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Abstract: Iron is required as a co-factor for a number of enzymes involved in fundamental
biological processes such as respiration, photosynthesis and DNA synthesis. However, free
iron is highly insoluble at physiological pH, and is incompatible with life because of inor-
ganic reactions with oxygen that generate harmful oxy radicals. Thus, the bioavailability of
iron in the physiological environment is maintained by a number of iron binding proteins in
a highly regulated manner. Among the principal members of the iron homeostatic proteins
is ferritin, which is ubiquitously distributed in almost all living organisms ranging from
unicellular bacteria to higher animals. As a multisubunit, nanocage protein with a mineral
cavity for iron, ferritin safely stores iron in cells, preventing deleterious, abiotic reactions.
Although ferritin has been extensively studied, and the mechanisms by which it assimilates
and releases iron have been demonstrated, the cytoplasmic dynamics of ferritin and/or iron
are still poorly understood. Recent studies have indicated the association of cytoplasmic fer-
ritin with the cytoskeletal network, in particular, with microtubules, which makes it prob-
able that the regulation of the subcellular distribution and traffic of bio-iron is one of the
important roles of microtubules, along with their well-known roles in cell morphology, cell
division, and intracellular transport. This article first describes our general knowledge and
understanding of iron metabolism, and later focuses on the recent progress and perspectives
of the studies related to the cytoplasmic distribution and dynamics of ferritin in association
with microtubules.
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Biological significance of iron

Iron is an indispensable element for all species of
life on earth. The most common iron-containing
biological substance is the heme group, which is
a complex of iron and porphyrin. Hemoglobin in
red blood cells contains the heme group, in order
to carry oxygen throughout the body, which is an
essential event for respiration in vertebrates includ-
ing human”. A human body contains about 3-4 g
of iron, of which 60% is found in red blood cells,
while 30% is stored in the liver. Iron deficiency in
humans causes anemia. Myoglobin in muscle cells
also contains the heme group to store and supply

*Abbreviations: DcytB, duodenal cytochrome B; DMT1,
divalent metal transporter 1; TfR1, transferrin receptor;
MAP(s), microtubule-associated protein(s); IRE(s), iron-
responsive element(s); IRP, iron regulatory protein.

oxygen for muscle contraction. Although present
in lower quantities, no less important are the iron-
binding proteins in the electron-transport chains,
including another class of heme-binding proteins,
the cytochromes, in the respiratory complexes, and
ferredoxin, which contains the Fe-S cluster, in the
photosystem protein complexes. Various redox en-
zymes contain iron in their active sites, such as ri-
bonucleotide reductase, which is essential in DNA
synthesis. The iron-dependent biological reactions
are based on the redox status of the element, that
is, the interconversion between ferrous [Fe(IT)] and
ferric [Fe(III)] ions with the concomitant elec-
tron transfer under slightly basic conditions®?.

In sharp contrast to its essential role in many
biological reactions that are crucial for life, free
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iron is toxic to cells because of its reactivity with
oxygen at physiological pH, producing insoluble
rusts and deleterious oxy radicals. Iron is there-
fore rarely free in the physiological environment.
Moreover, too much and too little iron are both
incompatible with life, as observed in several iron-
related human diseases, such as iron deficiency in
anemia and iron overload in hereditary hemochro-

matosis®®.

Therefore, organisms have evolved
specific mechanisms to regulate the intake, circu-
lation, and metabolism of iron. The sophisticated
iron regulatory mechanisms provide organisms
with the ability to precisely maintain the iron level
in order to supply cells with the necessary iron at
an effective concentration when required, and to
prevent the deleterious effects of excess iron.
Despite the enormous biological significance of
iron, the detailed metabolic pathways of the ele-
ment at the subcellular level have long been un-
clear. In the last few decades, studies on proteins
associated with iron homeostasis provided new
insights into intracellular iron metabolism: Sev-
eral proteins responsible for iron transport in and
out of the cell were identified, and the involvement

of microtubules in cytoplasmic iron transport was
suggested.

Iron metabolism in humans

Iron acquisition, circulation, and storage in the
human body are tightly regulated (Fig. 1). Most
of the iron in the body is recycled: aged red blood
cells are processed in the hematopoetic organs,
especially the splenic sinus, and the released iron
1s bound to a blood plasma iron carrier protein,
transferrin, and recirculated throughout the body.
Humans do not systematically excrete iron, but
they do lose a small but steady amount by sweat-
ing, bleeding, and shedding of the epithelial cells.
This steady loss is compensated by strictly con-
trolled iron uptake®® 2.

In the digestive system, the cells responsible
for iron absorption are found in the duodenal epi-
thelium. Dietary iron is reduced from Fe(III) to
Fe(ID) to become soluble by a reductase, duodenal
cytochrome B (DcytB)*, on the apical region of
the duodenum. A neighboring transmembrane
protein, divalent metal transporter 1 (DMT1)" ',
transports Fe(II) from the intestinal lumen to the

Bone marrow
~  (300me)
Liver ferritin
(1000 mg)
Red Blood Cell
hemoglobin
(1800 mg)
Serum
transferrin
=
(3 mg)
Loss through sweating, bleeding,

desquamation, menstruation (1-2 mg/day)

Fig. 1. Iron acquisition and distribution in the human body. Iron absorbed by enterocytes, through the
combined activities of a reductase (DcytB) and a transmembrane transporter (DMT1), is exported to
the bloodstream at the basolateral side by ferroportin. The exported iron is circulated throughout the
body in the transferrin-bound form. Although about two-thirds of body’ s iron remains associated with
hemoglobin in developing and mature erythrocytes, a significant proportion is stored in the liver, and is

mostly associated with ferritin® ™.



cytosol of the epithelial cells. Although some of
the iron remain in the cytosol in the ferritin-bound
state, which is discussed in the following section,
most of it is exported from the duodenal epithelial

1410 another transmembrane

cells by ferroportin
iron transporter protein localized in the basolat-
eral membrane, to circulate through the entire
body. The exported iron is oxidized to Fe(III) and
is carried to the target cells by the bloodstream in
transferrin-bound from.

Transferrin is a 75kDa blood plasma glycopro-
tein, that contains two Fe(III) binding sites, and
is the most important Fe(III) transporter in the

human circulatory system'”.

Transferrin tightly
binds Fe(III) ions at neutral pH, and releases
them under acidic conditions. The iron-bound
transferrin in the blood is assimilated by target
cells through receptor-mediated endocytosis. The
target cells express transferrin receptor 1 (TfR1),
which receives the transferrin-Fe(III) complex, on
their surface. The endocytotic vesicles are supple-
mented with H+ by the H+-ATPase to lower the in-
travesicular pH. In the acidified endosome, Fe(I1I)
is released from transferrin, reduced to Fe(ID), and
transported to the cytoplasm by DMT 1. The cy-
toplasmic iron is immediately complexed with fer-
ritin. Meanwhile, the iron-free transferrin, along
with TfR1, returns to the cell surface via recycling
endosomes, and is released to the blood plasma to
bind new Fe(II) ions'®.

Ferritin: a natural reservoir of bioavailable iron
Once it is transported to the cytoplasm, the sur-
plus iron binds to a cytoplasmic ion storage pro-
tein, ferritin, in the Fe(III) form. In this way, cells
control the hazardous effects of iron, while main-
taining a soluble pool of iron in the cytoplasm.
One ferritin molecule stores about 4,500 Fe(III)
ions.

Ferritin is a quasi- spherical polymeric protein
consisting of 24 subunits, with a total molecular
mass of about 450 kDa, and is present in a variety
of cell types, such as bacteria, plants and animals .
There are two classes of mammalian ferritin sub-
units, the H subunit and the L subunit, and their
ratio in the 24-mer complex depends on the rela-
tive expression levels of the two genes in different
cell types. The two subunits are homologous and
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have similar molecular masses (about 20 kDa),
but they play distinct roles in iron uptake: the H
subunit catalyzes the oxidation of Fe(ID), the initial
step in the iron storage process, while the L sub-
unit induces the nucleation of the iron core made
of Fe(IID)*. A genetic study using mice suggested
that the H subunit is more important for life?”. A
homopolymer exclusively consisting of H subunits
exixts in some non-mammalian species, such as
avians and plants.

Despite the oligomeric nature of ferritin, we re-
fer to the 24-mer ferritin as the ‘ferritin molecule’
or simply ‘ferritin’ in this paper. When we use
the term ‘ferritin oligomer’, it does not refer to
the 24-mer oligomer, but rather refers to the ag-
gregated structure formed by a number of 24-mer
ferritin molecules.

Under the electron microscope, a ferritin mol-
ecule appears as a hollow, cage-like structure with
an external diameter of about 11-13 nm (Fig. 2).
An electron-dense structure with a diameter of
about 8 nm is usually observed in the center of
each molecule, which corresponds to the ion core.

Regulation of iron metabolism by gene expression
As we mentioned, the intracellular iron level is
mainly controlled by two proteins, TfR1, which is
responsible for the cytoplasmic entry of the iron,
and ferritin, which controls the cytoplasmic iron
levels by sequestering and releasing the iron. Con-
sequently, one of the best ways to control intracel-
lular iron metabolism is to control the cytoplasmic
content of these proteins. Interestingly, the genes
encoding the two proteins are controlled by similar
manners of post-translational regulation®.

The mRNAs of ferritin and TfR1, along with

those of some other iron-related proteins, such as

Fig. 2. Ferritin structure. A. Assembled ferritin cage

(bullfrog M ferritin, pdb 1IMFR). B. Electron micro-
graph of bovine adrenal gland ferritin®®.
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DMT1 and ferroportin, contain short, conserved
sequences called iron-responsive elements (IREs).
IREs are a family of 28-nucleotide, stem-loop
structures found in the 3’ or 5’ untranslated re-
gions. IREs may function in ribosome binding, or
the mRNA stability. An aconitase homolog, iron
regulatory protein (IRP), binds to IREs in an iron-
dependent manner, and thereby regulates mRNA
translation. For example, IRP blocks translation
initiation of ferritin during iron starvation, by
tightly binding to the 5 -untranslated region IRE
of the ferritin mRNA. When iron is available for
IRP, it binds the iron and releases the mRNA,
due to the low RNA-binding activity of the iron-
bound form. In the mean time, IRP reduces the
translation of TfR1 by leaving the TfR1 mRNA.
The IREs of the TfR1 mRNA are situated at the 3’
-untranslated region, and constitute the endonu-
clease cleavage site. Consequently, the binding of
IRP hinders the cleavage of the mRNA to ensure

its longer life span. The iron-bound IRP released
the mRNA, and thus destabilizes it.

The post-translational regulation of iron metabo-
lism can be summarized as follows (Fig. 3). Under
iron-deficient conditions, TfR1 expression is up-
regulated, while ferritin expression is down-regu-
lated. Therefore, the iron uptake of the cell is aug-
mented, and intracellular iron is readily available
because it is not sequestered by ferritin. Iron over-
load brings the opposite situation. The low con-
tent of TfR1 leads to low iron uptake, and the high
ferritin concentration counteracts the cytoplasmic
accumulation of available iron.

Although the expression of ferritin and TfR1 is
thus regulated, how they behave in the cell once
they are expressed is another important problem.
Although the recycling of membrane-bound TfR1
has been well-studied, as described in the previ-
ous section, little is known about the cytoplasmic
dynamics of ferritin, such as its localization and

Iron deficiency
IRP

IRE Coding
sequences

5" 3

Ferritin mRNA
(Translation blocked)

IRP

sequences

TfR1mRNA
(Stable)

IRP
5l'

Iron overload

IRP
sequences
P
5 ¥
Ferritin mRNA
(Translation continues)

sequences
R

TR1mRNA
(Unstable)

Fig. 3. Translational regulation of iron metabolism. Binding of IRPs to the IRE stem loop structure
at the 5-untranslated region of ferritin mRNA blocks ribosome binding and the subsequent ferritin
translation, while binding of IRPs to the IREs at the 3’-untranslated region of TfR1 mRNA pro-
motes the translation of TfR1 by RNA stabilization. The IRE-IRP interaction is regulated by cyto-

plasmic iron.



displacement, which are undoubtedly crucial for
the control of iron metabolism.

Microtubules and ferritin

Microtubules are ubiquitous cytoplasmic struc-
tures made of tubulin, the unit molecule, and
some accessory proteins. Microtubules, along
with microtubule-dependent motor proteins, play
a crucial role in the cytoplasmic transport of mac-
romolecules and vesicles. Since tubulin, the pri-
mary component of the microtubule is a conserved
protein, many studies have focused on the variety
of accessory proteins, with diverse regulatory func-
tions. The biochemical characterization of accesso-
ry proteins immediately followed the mass purifi-
cation of mammalian brain microtubule proteins in
the mid 1970’s, and the major accessory proteins,
termed microtubule-associated proteins (MAPs),
were extensively studied thereafter. Since mam-
malian brain MAPs, which were readily available
for biochemical use at that time, occur exclusively
in neurons, some researchers, including ourselves,
recognized the importance of other MAPs ubiqui-
tous to various kinds of cells and tissues. One of
our best achievements with the ubiquitous MAPs
was the identification of bovine MAP4% 2%,

In 2000, we reported a new, ubiquitous MAP
with a molecular mass of 250 kDa from bovine
adrenal medulla®”. This MAP is unique among
the other well-known MAPs, such as MAP1,
MAP2, MAP4, and tau, in that it has a globular
shape, and that its affinity to microtubules is
rather weak, both in vitro and in vivo. Subse-
quent characterizations revealed that this MAP

is identical to bovine adrenal ferritin?®,

Interest-
ingly enough, syncolin?”, another high-molecular
mass MAP from chicken erythrocytes, was also
later revealed to be avian ferritin®®. The two
groups used totally different materials, and
completely different approaches, and yet they
reached to the same conclusion that ferritin binds
to microtubules. This suggests the in vivo role of
microtubule networks in regulating the cytoplas-
mic dynamics of ferritin.

In the second half of this article, we will elabo-
rate on the subject of ferritin-microtubule inter-
actions, focusing on our recent achievements.

M. R. Hasan et al. : Iron Metabolism and Microtubules 5

In vitro effect of ferritin on microtubules

In the adrenal gland crude extracts, ferritin cycles
with microtubules during the assembly- disas-
sembly based microtubule purification?”, which is
the classical strategy to identify MAPs. The mi-
crotubule-binding activity is evidently intrinsic to
the ferritin molecule: commercially available fer-
ritin, apo-ferritin, and bovine liver ferritin purified
through the standard procedure bind equally well
to microtubules; conversely, the ferritin purified
from the adrenal MAP fraction shows iron binding
activity indistinguishable from that of authentic

29 Ferritin-microtubule binding is suscep-

ferritin
tible to ionic strength, and is inhibited by the pres-
ence of other MAPs, suggesting that the binding
is based on a mechanism similar to that of MAPs,
although ferritin contains no known microtubule-
binding motifs. One of the noticeable difference in
the activity between ferritin and authentic MAPs
is that ferritin does not promote microtubule as-
sembly?. Although ferritin may elongate microtu-
bules, since the addition of ferritin to a preformed
microtubule fraction, which inevitably contains a
trace amount of free tubulin, further augmented
the polymerization, ferritin mixed with totally
unpolymerized tubulin resulted in the formation
of amorphous aggregates instead of microtubules.
Syncolin, the avian ferritin, reportedly bundles

27) How-

microtubules, hence the name syncolin
ever, we have no evidence that bovine ferritin also
bundles microtubules.

As we mentioned earlier, the ferritin 24-mer
consists of a variety of combinations of the H and
L subunits. At present, it is not clear whether the
microtubule-binding activity of the 24-mer ferritin
1s affected by its subunit content. We have proved
that the ferritins from adrenal gland, liver, and
spleen bind to microtubules without any detect-
able differences, which disproves the importance of
the composition. However, it should be noted that
the ferritin-microtubule interaction was originally
identified in adrenal ferritin® and avian ferritin®";
the former is abundant in H subunits, and the lat-
ter consists exclusively of H subunits, which may
suggest the domination of the H subunit in the
interaction.

The ferritin-microtubule interaction was also
observed by electron microscopy®®. The ferritin
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molecules are situated on the microtubule surface
at irregular intervals. Intriguingly, the ferritin
molecules sometimes assemble into larger aggre-
gates on microtubules (Fig. 4A). Although ferritin
aggregation has long been described® *”, its bio-
logical significance is not yet clear. As described
in the following sections, this aggregate seems to
be the functional form of ferritin; accordingly, we
hereafter call it the ‘ferritin oligomer’ .

Fig. 4. Ferritin microtubule interaction. A. Ferri-
tin oligomers associated with microtubules assembled
in vitro as revealed by electron microscopy?®. B. Co-
localization of ferritin (green) and microtubules (red) in
HepG2 cells, observed by indirect immunofluorescence
microscopy®”.

Oligomerization of ferritin in the presence
of microtubules
The ferritin-microtubule interaction is appar-
ently dominated by a simple equilibrium, since an
increase in the ferritin concentration led to an in-
crease in the co-precipitable ferritin in the in vitro
sedimentation experiments. In contrast, when the
concentration of microtubules was increased, it did
not lead to a steady increase in the co-precipitable
ferritin. Instead, a certain amount of ferritin still
remained in the supernatant, even after the addi-
tion of a considerable amount of microtubules®”,
suggesting that the ferritin population was het-
erogeneous regarding the microtubule binding
property. Detailed analyses revealed that most of
the oligomeric ferritin was recovered in the micro-
tubule-bound fraction, while the monomeric ferri-
tin tended to remain in the unbound fraction, and
that the microtubule-binding ferritin contained a
larger amount of iron than the unbound ferritin.
Although the iron contents of the microtubule-
bound and unbound ferritins were different, it is
clear that iron does not play the principal part in
the ferritin-microtubule interaction, because apo-
ferritin, ferritin totally devoid of iron, binds to mi-

crotubules®. A specific protein-protein interaction
is probably the basis of the interaction. Neverthe-
less, it is still possible that the ferritin-bound iron
positively affects the binding by increasing the
net surface charge of ferritin oligomers required
to bind to the acidic microtubule surface??®. Al-
though we have no evidence that microtubules
have any positive roles in ferritin oligomerization
at present, it should be noted that oligomeric fer-
ritin is always associated with microtubules, as
revealed by our electron microscopic observations,
and that no ferritin oligomers are found in the
ferritin samples in the absence of microtubules,
which correlates well with the sedimentation ex-
periments showing the preferential binding of the
oligomers.

The higher iron content of microtubule-bound
ferritin oligomers can be explained from a perspec-
tive different from the electrostatic microtubule-
ferritin interaction. The three fold axes pores (8 in
a 24-mer cage) in ferritin (Fig. 2A) have recently

32735 The pores

been identified as iron exit pores
were suggested to be gated, to control the release
of iron from ferritin. Generally, little or no iron is
released from ferritin in vitro and the iron release
requires reductants and an Fe chelator. The gated
pores are believed to regulate the access of these
factors to the ferritin iron core. It appears possible
that oligomerization and the subsequent microtu-
bule-binding negatively affect the gate function,

and thus the oligomers are naturally iron-rich.

