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Abstract: Along time before English, Latin was the international language of the occidental

world. Since Latin is at the root of numerous languages, knowledge of it is of marked benefit

when learning foreign languages. Especially because of complex grammar, Latin classes in

secondary education remain unpopular. In this research note, we summarise our proposal

of a system for automatic Latin document analysis and grammar-aware translation sup-

port. In addition to such natural language processing aspects, the proposed system features

a very accessible user interface that makes the system suitable for pedagogical purposes.
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Introduction

Even if partly concealed, Latin is ubiquitous within
occidental cultures, and more precisely, occidental
languages. For instance, the etymology of numerous
French and English words has Latin roots. Words
such as “audio” (from audire “to listen”), “fuctua-
tion” (from Auctuare “to float”) and “domestic” (from
domus “house”) are some examples.

Yet, Latin has a complex grammar, involving for
instance cases (declensions), genders and extensive
conjugation (moods, tenses and the numerous cor-
responding inflections). There are two major conse-
quences to this fact:

1. The knowledge of Latin is difficult to acquire,
and as such, the number of Latin students has
been steadily decreasing, for instance with
France almost shutting down Latin classes ".

2. The support of Latin by information technolo-
gies 1s minimal, if not inexistent. For instance,
translation engines such as Google Translate
and Microsoft Translator do not include Latin
in the list of their supported languages. Ex-
isting online Latin dictionaries are almost
exclusively word-based dictionaries without
inflection support ?. Exceptionally, the Olivetti
electronic dictionary ® does provide inflection
support but remains word-based.

The above two issues are indeed not completely
unrelated. It is reasonable to assume that a better
technology support with respect to Latin would defi-
nitely not harm its popularity, quite the contrary.
Hence, the aim of this research project is to provide
a system realising the automatic analysis of Latin
documents, in fine providing translation support
and more generally pedagogical support.

Method: System Overview
In this section, we give a brief overview of the pro-
posed system. The system is described in more de-
tail in our paper ¥. We have built it mostly by using
the functional language Racket and its development
environment and libraries °.

First, our system relies on a database of Latin
words. This database has been assembled from the
list of the 1,000 most frequent Latin words as given

by C. Francese °.

Importantly, our database has
been automatically generated, with each entry be-
ing fully expanded: noun forms are not abbreviated,
and verbs are given with their full five forms (or four
for verbs without supine). For instance, the origi-
nal verb entry “voco, -are” is expanded to the full
5-form “voco, vocas, vocare, vocavi, vocatum”. Each

database entry includes grammatical information

©Research Institute for Integrated Science, Kanagawa University
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XML |:> Q
word list XSL

Racket
Y word list
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Racket <j G
word list Racket

Fig. 1. Database creation process: from the original
XML word list to the normalised Racket database.

such as gender, as well as English semantical infor-
mation. The database creation process is detailed
in Fig.1: the original XML database (word list) is
transformed into a Racket word list with an XSL
stylesheet, the obtained Racket word list being then
normalised (entry expansion as explained above) by
a Racket routine. In addition, a secondary database
1s used to match irregular inflections with the corre-
sponding primary database entry.

The supported grammar features are listed below.

- Conjugation: indicative, subjunctive, infinitive,
imperative, participle, gerund moods, present,
future, imperfect, perfect, pluperfect, future per-
fect tenses, and the active and passive voices.

- Lexical categories: nouns, verbs, adjectives (in-
cluding comparatives and superlatives), pro-
nouns, prepositions, adverbs and conjunctions.

Most notably, the adjective declension system is the
most difficult given the numerous patterns. In fact,
one adjective usually induces 6 cases X 3 genders X
2 numbers = 36 forms.

The system input consists in a Latin sentence (or
simple words), its grammatical analysis being the
output. The input text is pre-processed by a parser
to distinguish words, removing punctuation sym-
bols, white space, and normalising capitalization.

Last but not least, the proposed system features
a user-friendly online interface, which relies on the
server component bundled with the software. For
that, we have used the suitable Racket libraries
such as web-server/servlet . The system is thus
very easy to deploy as it includes a web-server com-
ponent, and to use as a regular web browser suffices.
An illustration of the system interface with a sample
output is given in Fig.2. In this figure, the input
Latin sentence is Domus patris nostri. “Our father’

B & [ Latinexperiment -resul X | + v - o X
& O W @® localhost e = 2’
Results of the analysis

Input sentence: "Domus patris nostri."

+ domus

Lexical < ;
Category Matches Translation
| [nominative singular, vocative singular, genitive singular, nominative
noun feminine = : house, home
plural, vocative plural. accusative plural,
« patris
Lexical Category l Matches Translation
noun masculine ‘ genitive singular, ‘/u/hur. ancestor’
* nostri
exical .
ex Matches Translation
Category
pronoun ‘ plural masculine genitive [u e

, singular masculine genitive, singular neuter genitive, plural

pronoun & :
masculine nominative, plural masculine vocative

Fig. 2. Illustrating the online system user interface.

s house.” The three words are successfully matched
by the system, which provides lexical categories (e.g.,
“feminine noun” for “domus”), match details (e.g.,
“singular genitive” for “patris”) and English trans-

lation information (e.g., “we” and “our” for “nostri”).

Experimental Results
We have realised with the proposed system the
automatic analysis of the first twenty parts of Ci-
cero's “Laelius de amicitia”, this corpus consisting
of 2,008 words. In total, 64% of the corpus G.e., 64%
of the words) were successfully analysed by the
system, that is, successfully matching these Latin
words with our database, and thus being able to
provide grammatical information supporting text
comprehension and translation elements as well. An
excerpt of the obtained results is given in Table 1,
focusing on the three grammatical categories: noun,
verb and adjective. In total, 724 words were not
matched by the analysis, thus providing no informa-
tion, for instance, to the student.

The results for the noun grammatical category are
further detailed in Fig. 3. Precisely, for each gram-
matical case, the number of noun occurrences are

Table 1. Excerpt of the experimentation results

Word type Occurrences

Noun
masculine 77
feminine 97
neuter 43
Total (noun) 215
Verb 261
Adjective 185
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Noun occurrences per case and gender

55 55
2527
21
18
I 11 I 1 11

Nominative Vocative

Number of occurrences

38
27
23 21
17 18
13 11 ‘
I 6 I | ‘

Accusative Genitive Dative Ablative

M masculine M feminine M neuter

Fig. 3. Detail of the noun occurrences, genders being dis-
tinguished for each case.

given for the three genders: masculine, feminine and
neuter.

Discussion
Out of the 724 unmatched words, many are du-
plicates. Precisely, a total of 477 distinct words
remained unmatched by the system. In addition,
it should be noted that several matched words be-
longed to more than one grammatical category. For
instance, the word “vitas” can be analysed both as
a noun (from vita, vitae “life”) or a verb (from vito,
vitas, vitare “to avoid”). Also, out of the 215 detected
nouns, two occurrences of “viri” were found; this
noun being matched as both a masculine and femi-
nine noun, it explains that the sum of the three gen-
der totals gives 217 instead of 215. This behaviour
can also be seen in Fig. 3. Finally, the analysis also
exposed a rather uniform repartition of the various
grammatical categories (noun, adjective, pronoun,
etc.), with respect to the matched words, obviously.
Compared to the Latin analysis system of William
Whitaker ” which weighs 1.2MB (and with no user
interface) against a few kilobytes (90KB) in our
case, the obtained results are significantly positive.
In other words, our system was able to provide sup-

porting information for 64% of the Latin words of
the analysed text at a fraction of the complexity of a
previous system.

Regarding future works, the authors plan the fol-

lowing developments:

1. Expansion of the supported grammatical cat-
egories, with for instance additional conjunc-
tions and prepositions;

2. Detection of the grammatical case of the word
that directly follows a particular preposition in
order to provide even more helpful translation
information;

3. Experimentation with a class of Latin students
so as to quantitatively evaluate the pedagogical
impact of the proposed system.
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Abstract: We experimentally studied the optimization of the hot-C*-ion implantation process
for forming nano-SiC (silicon carbide) regions in a (100) Si-on-insulator substrate at various
hot-C*-ion implantation temperatures and C*ion doses to improve photoluminescence (PL) in-
tensity for future Si-based photonic devices. We successfully optimized the process by hot-C*-
ion implantation at a temperature of about 700°C and a C* ion dose of approximately 4 X 10
cm? to realize a high intensity of PL emitted from an approximately 1.5-nm-thick C atom seg-
regation layer near the surface-oxide/Si interface. Moreover, atom probe tomography showed
that implanted C atoms cluster in the Si layer and near the oxide/Si interface; thus, the C
content locally condenses even in the C atom segregation layer, which leads to SiC forma-
tion. Corrector-spherical aberration transmission electron microscopy also showed that both
4H-SiC and 3C-SiC nanoareas near both the surface-oxide/Si and buried-oxide/Si interfaces
partially grow into the oxide layer, and the observed PL photons are mainly emitted from the
surface SiC nano areas.

Keywords: 3C-SiC, hexagonal-SiC, photoluminescence, Si-based photonics, quantum dot, un-
certainty principle, carbon-ion implantation, SOI
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Abstract: We have investigated the ohmic electrode structures necessary for the minute
evaluation of electric properties of diamond semiconductors. Firstly, we constructed two-types
of electrode for triple-layers made of Au/Pt/Ti metals. The Ti layer, which directly contacts the
diamond substrate, was formed by two methods. One was Ti evaporation, and the other was Ti
ion implantation that induces a graphite-like carbon (GLC) layer in the substrate simultane-
ously. We compared the electrical properties of these two-types of electrode using the Van der
Pauw method. A good ohmic property was confirmed in the Au/Pt/GLC layer (Ti implantation)
electrode at temperatures from 300 to 800°C, where the GLC layer was formed by Ti ion im-
plantation with a total fluence of 1x10'® cm™ at room temperature. Secondly, we aimed to sim-
plify the electrode structures by forming a low-resistance GLC layer using Ar ion implantation
(GLC (Ar implantation) electrode), instead of Ti irradiation. We also formed a single-layer elec-
trode using Au evaporation. We compared the electric properties of these two-types of electrode
by the Van der Pauw method. The ohmic contact properties were evaluated by I-V measure-
ments at temperatures from 300 to 800°C. As a result, a good ohmic property for the n-type Ib
diamond substrate with the Au/Pt/GLC (Ar irradiation) electrode structure was obtained at
temperatures from 300 to 800°C. However, a good ohmic property was not observed at tem-
peratures higher than 600°C in cases of conventional Au/Pt/Ti (evaporation) and the Au single-
layer electrode without the GLC layer. The GLC layer was therefore found to be necessary to
obtain the fine ohmic property for the n-type Ib diamond. Finally, we measured ohmic proper-
ties of the Au/Pt/GLC (Ar implantation) electrode structure with a wide range of measuring
voltages of around +100 V. We succeeded in obtaining good ohmic contract with the diamond Ib
substrate over a comparatively wide temperature range of 300-600°C.

