-
strate true characteristics of the nuclear methyla-
tion status during CtA formation, it may mean that
histone methylation regulation is not involved in
hindbrain angiogenesis. Knockdown and/or mutant
analysis is needed to further understand what is
happening here.

Finally, since monomethyl histones were not de-
tected in this study, it is still possible that mono-
methyl histones are dominant in the zebrafish
brain at this stage of development. Moreover, there
may also be an effect of the developmental stage
itself. Multiple validation is required, which could
be achieved by incorporating additional antibod-
ies, other developmental stages, and other staining
methods.
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Abstract: The unicellular protist Paramecium bursaria harbors hundreds of symbiotic algae
resembling Chlorella species in the cell. It is thought that the host 2 bursaria uses some of pho-
tosynthetic products from these algae when sunlight is available. When photosynthesis cannot
be performed, P bursaria preys on bacteria, molds, algae, etc. in the surroundings for an energy
source. Interestingly, some of the algae were observed to move from the food vacuole to the cy-
toplasm, becoming symbionts, within several days after incorporation into the cell. Since 7 bur-
saria is benthic, it should be possible for various kinds of precipitated tiny particles to be taken
up into the cell body during predation. In this study, microplastic (MP) beads with a diameter
of 1 um, which is about the same size as the algae, were mixed in the suspension medium of
P bursaria. It was observed that uptake of the beads into the cell body of P bursaria started
within 5 min after mixing, and the beads were observed inside P bursaria even several days
after the addition to the P bursaria culture suspension. It is highly probable that the MP beads
observed in the cell body somehow escaped from the food vacuole and moved into the cytoplasm.

Keywords: protist, micro plastic bead, cell division, benthic, ciliate

Introduction

In recent years, an environmental problem has often
been reported where "tiny particles" such as plastic
beads flow into the ocean and are ingested by living
organisms. Plastic particles are classified as micro-
plastics (MP) or nanoplastics (NP) according to their
size. They constitute the "MP problem" and the "NP
problem", respectively.

In the sea, MP have been found in the calanoid
copepod WNeocalanus cristatus) and the euphausiid
(Buphausia pacifica) collected in the northeast Pa-
cific Ocean”. In the case of mussels Mytilus edulis),
cultured in a suspension of MP beads for 3 days, MP
beads could be detected in the hemolymph?. Fur-
thermore, it has been confirmed that when Europe-
an green crabs (Carcinus maenas) prey on mussels
that have ingested MP beads, the beads move from
the intestinal tract of the crab into the ovary and
gill?.

MP problems also exist in a freshwater environ-
ment. For example, in China, red belly tilapia and
carp have been found to have MP beads in the gas-
trointestinal tract?. In addition, MP beads have
been found in major European rivers such as the
Rhine and Danube, and it is conceivable that, MP
beads may be found in freshwater fish from the
Rhine and Danube in the future?.

These observations indicate the transfer of MP
beads to the digestive tract of multicellular organ-
isms such as fish and shellfish. Analysis of the pro-
cess and subsequent effects of MP uptake will reveal
extracellular effects of the incorporated MP beads.
On the other hand, there have been few reports on
the intracellular uptake of MP beads.

In this study, Paramecium bursaria, a benthic uni-
cellular organism that feeds on submerged bacteria
and algae at the bottom of freshwater sources, was

©Research Institute for Integrated Science, Kanagawa University
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used to investigate whether P bursaria incorporates
MP beads that sink into the water. The localization
of MP beads was investigated using a confocal laser
microscope in P bursaria inclividuals several days
after exposure to MP beads.

Materials and Methods

P. bursaria

A cloned strain of £ bursaria collected from a pond
on the Shonan Hiratsuka campus of Kanagawa
University has already been established®. More
specifically, a single P bursaria was isolated from a
pond water culture, washed, and grown in a lettuce
culture medium prepared as follows to establish a
cloned P bursaria strain. Dried and sterilized lettuce
leaves were extracted with distilled water (100 °C ,
5 min). The extract (a lettuce culture medium) was
autoclaved and stored until use.

MP beads

MP beads (Fluoresbrite®, 1.0 zm in diameter, yel-
low green polystyrene microspheres, Polysciences)
were placed in an Eppendorf tube, and 70% (v/v)
EtOH was added to 1 ml. The suspension was cen-
trifuged in a small centrifuge for 5 min (2,000 g),
and the supernatant was discarded. One ml of let-
tuce culture medium was added and the suspension
was centrifuged again for 12 min. The supernatant
was discarded. This 12 min centrifugation was per-
formed three times in total. Lettuce culture medium
was added to the resultant pellet of MP beads to ob-
tain a lettuce culture medium containing MP beads.

P. bursaria culture in the presence of MP
beads

Lettuce culture medium containing MP beads was
prepared and P bursaria was added. Three hundred
ul aliquots of these suspensions (1.2 X 10° particles/
cell) were separately put into individual wells of a
48-well plate TWAKI microplate), and culture was
performed in a BioTron incubator at 23°C with alter-
nating 12 hrs light / 12 hrs dark performed.

Tomography of P. bursaria using confocal
laser scanning microscope (LSM)

P, bursaria were cultured in the incubator for sev-
eral days in the presence of MP beads (3.1 x 107
particles in 300 x1) at a density of 860 cells/ml. In

this case, the number of MP beads per single 7 bur-
saria was 1.2 x 10°. After the culture, the P bursaria
suspension was placed in an Eppendorf tube, and
NiCl: was added at a final concentration of 0.1 mM
as an anesthetic. The culture suspension, 16.2 ul,
was removed from the Eppendorf tube and mounted
on a slide glass. A cover glass (18 mm x 18 mm) was
placed on the slide and sealed, and then tomography
was performed on P bursaria at every 1 pm using
a confocal laser scanning microscope (LSM, Zeiss) to
determine if MP beads had been incorporated into
the cell body.

Results and Discussion

A previous report revealed phagocytic uptake of fluo-
rescent nanospheres (0.6 1 m) by marine heterotro-
phic flagellates and ciliates”. However, in these ex-
periments using conventional microscopy, it seemed
difficult to distinguish whether particles were inside
the cell or just on cell surface.

P, bursaria cultured with MP beads for several
days was imaged using LLSM tomography. The to-
mography was performed from the dorsal (upper)
side (panel A) to the ventral (bottom) side (panel O)
of P bursaria at a thickness of 1 yum to obtain 15 im-
ages (Fig.1). The green bead observed in Fig. 1 (indi-
cated by the arrow) was confirmed only in the imag-
es shown in panels F and G. This indicates that MP
beads seen were not present on the cell surface or in
the culture suspension but were incorporated into
the P bursaria cell body. Within 5 min after mixing,
30% or more of P bursaria were found to have in-
corporated MP beads (data not shown). This result
indicates that £ bursaria is capable of incorporating
the MP beads into the cell body immediately after
contact with the beads.

It has already been shown that P bursaria take
up green algae having a diameter of about 1 to
8 um ¥ into the food vacuole, and that, within a few
days, the incorporated green algae start symbiosis
in P bursaria after moving from the food vacuole to
the cytoplasm, thus becoming symbiotic algae”. The
diameter of MP beads used in this study was 1 um, an
appropriate size for P bursaria to incorporate into
the cell. In this study, MP beads were observed in-
side P bursaria even several days after the addition
to the P bursaria culture suspension. Therefore, it is
highly probable that the MP beads observed in the
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Fig. 1. Serial fluorescence images of P bursaria with MP beads (1.0 xm in diameter) taken every 1 um obtained by LSM
(panels A-O). An MP bead (green dot) is observed in the panels F and G (indicated by arrows), showing that the bead was
incorporated into the paramecium. The area surrounded by the white dotted line in panel A shows the original cell shape

of Pbursaria. Scale bar, 50 um.

cell body somehow escaped from the food vacuole
and moved into the cytoplasm. However, it remains
unknown whether MP beads were first incorporated
into the food vacuole or whether they were incor-
porated into P bursaria by another mechanism not
involving the food vacuole.