Microtubule-dependent subcellular localiza-
tion of ferritin

Immunofluorescence studies have revealed that
ferritin appears as punctate structures in cultured

mammalian cells? 3V,

These structure are likely
to represent the ferritin oligomer observed in the
test tubes, rather than the monomeric (24-mer)
form. Since punctate ferritin staining is found in
various types of cultured cells, we consider that
oligomerization is a general feature of mamma-
lian ferritin. In the meantime, blurry staining is
observed throughout the cytoplasm, which may
represent the distribution of monomeric ferritin.
Although the association of the oligomeric struc-
tures with microtubules was not evident in single-
stained images, double-staining experiments



clearly revealed their co-localization (Fig.4B). In
addition, the structures completely lose their cyto-
plasmic alignment when the microtubule networks
are disrupted® *”. The association of the punctate
structures with microtubules agrees well with the
in vitro results showing the preferential binding
of oligomeric ferritin to microtubules. The micro-
tubule-dependent oligomeric structures were even
more prominent when the cytoplasmic ferritin
content was increased by the injection of fluores-
cently labeled ferritin®”. In real time observations,
the structures were revealed to move along mi-

crotubules™.

These results may be related to the
physiological studies showing that the disruption
of microtubules greatly affects the release of cyto-

37, 38)

plasmic ferritin to serum or bile In contrast

to avian blood cell ferritin, which is reportedly
localized along the marginal band microtubules®,
microtubule-like fibrous staining patterns similar
to those of MAPs were not evident in any cell line
tested.

From these results, it is reasonably concluded
that the iron rich ferritins form oligomers and bind
to microtubules in the course of ferritin-dependent
iron metabolism. Microtubule-directed movements
may be responsible for the cytoplasmic dynamics
of ferritin oligomers, although experimental evi-
dence is still insufficient in this respect.

The effect of the iron concentration in the cul-
ture medium on cytoplasmic ferritin localization
was also examined. Suppose that cytoplasmic iron
immediately binds to ferritin, and the iron-bound
ferritin in turn forms oligomers to bind to microtu-
bules, an increase in the iron concentration in the
culture medium will result in the accumulation
of microtubule-bound ferritin oligomers, while,
a decrease in the iron concentration will lead to
the loss of cytoplasmic ferritin oligomers. When
the iron concentration in the culture medium was
increased by the addition of ferric ammonium cit-
rate, a well-known iron uptake activator effective
in a wide range of cell lines, the number of cells
with ferritin oligomers gradually increased, with
the concomitant over-expression of ferritin®’. On
the other hand, the depletion of culture medium
iron by the iron chelator deferoxamine did not
result in the most easily predicted outcome, that
is, the total loss of the cytoplasmic ferritin oligom-
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ers. A certain population of ferritin oligomers still
remained even under the low iron conditions®”.
The persistency of the ferritin oligomer seemed to
depend on the presence of microtubule networks.
The ferritin oligomers completely disappeared
in the regions where the microtubule network is
scarce, such as the tips of neurites extending from
neuroblastoma cells, while they were still found
associated with the microtubules in the microtu-

bule-dense areas.

Physiological implications of ferritin-micro-
tubule interactions and future directions

As we have seen, there is now considerable evi-
dence for the interaction between ferritin and
microtubules both in vitro and in vivo. The next
important challenge is to unveil the biological sig-
nificance of the interaction. Although Infante et
al.?® proposed that ferritins cover the surfaces of
microtubules and protect them from iron mediated
oxidative damage, our data indicated that ferritin
oligomers were associated with microtubule sur-

26, 31)

faces at irregular intervals , making it unlikely
that they would effectively protect microtubules
from oxy-radicals. Instead, it appears that micro-
tubules play an integral role in iron metabolism,
by acting as a docking platform for ferritin and
thereby modulating the intracellular traffic of iron.
Although ferritin has been studied for many years
as a cytoplasmic reservoir of iron, and a number of
proteins related to the transmembraneous import
and export of iron have been identified, important
questions concerning the cytoplasmic dynamics of
iron and ferritin have not been answered: How is
iron delivered to ferritin in the cytoplasm? How
does ferritin iron move inside the cells? How is
iron released from ferritin for export or intracellu-
lar use?

Since microtubules play an important role in the
TfR1-mediated endocytosis of transferrin iron?,
the association of ferritin with microtubules could
bring ferritin close to the endocytic vesicles for
the rapid uptake of iron released from the vesicles
((1) in fig.5). In a similar way, microtubules may
guide ferritin iron towards the cell surface for
ferroportin-mediated iron export‘® ((2) in Fig.5).
We are now designing experiments to investigate
these ideas. Since one of the iron isotopes, *Fe, is
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Fe-transferrin

e

Fe3*

Transferrin

[Fe-
chaperon?

o

/o/
L/%

TfR1
(Transferrin
receptor)

Fe export

Fe release-
chaperon?

Microtubules

Fig. 5. Proposed role of microtubules in iron metabolism. Microtubules facilitate (1) ferritin iron
uptake from endocytotic vesicles containing imported transferrin iron (left), and/or (2) the release of
ferritin iron for use in other subcellular compartments, or for export through ferroportin (right).

a practical radioactive tracer used in various fer-
rokinetic analyses, we may take advantage of the
isotope and label cultured cells to examine the spe-
cific activity of ferritin (cpm *Fe/ng ferritin) after
manipulating microtubules. We are sure that such
experiments will answer many of the remaining
questions, and will add the role of iron metabolism
regulation to the diverse biological functions of mi-
crotubules.
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Abstract: Bicyclic dioxetane bearing a 3-(acetylsulfanyl)phenyl group, 1-[3-acetylsulfanyl)
phenyll-5-tert-butyl-4,4-dimethyl-2-oxabicyclo[3.2.0lheptane, was synthesized from the cor-
responding aryl-substituted dihydrofuran by means of singlet oxygenation. When this di-
oxetane was treated with potassium tert-butoxide in DMSO, it decomposed rapidly to emit
yellow light with moderate chemiluminescence efficiency (ca 0.2 %). The singlet chemiexci-
tation efficiency was estimated to be more than 10 %. The dioxetane was found to display

chemiluminescence with accompanied by considerable solvatochromism: Amax

DMSO, but 570-595 nm in H:0.

€L’ =538 nm in

Keywords: dioxetane, phenylsulfanyl acetate, chemiluminescence

Introduction

It has recently been reported that dioxetane bear-
ing a 3-(disulfanyl)phenyl moiety 1 reacts with
a thiolate anion to produce unstable dioxetane 2
substituted with a phenylthiolate anion, which
decomposes rapidly with an accompanying emis-

t?.  One advantage of this type of

sion of ligh
chemiluminescence has been exemplified for the
construction of highly sensitive analytical system
to detect acetyl choline esterase (Fig. 1). However,
the stoichiometry for nucleophilic S-S bond cleav-
age leading to chemiluminescence is not necessar-
ily clear, since a nucleophile such as thiolate anion

and hydroxide ion should more or less attack a sul-

fur atom in disulfanyl moiety to produce a thiolate
anion not desired. On the other hand, an acylsul-
fanylphenyl moiety would generate a phenylthi-
olate anion exclusively on treatment with various
nucleophiles. Thus, we attempted to synthesize a
dioxetane substituted with 3-(acetyl sulfanyl)phe-
nyl group as a representative and to examine its
base-induced chemiluminescent decomposition.

Materials and Methods

General

Melting points were measured with a Yanako MP-
S3 melting point apparatus and are uncorrected.
IR spectra were taken on a JASCO FT/IR-300

0-0 0-0 o OEt *
OEt t
F o= 00
1 ss&i%no2 2 SO sO
O,N
ot
Nu:e
S. A :
¥ R Nu + ®S ") desired i Ar Nu© o . @s,Ar
R1/S\S,Ar —’< o Ry™ 787 Rz” "Nu
n Nu\S,Ar . R1/S not desired
Nu:e
Fig. 1. Thiolate ion-induced chemiluminescent decomposition of a dioxetane bearing a

3-(disulfanyl)phenyl moiety.
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fourier transform infrared spectrometer. "H-NMR
and C-NMR spectra were recorded on JEOL
JNM-EX400 or JEOL JNM-ECP500 spectrom-
eters. Deutoriochloroform (99.8 atom % enriched,
Merck or Isotec) was used for the NMR solvent.
'H-NMR and "C-NMR chemical shifts were re-
ported in § value based on internal TMS (8u = 0)
or solvent signal (CDCls 8¢ = 77.0) as reference,
and coupling constants (J) were reported using Hz
as the unit. Mass spectra were obtained by us-
ing JEOL JMS-AX-505H or JEOL (AccTOF) mass
spectrometers. Reagents were purchased from
Aldrich, Tokyo Chemical Industries, and/or Wako
Pure Chemical Industries.

Synthesis of 5-(3-bromophenyl)-4-tert-butyl-3,3-
dimeth yl-2,3-dihydrofuran (5)

A solution of 1-(3-bromobenzyl oxy)-2,2,4,4-
tetramethylpentan-3-one (6) (26.2 g, 80 mmol) in
DMSO (90 mL) was added dropwise over 40 min to
a solution of t-BuOK (11.7 g, 104 mmol) in DMSO
(100 mL) at room temperature under a nitrogen
atmosphere and was stirred for 1.5 h. The reac-
tion mixture was poured into sat. aq. NH4Cl1 (500
mL) and then extracted with AcOEt (500 mL).
The organic layer was washed twice with sat. aq.
NaCl (500 mL), dried over anhydrous MgSOs, and
concentrated in vacuo. The crude product, namely
2-(3-bromophenyl)-3-tert-butyl-3-hydroxy-4,4-
dimethyl tetrahydrofuran, was used for the next
reaction without further purification. Physical
properties of the purified product were as follows.
Colorless columns melted at 97.5-98.0 °C (from
hexane); '"H-NMR (400MHz, CDCl:): dH 0.88 (s,
9H), 1.19 (s, 3H), 1.37 (s, 3H), 1.55 (s, 1H), 3.81
(qas, J = 8.3Hz, 2H), 4.98 (s, 1H), 7.19 (t, J = 7.8Hz,
1H), 7.38 (d with fine coupling, J = 7.8Hz, 1H), 7.45
(d with fine coupling, J = 7.8Hz, 1H), 7.63 (broad-
s, 1H) ppm; ®*C-NMR (125MHz, CDCls) 8¢ 20.1,
26.5, 28.0, 37.9, 48.2, 81.9, 83.5, 85.1, 122.4, 128.0,
129.6, 131.2, 132.2, 142.8 ppm; IR (KBr) 3511,
2911, 2880, 1569, 1472, 1062, 767, 721 cm™; Mass
(m/z, %) 328 (M*2, 2), 326 (M, 2) 271 (10), 185 (36),
171 (24), 127 (39), 85 (100), 55 (68).

Next, dehydration of a hydroxytetrahydro-
furan described above was carried out. Pyridine
(64.8 mL, 0.80 mol) was added to a solution of
2-(3-bromophenyl)-3-tert-butyl-3-hydroxy-4,4-

dimethyl tetrahydrofuran (24.5 g, 80 mmol) in
CH:Cl: (150 mL) at room temperature under N at-
mosphere and was stirred for 10 min. SOCI2 (7.59
mL, 10.4 mmol, 1.30 eq) was added to the reaction
mixture at 0 ‘C and was stirred for 3 h. The reac-
tion mixture was poured into sat. aq. NaHCOs and
then extracted with AcOEt. The organic layer was
washed twice with sat. aq. NaCl, dried over an-
hydrous MgSOs, and concentrated in vacuo. The
residue was chromatographed on silica gel with
hexane / AcOEt (19 : 1) to give 5-(3-bromophenyl)-
4-tert-butyl-3,3-dimethyl-2,3-dihydrofuran (5) as
a colorless solid in 94 % yield (23.2 g). 5: Colorless
granules melted at 137 C (from hexane-ether);
'H-NMR (400MHz, CDCls) &1 1.05 (s, 9H), 1.35 (s,
6H), 3.90 (s, 2H), 7.45 (t with fine coupling, J =
7.8Hz, 1H), 7.56 (dt, J = 7.8 and 1.3Hz, 1H), 8.06-
8.09 (m, 2H) ppm; “C-NMR (125MHz, CDCls) §c
27.3, 32.5, 32.6, 47.3, 83.2, 121.8, 126.6, 128.6,
129.4, 131.1, 132.8, 138.2, 148.5 ppm; IR (KBr)
2969, 2870, 2262, 2547, 1687, 1589, 1442, 1051,
698, 538 cm'; Mass (m/z, %) 310 (M*2, 15), 306 (M,
18), 295 (91), 293 (72), 185 (24), 183 (25), 97 (46),
83 (42), 55 (100).

Synthesis of 4-tert-butyl-3,3-dimethyl-5-(3-
methyl sulfanyl)phenyl-2,3-dihydrofuran (7)

A solution of 5-(3-bromophenyl)-4-tert-butyl-2,3-
dihydrofuran (5) (1.57 g, 5.08 mmol) and sodium
methylthiolate (442 mg, 6.31 mmol)in N,N-dime-
thylformamide (DMF) (15 mL) was stirred under
N: atmosphere at room temperature for 130 min.
The reaction mixture was poured into sat. NH4Cl
aqg.solution and extracted with AcOEt. The organic
layer was washed with sat. aq. NaCl, dried over
MgSO., and concentrated in vacuo. The residue
was chromatographed on silica gel and eluted
with CH:Cl: - hexane, 1:3 ~ 1:2) to give starting
material 5 (351 mg, 22.3 %) and 4-tert-butyl-3,3-
dimethyl-5-(3-methyl sulfanyl)phenyl-2,3-dihydro-
furan (7) as a colorless oil in 56.5 % yield (793 mg).
"H-NMR (400 MHz, CDCls) 8u 1.05 (s, 9H), 1.33 (s,
6H), 2.48 (s, 3H), 3.87 (s, 2H), 7.07 (dt, J = 7.2 and
1.7 Hz, 1H), 7.17-7.25 (m, 3H) ppm; *C-NMR (100
MHz, CDCly): &c 15.9, 27.4, 32.4, 47.2, 53.4, 83.1,
125.9, 126.4, 126.7, 128.0, 128.2, 136.8, 149.6 ppm;
IR (KBr): 2958, 2866, 1647, 1577, 1469, 1400,
1362, 1304, 1203, 1053, 1011, 964, 787, 698 cm™';
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Mass (m/z, %) 276 (M*, 34), 261 (100), 205 (26), 151
(29), 123 (4), 109 (13), 91 (5), 77 (4), 57 (45).

Synthesis of 4-tert-butyl-5-(3-hydrosulfanyl)
phenyl- 3,3-dimethyl-2,3- dihydrofuran (8)

To a solution of sodium benzylthiolate (13.7 mmol,
prepared in situ from benzylthiol and sodium hy-
dride) in N,N*-dimethylimida zolidinone (10 mL),
4-tert-butyl-3,3-dimethyl-5- (3-methylsulfanyl)
phenyl-2,3-dihydrofuran (7) (1.11 g, 4.0 mmol) was
added and stirred under N» atmosphere at 160 ‘C
for 1 h. The reaction mixture was poured into sat.
aq. NH4CI, and then extracted with AcOEt. The
organic layer was washed twice with sat. aq. NaCl,
dried over MgSO4, and concentrated in vacuo.
Thus, 3.54 g of crude 4-tert-butyl-5-(3-sulfanyl)
phenyl-3,3-dimethyl- 2,3-dihydrofuran (8) was
obtained as pale brown oil, and it was used for the
next reaction without further purification.

Synthesis of 5-(3-acethylsulfanyl)phenyl-4-tert-
butyl- 2,3-dihydrofuran (4)

To a solution of crude 4-tert-butyl-5-(3-sulfanyl)
phenyl-3,3-dimethyl-2,3-dihydrofuran (8) (3.54 g)
in AcOEt (10 mL), triethylamine (4.0 mL, 29 mmol)
and acetic anhydride (1.5 mL, 16 mmol) was added
under N. atmosphere at 0 C, and stirred for 3.5
h. The reaction mixture was poured into sat. aq.
NaCl and extracted with AcOEt. The organic layer
was washed with sat. aq. NaCl, dried over MgSOs,
and concentrated in vacuo. The residue was chro-
matographed on silica gel and eluted with CH2Cl.-
hexane (1:2 ~ 2:1) to give 5-(3-acetylsulfanyl) phe-
nyl-4-tert-butyl-2,3-dihydrofuran (4) as an oil in 92
% yield (1.12 g). 4: '"H-NMR (400 MHz, CDCl): &u
1.07 (s, 9H), 1.34 (s, 6H), 2.42 (s, 3H), 3.88 (s, 2H),
7.33-7.39 (m, 4H) ppm; *C-NMR (100 MHz, CDCls):
d¢c 27.3, 30.1, 32.4, 32.6, 47.2, 83.1, 126.5, 127.6,
128.6, 130.8, 133.8, 135.8, 137.2, 148.9, 193.5 ppm;
IR (liquid film): 3055, 2959, 2869, 1706, 1469, 1265,
1119, 1051, 1006, 738 cm'; Mass (m/z ; %) 304 (M,
54), 289 (100), 246 (22), 233 (13), 191 (30), 179 (35),
137 (27), 108 (12), 57 (27).

Synthesis of 1-(3-acetylsulfanyl)phenyl-5-tert-
butyl- 4,4-dimethyl-2,6,7- trioxabicyclo[3.2.0]
heptane (3)

A solution of 5-(3-acethylsufanyl)phenyl-4-tert-

butyl- 2,3-dihydrofuran (4) (100 mg) and TPP (0.7
mg) in CH:Cl; (10 mL) was irradiated with a 940
W Na-lamp under O: atmosphere at 0°C for 1 h.
The photolysate was concentrated and chromato-
graphed on silica gel. Elution with CH:Cl;-hexane
(2:1) gave 1-(3-acetylsulfanyl)phenyl-5-tert-butyl-
4,4-dimethyl-2,6, 7-trioxabicyclo[3.2.0]heptane (3)
as pale yellow crystals in 94 % yield (105 mg). 3:
colorless columns melted at 87.0-88.5 °C (from
hexane-diethyl ether); 'H-NMR (400 MHz, CDCls):
du 1.01 (s, 9H), 1.16 (s, 3H), 1.38 (s, 3H), 2.42 (s,
3H), 3.83 (d, J = 8.3 Hz, 1H), 4.58 (d, J = 8.3 Hz,
1H), 7.44-7.45 (m, 2H), 7.68-7.70 (m, 2H) ppm; *C-
NMR (100 MHz, CDCls): 8¢ 18.4, 25.0, 26.8, 30.2,
36.7, 44.8, 80.2, 105.0, 116.2, 128.1, 123.6, 129.2,
134.4, 135.2, 137.1, 193.1 ppm; IR (KBr): 2959,
2907, 1703, 1477, 1295, 1109, 1036, 997, 961, 801,
699, 621 cm’'; Mass (m/z ; %): 304 (M+, 5), 289 (7),
179 (100), 139 (39), 108 (9), 85 (28), 57 (52).