Keywords: n-type diamond substrate, ohmic contact, graphite layer, TiC compound, triple-
layer electrode, ion implantation, metal evaporation
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Temperature dependence of Sheet resistance
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Abstract: We present a case study of modular design for formal assurance case in Agda. The
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Abstract: After AY2020, the new "national center test for university admissions" will start.
Description-type questions that are not included in the current national center test are newly
introduced. The marking process for description type problems -- evaluating scores for each an-
swer script -- 1s modeled as the semantic similarity of answer sentences to the correct answer
sentences. It can be handled within a framework of natural language analysis. In this paper,
based on natural language analysis, we proposed a basic model and a prototype method for
automated marking. We also discussed some problems regarding the actual implementation of
this method.
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Geometrical Isomer of Open-Dawson Polyoxometalate
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Abstract: By the reaction of fF-Keggin-type polyoxometalate (POM), [A-3-SiWsOs4]'" with Fe**
at pH 3, the f3, f-isomer of open-Dawson POM containing the tetra-iron(III) cluster [{Fes(OH>)
(OH)sH(B, B-SiaW1s060)]” (3, f-Fesopen) was successfully synthesized as potassium salt and the
molecular structure was determined. It was unequivocally characterized by complete elemen-
tal analysis, thermogravimetric and differential thermal analysis (TG/DTA), FTIR and UV-vis
absorption spectroscopy, cyclic voltammetry, and X-ray crystallography. X-ray crystallography
revealed that the {Fes(H20)(OH)s}™ cluster ion was embedded in the open pocket moiety of the
B, B -type open-Dawson POM [ 3, f3-SizWi1sOee):e- formed by the fusion of two tri-lacunary f
-Keggin POMs, [A- 3-SiWs0s4'", via two W-O-W bonds. The f3, f3-open-Dawson POM corre-
sponds to an opened structure of the usual y-Dawson POM. f, [3-Fes-open is the first example
of the geometrical isomer of the previously reported o, a-open-Dawson POM containing the
tetra-iron(ITI) cluster [{Fes(OH)s}(a, a-Si2W1s060)]'* (a, o -Fes-open).

Keywords: polyoxometalate; open-Dawson structure; iron; geometrical isomer
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Experimental and Theoretical Studies
on Conformationally Controlled Oligosilanes
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Abstract: Theoretical calculations have been performed on the pentasilane compound that is

conformationally constrained into all anti conformations. Optimized geometry in the photoex-

cited state suggests that the 0o* character is the lowest excited state in terms of the extended

terminal Si-Si bonds. Meanwhile, the bond and dihedral angles are barely changed, because of

the rigidity of the trisilane unit. These phenomena effectively explain the experimental data of

the photophysical properties of the all anti-pentasilane compound.

Keywords: oligosilanes, conformation, photophysical properties, excited state
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Stuructural Changes and Intra- and Extracellular Ion Movements in
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Abstract: To examine the regulatory mechanism of leaf closure in the insectivorous plant
Venus flytrap, light and electron microscope studies on the distribution of motor cells, the ul-
trastructure of those cells, and the intra- and extracellular movement of various ions during
leaf closure were performed in a specified region near the midrib at the middle of the blade.
Light microscope observation revealed that one or two well-arrayed hypodermal cell layers
were present beneath the epidermis. In hypodermal and epidermal cells, during leaf closure,
the cell volume measured by the montage method decreased significantly on the adaxial side
and increased significantly on the abaxial side, indicating their major contribution as motor
cells to leaf closure. Electron microscope observation showed that motor cells of hypodermal
and epidermal cell layers contained electron-dense materials located along the inner surface
of tonoplasts. On the adaxial side, electron-dense materials found as flattened sheets changed
shape to numerous small globules during leaf closure. An inverse change in electron-dense ma-
terials in the structure was found on the abaxial side. Since the structural change of electron-
dense materials is correlated with the volume change of motor cells during leaf closure, they
may play a significant role turgor variation in those cells. Quantitative X-ray microanalysis of
cryosections showed that, during leaf closure, the concentration of K decreased significantly in
the vacuolar electron-dense material, vacuolar lumen, and cell walls on the adaxial side, while
it increased on the abaxial side. In the blade region near the midrib, K ions released from the
vacuolar electron-dense material in the adaxial cells may cause the movement of water to the
abaxial region, and eventually turgor movement by the swelling of abaxial motor cells. The
reciprocal Ca movement between adaxial and abaxial motor cells during leaf closure indicates
the possible role of Ca ions in regulating the turgor pressure.

Keywords: seismonastic leaf closure, Venus flytrap, cell volume change, vacuolar electron-
dense material, ion movement, quantitative X-ray microanalysis
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Fig.1. Light microsope images of a Venus flytrap leaf,
cut transversely near the midrib at leaf opening state. A.
Low magnification view, showing adaxial side in upper
part and abaxial side in lower part. B. Enlarged view of
adaxial side, showing epidermal (Ad I ) and hypodermal
(Ad T ) cell layers. C. Enlarged view of abaxial side,
showing epidermal (Ab I ) and hypodermal (Ab IT , Ab IIT )
cell layers. Note secretory glands localized on the surface
of adaxial epidermis. Scale bar, 200 tm (A) and 100 pm (B,
0.
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Table 1. Cross-sectional areas of epidermal and hypodermal cells in leaf central regions near the midrib at opening and

closing states of Venus flytrap leaves

Cell layers Opening state (um?) Closing state (um?) siéﬁ&fgafce
Adaxial 1 1,675.5+ 685.6 (n=93) 1,413.2+641.1 (n=94) <0.01
Adaxial 1I 2,048.5+1,307.9 (n=104) 1,455.8 £ 797.5 (n=102) <0.01
Abaxial 1T 1,217.0+ 718.3 (n=96) 1,409.3 £ 666.2 (n =92) <0.05
Abaxial 1I 748.7+ 386.6 (n=99) 874.3 + 388.4 (n=101) <0.05
Abaxial 1 806.5+ 4476 (n=91) 935.3+678.7 (n=90) > 0.05

Values are mean + SD.



Fig.2. Electron microscope images of Venus flytrap leaves,
showing epidermal and hypodermal cell layers. A and B.
Cross-sectional view of adaxial side in leaf opening state
(A) and closing state (B). C and D. Cross-sectional view of
abaxial side in leaf opening state (C) and leaf closing state
(D). EC: extracellular space, E: epidermis, SG: secretory
gland. Scale bars, 10 um (A-D).

Fig.3. Electron microscope images of hypodermal cells in
Venus flytrap leaves. A and B. Cells of adaxial side (Ad 1 )
in leaf opening state (A) and closing state (B). C and D.
Cells of abaxial side (Ab II ) in leaf opening state (C) and
leaf closing state (D). Note the inverse structural change
of vacuolar electron-dense materials (arrow heads) local-
izing along the inner surface of tonoplast between adaxial
and abaxial sides in addition to the leaf opening and clos-
ing states. Scale bars, 2 um (A-D).
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Fig. 4. Light microscope images of transverse sections,
cut manually from living Venus flytrap leaves at leaf clos-
ing state, showing a part of leaves near the midrib. Left
and right indicate adaxial and abaxial sides, respectively.
A. Cross-sectional view before cytochemical FeSO4 stain-
ing. B. Cross-sectional view after 2 hr from cytochemical
FeSO4 staining, showing structures well stained with
FeS04 in epidermal and hypodermal cells. Scale bar, 0.5
mm.
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Fig. 5. Cryosection images of Venus flytrap leaves, show-
ing abaxial hypodermal cells (Ab 1I ) in leaf opening state
(A) and leaf closing state (B). X-ray maicroanalyses are
performed at points of the electron-dense material ( @ ),
the vacuole lumen ( V') and the cell wall ( ). Scale bars,
2 um (A, B).
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Fig. 6. Examples of X-ray spectra obtained from the vacu-
olar electron-dense material found in the adaxial motor
cells of Venus flytrap, at the leaf opening state (A) and
the leaf closing state (B). Labels indicate spectral peaks of
respective element-line emission. The ordinate gives the
number of X-ray events, and the abscissa shows the X-ray
energy in keV (range 0.90~ 4.20 keV).
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Table 2. Concentrations of various elements in the electron-dense structure in vacuole, the vacuole and the cell wall of epi-
dermal and hypodermal cells in leaf central regions near the midrib at opening and closing states of Venus flytrap leaves

Insectivo- Concentration (mmol/kg dry wt.)
l]c'ous Element Electron-dense Vacuole Cell wall
eaves structure
Open Close Open Close Open Close
(13) (12) (13) (12) (12) (12)
Adaxial Ca 43.0 21.8 9.7 18.8 68.7 26.5
cell K 118.2 52.1 35.0 20.2 177.5 26.3
Cl 22.3 21.2 9.7 8.5 18.3 11.6
Na 84.2 268.3 17.1 89.0 102.8 120.5
Open Close Open Close Open Close
(16) (16) (13) (14) 17 (13)
Abaxial Ca 21.0 11.1 7.8 4.3 28.3 13.0
cell K 25.3 43.7 12.4 15.3 22.9 47.4
Cl 15.4 29.9 9.0 10.5 20.4 19.9
Na 62.4 49.6 25.3 21.2 83.2 88.6

Values are mean of examples. Numbers of X-ray microanalyses are indicated in parenthesis.
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abaxial side

adaxial side

Fig. 7. Diagram showing the ion movement and water in
the motor cells of Venus flytrap leaf at the leaf closure. As
a result of movement, shrinkage is caused in adaxial cells
and swelling is caused in abaxial cells. Dark granules and
flattened sheets along the inner surface of tonoplast indi-
cate electron-dense materials.
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Habitat Differentiation and Its Factors in Two Dragonfly Species
of the Genus Davidius in the Kaname River System
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Abstract: In the Kaname River system, habitat differentiation between two odonate spe-
cies, Davidius fujizama and D. nanus, can be observed. In adults, D). fiyiama lives in forested
areas along the upper stream, and /). nanus lives in open areas along the lower stream. The
adults mate and oviposit along the watercourses of their respective habitats. The difference of
oviposition may result in naiad habitat differentiation, which is, however, not so distinct and
their respective habitats overlap in the boundary area. The naiad habitat extends downstream
from the oviposition area in each species. The naiads may be transported by strong water flow

sometimes caused by storms.