In the natural environment, chemicals are ad-
sorbed on MP beads, and there are reports of the ac-
cumulation of such chemical substances in the body
of multicellular organisms that eat MP beads by
mistake. In the future, in addition to the effects of
the uptake itself, it is necessary to study the effects
of the chemical substances adsorbed onto MP beads
when MP beads are taken up by unicellular organ-
isms.
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Abstract: We improved "Denki-Pan" (bread baked using electrode bread machine) as plain
bread fermented with yeast. We also experimentally reproduced "Denki-Rice" (rice cooking us-
ing electrodes) with several historical types of electrodes placed at the bottom of a cooker. We

investigated historical factors by reproduction experiments.

Keywords: Denki-Pan, Denki-Rice, panko, titanium, gelatinization, starch, granule Yeast
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Abstract: We experimentally studied the material structure and photoluminescence (PL)
properties of SiC quantum-dots (QD) in a SiO: layer (Si*/C*-OX) fabricated by double hot-Si*/C*
ion implantation into SiO: and post N2 annealing, comparing with those of SiC-dots by single

hot-C* ion implanted oxide (C*-OX) and crystal-Si layers (C*-Si). X-ray photoemission spec-
troscopy for Si*/C*-OX confirmed Si-C bonds even in SiOq, which is the direct verification of SiC
formation in SiOs. Moreover, transmission electron microscope analyses showed that 2-nm-

diameter SiC-dots with clear lattice spots were successfully formed in Si*/C*-OX. After N an-
nealing, we demonstrated strong PL emission from Si*/C*-OX, and the PL intensity () of Si*/

C*-OX is approximately 2.6 and 12 times greater than those of C*-Si and C*-OX, respectively.
The greater /7 of Si/C*-OX may be attributable to QD-induced PL-efficiency enhancement in
Si*/C*-0OX. Moreover, PL photon energy at the peak /7 of Si*/C*-OX rapidly increases to ap-

proximately 2.4 eV after N2 annealing.

Keywords: SiC, quantum-dot, 3C-SiC, hexagonal-SiC, photoluminescence, Si-based photonics,

quantum confinement, hot-ion implantation, oxide
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Electrical Properties of IIa-Type Diamond Substrates Implanted
with n-Type Dopant Elements and Those After Annealing
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Abstract: We measured sheet resistances of Ila-type diamond substrates implanted with P
ions at a 900°C substrate temperature and room temperature (RT). Also, O ions were implanted
at RT only. P and O elements have been considered possible donor candidates in diamond sub-
strates. However, there has been no report on successfully achieving n-type conductivity using
ion implantation methods in reproducible and reliable ways. Electrical measurements were
performed just after implantation and after subsequent annealing at 1150°C and 1300°C. Con-
cerning P-implanted samples at 900°C , we recorded activation energy of 0.6 eV for samples after
implantation and after 1150°C post-annealing with flat and average concentrations of 5.0 x 10'%/
cm?® and 5.0 X 10®/cm?. This 0.6 eV value was obtained within a 300~600°C temperature range
and corresponded to marked P activation energy. Concerning O-implanted samples at RT, sheet
resistances show higher values with increasing but not decreasing temperatures. This hyster-
esis phenomenon also appeared in RT P-implantation cases. It can be concluded that in both P
and O RT-implanted cases, defects introduced during implantation would be annealed during
sheet resistance measurements in the increasing temperature stage. It is suggested that 900°C
implantation is favorable for RT implantation, in the sense of achieving activation energy of 0.6
eV , which is thought to be the ionization energy of P-implanted samples. However, in almost
all samples measured in the present experiments, we cannot judge n-type conduction by Hall
Effect measurements. This fact strongly suggests that hopping conduction occurred in the sub-
band formed in the wide band gap in the diamond substrate. It is suggested that this sub-band
1s formed by secondary defects consisting of stacking faults or dislocations resulting from prima-
ry defects of vacancies and interstitials introduced by RT ion implantation. It is proposed that
the IBIEC (Ion-Beam-Induced Epitaxial Crystallization) method is favorable to any other an-
nealing method such as furnace annealing, rapid thermal annealing, and electron or laser beam
annealing, in order to reduce secondary defects that might cause the formation of a conductive
sub-band in the wide-band gap of the diamond substrates. This is because IBIEC is a low-tem-
perature annealing method involving a non-equilibrium process. Low temperature decreases
the formation of secondary defects, resulting in reducing the formation of conductive sub-bands.
Eventually, hopping conduction would not occur, and p-type or n-type conduction might be ex-
pected . It is concluded that fundamental and basic research is needed on the mechanism of
defect formation during ion implantation into diamond substrates, and on the mechanism of
secondary defects during electrical measurement and annealing.

Keywords: ion implantation, diamond, hopping conduction, ion-implanted defects
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Abstract: Numerous methods for packet classification have been developed. We proposed a
decision tree method based on Run-Based Trie. In this paper, we propose a pruning method for

the decision tree. Space complexity of the pruning method is still O(18’) where [ is the length of

a rule. Applying the proposed pruning method, we can construct a decision tree where [ = 64,

which can not be constructed with the conventional method. This result shows that, although

our decision tree method based on Run-Based Trie is not feasible in theory, it can be used in a

practical sense.

Keywords: packet classification, arbitray bitmask, trie, decision tree
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Algorithm 1: Construct the Decision Tree
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Algorithm 2: Traverse Sj, and make a Node

input : height h
input : A pointer v to a node on Sy,
input : A node of Dtree p

1 if v = NULL then
| return;

end
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Studies on Excited State of Alkylated Oligosilanes
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Abstract: Geometric optimization of the excited states of n-SisMei2 and n-SizMeis was per-
formed using time-dependent density functional theory calculations to compare their struc-
tures and emission properties. It was found that the geometry of n-SisMei2 changes from all-
transoid in the ground state to all-an#s in the excited state, whereas that of n-SizMeis remains
all-zransoid in both states. This is related to elongation of the Si-Si bond lengths in the excited
state, showing 0o* : those of pentasilane elongate to 2.45-2.49 A with bond angles up to 141°
in the excited state, which facilitates its conformation to relax all-antr by releasing the 1,3-re-
pulsion between the methyl groups. Meanwhile, those of heptasilane (less than 2.434 A and
125°) do not elongate as much as those of pentasilane, which restrict its conformation similar
to that in the ground state. Calculated emission wavelengths and oscillator strengths of these
oligosilanes effectively reproduced the experimental data: large and small Stokes shifts in pen-
tasilane and heptasilane, respectively, were estimated in agreement with calculated geometric
changes.

Keywords: oligosilanes, excited state, structure, photophysical properties
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Fig. 1. Optimized structures of n- Si,Mez2 with n = 5
and 7. Bond lengths and angles of the excited states, to-
gether with those of the ground state in the parentheses
are shown.