Chemiluminescence measurement
Chemilumin escences were measured using JAS-
CO FP-750 spectrometer and/or Hamamatsu Pho-
tonics PMA 11 multi-channel detector.

In potassium tert-butoxide / DMSO system

Freshly prepared solution of potassium tert-butox-
ide in DMSO (1.0 x 10" mol dm™, 2 mL), which was
thermostated beforehand at 25 C, was transferred
to a quartz cell (10 x 10 x 50 mm) and the latter
placed into the spectrometer, which was thermo-
stated with stirring at 25 °C . After 1-2 min, a solu-
tion of dioxetane 3 in DMSO (1.0 x 10° M, 1 mL),
which was thermostated at the same temperature
as that of the above tert-butoxide solution, was
added with a syringe with immediate starting of
measurement. The intensity of the light emission
time-course was recorded and processed according
to the first-order kinetics. The total light emis-
sion was estimated by comparing it with that of an
3-adamantylidene-4-methoxy-4-(3-tert-butyldime-
thylsiloxy)phenyl-1,2-dioxetane, whose chemilumi-
nescent efficiency (®") has been reported to be 0.29
in TBAF / DMSO and was used here as standard?.

In NaOH / H:O system.
Freshly prepared solution of NaOH in H.0 (1.0
x 10" mol dm™, 2.9 mL), which was thermostated
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beforehand at 45 °C , was transferred to a quartz
cell (10 x 10 x 50 mm) and the latter placed into the
spectrometer, which was thermostated with stirring
at 45 C . After 1-2 min, a solution of dioxetane 3
in DMSO (1.0 x 10® M, 0.1 mL), which was ther-
mostated at the same temperature as that of the
above NaOH solution, was added with a syringe
with immediate starting of measurement. The
other procedures were similar to the case described
for potassium tert-butoxide / DMSO system.

Results and Discussion

Synthesis of a bicyclic dioxetane substituted
with 3-(acetylsulfanyl)phenyl group

To synthesize dioxetane substituted with 3-(ace-
tylsulfanyl)phenyl group (3), a bicyclic dioxetane,
namely, 1-aryl-5-tert-butyl-4,4-dimethyl-2,6,7-
trioxabicyclo[3.2.0]heptane, was chosen as a basic
skeleton, which is known to be thermally persis-
tent”. First, we synthesized dihydrofuran bearing
a 3-(acetylsulfanyl) phenyl group (4), as a precur-
sor leading to dioxetane 3.

Synthesis of dihydrofuran 4 starting from
5-(3-bromo phenyl)-4-tert-butyl-3,3-dimethyl-
2,3-dihydrofuran (5) is illustrated in Fig. 2.
Dihydrofuran 5 was easily synthesized from
7-(3-bromophenyl)-2,2,4,4-tetra methyl-6-oxahep-
tan-3-one (6), which was prepared from 2,2,4,4-te-

(o)

S/KCH_,,
tBu 079 t-Bu
o
3
Br Br
+Bu__0 K© 1) tBu OH
s
6

(o)

o

SJKCH\;
o
4

2)

_—

tramethylpentan-1,3-diol and 3-bromobenzyl
chloride in two steps, according to a method re-
ported.” When dihydrofuran 5 was treated with
sodium methanethiolate in DMF at 150 C for 7 h,
ipso-substitution occurred to give dihydrofuran 7
having a 3-(methylsulfanyl)phenyl group in 56.5
% yield after chromatographic purification. Next,
the demethylation of methylsulfanyl group in
7 was attained useing sodium benzylthiolate in
hot DMF to give dihydrofuran substituted with
3-(hydrosulfanyl)phenyl group 8. A hydrosulfanyl
group of dihydrofuran 8 was acetylated with acetic
anhydride without purification to give the desired
precursor (4) in 80 % yield based on 7, since the
hydrosulfanyl group was easily oxidized with air
to give disulfide 9.

When a solution of dihydrofuran 4 and a cata-
lytic amount of tetraphenylporphin (TPP) in di-
chloromethane was irradiated with a 940 W Na-
lamp under an oxygen atmosphere at 0 °C for 1 h,
dioxetane 3 was produced exclusively. Dioxetane
3 was purified by column chromatograpy (SiOs),
and its sturcture was determined by 1H NMR,
13C NMR, IR, Mass, and HRMass spectral analy-
sis. Dioxetanes 3 decomposed into the correspond-
ing keto ester 10 exclusively on prolonged heating
in hot xylene, though it was thermally very stable
at room temperature (Fig. 3).

Reagents: 1) LDA, 2) TsOH,
3) MeSNa / DMF, 4) PhCH,SNa / DMF,
5) AC2O

Br SM
t-Bu 3) t-Bu
(o) (o)
5 7

e

SH s—S
7 4) t-Bu _ 5) 4 t-Bu _ _ t-Bu
o o o
8
9

Fig. 2. Synthesis of a dioxetane 3 substiuted with 3-(acetylsulfanyl)phenyl group.
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Fig. 3. Singlet oxygenation of a precursor
dihydrofuran 4 giving a dioxetane 3 and its
themolysis giving 10.

Oxide ion-induced chemiluminescent de-
composition of a bicyclic dioxetane substi-
tuted with 3-(acetylsulfanyl)phenyl group

When a solution of dioxetane 3 in DMSO (1.0 x
10° M, 1 mL) was added to a solution of t-BuOK in
DMSO (1.0 x 10" M, 2 mL) at 25 °C, 3 decomposed
rapidly to afford yellow light with maximum wave-
length Amax“" = 538 nm, chemiluminescent yield
@ =2.1x 10", and the rate of decomposition £°""
=5.8x 10" s™.
Table 1 together with the chemiluminescent prop-

these results are summarized in

erties reported for the decomposition of hydroxy-
phenyl-analog 11 in tetrabutylammonium fluoride
(TBAF) /DMSO system”. Product analysis of the
spent reaction mixture after neutralization showed
that m-(hydrosulfanyl)benzoate 12, dimeric ester
13, which should be produced from thiol 12 during
the work-up, and t-butyl acetate were produced
in 77, 10, and 90 % yields, respectively. This find-
ing suggests strongly that t-butoxide ion attacked
the acetyl group of 3 to afford t-butyl acetate and
unstable dioxetane bearing a sulfidophenyl anion
14, which decomposes into keto ester 12 with the
accompanying emission of yellow light as illus-
trated in Fig. 4. The decomposition of 14 would
be induced by the intramolecular charge-transfer

OH s
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t-Bu By O o@
0 0
11 12

AcOt-Bu

Table 1. Base-induced chemiluminescent de-
composition of dioxetane 3a and 15

t-BuOK NaOH Buw.N*OH"
/DMSO? | /H.0OY / H:OP
Amax®/ nm 538 595 570
3 R 2.1x10% | 1.6x10° | 9.3x10°
KT/ g1 5.8x10% | 1.4x10% | 3.8x10%
Amax®’ nm 4669 467 | -
11 e 0.20Y | 1.1x10° | -
kCTby g1 0.15 86x10* |  --—---

a) A solution of dioxetane 3a in DMSO (1.0 x 10-3 M, 1
mL) was added to a solution of t-BuOK in DMSO (1.0 x
10-1 M, 2 mL) at 25 °C.

b) A solution of dioxetane 3a in DMSO (1.0 x 10-2 M,
0.1 mL) was added to a solution of NaOH in H-O (1.0 M,
2.9 mL) or to a solution of BuuN*OH in H:0 (0.5 M, 2.9
mL) at 45 C.

¢) Chemiluminescence yields (®°") were based on
the reported value for 3-adamantylidene-4-(3-tert-
butyldimethylsiloxy)phenyl-4-methoxy-1,2-dioxetane:
@% =0.29 in TBAF / DMSO?.

d) The values in TBAF / DMSO system?.

(CT) from the sulfidophenyl group to dioxetane
ring as in the case of base-induced chemilumines-
cent decomposition of dioxetane bearing a 3-hy-
droxyphenyl group 11. In fact, sulfidobenzoate
15 generated from ketoester 12 in a basic DMSO
exhibited fluorescence with maximum wavelength
Amax” = 538 nm, the spectrum of which coincided
with that of chemiluminescence from 3. Since
fluorescence yield (@) of 15 was estimated to be 2.2
x 107, singlet-chemiexcitation efficiency (ds = O /
@ was calculated to be 0.12 for chemiluminescent
decomposition of 3 in a basic DMSO. This value of
®s is lower than that for hydroxyphenyl-analog 11
(Table 1), though it remains high, compared with
the thermal decomposition of dioxetanes.

An 1important application of dioxetanes active to-

s—s
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s© $©
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3a %’
o} i i/o
14 15

Fig. 4. Base-induced chemiluminescent decomposition of dioxetane 3.
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ward the intramolecular CT-induced decomposition
1s in the modern chemiluminescent biological and
medical analysis which requisites in general aque-
ous system, as used for analytical system detecting
acetyl choline esterase with reagent 1”. Thus, the
base-induced decomposition of 3 was carried out in
an aqueous system. On treatment with NaOH (1.0
M) in H:0 at 45 °C, dioxetane 3 decomposed to
emit light with Amax® = 595 nm, ®" = 1.6 x 10-6,
and k"™ = 5.8 x 10® s'. These chemiluminescent
properties are summarized in Table 1 together
with those for dioxetane 11 bearing a 3-hydroxy-
phenyl group®. Table 1 demonstrates that the be-
havior of 3 was considerably different from that of
11 for chemiluminescent decomposition in NaOH
/ H20 system. The Amax® for 3 shifted to a 57nm
longer region from the -BuOK / DMSO system to
the NaOH / H:0 system, whereas in such a solva-
tochromism, little change of Amax“" was observed
for dioxetane 11. On the other hand, marked de-
crease of ®°" was observed for 11 in NaOH / H>0
(1/18000 of ®* in TBAF / DMSO), while decrease
of ®" in an aqueous system is apparently relieved
considerably for 3 (1/1300 @ in +-BuOK / DMSO).
When tetrabutylammonium hydroxide (BusN*OH)
was used instead of NaOH as a base for the
chemiluminescent decomposition of 3, Amax‘" was
shifted to blue, both £°™ and ®“ increased consid-
erably (Table 1). Such effect of BuuN*OH has not
been observed for the base-induced decomposition
of dioxetanes bearing a hydroxyarene moiety in an
aqueous system.

Conclusion

Bicyclic dioxetane bearing a 3-(acetylsulfanyl)phe-
nyl group 3 and its base-induced chemilumines-
cent decomposition was investigated. Dioxetane

3 was found to give yellow light with moderate
chemiluminescence efficiency (ca 0.2 %) in potas-
sium tert-butoxide / DMSO system, while giving
yellowish orange light with 0.001-0.0002 % yield
in an aqueous system. The singlet chemiexcita-
tion efficiency was estimated to be more than 10 %
in DMSO.
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Abstract: The first aim of our research is to obtain high-quality epitaxial diamond layers on
the diamond substrates using microwave plasma CVD (Chemical Vapor Deposition) method.
And the second is to obtain p-type and n-type diamond substrates (or epitaxial layers) using
ion implantation method. Epitaxial layers deposited in the year 2006-2007, however, contained
much nitrogen atoms near the concentration of Ib-type diamond substrates, that is, several
hundreds of ppm. Furthermore, thicknesses of these deposited layers were very thinner than
expected. We reexamined all deposition processes and apparatus, such as mass-flow-meter of
hydrogen and methane gasses, changed the material element of sample-holder from Molyb-
denum to Carbon, in order to avoid adsorption of Molybdenum atoms during deposition. How-
ever, we could not get satisfactory results even after above mentioned improvement. Thus,
we have largely changed deposition conditions of microwave plasma CVD processes. As a re-
sult, we have obtained high-quality diamond epitaxial layers of several microns thicknesses.
These layers contained few nitrogen atoms under the detection limit of secondary ion mass
spectroscopy. Furthermore, heavy ions contamination on the epitaxial layers was not entirely
observed, as far as Rutherford Backscattering Spectroscopy measurement was concerned.
We also observed surface morphology of epitaxial diamond layers on the very flat type-Ib dia-
mond substrates using atomic force microprobe, however, showing considerable amounts of
uneven structures. These uneven structures would be made much flatter under the condition
of shorter deposition time, corresponding to a few microns thicknesses of epitaxial layers. We
implanted Boron ions into type-Ila high-quality diamond substrates, and measured electrical
properties of implanted substrates, using Hall-effect measurement method. We found that re-
sistivity of implanted type-Ila diamond substrates show logarithmic increase versus inverse of
absolute measurement temperature. The activation energies of these samples show different
two phases. One is low energy range from 0.2 to 0.4 eV, and the other value is 1.7 eV, The later
denotes nitrogen activation, contained in the substrate very little below the 1 ppm concentra-
tion The former exhibits activation of defects introduced by ion implantation, or activation of
implanted dopant Boron atoms.

Keywords: diamond, epitaxial layer, ion-implantation, Hall effect, microwave plasma, CVD
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DHETe & RIRFIC EAR AT S LTV E RN T
S WRBHIZ Lo TRESN-ZENEZ LN D,

&I, b BRI OLHER 7T 7 74 Mazbr
BT DOy F U TN EIT Y, =y F Tl

COLLISION EVYENTS

Target Vacancies

24

20

1a

12

08

Number/Ton/Angsirom

04

A 1 1 1 1 1 u
0a Target Depth - 1000 4

COLLISION EVENTS

Target Vacancies

18
1a
14
12
.10
08
L
04

Number/Ton/Angsirom

B o0&

- Target Depth -

X 3. A JET R LF— 20 keV OZEREF- #1040 . B. MET RV ¥ — 50 keV D ZEHEF- 515547 .
#£ 2. FHLAYEL REREFLHALT 57200 C A A AN

B | L — R—2 & FER AR AR

1 20 keV 1.0 X 10"/ cm? HAIA

2 20 keV 3.0 X 10"/ cm?® 2007 4FEEE KT 5
3 20 keV 5.0 X 10"/ cm? 2007 I BT 5
4 50 keV 1.0 X 10/ cm? 2007 AT i
5 50 keV 5.0 X 10"/ cm? 2007 4 FEIE AT 5




R ML mE Y A YE S FEROEAR & FHIOM%E (3) 23

AT 23 MIIHRE L MR Th b, Zix 311 OFE
TRAELE—X¥—T30%, 200CIZE T 52 LT
Ty F U T ol, ZTOLRTERILENT-EA
YEU NEgzREmoHdZencE s,

Ty F U T EBToTRMR, 20keV TC A A 1E
AN%AT 272 Ib BT T Ib R D AIZFE - 7=,
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5. A EWR1ZAAITEABT =—/L LT
Bt AFM 14 . B. WK 2 2 A A EA
T ==L AFM 4. C. Eik 3 %
A XU EANET =—v L=kl AFM 14 .
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ERRET LA R, BRSOV T CVD iz
WAL TV D Mo /LA —0N R & 722 o T D
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B151IR3IFTOENENDORMET LIRS T A=
CVD &I L > TIb M LICER LIz X A '
NREREEZ L FHBECBE LB TH D, HRIT
50 — 200 5 TH D, mfEROBGENHEMEQ, O,
@TIEE 7 Iy RROFEED, EF-E£HO@TIIRE
X 100um FEE DO K& SITREEBRELTVWDH 2 &
DR TE D, FHOITL BT CTIXER L
SNTWVDEMNE D DITHEER TE 7o 72,

CVD % £ il O FE AT IZHFEEIC X DA 7
TyTFPBEIND N, w7 a2MMTze A EH

"TE 10E+20

3

w

g

e

o 10E+19

6 =N (from

E 260 4M1 200

é 10E+18 —N (from
2701 4N1 30D

g

[£3]

5/) 108417

o 00E+00 20€-01 40E-01 6.0E-01

3]

DEPTH (microns)

X] 14. CVD ¥ A Y& NEHKE®%OFRE O SIMS 45 #r

#* 3. WM

gZaniwy, —JF, CVD lEZOREHT., w7 o
ML T D, BUROEH@, @, @D
T T O E AT, Ib AR LR T
IRV, L L, ZOHTHO@DSRM T Ttk
KERMIMTHY, @D 200 B TR 2 EH L,
X HICUAHEOE T I v RO R S BHIC
T 5, ZHUTIMA (100) HTH D Z L5 EE N
EFFIZRD, BTy RELZHRERE LZb0 &
Hbihs,

AFM 12 & % 0 O Pl

WIZ CVD B mith O 1M s % o~ 9,

X 16A 1T 2008 4F & i A L > CVD JEFE 5% Rl
AFM 4 Toh %, FEROMMMOFRE L, Htdh A 7 —
AN 20nm THDH I EEEETDH L. WO TFEH
THDHEWVZ D, ZHE 2007 4RI AFEAUC 1T
L3 & 0, JelcdEal Uiz & 95 e o FHd b
T REITORT LR SR o 20 & IIkRHRT
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A rms ~2.9nm B rms ~5.9nm C rms ~4.5nm
D rms ~190nm E rms ~5.5nm F rms ~107 nm
G rms ~650nm H rms ~100 nm | rms ~230 nm
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Abstract: When our attention is engaged in a visual task, we can be blind to events which
would otherwise not be missed. Change blindness describes a well-known problem in human
visual perception that when substantial changes in the visual field were separated by a period
of blank, it is difficult for people to detect such changes. In this study, we exam the effects of
the changes of color, size, position, and attention hints by investigating the characteristics of

the eye movements and the variations of fixation of the subjects of 8 college students.

Keywords: change blindness, eye movements, attention, human visual system
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Real-time Polymerase Chain Reaction (PCR) Quantitative Analysis of
Centrosomal DNA in the Sperm and Oocytes of Asterina pectinifera
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Abstract: In the most animals, only the centrosomes in sperm are involved in the formation
of cell-division poles for mitosis in zygotes. The inheritance of paternal centrosomes depends
on the loss of maternal centrosomes in the mature egg during meiosis. In starfish, maternal
centrioles are not equivalent in terms of their intrinsic stability and reproductive capacity.
The reproductive centrioles are successively cast off into polar bodies. As the mature egg is
finally formed, it inherits a non-reproductive centriole. Further the maternal centriole and
centrosome are destined to decay in starfish oocytes. Recently, we isolated novel DNA from
centrosomes in the sperm of the starfish Asterina pectinifera. Similar DNA sequences are also
found in the sperm of the sea urchin Hemicentrotus pulcherrimus and the liverwort March-
antia polymorpha. In the present study, we investigated the optimal conditions for Real-time
polymerase chain reaction (PCR) analysis, with a centrosome-specific DNA primer (CS-primer).
This CS-primer was designed to amplify partial sequences (500bp) of the centrosomal DNA;
nevertheless, in this study, we determined whether or not this primer would also be effective
for quantitative PCR analysis. We determined the sequencing times for PCR cycles using sev-
eral diluted template DNA solutions for quantitative analysis. We quantitatively compared
the amounts of centrosomal DNA in individual immature oocytes using the standard curve for
Real-time PCR of sperm DNA.