Keywords: odonata, gomphidae, davidius, differentiation, river
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Molluscan Fauna in Sagami Bay off Hiratsuka:
Results of the Investigation by Dredging in 2016 and 2017
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Abstract: Molluscs and bottom sediments were collected by dredging in Sagami Bay off Hi-
ratsuka in September 2016 and 2017. A total of 488 live specimens were collected, belonging to
36 species: 15 gastropods, 2 scaphopods, and 19 bivalves. Nine of them (Umbonium costatum,
Phalium flammiferum, Orinella pulchella, Musculus cupreus, Pteria brevialata, Kellia japoni-
ca, Moerella jedoensis, Solen strictus, and Pitar noguchii) were the first record in the investiga-
tion that started in 2010. All collected species except Modiolus flavidus, which is a tropical spe-
cies, were warm-water species. The bottom sediment at around a depth of 5-10 m was medium
to very fine grained sand containing 3.4-4.1% mud, and that at around a depth of 20-30 m was
fine to very fine grained sand containing 7.0-9.1% mud. Around a depth of 40 m, the bottom
sediment was fine to very fine grained sand containing 13.0% mud.

Keywords: Molluscan fauna, bottom sediment, dredge, Hiratsuka, Sagami Bay
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Fig. 1. Sampling localities. Arrows show the positions
and directions of dredging. The white arrows indicate the
investigation in September 2016, and the black arrows
indicate that in September 2017.

Table 1. Depths and positions where a dredge was
dropped or lifted

sampling date station posision depth (m)
ber, 2016 St. 1 35°18'00.4"N, 139°21'51.7"E-35°18'05.2"N, 139°22'09.8"E 45.045.1
St.2 35°18'05.5"N, 139°21'53.3"E-35°18'10.4"N, 139°22'15.3"E 34.6-31.2
St.3 35°18'14.9"N, 139°22'19.0"E-35°18'15.0"N, 139°21'53.1"E 20.5-19.6
St.5  35°1827.7"N, 139°22'17.1"E-35°18'24.3"N, 139°21'49.6"E 10.7-13.2
St. 6 35°18'27.2"N, 139°22'14.7"E-35°18'27.3"N, 139°21'52.3"E 10.7-11.7
St.7 35°18'37.8"N, 139°22'12.6"E-35°18'39.0"N, 139°21'44.4"E 52-73
St. 8 35°18'46.8"N, 139°21'45.5"E-35°18'48.1"N, 139°21'25.5"E 3.4-3.3
ber, 2017 St. 1 35°18'02.4"N, 139°21'52.6"E-35°18'05.1"N, 139°22'06.3"E 42.2-42.2
St.2 35°18'11.4"N, 139°22'09.3"E-35°18'08.2"N, 139°21'40.8"E 27.8-29.1
St.3  35°18'06.9"N, 139°21'47.6"E-35°18'08.8"N, 139°22'03.6"E 30.9-32.5
St.4  35°18'15.7"N, 139°22'13.2"E-35°18'17.4"N, 139°22'02.4"E 20.1-17.3
St. 5 35°18'14.3"N, 139°22'12.0"E-35°18'13.9"N, 139°21'53.1"E 21.9-21.0
St. 6 35°18'28.2"N, 139°22'09.8"E-35°18'27.0"N, 139°21'58.5"E 10.7-12.0
St.7  35°1828.3"N, 139°22'07.4"E-35°18'27.7"N, 139°21'56.7"E 10.7-11.9
St.8  35°18'44.6"N, 139°21'44.7"E-35°18'45.2"N, 139°21'32.9"E 5.0-6.0
St.9  35°18'45.4"N, 139°21'44.5"E-35°18'46.0"N, 139°21'30.2"E 52-50

CTHEE Lz, BOREIZRE 29 ROEEIZN? 12
FESNTITV, HITFHHEH STV Dol a2 il L
oo WEWIZOWTITHBEEELFEIL, BEV2
mm, 1mm, 0.5mm, 0.25 mm, 0.125 mm, 0.063
mm O HEfEEG & L TR Z LB O T 2170,
FRIBEZ i H S 7o HERR YY) OO B B 2 A KAE TRt
WLz,

iR

B

2016 FOFA TITME M 10 fl, K H M 10 FE oD
ARt 20 FE 340 AR, 2017 4EOFHA CIINE M 10 FE,
PR 2 FE, RCHM 18 FEOAE 25 FE 148 fE{KD
AEENERE SN (Table 2), T SE TILNE 2
15 Fl, 2 2 FE, —HCEM 19 Foo 45 36 il 488

EEOAERBTRES N2, ZDIHD9FE (FH |
HNATHA, 2FFRVIA, I~TIA, VTR

HA RTVIIERF BRI NTHA . T HA,
vayANTZ ) 1E, 2010 FE Sk L TV D
BETIIHD THRES N, UVITA ATAILVFHIC
BARATHELTEY, A 1XR-TOEAD
b ROMMo Tz, BEE ST B D A1 & Table 3
IZFE LD, ROEEUEICOMT LIS I~vs
7 %< 35 D BN EHLARE I A T IR RFE T
ol

EICHERTY)

2017 4E DO FA TERAE U 7= I HERE Y D KL EE 73 #ri %
Fig. 2127 L7z, AKHES m{1Ur (St.8 & St.9) Dife
FED 13 HORID ~ FHIRI D CTRERR S, EVBRRIT 3.4
~3.7% CThH-o7-, /KE10m T (St.6 & St.7) @
HEREM 13 HPORID ~ ORI CHRERR S, ETER1T 3.6
~4.1% ThoT=, KiE20m F1r (Std & St.5) @
HEFEM) | TR RD ~ FRARIRD CRERR S, &TERIT 7.0
~72% CTh-o7z, KFE30mFHT (St.2 & St.3) @
HERSW) | RIS ~ R D CHERE S L. BTERIT 7.6
~91% TH o7z, KFE40 m T (St.1) OHEREY
VMR ~FBHRIAD CHERL S 4L, BTE=RIE 13.0% T
HoT,

o

KR 5 ~ 10 m 3T OHEREW 13 HORLD ~ FHRLID
MRV VRIS THERR S LD 23, TV B EIRIEE £ 720,
L7725 T, KL » TEREOHEFED M REI LS
WEREELROND, 22T, ¥, FofF
I, VRETA, RENTA, B AR TA IR E
OIAEVE CTEBRE ) O m W BN EE S BE SN T,
KIROH LB, ZNHOHEEICE > THENE
WOTHAH, —Ji. BAB a7V I ok )ik
E8mm U FTHRY A AR/NEL, WiREEHFTH
MbBESINTZ, b0 BMITAD X 5 72T
W E S TR EO/NS e HEFEIZAE R T 20 TH A
9. JKIE 20 ~ 30 m T DOHEREY | THPRL D~ Mk
WS, vV hEDLET, LEER->T, K
5~ 10 m & L CKRMRTHWERKE S R bnb,
ZITHE, REAYXHA, P FIvIs T AL
JarHhy, =YY~ URALREOHENMMESH
oo THUHOHEMEL, YV I TERE, R
ECTOME " THRVRLEESN TS, LEER-
T, MRS R 2RSS 2 BEHE S 2D, KIE
40 m T OHERI TR 30 m &[RRI AIRIRD ~Hi
WKL THERL SN D28, 2L b & % < &,
L7eho T, KiEnge< . REDOHEREMILH £ it
BLAWREEAONS, ZZTiH, ~Favo,
VAFET Y AN T VR EOREPRESR
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Table 2. List of the species collected in the investigations in September 2016 and 2017

class scientific name Japanese name September, 2016 September, 2017 total
St.l St2 St3 St5 St.6 St.7 St8 St.1 St2 St3 St4 St5 St.6  St.7 St8 St9
Gastropoda Umbonium ¢ = 1 8 9
Umbonium giganteum AR XH T 2 1 30 5 2 40
Glossaulax didyma VAAHA 1 1 6 1 1 10
Natica buriasensis HNAI A~ 1 1
Phalium flammiferum HATHA 1 1
Niotha variegata T LVHA 2 2
Zeuxis castus NFhvna 1 1 2
Fusinus perplexus T H= 1 1 2
Olivella japonica RENHA 6 6
Olivella fulgulata LR AL 1 1
Paradrillia consimilis EXAVY VY 1 1
Brevimyurella japonica E AN 1 1
Orinella pulchella J7FX LA 1 1 2
Philine argentata XU XA 1 1
Philine vitrea JAXEU S 1 4 5
Scaphopoda Episiphon subrectum YY) HA 2 2
Laevidentalium coruscum LhE/ YA 1 1
Bivalvia Jupiteria confiisa FragITFHA 1 1
Glycymeris imperialis IE~XHA 3 1 4
Modiolus flavidus YV FI~s T 1 2 3
Musculus cupreus 2~ HA 1 1
Musculista senhousia AR RXEXHA 1 1
Pteria brevialata U IAAHAA 1 1
Kellia japonica F7vVIER* 1 1
Mactra chinensis INAHA 3 3
Mactra crossei EANTIHA 4 19 1 24
Chion semigranosa 7T A 1 1
Moerella jedoensis EE /N HA 1 1
Solen strictus ~7HA 1 1
Siliqua pulchella N 1 1
Placamen tiara NS HA 1 1
Veremolpa micra v AH a7y 240 1 6 4 40 52 1 344
Pitar japonicus VAN T 1 1
Pitar noguchii TayANY T 1 1
Callista chinensis Y Yv U AL 1 2 1 3 2 9
Solidicorbula ervthrodon J T _=H A 1 1 2