2 TR RE & K E R iE o Te, 74 FH
FHO ZEMAITHOWTIEL, 1 AT 178° IZE T
L7223, £ DIENNE 162.8-166.5° & FLECIREEN
DIZEAEBERR BN T2,

W s L OB R O REIL, N & 7T
X2 EH 233 nm (HRE) 7-58% £ = 0.835) 372 nm (f
=0.166) T. Stokes 7 F% 16,000 cm™ & KX 72
BTHotz, ~TH LT TIERINEE 260 nm (f
=1.057). N E 301 nm (f=0.166) &FtHE SN,
Stokes 7 & 5,200 cm™ &, XU F T NTEER
B &ML LT,

o vl

INETOWENL, TAZREEN I LOFY =
VT T, RICE—REIREE (S) (Xo o *
T b b o fEAVEELE D S FOE A MEIHE IS 1 B2
BB LIRSS T Z s mbhTng, Lz
Do T, BIIREETII Y A F—F7 A FESRITEE
IRRBICHEARTHIET 5 Z E R THI S, EERICHE
THENNKBEEINTWD, 7oA FZOEN Dl
BMTIIT A F—T A FREA 1 2Hi2 0 OfEREN
REL D EM PRSI, EBRIZH T T
B DOREE DN EEEIREEIC LR TEHE L HIET LD
WL, ~NTH YT TS L OREGNIRIEEIC
HIET D LW HAR RSNz, 2D X5 7, i



i BAM: TASVERAY 32T OREIREEIZ

n SinMe2n.2

L

MJ\/

AN\
7 JL

10

16

20 30. 40 50
v/103cm-

Fig. 2. Emission (left solid line from n = 4) and absorption
(right solid line for all) spectra of n- SinMezn:» (n = 2-8, 10,
16). Copyright (1999) Wiley. Used with permission from
Ref 16.
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Abstract: A series of N,C,S-pincer iron(II) complexes bearing an aromatic substituent was
synthesized from 4-(pyridyn-2-yl)dibenzothiophene derivatives via C-S bond cleavage. The
general formula of the complexes is trans-[Fe(L)(CO)(PMes):l, where L represents the N,C,S-
tridentate ligands consisting of biphenylthiolate dianion and pyridine moieties. 8-Quinolyl
(Q) and 1-naphthyl (N) groups were introduced into the pyridyl group at the 4 or 5 position of
the original ligand LY, giving L*¢, LN, L2, and L°N. The electronic absorption spectra of trans-
[Fe(L)(CO)(PMes3)2] showed an intense band in the range of 400-450 nm with a shoulder in the
longer wavelength region. TD-DFT calculations suggested that the former originates in the
transition from the orbitals around the thiolate-containing metallacycle to the pyridine moi-
ety, while the latter is ascribed to that from the antibonding = * orbital of the Fe-S bond to the
pyridine moiety. In both transitions, the charge transfer to the aromatic substituent can be
induced. The most intense band for the latter charge transfer was found for trans-[Fe(LL*)(CO)
(PMes)s].

Keywords: iron complex, dibenzothiophene derivatives, N,C,S-tridentate ligand, quinolyl
group, naphthyl group, charge transfer transition, electronic spectrum
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1c (Ar = 8-Quinolyl), 56%
1d (Ar = 1-Naphthyl), 68%

X 2. EALFRIEMAD SR, BV B4 Q) ~DBFE
FEEHIL OB AL L O Y D088 547 () ~0 W i
FEDEA.,

F2, BIROBAEHWT, B U P UBRBALICHE
EREMRSL TN LT, REED U 74 (158 mg, 1.2
mmol) OKEKR (5mL) & B (157 mg, 0.46 mmol)
® DMF i (15 mL) #EA L, EFZ T A%E L
This#E L7, 8%/ U Ahu i (100 mg, 0.58
mmol) & [Pd(PPhs)d (13 mg, 0.01 mmol) % il
Z. BFEXIE T, 100 CT 12 KefEmEdEFE LTz, 15

SN HEMEIRICY 7 aa A2 U BNz ks
TR S, KTHeE, BOKWEE~ 7 % 0 L TR
L. Witz L4252 L cHBtaEkE5E-, 2
EVVIRTFNIT AT~ T T T 00— (RBEIR
CH:Clz, Rf = 0.8) TH#L L | 1c @ AA[EARZ 1572 (100
mg, 56%) .

1-F 72 v rAnrigae DRk O HiEIC X
D1dEERLZ, YUV FAAhosra~x 75
7 4 — (BB © CHaClo/n-hexane = 1/1, Rf = 0.2)
TR L, BEARWESET (68%),

ISR DR
su—7Ry J ANTTF 7y ay JAE RS 2
L7412 1a (271 mg, 0.70 mmol) . [Fe(CO)s] (0.23
mL, 1.7 mmol), THF (30 mL) #/Nx7-, 56h
To R B VAR & MRS LR L 7o, B KERAT C 9 B
YERRE 21T o 72, JERRSTIREIE 3 IREfH 2 & IS aihG i
R[REAToTo, Kbtk W8GR Z T N CURBER
L., BOEKESZ, ZnE VBTV T LY
n~ 777 0— (EEER - CHoCl, Rf = 0.7) THs
L, [FexL'Y(CO)] (2a) DARAEIKEFFT- (255
mg, 57%) .

B F-RiTBR{A 1b, le. 1d 2 AW REED FFEEIC
L 0., [Fex(L™M(CO)s] (2b). [Feas(IPH(CO)s] (2¢).
[Fex(LPM(CO)s] (2d) % Gpk L7z, WHEIZZNZN
48%. 58%. 19% Th 7=,

HipE gk DR

Va7 C gk BE K 2a (180 mg, 0.20
mmol) ® MV (10 mL) (2 h U AF LR A
74 (IM ML= 4K, 1.0 mL, 1.0 mmol) %l
Z. 100 ‘CT 12 RefNEMEFE LT, ROSHSIR 2 8+
TCHWEREEL, BktEERLEL, ZoEKE 7
02— Ry 7 A THAGdn L (toluene/n-hexane)
trans-[Fe(LL'Y(CO)(PMes)s] (3a) ik ailih % 15
7= (50 mg, 39%),

THEEREEAR 2b & W RIRRD FIEIZ LV | trans-
[Fe(L™M(CO)(PMes)] (3b) o 3 18 4 ik i % 5 7=
(15%), F7z. 2. 2d ZHWERERD HIEIZL Y,
trans-[Fe(I"Y(CO)(PMes)s] (3c) . trans-[Fe(L"M)(CO)
(PMes)o] (8d) ZARafhsm & LTz, IURIZZEN
FI56%., 30% Th-oT=,

XOBRS b S By

RAF 72k f 3 15 B U 72 851K 3¢ 1220 T, Rigaku
MicroMax-007HF/Saturn 724 HG CCD [a] #T & %
MW7 —# % HlE L7z, CrystalClear 7 =
77 BERWTT — X &0 L, fi#HTI21E WinGX
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7u T NE Tz, SIRIT Z v THIHIRE & %
PJeE L, SHELXL-2013 # H W TR %A L L 7=, §&
i 7 — % MoK o #0.06 x 0.12 x 0.16
mm; CssHs FeN2OP:S; M = 624.47; & J7 & % s a
= 15.3732(18), b = 18.702(2), ¢ = 21.484(2) A; V =
6176.9(11) A% T = 200 K; Z2f#E Pnab (no. 60); Z =
8 Deara = 1.343 Mg/m*  u = 0.688 mm™; £(000) =
2608.00; JI7E S 558 961305 FHEIZ TN S7 SO 5L
7061 (R = 0.0690); FE#HLZDO RIKTRIIUI>2 o
(D] = 0.0636, wk2 (all data) = 0.1493; GOF = 1.241
(CCDC 2020065)

b e

PRANE 1 Rif b D K

IIETICHE L TE 72 N,C,S- RN+ L (X 1)
DHIERME L 725 4-(E ) D0 -2- A L) DR FF
T2 K LT, BUPUVBRO4ME LT 5ALIT
FEEERLZEAN LT (X2), FHERERELE L
TIE& X/ U (Q LW 1-F7F & (N)
IR, 4 VX TFHA T 2 oRa U LT
vZuxv vy, TU—Rue OB
027y 7Y T ROSEAT, BB OB F-ATERA
la-1d 257, FBEEOKSTIEIY7rE ) ¥
VD2ODTOEENKIGEL D DI, BHEICHEEL
7o 7 m MBI ROG U, iy B AR 72 IR T
TrEHHE (A B BEL, B EROKIG
I, 2- B U UVED 402 8 % U ILEEAE A LT
la ZFRWT, BAFRICETHEIT LT,