Keywords: Asterina pectinifera, Real-time PCR, centrosome, meiosis, oocyte
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2pb 1Z 1 DOHLRIA B S AL, 26 2 ik 24T &
VIR PITIEFLRIAS 1 DD B THERL S D R 5e4s
RPMEANESND Y, ZOhIMEDERLA A
WS I, A P~ b FTICBROLILD DT TIX
720N, A U EN ) D ¥ = D PR EFEIZ BN T
FARRIC DRI Z 12 LR W ARMR TRERR S 1
2 53 SRR DN 2 JH 7 L D 5y A2 2pb 1T 4Bl &
NDHHR THER SN TWS Y, JRREME O F.MA
ZRERT 5 2 OO HLRIIEM Tl < . BillfEL
Frorivkr & EREE 2 R - 7 W ARk THRERR S U T
B, ERATRE R LRIy R D 2 [R5y S
FECRIRINTBIRIZ o S, BERGERE FFiz 2
DRININTFR SN D Z EBHBMNE o TN D 29
FIC, EEAEZ FR 7o 20 UDRL I AR OO M e B
THERTDHZENRENTED ., Ik AT L
FREIPCIX 1 272 5 S - BREE & FR iz 72
RS FEAIP O MR E TR T 5 2 E MR ST
I/\E) 6)0

A h~F b b7 OIFOHFLRHE BRI, 1887 4
{Z Theodor Boveri (2 L » T &7 [l o
FETH D . 2 < OB OZHREIIO M5 H D 53
2 RS B HODR TR - O MR ke 37 2 40
BET 52 E2ERT D7, HLROBEENE SR
ESINTWRWNA, FAIXINETIZA b~FE |
T O FHOMENSH O DNAEZRRL LY, =
DA DNA OHEEEH7> B 500-bp Z g% 7
FTA~—(CS7T7A4~—) Zixit L. ZnzHuni-
PCRIZL VY b FFLSAOAEMICBN T, FIFEZRAL
5% > DNA DN NEHED OB =75 AV U 7
3 hbbREER TS Y,

AKWFgeiL, CS7I7A4~—%=HTA h~Ft b
FORFOHLMEDNA 288 L 4% PCRIZL Y
HlE X35 DNA 2% L LT, 1 DNA OF
RRFERE 2 ER LS S N RERN DA h~Ft
~ T OIIREL 1 & 7=V O H MK DNA 30

7 ET DA 7% A4 5 PCRIC LY EEAF
WT&E D0 E e Lc, IRREARIT A% 2
HLTBYY ) ADNARIFKFO45THD, L
MU, EREEEZAF T 5 LRI IR 1 E 5720 |
2 EOF LR R BRI 1 fin & EEOEMEL A
THHLRBGET D, CSTITA~—%HWNizY
TIHA L PCRMOLTHISNDMIESH - © DNA
BAEWETDZEEHNE L, F72, INREGERE
IZB W TIERT 2 MR & [FER IS HO D DNA 28
INRBGATE LT 20BN ON T, 7 =DIFRL
RRBEET L E LT, FEE R T DARMEIP L
HME % e o T il BIIRIC 51T 5 CS 7T A ~—IZ &
% PCR D it 2 45 Z 72 o 7=,

B 5k

A h~Ft LT Asterina pectinifra DX 11X M ERFT
FAE A O T 1 mL 2472 0 ORI sk & SR L7,
8.6 X 10° cells / mL ®OF51-0>5 QIAGEN DNeasy Kit
Z TR total DNA Z k58 L 7=, K5+ total
DNA (% 100 pL (28R L, 10 (5 BGRS1 (107,
107, 10%, 10%) A#AfE® L 7=, 10° 12/ ML =R
BHZOWTIEHE D, 5 BfE (1/2, 1/4, 1/8, 1/16,
1/32) OAPRYN A VERL L 7=, JIREMIRIE 1600 HH
fie D AR A O IR AE (GV 5F) 5 [AEkIZ DNA
ZAERLL7=, GV IO total DNA [ 200 pL (2 ¥ fiF
SHZhE GV IO DNA R E LT,

PCR D51k

HotSar Taq Master Mix (QIAGEN) % i\ T, 95C
15 min. (94°C 1 min, 53°C 30 sec, 72°C 1 min) %
26 cycles F£721%. 35 cycles D%, 72°C 10 min,
4°C 10 min THIME RS 21T > 72, H 0 4 DNA @
PCRIZCEDZBHEDOTZOOHEIEL Y 72 A A
PCR system (2 X 2 & &MEHTIZIZ, CS 7T A ~—
(1uM) ZHAWTHEE LY, 4/ 2 DNA ORI
&, cyclin A ®ELHI7)~ 5 E% Gt L 72 forward primer;
5 -ACCATTTGGCGAAGTTTTGA-3’ & reverse
primer; 5 -AGGTAATCTCATTTCGTCCA-3" %
(1pM) v 7z, PCR i3, 95°C 15 min, (94°C
1 min, 55°C 30 sec, 72°C 1 min) % 35 cycles = D%,
72°C 10 min, 4°C 10 min CHES G Z1T > 72,

YT7N24 LPCR VAT LK BRM

¥& 7 D DNA O A R T D B R EARAERK D 72 912,
U7z A L PCR#ENTY AT A (MiniOpticon sys-
tem, BIO RAD) ZH\\ 7=, V7% A A PCRIZ XL
B HI213 1Q SYBR Green Supermix % i i L7z,
CS 774 ~—aM\T, HTFoP.LEDNAIZ L
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DIREMRAAER LT, W1 EFERIC, GV IR
total DNA #8582 U 7 /L% A 1 PCR T X - THIE
S 7- DNA OEEshR 2 457-, BEFEHH S -1
IE 2N I1X 90~105% LAIN DE#157-, K TI2 L 5/K
BROZHIZ, KFEBRTIXPCRUNMETIZEEH
% DNA &4 4E 1 OHIfa I B LT L7z,

Wik
4 FvFE bTORIT L GV D PCR
A4 h~F b FT OB LHME, B L 72 total
DNA L B0 2 mMERGHERIC L EHI L, B
X2 T DNA 1T 8.6 X 10°cells / mL (ZAH4 9
DRGSR AT, 5 BT T DNAEIR 100 uL i,
A 1puL Y4 7= 0 IZHR 95 & 8.6 X 10* cells/1 uL @
HIAEIZAH 235 DNA NAfE L TV D EHEE S vz,
WIT., ZOWIKZ R DNA R & LT, 1,000 %
IZHR L= (109)DNA il x b &2, EIZ 2 59>
R (1265, 14, 18145, 1/10 1%, 1/16 f% , 1/32
%) L CHRIGRIIZER LT,

F 1 DNA R O ARSI (107, 1/2 X107, 1/4
X103, 1/8 X 103, 1/16 X 103, 1/32X10%) @ 6
FINZHONWTCS 7T A ~—%2HNTPCRIZLD
HAIE & 1T - 72, 26 cycles @ PCR FE#) 138575 DNA
ORI X DRERFHCHEEBE S (K1), CS
7T A~ =T XY EiE S 7z (500 bps) GV I 0
PCR FEMIZ. ¥ D 1/8 X 10° @ PCR FEM L v 1%
7 <, 1/16 X 10° @ PCR FEW X 0 132 < #8iE &
ni=, -7, GVIID DNABERTIZTIZ, 1D
1/16 X 10° A RIAIR L 01X, £ < O DNA 3
GENLTND Z LRI NI,

M M
1 2 3 4 5 6 GV

CS

350 b

1. CST7T7A4~— (EE) & cyclinA D77 A4 ~— (T
B ZHWTHE Sz PCR EMOERIKEMGE . L—1
1—61%, IHIZ 107, 1/2 X 10%, 1/4 X 10?, 1/8 X 103, 1/16
X 107, 1/32 X 10 {5 HRINZ L 5 F+ DNA @ PCR @
fER. L—r GVIiX, GVIIO DNAIZ L% PCR DR .
MiZ100bp 7 X —~—H—.

HLMAD DNA 23 LT, W KOGV IR S
L DNA 28125 PCRICK D HEIED D - DIZ,
cyclin A DELETEZFHE LT, K 1HOR—mIRA
5> DNA i & GV J1o> DNA ¥%itk % Fiv 72 PCR
AT o 12, TR LT ERIKEGORE RN G,
CS 7714 ~—%HWW/=PCRIZL 2 PCREMDE
SUKENME & FIARIZ, ceyclin A DT T A <=—& Hiz
PCR FEEMIZ. K+ OARIN ORI L] L T
EAMER ST, LorL, GV IO DNA % #7 &
3% PCREMIT. BT OFMBGRIND 1/2 X 10° Fr
REIE L 0 i3 7e <, 1/4 X 10° TR L 0 1348
WENDZ EIWRBRENT,

YTF7 N A L PCRIZK ZH5T DNA OB R
GV I DNA ¥EHRIC L 2 flfii dh 1 2> & B S vz
PCR FEW T I X FERF B 72 EBEPER 1372\ 2 & D37R
St (K2A), @fgdhiro 727 706 CS 774
~v—IZE D PCRIZBWT, F'IA~v—HFAf~v—72
Eo AP PCR EMUSN ORI/, T4 ~—
DOEEHEENHER S -, 1 DNA 2 Hu iz
PCR OfERNG, CS T T4 ~—%2H\T, VTV
Z A 5 PCRIZEDHKETH LMK DNA OEAEL 72 %
FRAYE LT, 10%, 1/2X10°, 1/4 X 107, 10™,
1/32 X 10® @ 5 BEREDAHRIINT K 0 Bl 2 1Rk
L7z (K 2B), 7=, GV IFD DNA %R (DNA I
1 pL 4720 8#ijud DNA Z & te) Zghil L4
%Y T E A LPCRIC &V H#EE S 7= PCREW T,
F 1 OFRIRREN D HIER Lo mERE AT, GV
YN DNA SEIZHY T 6 T O RIRE AR Lz,
A F=xt FTHT DNA ORI A FEITVERL
L= ERN 5. GV IIO LA DNA X 10 (23T
19" % 10, 380 {5A RO KT DNA FFRICH Y 35
DNA N YU 7L % A 2 PCRENTIC V7= GV JE D
DNAEETICE END 2 & DRNTAE RN D EH &
7=, GV IF® DNA %75 PCRIZ X 0 I X4
% DNA O HEE# = 1X, 103% TH - 7= (X 2B),
fE-> T, HAERTO DNA % % & 12 2 512 HlE S v r-
DNA /% 100% ITWIIRTHEIE SN -t Ex b b,
AR A a7 L C GV IR DNA R 1 pL 47
DIZ 8EDIFMIENE T, WrBRERD 7
TNHRDIZCS T I ~—I2 L RIS GV
Yo DNA R 1uL iI2 & £41 5 DNA X, W10
DNA (8.6 X 10* cells/1ul) @ 10,000 fFAHRUICFH Y
THEEZLND, (E-T, 1HD GVINZE EN
%5 CS 7T A ~—IT LV HEIEXi5H DNA =i 1
ORI YT 52 & &2, BT & GV I
EENDHLAE DNA &%, %M (GVIRET=1:
1) ITAFET DR DT,
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Fluorescence
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A Temperature]
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3 3.5 - 4.5
B Log Quantity
W zsEs oGOt NmeRy Efficiency = 103%
rA2=0.99

2. A.GVIRDODNAIZ LD U 7% A L PCR O
AR . B. K5 T DNA 1T K D i .

INT Vo ZORIRFGRFEIC 51 5 PCR D Wi

U =IO GE AR S IR N THEAT L. AEFEEI BR
SNDINIHAET T LTCND Y, 7 =DEIRT,
WE AT T T 5 &, FOWER TIN5 ik
HENAMBIEDR e T OEEEIXZ &2, IING
OYBET D T2 DI S5 IR S B S Tz
IR DB DT B D, RO GV JFITAFEREH]
OHINAED Z LN TE, JIRADZITHIMEE K
52 s, N7 7= (Hemicentrotus pulcher-
rimus) ORI & AINZEBIT S CS 774 ~—
Z W2 PCRIC K DT 21T o 7o ARBEAIN, Rk
I L BT, # 5 DNA ® PCRIZ X % B ibE 13,
cyclin A ® PCR EMH ORI L - THEsR L7z (X
3), —J7. HMED DNA X, REE#ZA GV I
DITHIE S 722y, TRz 2k o T iR & 134
MESFER S N2> (K 3), 7/ 2 DNA IR,
R 53, cyelin A @ PCR FEY O HEIE N
REINT=ZEmB, CSTIA4A~—THIEEND
DNA |4/ & DNA & 35872 0 JEpEGEFE Iz B\
THELEZEEZBND,

INT V7 Z DR DDA DNA DRk
NI =DF1E. CS7TIA4~—I2L A b~

| ——
Ll

with CS primer
500 bp( Hilsfk) mjim

Hemicentrotus pulcherrimus

PCR (control)
- 350 bp(cyclinA)

X3. N7ro=0DGVIiELKEAIID CS 77 A ~—IZ
LA PCROEE:. L—2i0lX GV, L— me Tk
PP ML 100 bp T X —~—H—.

S

me sp &1 m me sp €]

cyclin A

with CS prim
SO0 - 350 bp

er
bp
4. RT7UU=OEAIN LT, IO CS 77 A
~—% W2 PCRIC K Dk, me lZEIN, sp 3K 7,
e [T MIREA D 32 s #% D IR > DNA IZ & % PCR. M i 100
bp 7 X —~—H—.

Xt 7 EFEEEIC, 500 bp @ DNA OHEA W HET
bDH, T, N7y =DRFFrbiitEns,
CS 7' 4 ~—IZ XV #ilE S 715 DNA 23k O AR
(AR S D B D ERRGEE LT,

T g KT & BRI L0 =R L7 s RO
X, INEIZAR IR LB AET D, ZOIFENTRFoHF
MR BLEEE 2 TR L MR DL 24 0 IR 97
NI N AET B, N7 T =D 1 LRI,
ZHINNDEH CS T A v —IC XV RS D 08
D% R PR D R % F VN CTRRGEE L 72,

fRE Ot (embryo) 7513k 7 & FEEIC, CS
774 ~—IZXL Y 500 bp & PCR BEM DENE A3 FeE
STz, Fio. 7/ A DNA LT 5729012, iy
D DNA #8H L L C, cycin A DT T4 ~—%
FHV /= PCR 2>5 350 bp D 7 /LR RAMHIE &
iz (X4), cycdin A D7 I A4 ~<w—%H\ -7 ) A
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DNA ® PCR & CS 77 A = —IZ X 5 H.0» &£ DNA
@ PCR D L#z /x5 cyclin A 23F5 7. IR )5 >
HEITHMBND Z & T RAIC, 0K DNA I
T mofbEInD Z LR (K4),

o
UT7NHALPCRYAT AE, MlaNTRILTS
mRNA OFEBLE O E BTG S, £OEE
FRHTIZEB W CTHWD 7T A ~—I[% 150-bp 7> 5 200-
bp MEEEIEY A XL ST\ b, RFFETHW
72 CS 77 A ~—1% 500 bp ZHIE+ 5 L 5 I[Z&k7
SINTeT TA~—Th D0, HEIENFEC/AREhHR O
FERIND, T4 =DV A XTHNTH-T-2 &
NHBAL7Z, 4 b~F%Ft F5 D GVIINS DNA %
FEHLL DNA WK 1 ul 720 8 H D ARk 5> &
TH S 72 DNA £iX, BLEMHE TSI Y T
L2 s, GV I ERE T O HLMA DNA © T &
TEMTHDHZENY TIHALPCRDEREND
HHEh,

GVIlZ, Bro2fFohkzHL, 7/ A
DNA ZH 1D 4 5175 5 (X5 OEEXHS M),
X 1 ® cyclin A ® PCR Oft 6%, 47/ - DNA
T DOFIRZH D 1/2 X 10° LY 1372 < 1/4 X

polar body
(pb)

GV 5

5.