 stpihiat : : % | st.1, 2017 St.2, 2017 St.3, 2017
Table.S. .Dlstrlbutlons of the species collected in the 42542 2m 578-29.1m 30.9-32.
nvestigation 504 | ]
L number of
distribution areas . 25 | ]
species
Hokkaido to Kyushu 2
southern Hokkaido and southward 1 ?' L T
: % | st.4, 2017 St.5, 2017 St.6, 2017
southern Hokl;audo to Kyushu 8 20.1-17.3m 21.9-21.0m 10.7-12.0m
Honshu to Okinawa 1 504 ] 4
Tohoku and southward 2
Tohoku to Kii Peninsula 2 254 ] ]
Kashima sea to Kyushu 1
Boso Peninsula and southward 10 0 ] J
Boso Peninsula to Kyushu > % | st7,2017 st8, 2017 5t9, 2017
Boso Peninsula to Okinawa 1 10.7-11.9m 5.0-6.0 5.2-5.0m
Sagami Bay to Kyushu 1 501 1 1
Sagami Bay and southward 1
Kii Peninsula and southward 1 251 T T
total species 36
0_ - -

S o LWL AP0l LLH AP0 LN L AS
770 KTE 40 m AHTIEA R U= oK e & Fig. 2. Grain size distribution and depth on each locality.
o ) Grain size was shown in phi scale.
TRELTEREE RN, RESNIZHEIT 4
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B CHEBRICR O D, FEHTIE, AE4Om  FHO FLy VRHE? THEREINTEY, Kl
PIRTY v b 2 leigiy2 < S eI AR5/ o TEFEMCEER LT L b,
N DI2NDOTHA D, X1 2016 FEOFHATH XA FH I & Hicq)
DA LRI UE THL I FFI~v7 7 DTRESNT, BRESNTZAKEIN3IMm THY,
1% 2010 4F, 2012 4E D FAAE ¢° TH ERE S N8, PRI, A 2 L Ao A
W HEE 15 mm UL TOSE Th 72728, ) DIEE AT % VI AT ~ /KGR 10 m K OUKTEE
s &Nz, Lonl, AEIOFHETITIHE20mm 5~30m & LTEY, IV I0EEHOTRENE
L EDREED 2 EARERE STz 2 &0 BRI T Uiz, —J7, EiiEo 0%, R eox 2L
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KA F T ORBESAR & FAEIKEE 8 m LA
KOKELI~bm & LT, I ITDLEEHDS;
DN E Uiz, FEMIHTIEK, KESm L0 bk E
ZAIZEFFFaIanER L, BWEZAIZEY T
X INRAERT D05, KEE 3 m A Tl i
ERTHEROND,

R U v DI L BIERAEAY) & ESERY OFLEIZ DU
Tl FERERS O/INALRR & REBEHFK, A
Z3) IR SR BCKPERR DR IS, MR KRZ DA 1
K EFHBERICZH D ETEW -, JRAEY OB,
U A N OIERRIZ DWW TIE, &K EEIZEB T 2016
ERE, 2017 R IR 95 1 ZBIE Lo P AR I
WA ETEW T, 26D &0 &0 R & B
L EF 5,
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Purification and Characterization of Crustacean Hyperglycemic
Hormone-Family Peptides with Vitellogenesis-Inhibiting Activity from
the Southern Rough Shrimp Zrachysalambria curvirostris

Masafumi Hanazuka!, Keisuke Kaji!, Yukihiro Yoshida!, Naoaki Tsutsui?
and Tsuyoshi Ohiral:3
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Abstract: Vitellogenesis-inhibiting hormone (VIH) in Crustacea belongs to the crustacean
hyperglycemic hormone (CHH)-family. In order to characterize multiple VIH molecules in the
southern rough shrimp Zrachysalambria curvirostris, two CHH-family peptides were purified
by reversed-phase HPLC and identified by N-terminal amino acid sequencing. The vitellogen-
esis-inhibiting activities of the CHH-family peptides were examined using ex vivo incubation
of ovarian fragments of the kuruma prawn Marsupenaeus japonicus. The two CHH-family
peptides reduced vitellogenin mRNA levels in the ovarian fragments. The two CHH-family
peptides did not show any hyperglycemic activity based on an in vivo injection assay. From
these results, the two CHH-family peptides were designated as Trc-VIH-T and -II, respectively.
Two ¢cDNAs encoding Trc-VIH-T and -II precursors were cloned by RT-PCR coupled with 5'- and
3"RACE. The mature Trc-VIH-T and -II were found to consist of 72 amino acid residues con-
taining six conserved cysteine residues and possess an amidated C-terminus, respectively. The
mature Tre-VIH-I and -II exhibited the highest sequence similarity with a CHH-family peptide
showing vitellogenesis-inhibiting activity in a penaeid shrimp species, Litopenaeus vannamei
VIH (Liv-SGP- G), by tBLASTn analysis. The mature Trc-VIH-I and -II shared amino acid
identities of 63.0 and 74.3% with Liv-SGP-G, respectively. These results indicate that Trc-
VIH-T and -1II regulate vitellogenesis in 7. curvirostris.

Keywords: crustacea, crustacean hyperglycemic hormone-family peptide, vitellogenesis-inhib-
iting hormone, sinus gland, southern rough shrimp, 7rachysalambria curvirostris
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TR SN D MR MEEGE Th DA F AT
T D2 EARENTZY, IRIFHEREOMHRESTF R
X EBRE CERINTE, VA T AT S L
MR END Z ERHLNE o220, &
NOIEY A FRABARLELEMEEFND LTS

oo ZHETIC, P EF AL E L (Crustacean
I S5 T R #1 AR
)b & » (Vitellogenesis-inhibiting hormone, VIH) .
Wi Bz #0 ) A v & - (Molt-inhibiting hormone,
MIH) . KEEZSE#NH A/LE > (Mandibular organ-
inhibiting hormone, MOIH), {4 3% 45 # 7~ L €
(Pigment dispersing hormone, PDH) . 77 {4 (% 3% ¢
7RV E > (Red pigment-concentrating hormone,

hyperglycemic hormone, CHH) .
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RPCH) 23 A FAfpA LT & L TCRIE ST
% ?, CHH, VIH, MIH, MOIH ® 4 fEfHiZ A\ T
FRLL7ZT 2 7 BBES &2 o7, CHH &G~
FEXIEND1O5OXTF K77 I —%Fk LT
W% ¥, CHH ETF RiZ 6 HD Y AT A L REIEMN
STERIMREINTEY, ThoiE3storyAanLrr 4
FEE 2B L T 5,

PR DU EAT VIH (Z X 2 3iip0 225 2 52 0
TW5b, 19874, in vivo DAEMREIZ BV TINAK
RAOETEZ MG T HIEEEZEE S LT, 7A UV B
7 A% — (Homarus americanus) O A F A i
725 VIH 2358, S 9, 20k, 1991 4Fic—
WHETE N RTE S 72 %, 1995~1999 412 T, 2~
V<=t (Marsupenaeus japonicus) 7>5 7 FEEED
CHH [E~<7"F K (Maj-SGP-I~VII) 7’ Hiff - 5 1&
WRESHNES®, Zhnb 7RO CHH fELTF Ko
9 B Maj-SGP-IV %< 6 fii¥Ei: CHH iR L O
VIHiEME 2B 3TH5Z &b, Ziuh 6 ffEO CHH
AT F RO ENDPDPEAEZHE L TNDEEZD
nTuns,

VIH 1%, FEEAEESCHEMA~OISHDPEIFS D 2
ENBELS DARICELER - TE, L,
BAE £ CICRE Sz VIH 32360 Lo <. BFge
ITHEA TRV, ZHVETIZ, VIH OB T
TEET I, TAV DT AZ =0/ )L~
ED LD REWVREENMIE AL RO CThH D, HE
D R ERSAE & fRE 3 5 72 DIz, Hrizeflo |
WSEH A > T VIH O 2D 2 MW ERH H, K
e CEBRLSR L L=V (Trachysalambria
curvirostris) |FEEFERIRFE TIL/R AN, HYEH
HEAARIZHT TASBESNTND, D,
EETIRRETHAT D Z ERAEETH D, -, H
W THNIFMBELTH2LHTED, Thb0H
HD, YA EREYE L THEEE
2D, £ I TARMIE TR, =0 VIH &5
. HEEL, ZNO0MEZHONNCT LA H
mE Lz,

PR E Tk

Fesh)

2016 4= 7 A, 2017 4= 7 A\ 1L W3 = N T
S CESIRE 15g) &, 201745 A
(IR R G S oL B CEIRE 5 g)
Z IR CHW,

YN TV CHH EXTF FORyM
PLTEDOY A F AR EFEERBEHE F Ty b
A7 e W THARICHE L=, A

ARHIE Yang & O EICHE- TR L9, &k
2. fhit# % Sep-Pak C18 71— b U v ¥ (Waters)
W@ LT, 10% 7t =KUY/ (MeCN) /0.05%
KU 7 vA4 v fEfE (TFA) T L 7=k, 60%
MeCN/0.05% TFA TH /L= v ® CHH e X7 F K
Eaemisy a iRt Uic, w0 2 AT MeCN
BARFESE -k, W HPLC Ik L=, 77 A%
Shodex Asahipak ODP-50 4E (4.6 x 250 mm, 3#N
L) & H W, 20% MeCN/0.05% TFA 7> 5 60%
MeCN/0.05% TFA £ TP 40 DY =7 77 2=
¥ NTCAHE L7z, WEIE 1 ml 4y, MRHIE 225 nm
D ETITV, W RF — v mllb~v=aT b
TE—2JEMZ I LT,