@ N\ Ar oc
- Fe(CO)s: hv %l\,\,@/”
S THF qe/ to
OO 00 L5e0

1a (Ar = 8-Quinolyl)
1b (Ar = 1-Naphthyl)

2a (Ar = 8-Quinolyl)
2b (Ar = 1-Naphthyl)

(ii) Ar
7N\ oc
. _— Fe(CO)s, hv /\TE:N'@\A,
THF \,;e( o
O oc g0

1c (Ar = 8-Quinolyl)
1d (Ar = 1-Naphthyl)

2c (Ar = 8-Quinolyl)
2d (Ar = 1-Naphthyl)

K3 EUIUVEANOBIOEY DU SALG@ I
FEWEEHIL A A L 72 N,C,S- SN T % 1o T ekes
EDERL .

ZREBA DR

I A I A A N U RBEA 1la-1d &2 WV
N,C,S- =L 7 & Fi> R = Ak L7e (X
3). BN T-RIBRIA 1a — 1d &2 Z HILR=/LgkD

THF /&R %, & EKRERAT 2 DTS L, RO
Rl ) BTNV A a~ NI T T 4 —IZ X
VRS 5 2 & CEEEREEAR [Fex()(CO)s] (2a, L=
L' 2b, L=1L";2¢, L=1"% 2d, L=L») #7/-, =
L LN LA LN X, RiBEA 1a-1d @ C-S #ES
BZHZ L VAL BB THY, EhENE Y v
RO AR 8 F 7 UK AfLIZ1-FT7F N, 5
PAZ 8 % 7 UVEL, A0S 1-F 7 F i o, B
L 72 gRiX. 'H NMR A7 kv, 'H-'H COSY
AR RLEBLWIR AT hVIZ X0 #58E & T
L., EHIE A Rz 70 WBER O S5 K [Fe2(LN(CO)s] 12
MLl oG E b o L HfEE Lz 19,

NCS- EvH—§ (II) o HmRe ke
FATIIR DA RRIEE BB LT, EEEkEEA 2a-2d
DB R AFIVRAT 4 v il & 45 N,C,S-
Erh—gk (1) $SRE AR L (K4 012, =
FEEREER D ML URIRIC B 48D b U AF LR A
74 &Mz, 100 CT 12 KFEREET 5 & RIBEE
WG LT, EAREE L%, Bmck A
D N,C,S- B o0 —8k (1) $%K trans-[Fe(l)(CO)
(PMes)s] (3a, L =1 8b, L=L"; 3¢, L=1°% 3d, L
=1N) &7,

(i)

SC PMe;  Ar
Ié;,N( A PMe; Q Flej/ﬁ?
S/\Iée{\\co tolue?e, s~ 'L\CO
0c” 300 100 °C ’ Me,

2a (Ar = 8-Quinolyl)
2b (Ar = 1-Naphthyl)

3a (Ar = 8-Quinolyl)
3b (Ar = 1-Naphthyl)

(i)

BC‘ PMe;
\TE:'@\AF PMe, >, J@—Af
€

S —_—
/\eé\\CO toluene, §7 | ~Co
0c” A 5C0 100 °C ’ Me,

2c¢ (Ar = 8-Quinolyl)
2d (Ar = 1-Naphthyl)

3c (Ar = 8-Quinolyl)
3d (Ar = 1-Naphthyl)
B4 BV UURANMOBIOEY VBB W ICHE
WREHIEZE A L7z N,C,S- oV —8k () #8504 .

g () $&K 3a-3d ® IR A7 hLTiL, 1900
em fTUTIZ CO HfFIRENCIRIB SN D — KDV 7
FANBIRI S 7= (3a, 1900 cm'; 3b, 1898 em™; 3c,
1900 em'™s; 3d, 1890 ecm™), Wi 4L b MEEHAIK trans-
[Fe(L(CO)(PMes)s] (4) (1891 ecm™) T3V Ml % 7
LTWA 2, =Dz L1E 88K 3a-3d 1281 5 N,C,S-
SR (LA, LAY, LR LY) oL ickd b
BN LR LRI CTHHZ L ER LTINS,

# (I0) 4%k 3a-3d ®'HNMR 227 kLT
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WC, PMes ([Z)R B &5 ZERO > 7 F 028
N, F7-. PP NMR A7 FLISEE 4 D A2
7 kv (151 ppm) E[EERIZ 1 DD 7 F %R L
7= (3a-3d, 15.6 ppm), Z D Z (X 2 >D PMes
N ICAIET D Z L Ic—& L TWb, 2. WTh
DFERIZBNT O FHRIREHEL DO 7 idy v —
TTHY, 2250 PMes lIZxIGT DY 7N 1R
ETBND Z &0 s, FHEFEHRLIIEIR CHHE
AL TR, 5T K D SRR 22 Hill 59152 1 T
RN ERGIND,

BEAR 3¢ DTS 2 Hifh i X S AT IC L 0 IRE
L7e (K5), 250U VBT A2 HDTEY
WIKHIZBIT 5 NMR A7 MLOFERE —F L T
W5, BkFE D ORERIZRFES IREE L 55 A 2 05K
4 OFT —H LIZE TITRT 2, 5K 3¢ Lifk4 D
WENRT A—F—3IEFITEVETH Y, EALL
X UNEOREIIITEA 72N ER gD,

Fo, R 8a L 3 DYV A TV I RVEET T
LAEWE LIz E 2 A, FeFe |2kt d 5 bz
BN (8a, —0.54 V; 3c, —0.55 V vs Fc'/Fe, Fe = 7 =
ot ) 138EA 4(—0.52 V vs Fe'/Fe) L [RIkECTH - 7=,
’@’k% A R EIE OB AN RO SR OBRE

WCREREBEEZ N L EXFEL WD, Zh
5OF — X % trans-[Fe(LH)(CO)(PMezPh):] DU ¥
VERICT R ) REEA LA LD L, HEE

5. SR 3c OfERIEIE (BURENEH A OMERIT 50%, K
FIEAITENE) .

1. 58 3¢, 4 DFEA R Q) BLOHESA ()

3c 42
Fel-S1 2.2843(8) 2.2777(7)
Fel-N1 1.983(2) 1.9799(19)
Fel-P1 2.2493(9) 2.2511(8)
Fel-P2 2.2458(9) 2.2340(8)
Fel-C7 2.000(3) 1.997(2)
Fel-C27 1.762(3) 1.761(2)
S1-Fel-N1 176.34(7) 175.97(6)
P1-Fel-P2 176.08(4) 174.68(3)
C7-Fel-C27 176.66(14) 178.46(10)