SIRHGEE (BRESR) DET

102 LV IZLZ<DODDNARH D &ETHRIESND, o
T, T OMaEL 30 #2495 DNA 238 GV JF 8
BElIEEENL EHHsNS, GVIIDS /7 4 DNA
X, 1D 4D DNADODEENTRISND, KT
WA L > T 2RO RO#%IC, DNA &2
RO 4 50 1 L5, ZOZ LMD, AEO
TERERICHVZ DNA BN ZY 2 FMIRRINTH D 2
ERRIBENT,

GV Il 1E5 CS 7T A ~—IZ K D EIE S D
DMK DNA B2V 7 1 IS Y 525 2 v h, K
F-RNETH 2ODPLNRIIKT LT, GVIIRAT 5 4
SOFLRIA DNA ZEo7e 51F, 4 SO ki
DG ORI EFMTH D EBZ DD,

— 7. WFORLRIT 2 oL b EREEZE SO Z LR
HHETRS TG 249, GV IID 4 DO H LKL D
5L CHEBEEZHT 5 2 SO RO 47 DNA %
HLTWAHE, GVIID 4 SO LRLD H 5,
B TRIRIC Bl SN D 2 SOEREEEZ AT 5
HULSRL D B D3 G - D HLkL & 254l DNA %> 2

ENREBZ LD, HOMROBER A RAET 5 RO
BRIGEO ERINDNA THHHIE, 4 b~FtE b
T ORI B R E T H A DNA L, oA
EIRAET 2 BIEME OB R TH L EB B

1 ERgEHV
wa w o EREER L
iD:nm
FMEDE %
PN

L i

8
P X

R AR

SRR BGEFR 2R D IR DR & bk OB RBE D Pkt OREX . GV IR L2 o 2f5F L T

W5 L GVIRDET LRI 5 5, 2 2FEREERH Y |, 7KV 2 DIFEREEN 720 L ERGED 22 DRI XN R R 2

BWTHEINOMBLE THET 5 . IO (R #i

) IZB W THERREZ AT 2 b RL 34 TR (pb) D 1L

Rt En g . ERREZ AT 2 TOLRLIREIIN B DN S | MEERTEE (PN) 2B S 2 % TIZIINIZE S -8
RED 72 DRI B IHR T 2 & & TREAINZITH AN RIS .
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%, CS 774 ~—THIREINDEFDNZ L OB
SOEEEERO D b S, Z O IEES ) 95%
YL ko CTEWRTFEEZ AT 584D DNA TH
HTEDHBLTWS, LavL, 2@ DNA ORE
RHLMED ED X D 7eERICE ST A TS50 L 2
ARATH S, FOARIZHET 5 DNA 23 LMED
BRI ST 20 THIUE, TR EET HAEMIC
XA AFAE L, R e Wilila s L <I134EY
WIFTFELRWZ ERTHISRD, 72, A b~F
b F T OIRBGERRTHL N E o TV D, B
KOBERAEE H T 2 kL & B B BAR Y &
LHZLENMHESND, CST I/ ~—THIESND
DNA X, ZiD OFMFE -7 1 TR 7 DNA
Thd, V=MW rofERIL. 2o DNA R
PR D 52 T - TIIMNBIEART 5 Z L AVHIT L

o SRILS DICFEMICIET T 2 ER D D, Fo,
DNA OHKIZONW T, 7'a—7 %l E &
BraiT7e 9 2 & TX Y IEE OB E BT AIHET
bHLEZS,

B, JPEEIE O FMRIZ RTET % RNA 33 AL
En=0, UL, 2O RNAIZESDE Z ARIKE)
WO—FETHDHAERT LIS IETHRE ST
W, BE- T, 2@ RNA S LMRIZ MZH O 8 72
BRE®RTH D AREEIMRO TIRWEE X LD,
Fexne bTFH3EA L7 DNAZ, Z®RNA &
ESS IO 1iL /Al NN N S PRV L7/ N Y e g
HZEND, A%, MK EETHEEAY L
B A MR B 7 & R B ME R FR o B Y
2, Lo DNA BFIET D G0 EH LT 5
ZENVETH D,

AWFFEDOZATIZH TV | WFFEAEFOBRSE K ORI,
BROKEZFRFBRAEWHEN R Z—L . B
AERFRFBe A B PR R & B A
X =W NhEBY £ Lz, 2 ZITEHNZL
FI, AWFGEIX, WFRHE T4 b~F b T HOE

DNA @ U 7 /v % A 5 PCR % VT2 & BIRAT O I
T & LT 2008 4 E AR IR F A BRI JE i 46
FAFZEBh AR & % 1) TITWE Lz, AR b NS A
EATIEH N L ET,
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Purification and Structural Determination of Crustacean Hyperglycemic
Hormone (CHH) from Mantis Shrimp Oratosquilla oratoria

Tsuyoshi Ohira'®, Kentaro Makabe', Michio Suzuki?, Hiromichi Nagasawa?,
Hidekazu Katayama3, Katsuyoshi Suitoh*, Kiyoshi Asahina® and Susumu Izumi’

! Department of Biological Sciences, Faculty of Science, Kanagawa University, Hiratsuka-city, Kanagawa

259-1293, Japan

Department of Applied Biological Chemistry, Graduate School of Agricultural and Life Sciences,
The University of Tokyo, Bunkyo-ku, Tokyo 113-8657, Japan

Department of Applied Biochemistry, Institute of Glycoscience, Tokai University, Hiratsuka-city,
Kanagawa 259-1292, Japan

4 Aichi Prefectural Sea Farming Institute, Tahara-city, Aichi 441-3618, Japan

College of Bioresource Science, Nihon University, Fujisawa-city, Kanagawa 252-8510, Japan

To whom correspondence should be addressed. E-mail: ohirat-bio@kanagawa-u.ac.jp

Abstract: Crustacean hyperglycemic hormone (CHH) is released from the X-organ/sinus
gland complex located in the eyestalks. In this study, three major CHHs designated as Oro-
CHH-A, -B, and -C in the sinus gland of mantis shrimp Oratosquilla oratoria were purified
by reversed-phase HPLC and identified by N-terminal amino acid sequencing. Hypergly-
cemic activities of the three CHHs were examined by in vivo injection assay. Oro-CHH-A
and -B showed very weak but no significant hyperglycemic activities, while Oro-CHH-C sig-
nificantly increased hemolymph glucose level. Oro-CHH-C was the most abundant peptide
in the sinus gland and showed strong hyperglycemic activity. Therefore, further structural
analysis of Oro-CHH-C was possible. As a result of detailed structural analysis, its complete
primary structure was determined; it consisted of 72 amino acid residues and possesses an
amidated C-terminus. This is the first report of the isolation and the structural determina-
tion of the CHH molecules in stomatopod crustaceans.

Keywords: crustacean hyperglycemic hormone, mantis shrimp, Stomatopoda, sinus gland
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DR E RO Y,

1989 42 X NV = Carcinus maenus DA F
A2 6 CHH 28 S, 2027 X/ BELHIN
RE S NT= Y, FRLSR K 20 MM L7 HAE,
100 # 2 5 Hi%sHo CHH [E<X7F KO 7T 2 J ik
FlHI ST — 2 R—= 2 ZHEFEINTND Y, Lol
TNO RO CHH BT F RDIZ & A LiF=E
RO = EOHHEEO DO THY . FIELIANTIX
SEHEEA A X v 50 CHH & VIH O 2 45 17
WEINTWDITEE 209, HRBE IR RIS
WU THIER ECBSE L CW 2 8MWEECTH 528, BIfE
@ CHH [GEA~TF NIZBET 2 1HRITKERERE L
THEZRHHEICEBIGIC RS- D Th b, D7z
O, HBJESEICBT 5 CHH 7T Fo @it
RFERFFAEMEIZONWTOBREIT R EIFTFE AR, £
ZTC, AMETIIRBEO —FETH Y OB ICET
% ¥ % 21 Oratosquilla oratoria DA F ARH>6 3
¥ O CHH 2R L, o0 7 X/ BRELY Ak
E LTz, ARFFED OHFEO CHH E~7F K % Bl
L7-tRTHID CORETH D,

Bt e Ttk

R EY)

FBR CHEA L 72 > v 2 Oratosquilla oratoria 3.
2007 45 A, 8 AR L2008 4F 3 A lC &Mk —
TR SV MERER G O 2 Bl o fih B 2E
FHLROBEA LT,

CHH R~ 7 F F DR

Ty A Z K BT L 72 BRI AR &2 N X THIRR L
Too BIBR U7-HRI IR R E T 2 O CTofgkE L. il
T 2% F T80 FETHRIF LTz, A AR IR
BEFCTE By he~Aa 7 vl ]2 HOTHRRIIC
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¥y aDY A F R R & A HPLC T47 i L
TR 3AD FEE v — 2 (P11, P17, P18)
NN (K1), 2hbD~AARXT kL
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ITINSDOEBEEHIEZL TN ZEND, vy ad
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Analyses of the Ca Ion Movement in Root-Tips during
the Gravitropic Response of Zea mays L.
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Abstract: To provide information about the role of Ca and other ions in the regulation of
gravitropic response, conventional electron microscopic observation of bulk and ultrathin sec-
tions and quantitative X-ray microanalysis of cryosections, obtained from the statenchyma of
corn roots grown under gravity or simulated microgravity, were carried out. In columella cells
of the statenchyma, amyloplasts were exclusively localized at the bottom of cells grown under
normal gravity. In those cells of corn roots grown under simulated microgravity, amyloplasts
were diffusely distributed in the columella cells, indicating that amyloplasts function as a
statolith. In the quantitative X-ray microanalysis of cryosections, small amount of Ca was de-
tected in the cytoplasmic matrix of columella cells in corn roots grown under simulated micro-
gravity. However the concentration of K was significantly decreased in cytoplasmic matrix and
vacuole of columella cells, although it could not change in cell walls surrounding these cells.
This finding may indicate that, during gravitational disturbance, K ions move entirely toward
the extracellular space. Further experiments are now needed to clarify the possibility that Ca
ions play a role in regulating K ion movement during gravitropic response.

Keywords: corn roots, columella cells, gravitropism, Ca, X-ray microanalysis of cryosections
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%?%D:/@*E%Hﬂ&b HREE T - 71:% *fr
EIZ L0 EDEME BRI BT 2N O Ca
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W OBEY RIS L A MMEEBIE 0D, %t
BRI OERBEO FYE0 a3 OEY Z & T
T — L2 0.1 M #EefEE# (pH 7.2) THAN
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EO—FELD T, S HTRFOBIZEREEH % 15,000 fi5.
IR % 80 keV, skl /L& — IR B 2 X %
BB BT CTARENL S 15° I2%E L, BE— A4
DARy M A X% 4 ITRELTETFE—LEER
0.1 pm [ZPR S W72, 2D X 9 Aok TG,
GIR N D53 et S/ MBI IR L 7= 78 1-#R 2 200
MRS L, 34 L7e XA RS TR L, 55
N7z XBART MV OK E— 7 EIZESN T, 08T
HEICEEN D THEOEMNEIT o7, F2. XA
~ 7 hVEENT Y 7 K (NORAN System SIX) %
W, Bt XBRO B — 27 AT b L b -EE %
Yo L7z XBRsRE (Px) &, i XAk Ny
7759 KDY 5 4.5 — 5.5keV D X #58)E (Bx)
ZHTU L, HE—7 AT ML OREE X BRERE
Lo X MR (FTR8 P/B L) &R 7=, X
AT MG LI TTROEREZITOIZIE, P/B
oMz =A b7 77 % — (Wx) BDHELE IR
T 90 AEl BAD3WEETICHD Zo0
ST FBAEE L AT LR —R B &2 T E oW L.
Bonlz XA~ Mo P/B H % igkiaE+ %
T VEENRKRKa O = A T 7 I H—
RO LI ZOMDOTEHEDOT A N T 7
7 5 —% K-KafrDE & LA L CHERIZ R D,
FyERaTOa) AT THL N XA

e/

2. EAFTHELE bUEr 3 RGO FHMEEG (A) LEETEFHMEEE (B). ARG D/ ZSEMAER & ARE
OB, F—2IROBESREITIH - 72 Z L ENOMIADTER & LRNE L7 MIIBBEIC & - THBRIC Ky S D .
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7 MVICEM L, BeEOREE (mmolkg dry wt.) ORITOFI S E MBI < Fi~FIEE - B <

EEHE LT, ELTWE (K1A), —F, EBREHEY ORILM

ERE K OB LR oME LY, @b CEdh
Wik LTV LTEY, R IcZh2nnEn L
Bla ORLREBLEE TERR R T ICHmE L TwWes (K1B), 7 U 2 %

Pt a IR L T —HHTERL, Z oy b ETRERUARDP TS EH 5 & IR
R 3 A H T30 mmBEICME Lz, MY RICHE LI &3, ZO®ENREHUINETBRE

K3 BEAFCHELEMVERaYOaLATMRMEE Q) & 2L 2 ZHlE B) 8L OB NED FTRELEZ by
Eravoan A7 HilaEg (C) & oA ZHilE (D) OB FIEMSHE . a2 THIIANOT 2 a7 7 A MIES F i
Ha FHEBICRTE Ly BRI/ N F Tl LTV .



ZREMIC G 2. EAEROBEIZANHEE L- 2
EERLTND, ZNHDOROD L A T HfnfE; 2
JEERMEE & R ME T BMEEIC K A B THRIE L
2o M2IZENFCRELENVERIVOROT
DTN - THY SO R o R HEES (A)
LEIWr S L7 B o AR E TS (B)
R LW 5, ARSR D 7y ZSH Ak AR & AR RS & DB
Fix, F—2ROBERBIZH > =FnEhofiEo
Tk & ORIE U7z MAEE I X - CTHEICK Sy S h
%, BESCHEIE F ORI EH P RER I A X T v~
THY., WAZEHEOTZIIRO 2L 2 Z Ml TR S
TN D I FREEMEIC L 2 U BIE <, LIZLIE,
SV A THINIZT S 07T A RRBIERSNT, %
L/ N S BREE T Ok L7ZAROBIZR b [RIERICT T -
oM, IR a2 THRNT 2 e 7T A My O
EWOMIZITIZREFLR e FE TR Sz oo 7z,

Bet 8 D PRI R i Bl ¢

X SAITEFCHRE L b UEr a2 OMIEHERRE
RIS B D A A T Hia Ik O FE R R T BRI
BTHDH, aNATHBEANICIZZEDEHFWNGE B
MBLCHLIZHOOFRNEENLTEBY, T b
OT InTITA NI B TEBLREMNE T, £
DOERITN2um Thoto, £72, 2/ A TN
T7 I 7T A MIEHOEMRGTHIC T 5RO
Sedm A, b biia TEICRIE L Tz (X
3B), &bz, 7IvFIA NI, LIFLIE =

o B T

4, EHFTCHRE LM yERa O I X THIAN
THREICRE L7 S 07T 2 b EEEICHEET S/
1R & OITHE % 9% T B EEE
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A T IS U=/ Nalk L #Eit L Tunz (1
4), —J, BUM/NENTFTCRELZ Y ERa Y
DAV ATHIBEANTLT I 077 2 MIBE SN,
ZORE SRBITB O TRHBEEE OEWITZED b
TR o Ty, RN AR OURBEITET © e 5 T
W, MIRBETRONZXSICT I u T X MM
fo P RAEE T, MR RIS B A LT,
Fo, A D REE ORI T EBICEICES L TN D
IR SN2 o T2,

U RO XB~L r7a7FY) VR

WAE DS B IZAT OB E ML O3 5 72912,
ARG ERZAT > 7, HREEEE ORI & 2EE N~ DR
BEOBEER LA B . BB O B TR 5 0D LR o
sl 2> 6 BAAG S v, OO R T~ 1T 5 &
Bbhd, #EHGHEROMETIZT In 77 X

b, S hay RYT7TRINVRA EOMIAN/NEE
DSABRICBIER S, BENER O/ IMERSCYL B DR RE
b TR TH o7, Fiz, WERKBHER OB X
% 300 pum FEE & A2 AR ORE S B <, Kb
FERIZ L ARBIOBEITR 65T,

B 5 13 E0lEE L huEa a v OREE» L5
nNr-sfEEE R B ch s, EHTF (K5A) BEX
DR/ NEAT (K5B) THRELEZMYERZ
TOREE EFRO 2V A T T, REE, i
B, Boianglgsni,

AN O Ca RTECE /RIS Ca A A
DOBEZRRDL7-010, 26 OB I
WC XM~ 7T+ ) v RAEei{Tolz, TNEND
BOSHEEY)  ABIgE U, ARRRE sy, MR
Gy, RSy (K5, O 122\ T T & AIlhy
WraiTolz, M6IXENTBLOREMIENTFT
R Lz b o a a VRGO 2L A Tl O M E
HEIZOWTAT o T2 LR oW O X AT M fiil %
RLTWD, MINAACA A & L CAERELE-
TBE#THEERTHEOI B, BV LA (K) 23K
S, 77 7 Cl3ER KKaft (BE—27 =31
XF—fHl. 3,312eV) DALY ML —7 Z5x LT,
ZOMICHE EEHRROTE -X#E LT, KE
(0)., BF (0). i P) 0% KafbitIhi,
2B, KA Ni-Lo #2 (Ni) & Ni-Lp o
AR MVE—=I RELNLN, 2O XHIIU R %
HHL WD NI- 7V RHEOLDTHD,
FIRIC A B /28O Ca BFET X, A7 LT
13 K-Ka RO LN S 5/ & 72 KRB FRO AT |
JLE—7 DO ELIZHEMD 3,690 eV DAL EIZ Ca-Ka
MOANRY M Ee—7 BB 5, EHFTHEL
7= hoEnasoan AT HEORIEEE O 5T
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fla ke

(CW), MIKEILE (C) I LN (V) OF D R zRmT . N

A7 RV (X 6A, B) Tid, KKB#RNA/MS 72
DO BEGIR AT A — 27 2R LTV D D%

LT, BENEN T ClRELIZ NUERrav D
IV A T HIROHIIE RE D55 A7 R v (K 6C,
D) T, K-KBp#D A~ bbb — 27 (38 < R
BT, KKBHRDO AT ML E— 27 Ok,
LiFLiZCaKafgd A7 L —2 L OBEBEICL -
THIEEZENDZ E0nD, X 6D DALY FLiE,
CaKa it SN TnD I EEZRLTWS L& 2
TRW, ZOZenb, BHATL bREbES
TO AN AT OB ENIL, fed Th &k
NHEH CaNEmLTWD EEbILs,

T 2 Be UL ) FICE W T2 E, KIREEIXE )
TIZE W2 RE L0 iR & MR S O LTz
2N, FIRBETIIFA L AL L T ievo Tz (E 1), P
E. EOSHTHEE T b B B ) TICE DT
WD LT, —J5, Ca (3B AT L E—
I ERE Do T, EERREOBRETIX, RkE
SR ) FICE L 2 & Tan A Tl oMiaE
FHETEMHEMNRELT TS Z ERRENT,

o am

BEHFCRELE MY T a v ORFaL A TR
WNTIE, 7Ir77 A Sl TEICES L CRE
LTEY, —F, BN ENTFTTRELE NYE
03y ORI A THNOT 2 a7 2 NI
JAN OFFETNLNZRAET D Z & 72 < A LT
72 (M3), ZO7Iv7 T A NOHBINDADE
L. 73T AMRA MavNICHERZ LY

HRWHEOZEOITREMNZ 5 ATV, EHIC
MT LA E L TIRT 5720 ThbhEEZILNR
Lo 70 ARy MTX 0 EDRBLIND 5 7 A
WELESNHYTIE, 7 In AT X MIEHFEIC
BEIT 52 R0, MINTT & AT
DT H LR EEZLND, TIRTTA L
DM fr & LT E &40 9 alREtER & 2 M
IEREE LT, R ha v RU T, SRR
RELEEME LTIRESNRTWD 20, bl b
b, AR OB B TIE 2D OHITE N/ NS E O
FAWNAARISENTREO BT, h 'R 3 Tl
—T7InTTARINREHA L LTHIET S EE XD
nos,

WU O X~ 707U ATIE, 3R
7 MlafE O MR EE, MR ERE, RoWTho
RTINS HLEEE R CaKa D AT h LV E— 271X
Ronizhole, LnL, WFENOSHT THEEE
Ka #D A7 bV E—7 Zad KO KB #RD A~
7 M E—ZIERT S &, BEBMUNET T T
MEREE D AT MV TH LNIZE D E— 7 IRN
BELTWDZ ENRBOLNZ (X 6D), ZDE—
7 TREIZE— 7 =X —ED T Ca-Ka #RIZ
IvAECEboEEbNS, ZOLH R —7 =X
AW R O TSI L b e — 7 RO
BAEIE, ICHEL< LR TSI ETHY B,
RS DRFEN 55 2 TR TUARMEDO H 5L T
Hb, FIELE DB D Ca-Ko MO MU % M LT
EBEINCITE Ik, RN ED T TR L%
10 mmol / kg dry wt. DM RSN (F 1), =
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1000

800

600 -

Counts

400

200

A 0 2.00 4.00 6.00 8.00 10.00

keV

10.00 C 0 2.00 4.00 6.00 8.00

keV

K-Ka
K-Ka

100 J

Counts

B 3.00 3.69 4,00 D 3.00 3.69 4,00
keV keV

6. EITFTTHELE bYERavOREMOMINEILE O SO THRLNT XBRART ML (A) &ZD 3,600 eV
AR Lz XA bov (B). B/ ES FClE L b U Ea o v ORI O MRS EE 0800 T 5
N7z XA 7 v (C) L ZD 3,600 eV (L& LR L7z X ALY kv (D). fitfhi: X0 7> ML (A, C: 0~ 1,000
counts, B, D: 0 ~ 150 counts). #filiZ— /L X —&iH (keV). A7 MDD T LI — 7 =2V F—EIC L0 EMES
N5 EOFLTE2 AT (FEMIAIZIR). KB, D HORWEMRE Ca-Ka fO ¥ — 27 =R L¥F —fliTh 5 3,690 eV 7R
LT3,

# 1. bUvEoava A ZlaoMiaiE, MEEER X OIS T % ITRiAE

JEEEE (mmol/kg dry wt.)
il ks i el B AL i
T o) BN ) ) BN ) ) LU INE )
Ca 5.95+7.74 4.08 +5.32 2.66+5.11 13.46 +£7.70 6.65 £9.28 3.46 +6.07
K 136.47+£99.19 123.93 +43.20 155.50+75.09 110.60 + 74.82 101.46 £77.74 5595+ 31.84
P 29.33 +£32.99 9.81 £13.93 65.24 £38.90  34.50£29.50 30.18 £45.07 3.48 £5.50

P AR (= 17). Ca IR 0 DTl b & e .