BRI L O N K7 3 B

Wit HPLC TR U 7= ¥ — 7 BEW % WL IR L 72
% . Matrix Assisted Laser Desorption/Ionization
(MALDI) Time-of-Flight (TOF) %! & & 45 1 #%
(AXIMA®-CFR, l&#HRAERT) 2 T/ e —7
EMOEEZIE L, £, 7 I/ BESE )
3 M1 B% (model 491HT protein sequencer, Applied
Biosystems) T — 27 EWDO N Kin7 X/ FEELS
o LTz,

TBE b 555 PE O e

2017 4 7 Ak ILRBE N TR S oL e
% b EFIEYEORIEICH -, in vivo D #5265k
% Yang 5 DOIFEICHES TITo 72 9, KLU 7= 2 FiE
OHY = VIH (Tre-VIH-T & Tre-VIH-II) % 1 pg
FTOEH L, RHT 47 ar bo—LiF s r~v=x
PR K O B2 1 LT,

BH SRR PRITSYE O e

2017 4F 10 A TS RIBM T o= EEE DAL
TR L~ (CEWIAE 25 g) ZUNETE
FEANEIEME ORI E I N 2, DR O 5538 1 Tsutsul
5D FIEIHES TIT- 7219, K55 L7z Tre-VIHT &
Tre-VIH-II % 1 pg T OREEICHML, 7 v~z
DIFRFr &R Lie, X HT 47 3 b —/LidE;
BIRDIHTINRF 25548 LT,

RT-PCR

H LT BRI D4 RNA (X Ribozol (AMRESCO) %
ATt L7z, = BRI O first strand cDNA
X ReverTra Ace® (TOYOBO) % W TH Ak L.
RT-PCR & 3° RACE O# ¢cDNA & L TR L7z,
1D —2 17(Tre-VIH-D) & & —72 19 (Tre-VIH-1I)
DN Kb 7 X/ FEBCANREAT OFE R 2 Iz, MEEA Y
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XY VAT KT T A ~— (Tre'VIH-T i% VIH-I-F
& VIH-I-R. Tre-VIH-II X VIH-II-F & VIH-II-R)
ZRE L, AEESMELZ (3% 1), PCRIZIX Gotag
Green Master Mix (Promega) % 10 uL &, & %!
cDNA ik % 0.5 pL, ##fi/K% 7.5 pL, 100 pM ®
754 ~<—F &R (Tee-VIH-1 D34 1% VIH-T-F &
VIH-T-R, Tre-VIH-II ® ¥ & 1% VIH-II-F & VIH-
II'R) #ZNZi 1.0 uL 2% G4 dt 20 uL O
MREMERH Uiz, RIS 94°CC 3 BRI D%, 94°C
T30 ff. 53°C T 30 ff. 72°CT 30 DY A
7V 35 [E# 0 IK L, fcfklZ 72°C T 3 MO EX
NEAT -T2,

3'RACE

RT-PCR THifig L 7= Tre-VIH-I 35 X O Tre-VIH-II %
o— 9% cDNA W Jy O 5ER Y % FEi2 3 iAo
D7 4V — K7 ZA~— (Tre-VIH-I /% VIH-I-3F,
VIH-I-3NF. VIH-I-3NNF. Trc-VIH-II % VIH-II-
3F. VIH-II-3NF. VIH-II-3NNF) ##&&kL. A%
ELT (R, EFR3FEOIN—ZXT T ~v—
(RTG. RTGN, RTG-NN) ZfliH L7 (#£1), 1
B¢ H @ PCR TlE 7 7 A ~— 3F (Tre-VIH-T D3
413 VIH-I-3F, Tre-VIH-II ®334 1% VIH-II-3F) &
RTG %M L, PCR JixiZ 94°C T 3 3 ERIED
#%. 94°CT 30 M. 55°CT 30 B[], 72°CT 30
MoOWA 7% 35 MR L, %I T2CT3 %
MO ERIEZ T > 72, RIZ1[EHO PCREMZ
100 AR L7=b oz E LT, 774 ~—3NF
(Tre-VIH-1 @ %3 4 1% VIH-I-3NF, Tre-VIH-II @ %3
413 VIH-II-3NF) & RTGN #ffifH LT 1 B¢ H &
FEED S T2EPEH D PCR #1T- 72, &5HI22
B H ® PCR EMZ 100 (5AM L= D& L L
T. 77 A ~—3NNF (Trc-VIH-I ® %4 1% VIH-
[-3NNF, Tre-VIH-II ® #; & % VIH-II-N3NF) &
RTGNN A4l L C 1 B B & RO ST 3 B
H® PCR #1757,

5'RACE

L L THW S L= EIRFNO first-strand DNA
® & % % SMART RACE cDNA Amplification Kit
(Clontech) # f\"CT1T- 72, &IZRT-PCR & 38’
RACE THiIE L 7= Tre-VIH-I 3 £ O Tre-VIH-II %
o— R4 % cDNA W i O EEES A2 FRZ 4 fE O V)
IN— AT A <— (Tre-VIH-I iZ VIH-I-5R & VIH-
I-5NR. Tre-VIH-II /% VIH-II-5R & VIH-II-5NR) %
EFL. AEcESELRE (1), 72, SMART
RACE ¢cDNA Amplification Kit I[Z¥RAT SN TV 5 2
D7 U — K774 ~— (UPM. NUP) %

L7, PCR 2! TaKaRa LA PCR kit (TaKaRa)
% A v T, 10x LA PCR Buffer % 2 pL. 2.5 mM
dNTP % 2 uL. 5 RACE H®#7%! cDNA &k % 0.5
uL, LA taq HS ver. % 0.1 pL, ##li/k% 13.4 pL 7
J—RTF I <=L U R=ZTF 4 ~— (10 uM)
EENEN L UL 25T GE 20 pL OBEREHEH L
72, 18H® PCR TiZ77 A ~— 5R (Tre-VIH-T ®
%54 1% VIH-T-5R, Tre-VIH-II ® #3 4 1% VIH-II-5R)
& UPM A L, ST 94°C T 8 MR D%,
94°CC 30 fofH], 72°C T3 MDA 7 V% 5 [l
Vi L, 94°C T30 . 70°C T30 B, 72°CT
3D A 7% 5 E#ER VIR L, 94°C T 30 #PIH.
68°C T 30 M. 72°CT 3 MDYA 7 v% 27 [alik
DR L, &I 72°CT 5 oM EREE1T o712,
Iz 1181 H o PCR FEMH % 100 57K L7z b O % #
L1, 774 ~—5NR (Tre-VIH-I D4 1% VIH-
I-5NR, Tre-VIH-II ® ;4 1% VIH-II-5NR) & NUP
ZRAWT, 1EBEA & REEOSMT 2 e H o PCR
FOSEIT 72,

# 1. Tre-VIH-I & Tre-VIH-II ® ¢cDNA 7 o —=2 7 |Zff
ML 74 ~—

Primer Sequence (5'-3")

RTG AACTGGAAGAATTCGCGGCCG

RTGN TGGAAGAATTCGCGGCCGCAG

RTGNN AAGAATTCGCGGCCGCAGGAA

VIH-1-F TTCGACACNTCNTGYACNGG

VIH-I-R TAYTCCATRCAYTGDATRAA

VIH-11-F ACTTCTTGYACNGGNGTNTT

VIH-11-R ATGCACTGDATRAANACNGG

VIH-1-3F GTCTGCGAGGACTGCTACAA

VIH-1-3NF GAGGACTGCTACAATGTCTT

VIH-11-3F GTCTGCGAGGACTGCTACAA

VIH-11-3NF TGCGAGGACTGCTACAATGT
VIH-1I-3NNF GAGGACTGCTACAATGTCTT

VIH-1-5R CGCAGACGCGGTTGAGACGCCCGAGGA
VIH-1-5NR CCCGACCAGTTGCACGTGGGCGCGGTA
VIH-II-5SR GTTCCAGTCCCACGTCCAGGTGGTGGG
VIH-1I-5NR CGAGGAGTTCCAGTCCCACGTCCAGGTG
BRI DYSE

PCR % X pGEM®-T Easy X 7 # — (Promega)
7w —=v7 Lk, AL P —F]
DNA DX AES1E, Big Dye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems) 7% T
A TN —F AN S w T2, DNAY—7
> — ABI PRISM 3130 genetic analyzer (Applied
Biosystems) % H\NTHENT L7=,

iR

YN LY CHH [ENXTF FDREH

P EOH A F APl (186 Y &) &
1 HPLC Tyl L=, 28O e — 27 Mg sh
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72 (K1), INLOE—TERDO~ARARY MLk
MALDI-TOF MS % AW CHIE L2 R, v —7 17
\Zm/z 8402.91 M+H)" DA 4> E—27 3 (X 1), &—
27 19\ mv/z 8443.65 M+H)* DA F > v7— 7 H3@152
SINTz, THNETOMIEN S, VIH %57 CHH jiE
NTF RV A F AR O T ERXTF R THDH
L. T EIE 8,000~9,500 TH D Z ENHLNE
2o TND, ZHHLDOFRMETZLTnHE—2 17
£ 191, v CHH jETF K Th 5 AlhEME
NEWNEE 2 NIRRT 2/ BRESIFATICHE L7,

0.30 P19

~ 80%
£ e
§O.15 1‘5
g z
R
g 40!11
N
[
- 10
0
0 15 30 45 0
HRHEER ()

1. #F8 HPLC 2 W=V L= 0¥ 1 F 25 Y
(186 fEFHY £ ) D4YHE. ARMTT & b= R U LIREE AR

YN T ¥ CHH EXTF FDO N KSR 7 I/ B
Bt b

E—27 17 & 19 O N K7 2/ BRECH % fifhT L 74
By HEO CHH <75 R &Pl L
7 BESIERE LTV (K2),

10 20 30 40
P17 SLFDP?CTGV FNRGLLGRLN RVCDDCYNVF REPHV?TECR
P19 SLFDTSCTGV FNRDLLGRLN RVCEDCYNVF REPKVATFCR

50 60
P17 SNCFLNPSFI Q
P19 SNCYLNPVFI QCMEYLLPEE

2. v CHH E~T7F RO N R 7 X/ Bfcs. ?
IERIETE RN STET X B Rd.