E WL O GG ANEC K DB LR T B DAL
H/hEnZ & Woyhng 1,

N,GS- ¥ ¥ —g () Sk EmvEe

PEIR 3a-3d 35 LUV 4 DAV FIHMIN AT R L% [Y
612777, WTHOEAD 300 nm T2 E /LWL
25073 20000-30000 dm? mol™ em™ OWLINH % . 430
nm B VIROHARES 6000 - 7000 dm® mol ™ cm?
ORI 2 ~d, & 0 B EMO 500-600 nm (2
T CHWUEE N RS D05, F OFRE T i/ &
WV, BRIE O E L AR AR 2ICE LD
7~

50000 3000
40000-:
5 2000
©_ 30000
o
€
£ 200004
I 11000
100004
0 T T T T - e ~|~."“ 0
300 400 500 600 700 800
wavelength/nm
X 6. N,C,S- "> H— ﬁ(n)@%ﬁa3d4®wWXA
7 bV (R - CH.Cly). , 3b = ,
3¢ ——— 30 e ,4 )

# 2. Pk 3a-3d DML (AL : CH:Cly)

A A/nm (g/ 103 dm3 mol~! cm1)

3a 286 (31) 435 (7.3) 567 (1.7)
3b 294 (25) 432 (7.0) 570 (1.2)sh
3c 320 (24) 430 (7.00 540 (0.73)sh
3d 300 (22)sh 430 (6.00 540 (0.72)sh
4 290 (20)sh 422 (6.0) 540 (0.68)sh

FEIFEHIL A G N UT-$5(K 3a-3d 288k 4 &Ik
W45 &, 4N EHA 3a, 3b (28T AR AEI O
WHEPNEREMNCY 7 ST 203 H D 2 LN
%, F7-. $%4 3a, 3b I2FVTiE 500-650 nm D
I D NVRSARE D GER 4 LD IR LT D 2
LN D, TAUTKE LT 5 ALEHYA e, 3d DEIL
AR ISR 4 LRI TH 5,

FWUHE 2 IRE L, ERROBM A MREET 5 72012
SRR L B EE AT o2, # (1) $%4K 3a-3d
ICOWTHEEPLEKE (DFT) (2L #iskiEb %
To7-t, RERMKIFEEPLEISE (TD-DFT) (1 &
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0.1504 PMe,
< J@
s—"€~co
/ J’Me3
. || 1 |

0.1 T T T T T T T T T
350.0 400.0 450.0 500.0 550.0 600.0 650.0 700.0 750.0 800.0

7. TD-DFT RO % HATHIN T2 85K 4 ORI A~
7 kv,

3 3. $HA 4 DRFER 72 HE  (isovalue = 0.03)
LUMO+3 (-0.244 eV) | LUMO+2 (-0.503 eV)

LUMO+1 (-1.351 V)

LUMO (-1.702 eV)

HOMO (—4.474 eV) HOMO-1 (-5.498 eV)

HOMO-2 (-5.801 eV) | HOMO-3 (-5.882 eV)

O SeE A R L 7=, FEEBISR L L T 6-311G(d,p)
%%, B3LYP {BaKINLES %% v C Gaussianl6 ~°
077 MIEEE Lz, S5 4 12OV TIRLLAETNC
WS U720 BB R D720 HEFEEZITV,
FEMC bl L7z 12,

BANZEER 4 122V T, FHRICE Y ko7 ihl =
FILF— L REN TR & SR T2 AT L E K
7z, REWORDFHLEZEE 31277 T, 400 nm 1%
WCHELH S AW E HOMO — 1 — LUMO D %4y
EEHEATEY, 47 MAX T A 7 )VEDOIE
5 E Y U VRN OHGE~OBMBEEERIRE

T& 5%, #3®HOMO-1%XOLUMO ® X1,
Z DOBERBENFNES & MLCT #E4 ftt o2
LHEIRLTWD, £o. ZOEMBENEROT 7 &
FHE—GEIZ, 7 == LB DU DR AT
Bl & A3 Z L3 TE 5, 500 nm ITHICBIN S
5 A 1 X HOMO — LUMO+1 D R4y & & A T
BY, FAT— F—OKFEEEr AN G E Y ¥
VENLDORAEAME n E~OBEB LIRETE 5, O
£V ZOEBIZMLCT OMgE O Z LNgn5,
X BICRERMOWRIEIT d-dEEORY b &t
B, FRENTH,

WIZ, FFERERIAEA U7 8k851K 3a-3d Dt
BAER AR, $EK Sc OREEMNTIE R 2 FLICFHED
MMET VAR LTz, FEREHREITE BRI
LETREND D, BHEOR M ZZEZ 27 FIC
DWTHFHEZITo 7o), FEbAEFED = R /LF —,
ik = R — IRE IR RE BT AL
oty 2T, M8 IR Tl b A AR b
L CilEma D 5,

3a

3c 3d
8. B 3a-3d D LA |

BEMR 4 128V T 400 nm (2 FHI &S5 HOMO - 1
— LUMO Oy % & tei\ W Em B EIER I, 47
X UVE AR OMA 3a Tl 461 nm I IS,
FEHEMCY 7 b5 2203005 (XA, % 4),
FRDART S IZBWTE ZO[EEIIENTEY
B BT R R - B —B &R, $51K 3b T,
HOMO -1 — LUMO D4y % & to B A #hiE R 1L
23 nm [ THIENTE Y, REEM~DY 7 M
INEW (M 9B, % 5), T 7 FLEOBLE T 3
X=X AL bEN EICERT S, E
B AL RV TTIESEIA 3b 1T 3a & RIFRE DI %
430 nm IR L TW5, S ALIZF / U LE Ao
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350 400 450 500 550 600 650 700 750 800

0.05+

‘.|||,|‘

! s !

T T T T T T T
350 400 450 500 550 600 650 700 750 800
nm

0.05+

0.05+

|| Lol ) L

T T y T T r T T T
350 400 450 500 550 600 650 700 750 800
nm

9. TD-DFT 5 D55 % LT Hi 7= trans-[Fe(L)(CO)
(PMe)s] DWIL A2 kL. A, 3a, L=L* B.3b, L=L",
C.3¢, L=1°2D.3d, L=L".

# 4. $8K 3a OFEMZ2 7 HLE (isovalue = 0.03)

LUMO+3 (-1.127 eV)

.
¥

LUMO+2 (-1.190 eV)

LUMO+1 (-1.494 V)

L

LUMO (-2.264 eV)

¢

HOMO (-4.356 eV)

%
*

HOMO-1 (-5.373 eV)

HOMO-2 (-5.658 eV)

%
%

HOMO-3 (-5.753 eV)

7% 5. 851K 3b DA TiE (isovalue = 0.03)

LUMO+1 (-1.538 eV)

1
&

LUMO (-1.950eV)

HOMO (-4.456 eV)

x
3

HOMO-1 (-5.474 V)

7% 6. SHEK 3c DIRFEMZ2 3 Tl (isovalue = 0.03)

LUMO+1 (-1.497 eV)

!
3

LUMO (-2.201 eV)

HOMO (-4.339 eV)

A
2

HOMO-1 (-5.353 eV)
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# 7. 88K 3d OFEM 2y FE (isovalue = 0.03)

LUMO (~1.845 eV)

LUMO+1 (-1.485 eV)