HNFTT I T A ANk & 4 5 2 &2
Do, Lanl, FHIZE > T”MaE» s Ca A
FrpBHEnD 0O MR EEIE T 5 Z &1
TERMoT, BEMHO X O I/MIER RS FEEL
THERZHBR L TV D5EE1E. X~ 27 e 7
U AT, /NENPED Ca iz 35 Z &1

VA THIRE T, EAOFANCIEEELZT I e ST A
~ E/NBEIR RS 5 Z & TR S Ca A A v
DI SN, Z Ol &tz Ca A A A3 E A HK
DOZREMERET M~ BET 1E SEER
FL L TCOEEEZFESLEEZ LN TNDS P17 Bl
W/ NS T CHRIBRE ZEE N O Ca BN L= D1,

B P TIIAasMC BB % Ca A A REST51A
OHELIC &0 M ERENICHE T 5720 8 EZ D
No, SR BEY R OEFEBERZICLY, &

LV Catimmd ZEMTEANTY, AL AT
JaCIXREETH Y . Ca ittt % a3 5 7= DEI%R
FIEOBRBIIASHOMETH 5, BRI A O X~
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WZBRRIZ 2L A Z RN O K R ENEE 95
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Rk RN EFRENICBI 5 L CWbh B X b T
WD W TR Y T OIREMEMEIC T B EE RO 3
AR OIRBIEZAIE K A A2 OBENLE S KO
BN ERER L RS> TNDZENRMENTND ¥,
BRI/ N ) T O 2L A T HIEN T, Ca B D1
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Physiological and Cytochemical Studies on the Excitation-Contraction
Coupling and the Intracellular Calcium Movement during the
Contraction-Relaxation Cycle in the Reticular Body wall Muscle of

Dolabella auricularia
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Abstract: To clarify the excitation-contraction coupling and the intracellular Ca movement
during the contraction-relaxation cycle in a molluscan smooth muscle, the reticular body
wall muscle RBWM) of Dolabella auricularia, physiological experiments on the mechanical
response, ultrastructural observations and Ca cytochemistry using the pyroantimonate
(PA) method were carried out. The plasma membrane of RBWM fibers frequently showed
tubular invaginations, closely resembling the transverse tubules (T tubule) of skeletal muscle.
Numerous dyadic structures were found just beneath the plasma membrane, suggesting the
Ca release from SR during contraction. The development of K-induced contracture tension was
remarkably repressed by the removal of external Ca or by the application of Mn ions (10 mM).
Caffeine (1 mM) could not cause the development of isometric tension in the Ca-free solution,
while rapid cooling of the fiber bundle induced a significant magnitude of tension rise. In the
relaxed fibers, the PA precipitate was found in the SR and the inner surface of the plasma
membrane, indicating the intracellular Ca localization. In contacting fibers, the PA precipitate
was diffusely distributed in the myoplasm, with corresponding precipitate decrease at the
peripheral structures. These results indicate that the RBWM fibers are activated mainly by
the inward movement of extracellular Ca, although the contribution of Ca released from the
intracellular storage structures can not be negligible.

Keywords: molluscan smooth muscle, reticular body wall muscle, excitation-contraction
coupling, intracellular Ca movements, pyroantimonate method
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77 PR DA & ot AR 1 A M AR PN o Ca®* I BE D HE T AL NBEMEEIND Z ST KV PER S o &
Lo THfish T\ Y, SEERRRE O B TR o, ZOMBEROBENSIGENRG & EZ S
A2 U CHIAHEIARTE S v, AnMERE 2 B L, % F To—H O 1% B I E B (excitation-
IREVEM A BAET D, HIBERETAET S Z 0BE T contraction coupling; EC #[E8 ) L FHEN T\ 2%,
AR N ~MeEE S v, BTEGERAL D B IEME(L Ca™ 233 B O EC # B TIX, Mk mh #2550 A oo il
Bt 4L, MBSO Ca® IRENEIMLTH 7 + 7 SRBIZ Ko THAE L TEREENL A, TR EBE DM A
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13&% C & D Ri1T/NVE (transverse tubules; T ) %
BHEL TE L ZNEHAIAT 1 RO/ EAE
(sarcoplasmic reticulum; SR) #&Rflin s 75 b7
A7 v RT, BENSR I b, SRICHHK S
NTW5 Ca? NNl S TSl & - &b
ZEBHLNTND Y, Tabb A CILIE
ZEl & IR Ca* TS SRICHKT 5, 1%
AL Ca® OHRIZON TIOR3, DD
ECH#EE b IZITEHA & FRORME -85 Z &7
HHENTND,

—J7. R TIE, APESEFEREIC L > TE
DOBEMESCIUEIEIC R E 203 b Y, EC H#EICE
J HIEMEAE Ca® DHR B FERA O L 51— TIX
7RV, BT AR SN > B D Ca* FiE A DY
B2 EOTHDEESNTWVER, ZOMIZH LR
Ca® OB AZ LS Z LN BN TV D 2, B
D £ D72 T EMES & FFlz 72 OB TiE, — RIS,
SRIIENEE T CREM & 5 ME kT 5 4 A
7y FELTREL, WEEOREIZMHENZHD
SR 2> BIEMEAL Ca* B v n Z & BRE BT
5, —Ji, AEERSERT VFEVEBEE AN
eI L ERIZ LD . 2 < OFEH T, TREREAN
Fmb CallPEifiE e L THEREL TV Z LR E
NTHEY 2, ATHFTA OFERESF) (anterior
byssus retractor muscle; ABRM) Ti%, FEKE S
Ca fi & H'E (MCBP-450) b HEE ST\ 5 7, B
B Do ANEIE T o H/MaMNIE & F 715k Ca?
DRFEGEALE LTHHNTWD 9 DL ER~7Z LD
2, T OMEME Ca? OHERITEE~ TH Y | i
155 O WU R ET S L2 D CIREIB /5 & & 12 BEC B
ARG - SR Y1 7 VITPE S M Ca BhRE %
HENZTHDUENRD D,

KB ) PR S M o & Y F X B A Dolabella
auricularia X, BEAFCHNELN © REES D 721,
R IE % 7 O (RBE 2 M Rk 3 2 R BEHEIR 7 (Reticular
body wall muscle; BWRM) & SHEH 2> & ARE i g3
2T THEA OIRBENZRENZ IR - THEAE T 2 ARBEH
A (longitudinal body wall muscle; LBWM) % H
UNTTREE 2 (i S8, MEABE)T 5, 1978 HIZ
Suzuki & 2 OIEFEBFFEE 5 ™ (X LBWM O
BREIZOWTARTER e T T U BE AW
7oA L FER 21T . LBWM 1&, M AT Ca
%< GH, SR LIEEBEANRENIENE(L Ca® Dl
RS L U CHERE T D L AR Lis, 72, SR
OB DX AT v REgGiens, LIZLIESR
1. B OO T EHEE I & < UL T o AR N
i (TERIBE) & NI4T v FEREEEZ R L,
ZH DA EREBRIZIL foot |2 X < L7 knikAEE &

RohadZ &R LTz, &iIT. Kinami and Suzuki
1%, LBWM O#AEEHBRIZ & 5 5 foot Bt i
(DWW TGS EFRNT 21TV, 2V E R & A%
D foot THDHEEHALMZLTWD, B, T®
FABEIZOWTIE, Z Y F I A TBFEOT A7 Z
VOREEFHTHLBES A TNDS Y,

27 F XI5 A LBWM DS 75 HE e PN e A 1 2>
HEEE NS Ca? ICRESIKFLTND Z &R0, il
DT EREEZ RO Z Lid, I & i & O
B O EIZ DN TCEERT H ETHEHETHD
HRLOREECHERED LBWM &322y I A D
RBEEE) 2 H > TV 5 RBWM IZ S B 55 0G0
BUIRVZR N, ABFZE I, G — szt 1 7 sk o
AR Ca BhREIZBE 3 5 A B 5E8 s K OYla b~
FR & OFER L B X7 ISR ATV,
N E TEIMFE STV RBWM Ol S
EHETREEREZ B ST 5 2 & 2Rl AT,

POBEE T5 1k

SBRME A B DI

P RN R A 2 7 T BE (LT oD SRRV 7 CHERAE L T2
KERI5~25cm @ ¥ F I H A Dolabella
auricularia Z g1, (26°C) OKMECEHE L1z,
ABOfEH G Lo x> I A 2did, B ZE T
EE L=, L TV AROKRELRCESET
XL, BEEZE CHEE L7z, HREFBRIZH->T
BIBH L g A B RN e, IRIEIC i L 7o (RBE I L &
AU MR A AR E A U CEITT D fmtk i & i
EATICEIT T DHEEH 720, 209 H, Egik
& BT RS> CYY I LT, B Y >
TNR—ZRE LYY — L (BHHY Y — 1) NI
pH 7.2 ® N Liff7K (ASW) Zifi7= L. BEAAES L T
IEF) 2 mm, £ 38 10 mm O R & /ERLL 7=,

FRME ) OWE
Hiff L7 RBWM fli R O Wil S FAROBE T v 7
R R L HGHAREE S B A A TR T 7, AR
10 ml O EERFENIC pH 7.2 IZFH%& L 7= ASW(NaCl,
513 mM; KCI, 10 mM; CaClz, 10 mM; MgCl., 50
mM) Zi7z L, R E AL, —uid 7 v 7 Z[EE
Xk b= L, DT v 7 E T v
A F 2 — 4% — (UT-100. Shinnko-Tushinn) |Z ¢
L7c, FEBRIEN O Z KRR 7 DR 5| TRH#HT X
HEolcl, EREENEZY L a—4— (Mark
VII WR3101, Graphtec) Titék L 77,

AR & T 2 FEREsiR & LT, miIREO K &
e, 7EFLa) Q0P M) IERB L O 7 = A
(10° M) itk & Flv iz, @il K EiiRIiZ, ASW o



KEE % 20 ~ 400 mM [ZHEANI L. N5 I25% L
Na' JREZBTHZ L CTHE L, £/, 7TEFL
a7 A OWIKRIT. ASWIZZENZEND
REZEN LT L., 2o, KA 403
WM DR R T D 723D D FEBRIRUR D ROV A M
WERIZOWTIE, ETNENOFERER L HbECE
Wk L7z, 2 TOFEBRIT=E(~26C) FTTIT-o72,

PRI i Bt 1k

WA B ZR D=, ASW Ziiil- L7 s H s v
— L DJEIZ, HEEL 7 RBWM O R A2 AN EIC
HZXOMELTECEE L, RARBEMEE CBIZEL
TR DR IRAE BRI A LY BRv N2, PH 7.2
ICEHEE L7 0.1 M o 2 O LERRE I CATR L7 6%
T NH—)LT VT B R (glutaraldehyde; GA) &% T
0.5 FEREE L7=th. B bfRiL,. GA DiRD%
ZRLSTHEOICHREZRN 2 mm ORIIZHD |
ERREE AN THEICEIRT 1.5 B, £721%
4°CT 12 FE. BT L7z, 0.1 M 7 =2 /L ki i
KT 3 OB % 2 [, 2K (DW) T 3 oMo
Ptz 1T o 2%, 2% UER{b A4 2 X 7 A (0sOs)
Rl 2B E T AR 4°CC 12 B, @ L7z,
EER, AEHE 50, 70, 90% ¥ / —/L T4 10 4y
. 100% =% /—/LC 20 53fE], BikL7-#%, 7o
E'L A% A R (propylene oxide; PO) 1A% T 20
ST o 2 Bl WAL A ATV K E S L 72, Quetol
812 # Al &L 95 Epoxy #ill§ & PO % 1: 1 TiRAE
L 72N 12 B, S 2 Epoxy #E 412 4°C T 12
REME WD KR 2 & B L, =0k, Sk
Z H\ T Epoxy fHIEIC@H L, 40°C T 24 B, 60
CT24 FEMBAES Lz, REBEMEE T okl m
v 7 NOREHE 1 mm ESOIRICRD LI
SV, T3/ 8 h—ATHEIZT70 nm O
BEY R 2RI, an P F U EEED . SHICh
— R ARG THITR L7Z Curl50 A v o = |[Z#iE, B
o b7 2 U fRSh CE Yt L Cii B -1
4% (JEOL JEM2000EX) T#l% L 7=,

vy vFE VBEIZ K 5 Cafllli b

AREN Ca JRAE & IUHE — AR L1 5 Hifa Py Ca BhHE
BETHIDICEBRENT NI VAT o —H—|28#
B L=l z, migRe s . U v A K fffiRK
EHRARIC 2% T o FEUEIY LK .
Sb(OH)s * 1/2H:20 = 7~ 1% K2Ha2Sb:07 + 4H:0; K-PA)
Zaite pH 7.2 I L7 1% @ OsOq 8 (PAOSs i)
TREE LTz, BEE®RDOREBIOMA, BIEEH, HE
A, BEY R OERLE X v ¥ 2 ~OFW) ITm %
AR S AR O ERLE [F U HIETiT e o 7o, MY
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OB % B M CEIER Lz,

v 7 T Uk PA) I, Ca? LSO A A
VELMISE L THRBAEERT S EBN ML TE
p WD ERECE M T BB S B ks
CamFGrZ L &FEIT 2I121F, X-fi~vA a7
FUABRFEHTHD B, PAICL>TELKIL
WS Ca RTEZ/RT 2 L EZWHMEICT D202, =
O OBET I HONWT, =)/ F— 4 H0 X- #0
%% (JEOL EX-14033 JTP) % %&75 L 7= % B S
(JEOL 1230 TEM) TX-ft~A 7 a7+ U v A %47
STz, WA OEREIET B0, 22—V R KT
v FANCRIRERZ EFEA L THR—IVE—ADE Y &
A LT, JuHRoHrTld, 53 % 15,000 f5IZRE L.,
B R X- SR O M 15° I, b8
1§12 200 FOIHIEE 7R 2 IRET L=, s S 7z X-
EHEEITHORL, SN X-BALT b E i
Bri=,

i

719 % A (K) Hiki

S > KR E % 88 0 (20, 30, 40, 70, 200, 400
mM) &8, Fhick-oTolEle Z b K ffEiE
1 EFek Lz (K1), MR KR E % ASW @ 10
mM 225 20 mM IZEEM L TH, INHEIT &z &
o728 (X 1B). 30 mM [N+ 2 LiEHD
BAENAONT (K1C), EHIRAEDLS BV L,
IEFITHBIR T, 79 P—ICETHETITIZ 1 UL
B LTz, ANE K IEEEA 30 mM LA ETlE, JREEH
MCHENEAEET B RL, 77 F—IC#ETHET
DORFR & 48 <7z (K 1C ~ G), %< Ofg e BFF
HEBNY) OO - 75 Tl MO KR FE % 200 ~ 400
mM ([ZEIN S5 2 & TRAHMEE A ST
% 24119 RBWM T, #MEO K £ % 400 mM
295 2 & T RRWMEED NS B (K 16),
205, INOLOREEF LD K BE-EHE
R LTV 5D, #MElldR KR % 5] &L 23 400
mM K R CRAET HIRKIENZ 1.0 & L2tk
T AT Z TN KNREZSHE TR LTV D,
K* 2 - sE /BR300 2 S Rl 2 R L,
ZHE TITHE ST B IERE B HEENM O 1
TORERE X< —F Lz 2409,

K Hifii 2 BIE$ Ca® & Mn?* DB E:

KHfEic BAE 3 2MHif5 A A > DRI OV T2,
SNE BIEAT D Ca? B3EME(L Ca* 1272 > T D
MDENEFEND HT2DIT, SMK Ca* ZFrE LTk
O KfaR I OFAEZBLE LTz, T, ASW LK
NG Ca?t ZrE, BBz Ca? & L& LV Nat 21



68 Science Journal of Kanagawa University Vol. 20, 2009

A
1.0 -
A A
10K ASW
[ ]
B fH
A ) A o5t
20K ASW A
C yal
e ———————
A }
JOK ASW
0.
D e 10 20 3040 70 200 400
A 4 [K'To (mM)
40K ASW
2. XY IHA RBWM ® K HHEICEHIT 5 KA -
E 95 ) B i
R e .
A } ML, Ca % L— hjilX LT 2 mM o EGTA %/
T0K ASW %7~ ASW(Ca-free ASW) ® K J2EE % 400 mM & L
7= Ca-free 400 mM K" iRk & iHEE L7-, K #ifi Chx
F o KIS %R L, 20D BRI L ASW (2 k
1 HYEH T, SEARITHEE L7 RBWM D44 %2 ASW
200K ASW 735 Ca-free ASW (Z{EH#L L, 10 /312 Ca-free 400
. mM K igiRIZE 2 A5 & RBWM IXE1 234 LU
6~ e s (msa, —h i car B E 2 50
T 20 mM |Z B0 (B4 0 Na* % 3 U 7= ) L 7= 400
$0K | . mM K* i 2. K SR R L

LA BHTFR S, BTRITERD b7
1. K#fEiR otk . sHEO K REOHM (A — G; -7 (X 3B),

10~400 mM K+) (ZffU K FifiaE /1 b HK . Mn* |Z Ca* L fipt L, Ca¥* T v x &N LT
A
Ca-free ASW
(10 min) 4 4

400K ASW Cafree, 400K ASW
B 400k, high Ca? (20 mM)

IOOK lsw 400K ASW
C__/\ f— ’

30s
T M . )
? 1 (10 min)
400K ASW Mn2* (10 mM) 400K ASW

3. K#ffEIce LT 48K Ca” IBE O & Mn* 0% . A. Ca-free D28 #MNKD Ca® 272 RITEREL
7= Ca-free (2 mM EGTA) ASW |Z X 2 AL CoE A3 A 13imill . B, K ¥ oMK Ca? #2220 mM (ZH#n L
T-HER DA [ IR TG . C. Mn? (10 mM) O F2  K HfEiE 15 OBEE A MEIN R 55 |