YT ¥ CHH EXTF FDEWETED R
FP. BE—2 17 & 19 Ok EFIEMEEBIE LT,
E—2 1T 19 FLTE 1 RHT-Y 1 pug To&
B L7, ZofE%, HEiTXZzn £ 18 =57, 9
+ 5.8 pg/ml oD Lz, ZORIY, B—7
17 & 19 FV v B ol EHALVE TRV E
EZ b,

WNT, B—2 17 & 19 OYFETER N HITEE 2 8]
E LT, BE—27 17 £ 19 % 1 pg T8I L 72
& =%, Vg mRNA 813 63 + 15% 33 L1851 + 8%

WD Lz (X3), ZhbofEiday ha—LffEe
HARTHE TR0, =27 17 L 1912 Vg
BAR T ORBLZIH T AN BlE I, b
DOFER IV, REFFECIIE—27 17 £ 19 &2 e
DIV IE A LT T & I (Tre-VIH-T & Tre-
VIH-ID) E4fH37,

150%

100%

50%

Vg mRNA levels

0%
Con P17 P19
X 3. ¥/t CHH {EXTF ROIREIEAINHTEM. —
T — R — [ TEAERE 2R T, Con [ TIEHIOD TN 2 15 3%
L2y he— LB EA R

Tre-VIH-IIl 22— F§% cDNAD ZU—=V7
Tre-VIH-T & Tre-VIH-II 2 = — K3 % cDNA % 7
n—=27 0L, WEIEZRELZ (K4 L5),
Tre-VIH-T @ ¢DNA 1% 648 bp 7> 5 72 U, 330 bp @
Open reading frame (ORF) ZffbH, 110 7 X /&
B 572 5 Tre-VIH-T ORFIBEAZ 22— K LTz

(X 4), Tre-VIH-T O fiBRA L N AR5 ] 2> 5 NEZ,
197 2 VBIERENO R DT T FAXTF R 155
Jm 5725 CHH precursor-related peptide (CPRP)
CIFIEN DHEFERH DT T R, 2D M T
2 R (LysArg) m»o7ed7uvyr 7v 7
b, 127 X R E N B 72 5 Tre-VIH-T, B LM 2
7R R (Gly-Lys) o727 2 My 7 F v
WX ST (K 4),

Tee-VIH-TT ® cDNA I3 646 bp 7> 5 72 ¥ . 351 bp
DORF#FbL, 1177 X/ BELEN L 725 Tre
VIH-II ® fi kR %2 22— K L TWwiz (¥ 5), Tre
VIH-TI ORISR T N Kl GIEC, 26 7 X B
BRRENSRD LT FNA_TT R, 15 FEENLRD
CPRP, 2 IEOHIHNMT I /@i (Arg-Arg) M
LRLTaw T T N 127 X RN
727 TeeVIHL, 550027 3 /B (Gly-Lys)
MERDLT I by 7z L ik STz (M
5),

AT O Tre-VIH-T 3 X O Tre-VIH-II i3 C K ufii
N7 MMeaniz, stovALT 4 RiEdEETe
27X EERENG D EHEESNT (K6), B
A Tre-VIH-T 3 X O Tre-VIH-IL (X3 A 4 @ VIH



TEGEE L L BONEIE AR L€ o ORI L OISR E 81

1 ACGCGGGGAGCAAACGGGTCTTCGCCTCCAGAGTCGTACTTCACTTTGCTTCCAGCCGTT

61 TTCAGTATGATCGCCTTTCGCCTGGTGCAAGTGACCCTGCTGGTGTTGGTGTCCTCCGAG
M I A FRLVQVTILLVTLTVS S E

121 GCGCTCTCCTCTCCCGCTGCCTCCCCTCGGGGCGAGCACCACCTGGCCAAGAGGTCTCTC
AL S s PAASPRGETHEHTLAIKRZRS.L

181 TTCGACCCCTCCTGCACGGGCGTCTTCAACCGGGGGCTCCTCGGGCGTCTCAACCGCGTC
F_DB_S. C.I.G. V ENRG L L _G R_L N RV

E_E_Y R _A_H V_ O L_V IGUK *
421 CTCAAGAAAGGAAAAACACAAGAT TTTTTTTCTGATATTCTGTCATAATTTTTCTTTGAA
481 TCCTACCTTTGTATTGATATTTTCAGGCAATGGTTTGGCATTGCTGATATGAARATGATGG

594 AAATAATAAAAGATATGTGAATATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

4. Tre-VIH-T HiBEAR % 22— K92 cDNA O RS &~
T 2 BEA. KX 7T AXTF RE, FRx
CPRP %, ARy 7 AI7 a7 7 )vE, Mk
O FHE Tee-VIH-L %2, ZL—DRy 7 237 I My s
TN ERT.

1 ACGCGGGGCAGACGAATCCCATCCATCTCCAGTCGTGGTTCCTCTCGTGCATCGGAAGCT

61 GCGATGATCAGTCCCCAGATCGTGTTTGTGGCCCTGGTGGTGCTGGCGGCCTCCTCGTCT
M I S PQIVFVALTYVYTZLARBMASSESS

121 TGGCCTCGCACCGTGGACGCCCTCTCCTCCCCCGCGGCCTCCCCCAGGGGCGACCACCGE
vV PRTVDA ATLS S PAASTPRTGTUDEHR

181 CTCGTGAGGCGCTCCCTCTTCGACACGTCCTGCACGGGGGTCTTCAATCGGGACCTCCTC

L
241 GGGAGGCTCAACCGCGTCTGCGAGGACTGCTACAATGTCTTCAGGGAGCCCAAGGTCGCC
G._ R _L N R V. C E D C Y N V_F_R_E_P_K_V__A

421 CGGGGACGGATCAGCAGACGAACGGATTTGGGGAACGGAAACTTTTTGGAACTTTGGGTC
481 TTGAGGCATTTTTGTCTGAATATTTACGTCGCTGTGTTGCTCTTTTGTTCATCAGTAGTG
541 AAGGAAATCTGCTTTACAATCTATACAAAATTCAGACAGTCTTACCAGAATAAATGCATA
601 GAGCGGT.

5. Tre-VIH-II HiBE{A %2 == — K9 % cDNA O K fid 5]
CTERET S EEEY. KIS VAT T R, FRT
CPRP %, ADORy 7 RIS ek v 77 F g, Hig
O F#IE Tee-VIHIL %2, ZL—DR v 7 2137 2 Kby
TF v E R

Trc-VIH-I 40
Trc-VIH-II : 40
Liv-SGP-G : 40
Maj-SGP-VI : 40
Mej-SGP-II : 40

Trc-VIH-I : 2 72
Trc-VIH-ITI : s 12
Liv-SGP-G : 2 72
Maj-SGP-VI : : 72
Mej-SGP-II : s 72

6. Trc-VIH-T 3 X O Tre-VIH-II & BEAI VIH © 7 2 /@
EHN DT Z A A b, Liv-SGP-G (Z/3F 2 A VIH % (Ac-
cession no. AB744717), Maj-SGP-VII |37 /i~=t CHH/
VIH % (Accession no. 015982), Mej-SGP-II L+ /S &
VIH % 7~¥ (Accession no. AB622205). 3 fFHLL -4y
TRFSNTND T I RFIE BROR v 7 A TRLUTZ.

(Liv-SGP-G) & 63.0% & 74.3%., 7 /L~ =T B D
CHH/VIH (Maj-SGP-VII) & 59.3% & 72.9%.

N> VIH (Mej-SGP-II) & 58.6% & 66.7% O
MREPEZR L7z (X 6).

o

NG 2fEEO CHH EX7F K (Tre-VIH-T
& Tre-VIH-ID) #FEH - BHEEL, ZOMiEzi 60
\Z L7z, TreVIHI & Tre-VIH-IL Wb o 2T
A4 26 EREPMMREINTE Y, B CHH R~

F oK% H L Tz, Tre-VIH-T & Tre-VIH-II
IZBEFn O CHH & l72Bd8 2 H LWzl Lk,
B AE Tre-VIH-T & Tre-VIH-II |34 /L= £ & CHH
TlE A EE 2, Lo L, TreVIHI & Tre
VIH-II % /L= B2 U C b I B FE s 22
SN oTz, KL TIEE R 2R S 208, Tre-
VIHI & TreVIH-IL % 7 b~ B & 3 v = EIo ik
B LTHIME ERIEEIIBE I N e o T, Thn
DFEERE . Tre-VIH-T & Tre-VIH-IL X H /L= D
CHH TlIZp\W &z 7=,

7 V< T T, Pej-SGPIV % & < 6 FlE D
CHH fE~=7"F RNiZIfifE EHiEMEICI 2 T, IPEER
FAMENEMENBEZ SN TWA 2, 2T, Z/~v=
EDOYREEE R % T Tre-VIH-T & Tre-VIH-II @
PR ARG PE 2 E L C AT, ZORER, Tre
VIH-T & Tre-VIH-TI {2134 (2 Vg mRNA O ¥ %
T DIEMEITBER SR o 7208, Jild 2 fE A
B SN T, 207, Tre'VIH & Tre-VIH-II
DOYNFIERANHITE M IXIEF IV e B2 o, 2
nix, e TR 2~ E OISR R A
L2 ENRED LivZew, fFRMIZ, Tre
VIH-T & Tre-VIH-II O AEMIEEZA ST 5720
W2, VLT EOIFREER R AL LTI D EEN
H5,

AAFFEIE 2017 A FE R 43 1| K2R A B AT FE AT 2 (]
BFFEBEE (RIIS201711) %% F Tirbhi= b D TY,
ZZICHEEELET,
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Early Differentiation of Vascular Endothelial Cells During
Zebrafish Development

Misato Fujita'® and Sumio Isogai?