&3

HOMO (-4.464 eV) HOMO-1 (-5.478 V)

o5 e

S 3¢ TlZ, HOMO - 1 — LUMO D4y % & e
i BN ERS A 456 nm (2 RIS D (X 9C, % 6),
—J. BALIC T 7 F N E A FO8EK 3d TlE 406 nm
Ths (X9ID, £ 7)., [FUFEFHRERLZFFOA
TR % & bALEMRERIL A ERE LD LR
EV7 b TNhEWE PRI, FEEDO A
7 MVOAH & —BT %,

Z Z T, HOMO -1 — LUMO OERIZHb 5
DTWEONAM BT 5, K P—RlOWEIXT 4
T RABTGHA T IVORIIZILR > TWDHDT, F5
FREEHBILOEBITIELE A EZITTWRY, T27%
72 —ROEEIL, $EA 41BN TE T 2=
CUBKIIEN D EAYEr HUETH D (£ 3), F
FIRERILZEANT 5 L, LUMO (35 EFRELIED
B AT  WUEIC b IR Y . SRR R DR
BUBROSMITNEL D (R4—KTD, 727EL.
X UAKEOGEES 2 VAR ORNRKRE L 72
HDIK L, ET R —=RNEWT T F LD
BIIEJERAN O DU EOSHNRRE, £
7oy ANCIC T BRIRERILAZEA LG E1T, dEik4
WZBWTE Y DU BICIAN D nfilE &R E A
97, LUMO O#GE T VX —NMEL 722D, Z0D
&0 BB O LB ALLEIC X DM A EFE D
LPHEEINDN, BEDOAT MV TITEANEIZ
KN DOFHFNENL->TND,

Ak L7z X 91z, 881K 4 o TD-DFT &5 T
HOMO — LUMO+1 @ %%y % & to & faf B BhE B )
483 nm ([Z A S, FEERD AT MU\ Ty =
NE—E LTBBlS D, ZOWIGH L, $54 3a-
3dICH VT, EHEDOFAMEIC L DEVDIE
ThH D, EBEOANRYT NV TIL 4 (0I5 R E BRI
MR 3a B LU ICBWTEREY 7 FVE
T, HEICE S &L 85K 3a TiE 533 nm
I~ HOMO — LUMO+1 OB EER RN Tl S
BN, T OEBMRITIEFE ISV, 2DV 716
nm (23175 HOMO — LUMO D4y & & T BB D

ERNREL oo TWD (X 9A, £ 4), $EIK3b I
BV TIX 513 nm I FHl &5 HOMO — LUMO+1
DEBMERNGER 4 L ARETHH P, 615 nm (2
BT % HOMO — LUMO O EB 1L 3a LV b
IEW (K 9B, # 5), 50L& # K 3¢ & 3d T,
HOMO — LUMO+1 @ # # 7% 540 nm 3 KL Of 496
nm ([ZENENTERIND D, S5HE 3c 2B\ TIEE
BN IERI/hS <, FHREARZ EICHI N A~
7 hZBWTH Y a VA= Ene, (X9C, #
6;X 9D, £ 17)

HOMO — LUMO+1 OEZ ik, R —Rlo#E
EF 47— =8O rHETH D, Tk
T —POWIEE LD & FER 4B TIEE Y Y
VIR BIZIEMR > TNA D, 5K 8a-3d 12\ T
FEEBREORELZ T C 7 2=V E ) DU FKIC
IR 3 LT D, $8A 3a-3d TlIEHILOEAZ
K OHT- 72 TEEREA SN D DT, $5(K 3a-3d
@ LUMO+2 73, $&1k 4 ® LUMO+1 (245445 &
EZDHRETHD, $5K3a-3d DFFEERE RS &
450-500 nm D& i HOMO — LUMO+2 @ jik 45
o HREE /LTINS (O THuERIEER 4 25,

UbD Xz, FEHREREZEANTSHZ LT,
FEREMIEE CTIRN 127 7 72— ~DE
MBEEBLZHETLIZ LN TE D, FFlC4pnizE
ALEBEAITIIERERA~DY 7 b & BEBHERORY
KBTREIND,

Wi

N,C,S- o —8k () $EROE Y ¥ BRI
FEREBRILZEA LT 5RO\, EBFRIA
~7 hVZHIE L, TD-DFT 5 & GF TEMIC R
Br L7z, 400-450 nm (ZHLAL D WILHIELT AT kA
HZHA T NVEDOEIE)S BV 2 U BRE O#E
~OEMBIESL THY . =¥ —0D{E LUMO
YL ONERERLAZEANT S 2 LT, SEKEERR
EA~OEMBIEZFZET L ENTED, TOHE
ITEY CUBRD ANMIZEA LG AICRELBIND,
—J. 500 nm £V b RERMOBRINEIETFAZ7— |k
—SRDOFEBYE n BENS BV VU B~ BB E)
BRIRETE D08, ZOMEITNSD, L, 4
MK BERERILZEANT L 2 LT, TOEBMESE
NHERTDHZENRHALNERST-, o T, BUY
VERD AN S FEERIE B AT S Z & T MLCT
BB 2 NN RIH Loy TR et N Al 72 D,

B3
AL, WFEE TF4 7 = ks v
AR TGP A T VEREER DA & YeREE ] 1ot A
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2019 FFER ) KA BRAAIFZE i 36 [RIAJF 52 Bl ik
(RIIS201905) D fE%# =17 TiTbivE Liz, <
N LET, F720 JIEH—AIE 2019 4 3 A
~ 2020 £ 2 A O, #ENNKRFOZFEFEL L
THEHEEX > TWEEEXE L, BREDOERICE
<PBILHLETET,
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Abstract: Generally, the exoskeleton of crustaceans is mineralized with calcium carbonate.
However, a high concentration of fluorapatite, which is one of the calcium phosphate crystals,
is deposited in the exoskeleton of the Antarctic krill Fuphausia superba. In order to identify
exoskeletal proteins involved in fluoride deposition from Z. superba, the tail fan and swim-
ming legs with the epidermis inside the exoskeleton were subjected to RNA-seq analysis. We
successfully predicted nine transcripts encoding exoskeletal proteins similar to calcification-
associated peptide-1 (CAP-1), CAP-2, calcification-associated soluble protein-2 (CASP-2), and
strong chitin-binding protein-1 (SCBP-1) from the red swamp crayfish Procambarus clarkii,
crustocalcin from the kuruma prawn Marsupenaeus japonicus, exoskeletal proteins HACP127
and HACP188 from the American lobster Homarus americanus, arthrodial cuticle protein
AMPS8.1 from the blue crab Callinectes sapidus, and cuticle protein AM/CP1114 from the crab
Cancer pagurus. These transcriptomic data will promote further studies on the functional roles
of the exoskeletal proteins involved in fluoride deposition in %, superba.

Keywords: iron complex, dibenzothiophene derivatives, N,C,S-tridentate ligand, quinolyl
group, naphthyl group, charge transfer transition, electronic spectrum
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Abstract: Phylogenetic analyses were carried out using various reconstructed datasets to
examine the quality and quantity of information for each region in the sea urchin mitochon-
drial genome. Smaller sized data produced no reliable results. As the data size increased, or-
ders were organized into individual clades. An almost exact relationship between orders was
acquired from an apploximately 6500-bp dataset from the ND protein group, but it was not
perfect. Probably, the entire mitochondrial genome or a larger dataset will be required to accu-
rately determine phylogenetic relationships of sea urchins.