Ca WM ANEHIT 2 Z EnmbhTn5 P, 10 mM
® Mn* % & Te ASW 2 R %212 1T 7= %, 400 mM
KRR E G Lz 2 A, KRETODTH 5% D
BB UMIE L2 -o72 (K30, Zhb ORI,
RBWM T, % 5] &k 2 375 L Ca®* Ot
DIINED S DFRANER LS AKAFT D Z & 2B T 5,

2N

B B FED TG AR TIEAME OIRE & 2oE I
KNS E5 &, WEBEENMMNZEL L THIGH 5
SEIEND T ERAMBN TG W80 [ 4 1%,
RBWM DAMEIRE %2 20°CH> 5 4 CIZRHITIL T &
BIRED JIFHEE 2R LTV D, 2aEmANC LY
RBWM I3, K #fif KIEH DI L% 52% DS %
FAEL, FO%, HITARMICHEE L,

ATz A VELOCTEF NI V1

B TIX. 7 =A 2 SR B O Ca? k%
FlEE Tz i< mbhTng ¥ 8 £<
DFWEHTHH 7 = A 1L SRS O Ca* ifFif %
BIZRZ L TWD I & 2R ARERME RN HE X
nTwns P K #fEtk, sMk % ASW 72 5 Ca-free
ASWIZE#HLTI00%IZ I mM DO B 7 =1 V%
Beh L=, RBWM X &2 3E L7 n-o72 (X
5A), FHEENME L 0% OB HEIY C, 71T

S

JIRETS Al 22 9 207 A (REERAIRA O Ca BhRE 69

) IR ENE & U CHRE L. TR~
BN GIZ L0 2 < OIEH CHifEa g i 2
EN5HY?, 1mMoOTEFILal) o E2ET ASW %
RBWM |2 575 & BIEHIGMAER 2 £ 9 K & 72 i
sRAIMFEAE LT (K 5B), RAOKE SiE, K
BRRENIFFELL . ZOFHITERT 2 MaE
WEIXTeFral) v tEZLND,

RBWM i #HE D T wlil g iii

RBWM O 5 I 225 O fi e TR S Tk
V. %< OEFHEENY O & RS, iR
DIFIF—E TR, KWL ZATHE um IZEL,
Fioa g =7 U#Ec Lo Tl Sh iz, &Y
F 2 A A O LBWM Tik, HIAHE MRS (gap
junction) N SN TWD Z EN@REEN TN D
N0 AEOBETIE, WD MRS b
MR TEeh o7, HHEDERAIT 10 — 20 pum T
b1 — IR T HEBN ) O R AR & 0 K<
EE N D5 EIXINAEERO RN 4T A b (H
%30 nm) EHIVT T A2 b (EZEK 7nm) T
ThHO LR TWE (X 6), Bi%, MlaNo .
REL, ZOREMAICIZERZ 05— 1.2um DI h=
Y RUTREHBERSNT, SR, K, BEE
MBI o203, R EITE
BEE TICH Y, EHAR 0.1 — 0.5 um ORI E 7213

-

|

400K ASW (20°C)

/\¥ 30s

!

Ca-free ASW (4°C)

4. RIHMANC X DENFAE. EERHIINE D ASW (20°C ) Z{KiR (4°C) © ASW [Zf## . K #ifiiR Kk /) o

BELZ 50% DRI FEAE .

A

Ca-free ASW

r7

4 (10 min)
400K ASW

T
]

400K ASW

Ca-free, éaf ;SW
I
s
=
ACh ASW

5. W7 =A L ¥ifEE T Fal) SHEE. A Cafree(2 mM EGTA)ASW 1 C1 mM O 7 = A > (Caf) &
BE. WfETAE TRy, B.7EF L3l (ACh, 1 mM) 12 L A e, K RIEIZITIEE LIRS 38 4 .
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L s

B

6. GA & 0sO. TILFEE &7z RBWM itk ORIFTE A 15 . TEEIENEEIZIR > T 28O/ (SR)
WIRAEL , IWEIEE XA T v REMR LTS . N OZEMOFE LI 7 4 7 A2 Tl STV D03,
HFRESICIEI b KU 7 (M) bRET 5. IS Mfafkki . 27 —/L 12 um.

7. RBWM Wi IEE AT 0B . A IWEIEE Fof/Mafk (SR) JH7E. IS: Mlakkg. B. R
T SR OfEKE. SRITHERE (PM) &4 A 7 v R Z R L, IR O#E-HRBRIC 1T foot BefE ( IRED)
DEHND. A=/ 0.5 um (A), 0.1 um (B).
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8. RBWM MR L oo/ Mg & T RS E . — 38 Cri/hHam 2k U< T BRRE 2 (RE). A r—)L:
0.2 um.

9. RBWM e BEAHT O . A T B HE . < 7225 T2 RS I BEZE C© , A2 Bl d 5
ZENRHD . ENEICIIZEO SR ARE. B TESEE L SR, SRIZ TEFREEORE 247 v Refik. C. 447 v
ROYERE . T ARG L SR AR A4 5 BEA HRIBRIC foot ARHEE (IRED) AR LNS. D. T &SI E <
g IR ) W R B AL D /] . A7 —/L 0.5 um (A, B, D), 0.2 um (C).
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AM
'
t

4
400K ASW
PAOs
B fi
hg
y t 4 30s
400K ASW 400K

B 10. Caffiflafb s EIER: D% R IREHE. A, fiiskiro PAOs EE. B. K #ffifc KiE I JEERF D PAOs [H7E . fd]d

TR HSE TR IO K Hii

Bk ch o7z (X6, 7, D SR OIFEEIZH
L7, IRER EEEHMEA L TR, 2o
AEFEBRICE. LIX LI, B2 16 nm O ®ETH
FEDORDIRAEE A L S 7z (K 7),

R IE., A8 46 ~ 92 nm., HNIEDNEE 84
~ 138 nm O FEA/NEM A LB R Sz (K 8),
RBWM T, [l UE MR At E Cldd 503, &
D/ &1L e BB R O ARG LIX LIE
Bl (KA, ZOEIZ, 2V FIHAD
LBWM THE SN TWD TEMEE ™ LR HO
EEZOND, TEEED DERB I OE ORI,
NI O ORER K OWWRENARIZE LW, E7213%
NLLEICREL, BORSH, RBEVHOTITH
2.8 mm HH VY, MIEFEE»SMAENICE BAL
TV,

LBWM CTHEINTWD L 9o, TEEEED
BEER IR TIEMEE FIZIX LIZ LIE SR 23RFE L.
A XD XA 7 RERKLTEY, Z22Th
PEA RIS IS E B E ORI E N B s vz
(9B, 0), £7-. LIFLIE T EEREE D& BEMR.
BLO ZOEimOEEHIZIT/NGMNBIE S
(2 8, 9D),

RN Ca DJRAE & R OFH)

IEMEAL Ca® O N TR E Z B 52T 57280
(2 Ca? DJRITE & IR OMIaNBE 2 i T& %
va 7 v I E Uk (PA) WMl bR A 1T
>72, RBWM O % ~ 7 v AT o —H — |8k
LCHDICfEL CWD L MR L=, MR
PAOs {2 CiE#a L CHERL 2 E 217 - 72 (X 10A),
%, PAOs ORI TR &ZFAELIZN, ZOKX
ST K#fERREID3B% LT THY, ZDik,
RHORKE IR & & IR A TR LD, &
NI K P KIES D 40% LA F T o 72, — 7.
R AERF O Ca BYEEZ B 529 5 72012 K Hffifik
KRS FEAE % THME % PAOs iR E# L CHIfAL

FEE AT 72 (K 10B), PAOs ik# G- EH&%IZHT
MNIRIE BV N R ST [EE DK ST K
VB RIESI D 76% DIE DR S L=,

11 1%, shAERFIC PAOs iR TR L 22 E & L 7=
IFAER OO T H 5, MfkHER I O E R
ERIC B AR SRS R S e, MR T, 2k
a2 RY TN b IS BIZE S e, B
WA FEICEET S L. PALIRIE. TRERENER
BLOWERE FIZRAET S SR ELIZHEL T
7= (K 11B), —J5. i UILHERE 12 PAOs i CHEE L
T fARMECIT, BN R & SR I T PA Ihik
FE LA LTV (K 110), L, Ik
KRR, AT NIZIZZ D 3 8 L2 TR
BEshniz, SR & U EREEkICIE T 5 PA
WIEDZFE LI L, 2 har R TRETIE
OB TR Bl o Tz,

PA RN THEA 7254 A4 2 & RS LTkl %
EULBZENRMOBNTWNS M2 L[ElE 1 M eE
TCHEHIZEINTZWEN PA & Ca? &S TEL-
Sb-Ca( 7> FEL « HILTTL)DILBETHD Z
R T D0 X- A7 uTF ) A E
17,

M 12 1%, otz RBWM o /5 %8 N 22 1 1
JATET % PA ILBHZ & 72 IR L TR b e X-#7
AT NV TH D, 5,000 eV F TOHxT R/ X —HifH
TlE. C-Ko # (200 eV). O-Ko # (440 eV). Cu-M
# (930 eV), Os-M #7 (1,914 eV) DAY hLE—
7L, E5ICSb-LafoE—27 T XX —lHTH
% 3,600 eV fTiTICBHE R AT ML E—7 NG
N, K 12A 1%, 0~ 5,000 eV #ilfH D 2 ~<7 kL
D55, 3,600 eV (T DOHFED B — 7 ZHLRKFER
L72bDTHD, ZOPEKFEHTORRKE—7 DY
— 7 TR X—l]% 3,620 eV TH o7, £7-. =
NEV ET VX —FERIC, R E— 7 5ED 50%
PITICABERE—T B 20O LiL, b0
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; ] - 9 %
P oo e
A ¥ m » ' W i, z A 1
: - P P35 AR e ik, *n 2 ‘e . 2]
- » Aty o S i ¥ o
L mmea T PR
W e, : e e e o B e, . 4
b gt e iy Rt ‘-‘“W
e W.\ e A ey 2%
TR i it Y : . ._-I . 18 o "ﬁ' e A
T g L i s IS
RS e o — et
e PTRREE d'm_r.,
Tl ooy ;
1 : Hsﬂ\, ML§ .;;_*’ﬂ Q‘EE %
L
Ly =
‘ s
e i e ‘i
“ \M\‘_q*‘!‘ﬁ-va.. oy ;
“‘. i e S . i v . )
S e et ) ilﬁ_.-k“““ S . 1 gLk
G o i & S S

B a s e
i S 0 e o
* S ]

el
e M e
v

11. BN Ca RTE & WHEREDOBE) . A, itiEIEIZ PAOs THEE L 7= RBWM O#EWrel 4. BRI FEmE=> SR I
b, SR RY7 (MY I PATRIBRS R S5 . B, stfEA; OTEEIBAT T OIE R . TN 3 iE & /5 afk (SR) 5 Eo
PAIEIICIER . C. fUNHERFIC PAOs CE @ L7z RBWM OfElil 14 . PA PRI LIS R HEBIc i m L TR Y,
IR IR/ MER (SR) TIEFE L A2, 2 v KU 7 (M) T PA SRR Ly z L ICiER . IS #l
JafIBR. A4 —v 1 um (A, C), 0.2 um (B)
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38 40 42 34 3.0

3.8 4.0 4.2

KeV

B. ffihii

BT EEE T > SR B RTET 5 PA TRIBD X- #2227 L. C. KRS TR TP e O B A % PA TEIB D X- ##
AT R A7 BT, Sb-La #f e CaKa D A7 b —27 BNEEN D 3,600 eV T 24k . ROTEEMRIL
Sbh-La #OER B — 7 T2 L F—[lETdh 5 3,600 eV g . A7 hLE—2ZHR 10— 2 0eVAHIZT 7 RLTWAZ 2T
#H . Sb- Ca: Sb-La#td Ca-Ko MOEME L —2, Sb-Lp:: Sb-Lp: ##, Sb-Lpz: Sb-Lps 1, #itdh: X-#ph o . fflh

T3 LX—(i (10 eV/CH).

B— 27 =RV —{E1L 3,850 eV & 4,100 eV ThH -
oo E—=7 DX NVX—HNL, TNEFLOE—7
1%, Sb-Lp: e Sb-Lp2 FREHIT SN,

PAILIBD X-#~A 7 a7V v RABWT, &
KE—27 =)L —fHN 3,610 — 3,640 eV TH 5
BAICIX, A7 FLA, Sh-La # (3,600 eV) &
Ca-Ko #% (3,690 eV) DA E —27 L7200 LN
CazEieZ LRI ZENMESNTND 269, 4
B3 HT S 7= PA LI D A2 kL, 3,620 eV IZ
BRE—7BH0 ., ZOWHEILSh » Ca DILETH
5D EEaRT, [AERORSRIL, SRICHIET % Lk
BEO, BIHER OB NI A3 2 TR0
S CHLE LN (K 12B, O),

i v

P22 G X B Ca BIRED BT

K Wiffiic 1) 2 K iREE - iR 71 BAfR A 3AE00 72 S
TR AR Lz, Zhid K #fEE D 03 o K
FEICARAE L CHER L, 2 ORRIE S Fihfr % 229 &
V9 Hodgkin and Horowicz?’ Mtk & — K L 7=,
F 72, AR KR O BN R % B0y fR S
B RBRMEIRSI L0 10% b REWIAFEAS & Z Sh
L2 ERHEEN TS O T, KH#ffilk, RBWM
DIVFHNSE OWE TR DO DFMN 2 FETH
50, e, TEFAIYCORBMICE->T, K#H
MR RIEN EFFE L WIENRAENRALND Z &
5., ZOWEHIE= U AREEEEZOND,
SR D Ca** & 5E2ICER< &, RBWM [35R 7] % %
A, Ca¥ F v FVICHERMICERT S P &5
Z HID Mn* 12 & - TIEAFAITHR Ml S iz
(X3, ZNHOFERIT, Z OFIEFHOUEEIC

PENSWAT S Ca Ic Lo THIEEZ STV
52 EwT, SROOIEMAL Ca?t ZilEBESE 5 7
T oA U CIRBE ARG S & - S o TR
B (HBA) IZDEZ2 2T 5,

WG DS HE D> B D Ca?* DR AR < AKAFE L T
%S T, A D Ca? IEE DB X VRS
DR SN D AREMEDH D Z LN BTV D B9,
RBWM T, #ME® Ca® JEFE % 20 mM [ZHIN &
FTHRIOBIRITIRD L2 h-o 7= (X 3B) 23,
Z X, 400 mM KF IS X D AEA, BRI Z o
VIR OBRKENERELTLE-> TSI LICK
HHDEBEZTHIE LR,

K H#EI2 K IET Ca? 2 Mn> OF21T, = D
5 DULHE AN, FME D> B D Ca?* DI AR AKAE L
TW5 Z & & RET 5, —7F. Sakai et al. ¥ 132
AN L - T, B SR 205 Ca 23iEHES
HZrERHLTEY, Sugiand Suzuki ? 13 ¥V
F I 4 O LBWM T, 2UEGHIN, BERENEE
IZREA LTS Ca il 2 Z L2 HiEL T
%, RBWM Tix, @#mAEANC LV AERKE SO
RDBENBDO LN (K4) 2 b, ZOHD
AR DIEPEEIZIE SR R I N 2 1w 2> B 7 <
N5 Ca? bHEGLTCWAHAREMELH S,

S e e B L2 BY 53 2 DRl ks

TEEhRE D O B DNMRE S D & SEEHIIE TR,
BN EE DO BN AN ET D, Z OB
HIRE N Ca® I 28N S 5 £ TITB 53 5 i
Wi & LCld, 2 ETlo, FEITSR &R
HEREfHE LThHIF o TnD ¥, Y FIh4
RBWM O EBLEE OFE R, M EME T2,



B AT v RERT 525D SR BRTET
D2 ENRENT, AL E T EORL
WHEENBIR S, TORMITERH NI4T v R
TR foot IZHEBLLTWDHZ Enn, BB,
INHDOHEAT v RTH foot 2 LT, WEKEOE
RLZEAEDS SR ~EfBESHL, SR 22D D Ca® il %
FHEST L AREMENH D, T OAREMEIL, PR HEER
DFERN, EMAL Ca¥ DK E EITHE D DI
ANTHDLERBRLIEZZEE—RMENTL2NDEHIC
B o0, £< OFEHH T, SMK Ca> DA L
HI R N R AE S 2 & o Ca® WEEEIZEFF A5 =
B, BT LLFETHHLOTEHARY, FE K
W% K 912, PA &AW =Ml b an 5 o
%, Ca 2NJEEIEE T SR & IR EN 2 &2 [1E
T5H L, BURERFICZ N b ofEEN D Ca? 23k
HENTWAZ LEERLTEBY., ZOAkeM 4 1k

LTWah,

RBWM OFREBEIZIE, — A7 /TR S
MRV E R A E O T E RSN 2 HHER S h
Too BRI TIX, MFAERIC, I/NRBEMATER X
AU Z DO/ ONEEE T S HITH 72 72/ paM 23
HEELCTAETHZLICEY TEMEREND Z LR
MHTWD 2, TEBEED N L NEOR/INY
A XD/ O ZNEIUTENT & & BRESE R
HIZ IR LI/ R S5 2 End, T E R
G ERRAGO T & & RIS LTI S5 ATREMEN
BV, E7o. TEHEEOBRER L OYEIZIZ, SR
DTHE L, foot HiiIE 2 BT X A 7 Rafkpk L C
WHZ D, ZhboffidEd TH & RIRICHIER
M CA U7- RV EUE 2 M OB~ L RiET 5
BEE2 LTV b0LEEXLND, FEOHEEN,
TEME(L Ca?t M EICHINEN Ca T & Il 2 %
VI A4 LBWM TRE SN TWS 3P Z L3
BRERVY, ZAUDOfIE. Wb, FiftkEEAE DS,
FHEE O— PR L 0 b 2 500 LR, £l
> B ABRE RO~ O BB R A & AR D T &
G2 BRI IURERH T B2 BN D,
T EREHOE I BEET 5 SR N IEMEL Ca?t D iTTEE &
LLTHBEL CWD Z BT+t BExons,

AL LIS X 2 RN Ca JeifE & WU O F2E)
FERFIZ PAOs AWK CEE &7z RBWM Tix, B
BN & SR B EIZBERE 72 PA TR AL B 7z,
—J7. WHERFIC PAOs IA K Tl E &7z RBWM T
EPAIRBIZI NG OETEHE LI L, HE
PIZATHA LTz, ZOfERIT, 2 E THis
ENTNDEEL DB TORRE X< —F 1L 22,
RBWM T, JBEBEANRR & SRICHTELTWND
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Ca BUGHIHC Z 2 2 DS L, IURER O 7
4T AV PEEHILL TS EEZ BLD, BB,
AR & IS C PA PEI O JREI (L AS HL & 7
WS Ry RYT LR, Ca 2R 575, I
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Abstract: In mammalian cells, ferritin molecules form oligomers in response to the ex-

tracellular iron ion concentration. The distribution of oligomers is closely related to micro-

tubules. However, it is still unclear how microtubules regulate the ferritin distribution in

cytoplasm. To approach this question, we observed the movement of rhodamine conjugated

ferritin in HepG2 hepatoma cells using a live imaging technique. After a microinjection of

rhodamine-conjugated ferritin, rhodamine fluorescence was immediately incorporated into

the oligomers. The trajectory of oligomer showed two different mode of movement: a fast-di-

rectional and a slow-random movement. Both movements were almost completely absent in

cells treated with nocodazole, an anti-microtubule drug. These results indicate that ferritin

oligomers are transported along microtubule in the cytoplasm by motor molecule(s).