' Department of Biological Sciences, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa
259-1293, Japan

2 Department of Anatomy, School of Medicine, Iwate Medical University, Shiwa-gun, Iwate 028-3694, Ja-
pan

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

Abstract: Early differentiation of vascular endothelial cells is indispensable for the proper
patterning and lumen formation of blood vessels. The vascular network forms in a reproducible
and evolutionarily conserved manner, and their molecular mechanisms of formation have been
markedly focused on. However, the differentiation process of vascular progenitors, angioblasts,
remains unclear. Here, we report several tools to detect and analyze undifferentiated vascular
endothelial cells in zebrafish embryos, including the vascular-specific transgenic lines, inhibi-
tor treatments, and 3D reconstruction technique of electron microscopic serial images.
Keywords: zebrafish, vascular endothelial cell, angioblast, differentiation, serial section scan-
ning electron microscopy
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AW OMNLL, —>DSHEINN B JIE] 2 68 TH & 3 i?ﬁ‘k%ﬁf%% ECH oML 2D
L. SHROMIANHE M ER TS LS £tk 0 REMZRTEREZA LIS OB T A I = X LTI
a9 JPRE L BRRE 2 59 5, BTl & el it’%/ufb\f:ﬁb‘o

~NKHEEDH|RETHY . MIKIIREE L 5ER L2 E
L., “EbRE L EREW R LT 5, FED
W2 — & o i & N B2 4T H L, AMANEE o
KRS U T FIEHARECRY 1 R ol
BEHIBR2 MR Z LT\ D, L=~ T, I N A
B &y 5 Ml BIR - §kds X OB A o F
TOREOMEIZIB W THNEEIAFET DRI TH 5,
F o OIREIIE 2 ORI RS > THEE LT
WD — 8O EEEEEZ IS TWD, KWLE T
XSO L 0 EHEA 72 LTV DA, M fiE
TR CEREEEZ ML Z bbb D, ME
PN RZ M VAL & AR & BT RUCALE L. IR
B, MmgEEE ORI, Wi maetEEH, £ 7-m
EBERAORONEN. EMISEIC LD MER AR ES TS
FABERE A D ZARRE CEI MR T H D A3, e
W/NBRE DD 72N Z E R E LT oD V2,
FoAb e & NEMRE, 726 & RS & o

INIDBEFRIETHLIETT T 7 4 v ald, 2k
#% 6 BRI CIRABRE A, 10 B TIRENTERL % Bl dG
T 5, TO%, 26 FEEEIZIXMiEE AT S Y, 2
DI HITHANRL, EIETIRE S RSB 7
T~ OWRMEE F CAS - ERELZBET DO
WL TWA Y, £72, b AY =7 ik
FIH Ui N M R R i e & v R B %
HKE WD R/BENN OERIE TR Y, Mo
KA RZERINICBRT 2 2 ERNAEETHD Y, R
At 72 8RR & B ISR/ b 72 8 Bk 2 A
WICRBAT BB WS ORI TRBY, 20
Tae—H—HWE NI AT 2=y 7 RBE
FENTWD T, IME NI O I D53k % fi#
T BETVAEME L TCHHIGRETS,

L — Y —BSEE & B O — I 2O R B SR

132 DOFRREDS 0.2 um FRETH D, FEAIITIED
WEOK D ETONFRENRD S L SND, Bt
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BEPRBE O EATBA R D TRIERNCHE AL TV DN E il
TiX e, B/ E O NI IIEE D FAEAAL T 2
~ 3 um, IHFHTIX 0.1 ~02 um HDHWIEZENLLT
EIEFITE N0 2 WEHIMEE TR O RE
RZFDOHFOMI/NRE ZBIEET 2 OIFE L WiGERN
2\, FT7UAV =y VHEIRICL VR S E o
Jes R EY MRES S A T RPTURIES A
TEIORED S I B L DMEZ A TOWT I
HFBEE EOTRI Z A EREHTE R, £
D=, BEBAPMEEIZ L2 LEETH D,

WA, EAE FBEMEE (SEM: Scanning electron
microscope) % VTR Cl R BB} 0D ot 1B i 8 52
%4 5715 (Array tomography %) 2SRRI HA
ARBEIICER ST, BRA A E—a BT
7 vy 7 m#EE (FIB: Focused Ion Beam/SEM)
R, 278 b A EHERNICHAAATZEIE 7 a
7 BiEEE  (SBF: Serial Block-Face/SEM) Dfhiz,
B 2 T T ARICHEA, R L 72 SEM 4
% 3D FHEE T 2 HE L HE STV D 57, M
A4 OB 2 BT BB L~ L O R & L
THELND I L OERIZE#MTH D, — T,
Array tomography (EDFRHE TdH 5 [Al—FEA T DA
Bl LB NBE L REICT A -OIIL, Bk L
PUREH O 2 etk 2 im 72 3B EE 2 et 2
WEIRD D, % ZTARRIFETIE, A N EGHE Ok
HAH O LRI 2 B a1 A I = X LM & TERE
ZAEOBE OO MNZT DI EEHE LT, &
T 7TV O E SR & B BB O SRR
iTo7,

PR E Tk

YTI374vva

Y777 4 v a (Danio rerio) Wi, MERES )
THIF L7z sl % > 7 (Tecniplast) (2
EENT TRREINC LV G2, BAEMOZREE L
T, EK, RW, TAB % [\ 7=, 34 BT Kimmel
et al., 1995 [ZHE - 7= %0 L PN R L2 O &
NI EERBT D56 E LT, Te tila- EGFP) '
ERWEY, %K% 24 BRI LIS TR T 28 A1
1-phenyl-2-thiourea (PTU. nacalai) % f v» T &£
BEOFIERZ I L, BMEMI R Y 1 > (SIGMA,
A5040) ZEF L7 9,

BIL 555 1 T2 R

VEGFR FH#E#] (SU5416, abcam) & PISK FHE A
(LY294002, Calbiochem) #% %1% 4L DMSO (2%
fEL T30 mM R by 7R AdiE L, Bty
kT Z R L 728 % 10 uM VEGFR BHLER| E 72

1% 30 uM PIBK PHEANCIZ L THRAE ST, 24-well
7'L— b 1-well IZ 5 JLF D> THEFILEL AT > 72,

R 5 R

EEL =% 7% A Ftern—2 % HANTT 4
Ty arAIA4 KT TR ML, #EE
RS (Olympus, SZX16) % WV CTHIE B &
OEGEG 21T o 7o, R s CEG AT 21X, IR
1T 1% KBS T T — A7 V&2 N TH T AR—X
7 4 v = (IWAKI, 3970-035) (2~ > kL. £
SRR S BEEE (Zeiss, LSM700) Z /-,

Hiket) e SEM LD BN EFRIZ K 5 3D ks
K3 L BE P O IR % 2% Paraformaldehyde (PFA) -
1.25% Glutaraldehyde (GA) /0.05 M U > B&fEE K
(PB: Phosphate Buffer) JE&# CHIEE L. 1% M
Ml A A I U LA CTHREE LT, BEZMAKL, =&
X UME (TAAB, =41 812) ([c@HiL7=, /L k
FI/n0 bh—=bEHXAYEL NI A7 (DIATOME,
histo jumbo 8.0 mm) TJ/E X 200 nm O] fr %
GIHIL, it CEEWBEHLA T A R TFR) (ZH
W L7, AL LT, 1% Mg P r 7 n—Yf
AT o1 b A DU TN — YO fE AR B N —F L
AT A4 RAX ¥ T (iR =2 A, NanoZoomer)
WD AR, HEY 7 ho o7 (EBRA =27 X,
NDP view2) (2 CHIZE L7, EEEFHMEIHE L
T, 1% FifE Y 7 L oKEHE (30 47) L rfesn (547)
TOETREEIToT, EIA LU XHFXOBE
Sy fRREEE S SEM . (H Az, SU8010) % v it
GHia O K 5T EE 1 (BSE: Back Scattered Electron)
Ba EEE 1.5 kV CHlficir L7, BSE &% H
BT 52 & CTHRREFHMEE (TEM) OFiEE
LRBkD = T A MEREZ T L7z, Fiji Imaged
DYTZ7 =T 2T, gt EROT 7 A
VAV NERE L, B E T HHEEIK % Adobe
Photoshop ZfEH L TZ A vV vV —AR/Mafk, I b
oy RY 77 EEOMEEZ IR L7, 3D Slicer
ThT 2T EHANTY =T 2 AL A Y U THEICT
3D S LTz,

S yEE Bk

BIEABED T ((Ti1a-EGFP) ¥' W& % 4% PFA+ 0.05%
GA/ 0.1 M PB IEA# CHIEE L. T GFP Huik (sc-
9996, Santacruz; G1544, SIGMA) % F W CTHIIK
Rtz 47> 72, AR 1% GAIZ L HETE L,
DAB # i % 1% MgfbA A I U M L A% EE &21T
U, KR AR % URAE (=AW 812, TAAB) (2
a7z, v 737 h—A(ULTRACUT-UCT,



Leica) TEIK 1 um OYIFIZ LY - FLBEIEL TN
BAWR L2, XA YEL RFA 7128 2T 60~90
nm O#EEL) % 7 U » RIZEUL L7z, DAB Yl X
D PURBHEMIE CIEA A I T AT T v 7 MK ER
B EHEME TR LT TRZDID, BTG
B ILRHER SR YL 8 D Fx D ARG 2 24T O SO AL LS

Day T A NMIFEAEHES 2 hol-, HIRE

PEEE TEM (H-7650. HS7) ZHWTHER LT,

A

SEIR A% SHRE o H BLIRE 1)