Keywords: sea urchin, molecular phylogeny, mitcondria, NGS
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Abstract: In the Sagami River estuary, 3 different water masses, brackish coastal and open
sea water-mass's, were observed in the winter of 2019, although the brackish water-mass
could be limited by the low-level rainfall of the area in this season. The water temperature was
ca. 19 C and little difference was observed from the surface to a 45-m depth. Vertical mixing
in winter occurred. Only in the brackish water-mass, a vertical salinity gradient established
stratification and a higher biomass of phytoplankton was observed. Phytoplankton communi-
ties in the surface water at different points in this area showed different species compositions.
These differences could have occurred due to different conditions for growth of each algal
species 1n each different water mass. The colony size of diatom species of the Skeletonema
costatum complex suggested higher growth rates in the brackish water-mass than in the open
sea water-mass. The S. costatum complex in the estuary could spread to other sea areas and
become dominant there. We observed the accumulation of algal biomass in the coastal water-
mass around the bottom.

Keywords: biomass, growth, Sagami River estuary, Skeletonema costatum complex, species
composition
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BUSENE R T 5 v 2 b VIEPRONE
BIHNE 2019 4F 12 H 19 B FE G L 7=, FELI ]
025 EEIZ 2> THAIZ 100m, 200m, 500m,
1000 m. 2000 m, 3000 m. 5000 m M5 7 | A5 (Station
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L7z, i L7-aFE T o7 oo 7 ¢ )L a EEEITHE0
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K 1. HEJIRT SR O 77 > 7 b R OTERRR

species St.1 St3 St7
diatoms
1 Detonula pumila <w 144 41 245
2 Lauderia annulata w 41
e 57,038 13,437 12,458
complex
4 Thalassiosira anguste-lineata 61 61 41
5  Th diporocyclus 40 122
6 Th spp. 3427 816 1,632
7 Stephanopyxis palmeriana w 96
8 Leptocylindrus danicus 92
9 Corethron criophilum 41
10 Co. pelagicum 4
11 Coscinodiscus granii 54 24 16
12 Co. wailesii w 252 8 20
13 Co. spp. 24 20 16
14 Actinoptychus senarius 4
15 Rhizosolenia robusta w 9 4
16  Rh setigera 41
17 Rh styliformis ¢ 15 8
18 Guinardia flaccida 54
19 Gu. striata 551 408
20  Dactyliosolen phuketensis 82 41
21 Eucampia cornuia 24
22 Eu zodiacus 1,224
23 Bacteriastrum delicatulum 857 200 1,020
24  Ba elongatum <w 61 734
25 Chaetoceros atlanticus 408 82
26 Ch. danicus 245 122 408
27 Ch. peruvianus <w 12 8
28 Ch. rosratus w 30 12 28
29 Ch. affinis 265
30 Ch anastomosans <w 122 367
31 Ch. curvisetus <w 367 204 286
32 Ch. diadema 40 245
33 Ch. didymus <w 337 245
34 Ch. lorenzianus w 734 122 449
35 Ch. messanensis w 275 122
36 Ch socialis 979
37 Ch. subtilis b 490
38 Ch. tenuissimus ib 1,714 1,142 1,469
3%  Ch teres c 61
40  Ch wighamii b 143
41 Ditylum brightwellii 245 61 163
42 Lithodesmium undulatum <w 4 12
43 Helicotheca tamesis <w 4
44 Thalassionema nitzschioides 82
45 Thalassiothrix spp. 61 224 224
46  Nanoneis hasleae wo 326
47 Licmophora abbreviata 122
48  Navicula spp. 8323 163 490
49 Diproneis sp. 490
50 Pleurosigma/Gyrosigma sp. 490 41
51 Cylindrotheca closterium 4,570 1414 1,632
52 Fragilariopsis doliolus ~ w 12
53 Fr. spp. 490 163
54 Pseudo-nitzschia seriata 245 04 2,122
complex
55  Ps.-ni. sp. 61
56 Nitzschia spp. 979 326 163
diatoms total (cells /1) 83,944 20,123 27,204

DOKIKDOEE (~ 6.4 FTU) LiZRkE BT
We, ZORERIT, KT EEE CIRIEBRL M
ETDHZEERLTEY, FFORENEHNZ 1
07 4 va RENS, KTICHHEE, W77

species St.1 St.3 5t7
flagellates
1 Cryptophyceae 4,325 5,168 5,603
Dinophyceae
9 Prorocentrum micans 4 1
3 Gymnodiniaceae 490 326
4 Ceratium furca i 8
5 Ce. kofoidii  wo 8 4
6 Ce. teres wo 4
7 Oxytoxum sp. 245 163 163
8 Ostreopsis spp. 41
9  Protoperidinium bipes 245 163
10 Pr. diver i 4
11 Pr. ocea<w 6
12 pr. sinuosi 12 4 4
13 Podolampas palmipeswo 4
14 Peridiniales 490 326 1,142
15 Pronoctiluca spinifera 41
Haptophyceae
16  Gephyrocapsa oceanica 21,053 18,115 20,400
17 Coccolithophorid type 1 490 653
Dictyochophyceae
18 Dictyocha fibla o 82
19 Di speculum 41
Prasinophyceae
20 Pyramimonas spp. 979 816 4,406

flagellates total (cells /1) 27,844 25,310 32,878

{f) w: warm water region, <w is tended to have that person:
c: cold water region.
b: brackish water region.
i: inshore or coastal region.
0: open water region.
blank: cosmopolitan or world wide, and unknown.

i 02 5 100 m, 500 m, 5000 m @ il /5 (St.1,
St.3 & St.7) DEAKIZ OV TIHFIEMEEBIEL T
FIE L7z, B T CHBITE R WGEITHE
£ D% type & LT, FI-EEEENRET HHE
FEIX complex & L THEHIL L.

I NUMEBETHEELTWS Z LR I,
F 7o, ZOFHEOKTTHIE SN B FIRERE (6.8
~6.9mg0: 0™") (21X, ooy THIE S -ME (7.0
~T71mg0:0") KYORMMWMEZRLT, HEHO
FRIE ST KB THARK « AT O TV D 5EA
BWATFRERENTRIND, HESNTIETHE
FRREIL, BEEOWEWMT T 7 MR ZOKRIMF
TOMEIZ L VBRI LB I WI &R
LCWe, BWEECTHETHZOMM T 7 7 K
VHENREZNOBAL, EDX RIS
ZHAONCTHDITIE, STz EDD Z L
N TH T,

HER 75 v 7 bV BEORN
FHEE AT O A SIS E Ay THA 100 m, 500 m &
5000 m ® 3 M| & (ZHFi Stl, St.3 & St.7) T
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RONTWz, 7T 27 b BEOREM e T I
%, EEESMO TEHETHDH Z &NMRI N,
AL LTE & O HEEEREOR UL, Bk
L2 L0 BARDFENE EN TV RREEN &
Do 7V MR, RHEER. T NEE, A EHEE
L NS YOJINRES it N pa¥ il fake (| EEv: 3
L L. HEIFRIAE DR S e B & 13X L T
Ptz 3MR TR SNT-HIEHRIL 20 HifEC©, £
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Molluscan Fauna in Sagami Bay off Hiratsuka:
Results of the Investigation by Dredging in 2018 and 2019
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Abstract: Molluscs and bottom sediments were collected by dredging in Sagami Bay off Hi-
ratsuka in September 2018 and 2019. A total of 350 live specimens were collected, belonging
to 24 species: 11 gastropods, 1 scaphopod, 11 bivalves, and 1 cephalopod. Three species (7hais
clavigera, Glycymeris vestita, and Paphia amabilis) were the first record since the dredging
investigation started in 2006. All the collected species were warm-water species. The bottom
sediment at depths above 5 m was composed of fine to medium sand containing 2.4-3.1% mud,
and that about 10 m deep was composed of the same sand with 3.0-4.6% mud. At depths of
20, 30 and 40 m, the bottom sediments were composed of very fine to fine sand containing 4.4-
6.4, 9.9-16.4 and 15.3-24.4% mud, respectively. In comparison with the investigation results of

2018, the bottom sediments of 2019 contained more plant fragments and mud.