Keywords: ferritin, microtubule, nocodazole, transport, imaging

Introduction

Ferritin, an iron storage molecule that is ubiq-
uitously expressed among many species, has a
spherical structure in mammalian cells constituted
by 24 subunit proteins and store a large number of
iron atoms in its central cavity ”. In the cytoplasm,
ferritin is thought to scavenge excess free iron to
prevent the deleterious effects of iron-mediated
free radical damage and to increase the concentra-
tion of iron when required ?.

Recently, ferritin has been characterized as a
microtubule-associated protein (MAP) of the bovine
adrenal cortex, chicken erythrocyte and human
platelet *®. In an in vitro binding assay of purified
ferritin with reconstituted microtubules, most fer-
ritin molecules attached on microtubule were found
to be oligomers under electron microscopy *. In var-
ious types of culture cells, ferritin was distributed
as oligomers and co-localized with microtubules .
Interestingly, ferritin oligomers have been shown to
move in the cytoplasm in a microtubule-dependent
manner ”. These previous results imply that fer-
ritin oligomers are transported with an attached
microtubule or along microtubules by a motor mol-

ecule. To analyze these possibilities, we observed
the movement of ferritin oligomer in the cytoplasm.

Materials and Methods

Materials

Fetal Clone III was purchased from Thermo Fisher
Scientific K.K. (Japan). Porcine skin collagen so-
lution (Cellmatrix Type I-C) was purchased from
Nitta Gelatin Inc. (Japan). The FluoReportera
Tetramethylrhodamine Protein Labeling kit was
purchased from Invitrogen Japan K.K. (Japan).
Dulbecco’s modified Eagle medium (DMEM), an-
tibiotics, nocodazole and horse spleen ferritin were
purchased from Sigma-Aldrich Japan K.K. (Japan).
The other reagents used in the study were of re-
agent grade unless otherwise stated.

Cell culture

Cells of human hepatoma cell line HepG2 were
maintained in DMEM supplemented with 10% Fe-
tal Clone IIT and penicillin/streptomycin at 37°C in
5% COs. For microinjection, the cells were cultured
on cover slips coated with porcine skin collagen.

©Research Institute for Integrated Science, Kanagawa University
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Ferritin labeling and microinjection

Horse spleen ferritin was labeled with terameth-
ylrhodamine (Rho-ferritin) and microinjected into
HepG2 cells attached to a collagen coated cover
slip according to the methods of Hasan et al. .

Fluorescence microscopy

Fluorescence images were captured at 2-seconds or
1-minute intervals over 100 frames by a cooled digi-
tal CCD camera (ORCA-ER, Hamamatsu Photonics
KK, Japan) equipped with an inverted fluorescence
microscope (Axiovert-100, Carl Zeiss KK, Japan).
All images were processed and edited by Imaged
software.

Velocity measurement

To analyze the velocity of the movements of the
fluorescence particles, at least three particles were
selected in each microinjected cell. The particles
were tracked separately in each image series by the
Imaged software via its Manual Tracking macro.
Three cells were used for this analysis. Particles
that moved less than two pixels between two se-
quential images were classified as “paused” . Mi-

crotubules were depolymerized by nocodazole treat-
1.7°,

ment according to the method of Hasan et a

Cdop)

Results and Discussion

Rho-ferritin molecules were dispersed throughout
the cytoplasm of HepG2 cell just after the microin-
jection, and the fluorescence from rhodamine was
gradually incorporated into small punctated struc-
tures during the subsequent incubation (Fig. 1A).
These punctated structures were gathered near to
the cell nucleus (Fig. 1A; 100 min). We have previ-
ously characterized these structures as ferritin
oligomers in various culture cell lines ®. Since the
ferritin oligomers have been shown to be native
to intact cells ®, fluorescent ferritin should not be
incorporated into proteolytic membrane-organelles
such as lysosomes.

Ferritin oligomers have been shown to attach
directly with reconstituted microtubules by an in
vitro binding assay ¥. Ferritin also colocalizes with
cytoplasmic microtubules in various types of cul-
ture cells in an oligomeric form ”. These previous
observations suggest that the subcellular localiza-
tion of ferritin molecule is regulated by microtu-
bule. To clarify this, we observed the dynamics of
ferritin oligomers in the cytoplasm of hepatoma
cells in detail (Fig. 1B). We have previously report-
ed the movement of ferritin oligomer in cytoplasm
but not been able to identify individual oligom-
ers to trace their trajectories through an image
series. We overcame this issue by capturing the

100

Fig. 1. Movement of ferritin oligomers in HepG2 cells. Rho-ferritin was incorporated into the endogenous ferritin
oligomers in a time dependent manner (A). In a high- magnification view, we were able to trace the movement of
each oligomer through an image series (B, arrowheads and double-arrow heads). The trajectory of single oligomer
showed fast-directional movement (arrows in C) as well as slow-random movement (circles in C). Treatment with
nocodazole increased the ratio of the paused state. As shown in D, 16.1 *+ 9.6% of control cells (open bar) were in
the paused state, and this increased to 79.8 £ 3.8% in nocodazole treated cells (shaded bar). The bars in A and B

represent 20 and 10 mm, respectively.
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fluorescence images at up to 30 frames a minute.
As shown in Fig. 1B, we were then able to trace
the movement of several oligomers in a single
cell over one minute. Their trajectories showed
at least two states of ferritin oligomer movement:
one was directional, and the other was random
(Fig. 1C). The velocity of the directional move-
ment was faster (0.35 = 0.23 pm/sec) than that of
the random movement (0.12 =0.10 um/sec). The
treatment of HepG2 cells with nocodazole, anti-
microtubule drug, considerably reduced the dura-
tion of the movement of ferritin oligomers (Fig.
1D). In the nocodazole treated cells, the velocity of
oligomer movement was significantly decreased to
0.016 = 0.004 pm/sec. These results indicate that
both directional and random movements of ferritin
oligomers depend on intact microtubules. Ferritin
has the ability to bind directly with microtubules.
For the following reasons, however, it is difficult
to consider that such interactions promote ferritin
1) Simple side bind-
ing of ferritin to a microtubule is not able to drive

movement in the cytoplasm.

the oligomer. For example, when microtubule-
associated protein 4 is attaching to the side of mi-
crotubule, it does not show any movement along
it ®.  2) If ferritin oligomers bind primarily to the
tip of microtubule, the oligomer would be able to
move directionally according to the dynamic in-
stability of the microtubule as observed for EB1
molecule ? but would not show random movement.
Thus, ferritin oligomers may interact indirectly
with microtubules via various motor-molecules
and be transported along microtubules.

In Fig. 2, we propose a model for the movement
of ferritin oligomers in the cytoplasm. The oligomer
binds motor-molecules, such as kinesins and/or
cytoplasmic dyneins, on its surface. During direc-
tional movement, the oligomer is driven by motor-
molecule(s) along a single microtubule. When the
oligomer arrives at the junction of microtubules, the
motors on the oligomer interact with the junctional
microtubules resulting in a “tug-of-war” between
the microtubules. This state is observed as ran-
dom movement of the oligomer. Finally, the winner
motor(s) is carrying the oligomer in the appropriate
direction along its microtubule . In this model,
how the oligomer is linked to the motor-molecule(s)
is still unclear. Further biochemical analysis of the

Movement of Ferrtin Oligomers in Hepatoma Cells 79

& : Ferritin oligomer

A 4 : Motor molecules

— . Microtubule

Fig. 2. Movement of ferritin oligomers on microtubules.
Ferritin oligomer is linked and transported by a dif-
ferent type of microtubule motor. At the junction of
microtubules, motors on ferritin oligomer are attaching
microtubules concomitantly resulting in their “tug-of-
war’ .

molecules that bind to ferritin oligomers in the cy-
toplasm would shed light on the regulatory mecha-
nism of ferritin oligomer dynamics.
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Abstract: A novel free-acid type polymerizable organosilyl-modified Dawson-type poly-
oxometalate (POM) He[a2-P2W1706:1{CH>=C(CH5)COO(CH2);Si}-0] - 14H-0 (H-1) was pre-
pared. H-1 was immobilized to a polymer network through free radical copolymerization
with methyl methacrylate (MMMA). The acidities of H-1 and hybrid copolymer (H-1-co-MMA)
were evaluated using the Hammett indicator (dicinnamalacetone; pKa of the protonated
indicator is -3.0). The pKa value of H-1 was estimated as -3.0 in CH;OH solution. H-1 was
immobilized in H-1-co-MMA with the original acidity kept. Glass transition point (7}) and
molecular weight distribution of H-1-co-MMA were affected by the used amount of H-1 be-
cause of the cross-linking effect of H-1.

Keywords: Dawson-type polyoxometalate, organosilyl group, free acid form, acidity, radical

polymerization, immobilization
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Dietary habits of doridacean sea slugs of the Sagami Bay
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Abstract: Seven species of doridacean sea slugs and 14 species of sponges obtained from
two habitats in Sagami Bay were used to examine whether each doridacean is monopha-

gous on a specific sponge. Spicules of sponges contained from the guts of the sea slugs and

those composed of sponge bodies were compared by SEM observation. As a result, Dis-

codoris lilacina presumably feeds on Callyspongia confoederata and/or Haliclona permol-

lis, and four species of sea slugs, Homoiodoris japonica, Dendrodoris rubra, Chromodoris

orientalis, Hypselodoris festiva, probably feed on Halichondria okadai and/or Halichondria

panicea, though H. festiva was previously thought to be monophagous on Dysidea sp. Pla-

tydoris speciosa is likely to feed exclusively on a single sponge species that was not col-

lected in this study. Except for P. speciosa, the sea slugs examined here appeared to have

fed on more than one sponge species.

Keywords: Doridacea, sea slug, diet, sponge, spicule
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Comparison of Defensive Behaviors in Limpets
Inhabiting an Intertidal Zone
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Abstract: Defensive behaviors of three intertidal limpets against two different types
of predators were observed through laboratory experiments and explained from the per-
spective of the modes of life in their habitats. In response to an attack by the welk Thais
clavigera and T. bronni, two patellid limpets, Cellana grata and C. nigrolineata, lifted the
shells up off the floor to shake the predators off their shells and thereafter ran away, while
the other patellid limpet C. toreuma immediately ran away while folding its mantle around
the shell. In their natural habitats, the former two species usually rest in pits and clefts
in rocks, where they can only escape toward open spaces. In contrast, the latter species
usually rests on a wide and even rock surface, where it can escape in any directions. This
difference between their resting places appears to cause different initial responses against
welk offense. During attack by the starfish Coscinasterias acutispina,the two limpets C.
nigrolineata and C. toreuma, which live in the same habitat as the seastar, run away in
a different manner than that when the gastropod attack, while C. grata which do not live
together with the starfish in its habitat kept still, resulting in being preyed successfully
upon by the predator. These findings indicate that the limpets are able to recognize the
predators they encounter in their habitats and thereby make appropriate defensive re-
sponses.

Keywords: patellid limpet, welk, starfish, defensive behaviors, habitat
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Dynamic Covalent Chemistry of Nicholas Etherification Reaction
and Its Application to the Synthesis of Crown Ether

Kazuyuki Kidoba and Nobuhiro Kihara
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Length-Selective Acylation Catalyst

Aki Sawada and Nobuhiro Kihara
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Introduction
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A Ser-His Couple : Fishing by the Analogue of Hydrolysis Intermediate and
Its Activity in Hydrolysis

SHIRATORI Ai and KIHARA Nobuhiro
Department of Chemistry, Faculty of Science, Kanagawa University, Tsuchiya, Hiratsuka 259-1293, Japan

‘Bu ‘Bu
. EDC/HCI
‘Bu ‘Bu )"i HOBt @ @
@.@ + H;N” “COOBn ] o
0 A DMF, r.t.
OOH OOH R HN™ ™0 0 "NH
H,N"\cooan BnQOC*‘R‘ R ~CO0BN
19 protected Amino Acids
{except Cys)
Hy, PdIC
1,4-CHD
EtOH, r.t.

Bis(amino acid) Library

*Selection of the candidate of the catalyst for B-alanine

ester hydrolys cnei, [teord

7 5 :
o n ;.." o = !
=] e T

o
S 1 Slicagel gel modified by intermediate L4
A ; Library member with Affinity
N ; Library member without Affinity
Figure 1. Schematic representation of the selection
the candidate of the catalyst.

Only !

+ determind by MS, '"H-NMR
* synthesized separately

Ser/His

* hydrolysis of B- alanine ester in the presence of
Ser/His

- 10 mol% Ser-His
13 1
HaN A0S Hyl H

CD,CNID,0(111), 30 °C

pHT
Summary e
Ser/His was the Negative »
Catalyst for the hydrolysis of z without Ser/His
p-alanine ester. »
‘ ’: in the presence of Ser/His
Ser/His recognizes (stabilizes) »

not only

F T T T T Tt TR ]
Tiswih)

Figure 2. Self-catalyzed hydrolysis
of 1in CD;CN-phosphate buffer
at 30 °C.

RHN™S 6:?/\,01\!9

but also RHN,\/ﬁ\Q/\’om
\ 4

recognition of B-alanine ester

8. WNAZ— (FERE: AW

5, AR)IRSERF B AR JERM L B0




AR

Background

This Work
BID* i
Base A :
- —_— i
Apana Pl Sabernt. :
1 i
b 488 BID : Base-induced Decomposition e
gn o7 SPD: P P et
OH.:JE:.;::&}BW@H%W — T
and that i bl the B
Sol position (SPD) of Di n Aprotic Polar Sol
‘%B’: " %w g
580 pystem ...-.-".--7..,-;' —

NP 4100 © | 408 | o= a7 soxw?
DMF at 100 © m uzz @ 12107
\pMPUst 100 | 486 | 025 | 270 268x107

PRCMIOOT | 493 | 034 | 20 2axi0?

owFatas ¢ | 454 meimwm-m‘
C"lﬂuls x| i

- (& o

O‘hwl--w-nlu—m--l-nn“ﬂ’-!m‘t 1 decrmpened b cuchrmvehy s 3 svcompannd by the aacn of greem bt
O e weabvemis, sec v DA, DAIFU, and PP

Uncatalyzed Thermal Decomposition (TD) of Dioxetane in Nonpolar Solvent

SPD in NMP

- = -
Wavelength / nm

g

s therranad el

o d oot i ponyheme as 2 nonpodar weh et
O The efliciency, 7%, was only %0 x 10 and the rate wan very sk, This read shows hat o typical TI) excurrel
O Diovetmse | gave light due to ESIPT for TD im pexylene.

Activation Parameters for SPD and BID of Dioxetane 1 in NMP
rharna piots. -

L

0 e
¥ T 10T + 2607
W o nmm

wn som s - aen e wn e tes

ma | W | o ry
Phutmor' K| e it | Gamer K| tmer !
BID 1020 998 B2 973
SPD 8498 824 - 568 993
SPD-BID| -171 ~174 850 +20
on o the ST nd (4T3 s NMP .
O The procn ke tha the vy e of SPE et S BT

Solvent-promoted chemiluminescent decomposition of
bicyclic dioxetanes bearing a 4-(benzothiazol-2-yl)-3-hydroxyphenyl
M. Tanimura, N. Watanabe, HK. Tjuin, M. Matsumoto
Dept. of Chemistry, Kanagawa University, T:

hiya, Hiratsuka, K 259-1293, Japan

Base-induced Decomposition (BID) of Di n Aprotic Polar Sol
+ J

80 wystem

o —=—

s Rl B 1Y ant

rows 4% | 029 | 2000 25x w0
DNF auéun:mﬂ_:uw‘
oMso | 495 | 035 | 1600 a3x ot
CHyCH " 028 | 1600 fa2xn0t

5 A

o R

OFmu, -(n.—nnllllllil
Wh i
=498 mm, 5 - 1129, and rate comammi B -
OTh Nll)dl b provended 10 g bright ght w«w—w mu wd DAE

SPD vs BID of Di

QE Baa : THAF
SPD
1 Base . St

ITIIM!-\'IIIH'\ chemuamunes e coomred effecively wid

in NMP

domaioen 7 bgie | e R Y '
408 | 029 2800 25x10%| 408 | 025 | &7 (moxi0?
O Th e o SP1) ded with that for BID of L sl @Y™ was cownparable b that for BID
O Ire SPOof | in NMP o i koo e 2
- d: whowrly ar 1 thy A
Kinetics of SPD and BID in NMP

o 02| 0 wsai
T | a0 | 10 n-io"

1 T
0T | a8 035 | 30 e

| s fuuim T s

sor | 47 |0 | 2200 32010

fightntensiy)/a.u.

s u?ju:r LB

= = 5 n::l uauunn*
200 400 800 800 000

Time | s “T fon mu:w‘
O SPIY b e hanestically diffieress o et from 180D RSN N G %
DIlnmm-nndmmqliunmw'ﬂn\lrluhIW‘I.' T | 40 0% aw:l o

O Ot thar st busmd, o J _ winll o chumgund soamcely with the reaction sengrerature BT m:nn m Tyt
1O Th himeties e B of 1 i ot g o b cxis of TRAF b XMt 35 - $5°C

Plausible Mechanism for SPD of Dioxetane

= Sag. = oy
“Log
\vm—%-*—%*%

S : Aprotic Polar Solvent

o devahly boss dnerden tham that for 1T
© Thin s prevemmbly lliﬂll
O Tharn, . isstermsrdiary th
O (0 the ot el --J&-uhm.d.-da-m--mhmuw--w—..u-u.u
vk s NANEF oINS evpocially wish the wer of THAT
Summary
i The d (SPD) was found as third &

3 malnin-unmncm

| OSPD gave light us elfectively ms the BID in an sprotic palar salvent. I
: O SPD caused CT-induced ch similar 1o BID, H
¢ O SPD procecied through a pathway with # large ncgative cntropy of activation in contrast to BID.

9. WARZ— (BEE  BHER, MHR)IIRERFGH I TERM L]0 .

SRV RN ERE S 101




102 Science Journal of Kanagawa University Vol. 20, 2009

Synthesis of bis(1-aza-18-crown-6)s joined through
a 1,4-bisalkylenebenzene sidearm
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Department of Clemisiry, Kanagowa University, Tsuchiya, Hiratsuka, Kanagawa 2501293, Japan
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Fabrication of patterned polymer brushes using photodegradable SAM
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