Keywords: molluscan fauna, bottom sediment, dredge, Hiratsuka, Sagami Bay
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O, SR REs I /e < b 16 o BN
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Table 1. Depths and positions where a dredge was dropped or lifted

sampling date station osition depth (m)

September, 2018 St. 1 35°18'09.9"N, 139°22'26.7"E—35°18'00.8"N, 139°21'51.2"E 42.5-44.5
St. 3 35°18'09.4"N, 139°22'17.1"E-35°18'07.0"N, 139°21'55.0"E 30.9-31.3
St. 4 35°18'10.0"N, 139°22'17.5"E-35°18'07.7"N, 139°21'56.8"E 29.9-29.8
St.5 35°18'15.4"N, 139°22'13.0"E—35°18'08.9"N, 139°21'56.8"E 19.7-28.0
St. 6 35°18'15.2"N, 139°22'11.3"E-35°18'12.1"N, 139°21'47.9"E 19.4-21.9
St.7 35°18'26.9"N, 139°22'11.8"E-35°18'21.2"N, 139°21'53.5"E 10.5-14.7
St. 8 35°18'27.3"N, 139°22'10.0"E—35°18'24.9"N, 139°21'47.9"E 9.9-13.3
St. 10 35°18'43.3"N, 139°21'44.2"E—35°18'45.9"N, 139°21'25.3"E 5.2-4.7
St. 11 35°18'46.3"N, 139°21'43.3"E—35°18'49.1"N, 139°21'26.9"E 3.7-3.2

September, 2019 St. 1 35°17'59.8"N, 139°21'54.6"E-35°18'05.0"N, 139°22'13.8"E 47.3-44.6
St.2 35°18'08.2"N, 139°21'57.2"E—35°18'09.5"N, 139°22'16.1"E 30.6-31.6
St. 3 35°18'13.7"N, 139°21'52.5"E-35°18'13.7"N, 139°22'14.1"E 20.8-22.8
St. 4 35°18'27.2"N, 139°21'49.1"E-35°18'21.3"N, 139°22'08.6"E 12.6-13.7
St.5 35°18'31.7"N, 139°21'46.3"E—35°18'29.4"N, 139°22'05.8"E 10.8-9.4
St. 6 35°18'42.6"N, 139°21'45.6"E—35°18'45.1"N, 139°21'28.2"E 55-52

Fig. 1. Sampling localities. Arrows show the positions
and directions of dredging. The black arrows indicate the
investigation in September 2018, and the white arrows
indicate that in September 2019.
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DTERE SN, BRE SN BE O 3l % Table 3
WCE LD, RESNEETORMIIERESLIFEIC
AT HRERETH Y, KINESAAOHLET D
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HKIRD 42.7%. WRHIRIRD 22.7% THERR S, &ER
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Table 2. List of the species collected in the investigations in September 2018 and 2019

September, 2018 September, 2019

class scientific name Japanese name ST i3 sS4 Sth st6 st7 S8 S0 Siil S st st3 sta sis sip el
Gastropoda Umbonium costatum Eva 4 5 6 15
Umbonium giganteum FORA XY 6 167 1 174
Glossaulax didyma YA ZHA 1 1 2 3 7
Natica buriasensis hZRZaF< 1
Thais clavigera AR= 1
Zeuxis castus nNrLio 2 2 4
Fusinus perplexus FTHA= 2 1 3
Olivella fulqulata LIRAI 1 1 2
Brevimyurella japonica EXARTH 1 1 2
Philine argentata EnwLy ki 1 1 2
Philine vitrea 22X+T43 1 1
Scaphopoda Laevidentalium coruscum LEE/ VI AL 1
Bivalvia Jupiteria confusa ZA9ITHA 2 1 2 3 1 9
Glycymeris vestita 2374 1 1
Mactra crossei EANAAA 3 2 1 2 8
Nitidotellina minuta ] 2 3 5
Siliqua pulchella TVHA 1 1
Placamen tiara NFHA 2 1 3
Veremolpa micra EXH/aTF7HY 12 88 1 101
Pitar japonicus DRINITY) 2 2
Paphia amabilis HYIThAA 1
Callista chinensis IYNIDIRL 1 1 1 1 4
Cyclosunetta menstrualis 2RLAA 1
Cephalopoda Octopus ocellatus 1453 1

Table 3. Distributions of the species collected in the
investigation

distribution areas numbgr of
species
Hokkaido to Kyushu
southern Hokkaido and southward
southern Hokkaido to Kyushu
Tohoku and southward
Tohoku to Shikoku
Kashima sea to Okinawa
Kashima sea to Kyushu
Boso Peninsula and southward
Boso Peninsula to Kyushu
Sagami Bay and southward

| n|o|==]=No|o|w]—
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Fig. 2. Grain size distribution and depth on each locality. Grain size was shown in phi scale.
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Abstract: Organic compounds containing carbon-metal bonds are called organometallic
compounds. Such compounds have been known and studied since 19th century and have been
widely used to effect synthetic transformation in modern organic chemistry. It seemed that
many educational benefits could result in the use of reaction types and discovery episodes for
undergraduate and graduate classes in organic and organometallic chemistry. The former
half of this report deals with Oz and the related chemistry, the latter half deals with transition
metal peroxo- and oxo- complexes. The dangerously explosive properties of hydroperoxide dis-
turbed the development of O2 chemistry, which is primarily a product of autooxidation. Howev-
er, Criegee successfully isolated hydroperoxide for the first time and also proposed and devel-
oped the mechanism of ozonolysis and OsO. reagent of 1,2-dihydroxylation for alkenes. Then,
hydroperoxide was employed in industrial synthesis of phenol and propylene oxide, the so
called cumene and oxirane methods respectively. In the chemical laboratory, carbonic peracid
is frequently used for the epoxiation of alkenes and Bayer-Villiger reaction of ketones. Instead
of carbonic peracid, persulfate (caroate) with ketone resulted in the formation of dioxirane,
which is a three membered cyclic peroxide. Singlet oxygen in dye-sensitized photooxygenation
was verified as non-radical oxidation, which afforded hydroperoxide as well as four-membered
cyclic peroxide via a concerted mecahnism. The four-membered peroxide called 1,2-dioxetanes
produced light during decomposition, begging the chemistry of chemiluminescence. In biologi-
cal systems, O: serves a central role in aerobic respiration to make energy. Oxygen binding
hemoprotein such as Hemoglobin, superoxo-Fe (III) complex, transport bound oxygen to cells,
which was chemically modeled by Collmann and others. In hem-containing monooxygenase,
oxo O=Fe(V) complexes such as the P-450 enzyme catalyzes hydroxylation and epoxidation for
the detoxification of metabolites. These were also chemically modeled by Groves and others.
In synthetic organic chemistry, many oxo- and peroxometal O=M and O:M have been used in
stoichiometric oxidation of alcohol to carbonyl compounds and alkene to epoxide and 1,2-diol.
Finally, asymmetric epoxidation and dihydroxylation by Ti-tert-butyl hydroperoxide and OsO4
were achieved by Sharpless and coworkers.

Keywords: oxygen, peroxide, oxo-metal complex, peroxometal complex
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