SRR OO I MR 72 B PEDOMIIX, ETS 7 7 2

U —DHREK A D— etsrp @ mRNA FHIZ KL O“C
5K (ks 11.5 BRE)) (2R b b %10,
7T 7 4 v 2 OMAE NG mt5/ﬂ7E%
HETDH T AV 2=y 7 BRITEEER SN T
WHM, ETS 7 7 2 U —D#E R 7D — flila D
Tat—4—% R\ Te tila-EGFP)* 73, F&HiB
AR, EREREEL SV Y, SR EARBEMSIT
ﬁ LA, 14 REIE] (2R# 16 el 12X
T D725 7 T A K — mh W5 (Fig.
1Amo EHEMEO 7 7 A2 —1X, WRITRIK
RO (Fig. 1 %80) . %@HﬁﬂWDMﬁ(Hgl
KED) 2T, ERICRER LTV, L0 &R
VN 12 (R (KB 15 BRIED) 13t e SEARBAISSE ©
VTS LR EE LS, HEESTEMEE TIER O B
iz, 18 {KEIH (K5t 18 Wef#]. Fig. 1BE), 22
REIH (BZA514 20 BRI Fig. 1C,F) & AN eIC
Ohf%ﬂ%ﬂ@ﬁ?%?%@%@ﬁﬁ%mbfx
*% RN EEE RN EA T (Fig. 1DF),
BOHIND & MENZHIEA~D LR T L’CI/\

D E F
-< - <
- Do R

Fig. 1. Angioblasts of the developing zebrafish head. A-C.
Transmitted light images of zebrafish at 14-(A), 18-(B),
and 22-(C) somite stages. D-F. Fluorescent images of A-C.
Arrows and arrowheads indicate anterior and posterior
angioblast cluster, respectively, between optic lobe and
forebrain. Dorsal views. Rostral is to the top. FB: fore-
brain, OP: optic lobe. Scale bar: 50 pm.

i

WRE A €7 T 7 ¢ vy aMENEMROYH > 85

LY294002 § C

SuU5416

Fig. 2. Angioblast morphology in inhibitor treated em-
bryos. A-I. Confocal images of the anterior head of 18
somite stage 7Te(fila-EGFP)’ embryos treated with ei-
ther control DMSO carrier (A,D,G), the PI3K inhibitor
LY294002 (B,E,H), or the VEGFR inhibitor SU5416 (C,F]).
3D reconstructed images (A-C). Selected dorsal planes
show rostral GFP-positive clusters (D-F, arrowheads) and
selected ventral planes show caudal GFP-positive clusters
(G-I, arrows). Dorsal views. Rostral is to the top. FB: fore-
brain, OP: optic lobe. Scale bar: 50 um.

HZ EFEETHD, ¥T T T 4 vy 2 RO MR
BT 30 IRER ) (B K514 24 BERE) DIKETH 528 22
REHNIZZ D XL S 129 T *%®m£iﬁﬂﬁﬁ
DA TN, T flila-EGFP) ! % A\Wi=546 . 12
< &b 12 REIHICITEBIEN TED 2 L, itﬁ
O CTHEBMIC IR S L A A E PR R T3 2
ERbnoTz,

RIS & 2 BRI S EAN DR

18 PRI HEGEIN 7 VEGF 7 7 2 U — 32 O%%
{KVEGFR 7 7 X U — %4 L CIRE Bk L UM

A R E| 25> TS, VEGF &7 F1vm
R Z > THRARATZ 7 FONA ) b= 3 FF—
£ (PISK) 2MEMHLSH, 2O FHid Akt 72 £ O
N> 7 s ENEE LS D, BT 77 4 v a
DIMERAEICBWTEH, VEGF v 7L & PISK v~
T T EBEREEEZH S THND 2 Z b0y
T 27 ANEEG IE SRR D b & RS Ak

EDO XG50~ %5 720, VEGFR [HEH
(SU5416) # L O'PISK PR E Al (1Y294002) % H
W2, 10 ARETINC P EAIALEE 2 BRAA L, 18 IREIH
\ZIE N OBlEE 21T - 72 (Fig. 2), IREED
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Fig. 3. 3D reconstruction of an endothelial cell in angulus
venosus. A-D. Various angle views. 5 days post fertiliza-
tion. Purple: nucleus, yellow: cytoplasm, green: lysosome,
light blue: mitochondria, brown: ER, red: desmosome.

BRI B FfaE TOB T T 7 4 v 2B Tl
3D FHEELEA & LT, 2% PFA - 1.25% GA/ 0.05 M
PBIRAMKCHIEET 52 & & Liz,

Skt b HOYB T 77 4 v ¥ a b D FRIkA
DN ML D 3D frf g4 2~ 7 (Fig. 3), 7RE8
TR LTCEEDS IR OB DORZE % oo MifnE (G5
@) IV iinotz, T4 Y Y =0 () S/NMalk Ok
), T har U7 Okf) 7 Eofia/haE b
IRl L LT PN R 23 MR N B L
LWEWHIHRL? L—%T2%, ZnkHric, Wik
HERE O NERRAE S I2 DWW CIEBERY 72 T — 7477
7 R LICBIERTED Z DR TE BT T 7 4 v
VallibiE LEEESRT ARSI ENTE, 4
%, ZOEESRME O T ORI N A
DORKRFEA L 2 BIE2 5 LOWAT LT <,

YT T IABBIL

M b7 AV 2= v 7 Telila EGFP)" D#IZEH>
5. MR M MO EITHEE TE 508, &
e TR L TWZeWew SRR TE 20l k=
TITHIEr S E#E Ly, BEEMERIC L 0 Bl ?éﬁ%
NEBICME ML E D DhERET D i,
ﬁﬁ*@%@ﬁfat%@ﬁ?éﬂm£W&ﬁ%

HHLT 55 R BEOFURE RN TYEaT 57280
VENH D, ARO 3D FAEEEIC A 72 BB ERR
GA BT 1.25% 1RV, 2T EGFP O%ujE
Pt |l BN T H R el g onienotz, ZX
T IVT B RO X 37 EAEER DY EGFP S~
WHEL WD EBZLND, &2 THH TR
L. S EFEAOET & L THIIOIEEE & ks s
MR Lo O b IRFFT DB & LT GA 0.05%



EfG7e, — 5T PFA OEEE 4% 12 LiF 5 2 & T
EOMS o7, LIzd- T, (KEIRRRES 8
HH* ToMMbFfAaICE L Tld, SEElEme LT,
4%PFA - 0.05% GA/ 0.1 MPB iR AR CRIEET 5 2
L& L7z, i@, Array tomography 3% & mHLR]
Yu@yh (BEEPUARTE) THEL7Z, BTE 1352k 8
A LU ORI AW D & & 03T E 2 MAHTE
ﬁ%@%f JERE b HOLIG b+ e R A2 S b
Do TNk L, HBE I 12 REi 72 K o wIHIRic
BWTHEBTEEOEWEEE LTy 7T (8
AITART T 7)) BEDIENTE, 72720, 1
WHURDRISIZIZ 7 B ORFEEE LT,

18 IKEIHIDOE T Z 7 4 v v 2 BAERYI i DAB %
@@u\mm@wm\x;@ Jibd 7 & 0SB AL 7 A
OO B ON & IZHt GFP fiik Tl S b
Wl 2 EEER D 7- (Fig. 4A. &), Zh b OHIM
%fu%i LESBEMSES & — %7 5 (Fig. 2D,G

., it%@ TSI T b Btk &
T?—?Eﬂr Yt m 155 L3 Tz (Fig. 4B,C),
JQWE%k;quwm%@m IEME L, R

12 AU, W22 R b2 il DT RE &
BoTWD ZENMERTE T,

Fig. 4. Immunohistochemical staining and immunoelec-
tron microscopy of zebrafish angioblast at the earliest
stages. A. DAB staining of horizontal section of 18-somite
stage Te(lila-EGFP)*" embryo. Anterior is to the top. B,
C. Anti-GFP staining by immunoelectron microscopy of
TeWli1a’EGFP)"" embryo at 12-somite stage (B) and 18-so-
mite stage (C). FB: forebrain, OP: optic lobe. Scale bars:
100 pm in A, 4 pm in B.

i
MENEMRICE S R EeRBTDH T A
Vrxmy il LR CIEflila o E—X—D
vl R W2, fila &5 130 PN AR LIS
IZh, —EBOMER - U L E N EGHIRE - R -
MR - ~ 7 a7 7=V EICRBT 5 2 &N
WESNTEY, BRI LW H D7D LD
WLIZ M T AV 2=V ZMBSLETH D, IE
R~ DR BN FE NS D & U kdrd 70—
Z—DRMHIEREN TV DA 19 EHBAGE
m:&k@%’t&T%meﬁﬁﬁ%w:&ﬁm
BRI DN TS TH D, edhs (VE-

ik H

EE A 777 ¢ vy a2 BN 87

cadherin) 1TEIEFIROZEITEDS . FKEPRIAIL Aila

LBV, Lo RAHEREZEET D8 L
LTCetv2 NETF HN Y, A& MO DT IC
HHRNE S DPRETT AREN DS, FLEEETOT
BE—H—%HANTH, I A T 7 FOMERESCH
ASNT=T ) ABRBEICL VBB LV 2T 57
W, allele FENERDZBFICHONVTHEET 54
ERH D,

VEGFR [H % #% X O PI3K FHE #11%, 10 (A i
26 18 KEiHI F T 4 FERMEM & ¥ 7=, BEED
FHA DI AE ML D bIckt L TER S ® 5729012
Z ORI A RN U722, Wfloim s & Bl mE ¢
B DRERE G, ZOREIT, B LR Y)
MOIMAE M7 5 2 Z—D5 Iz & » Tk b BB
R CH o e 2 Re T 5, F£72. VEGF-
VEGFR > 7 T )VIZEIRILICRE 595 Z E R E b i
TWABTD, ALKV IRER R s REtE L &
265, BEAZERSE-%ICEmE oA
WELTRESEAZ 2L, [Ax DmED4E
WCHERAA IV T EZRBETHZENAETHD &
Exz bbb, VEGFR v 7 /L O ER L OV PISK
V7TV ORLEICB WO TERD B iviz FuA & OV 1
T OV T, EBRICREAR B MR S
NTWBDN, £ OEELE AT TN DN
BOBRFPMBELEZ HND,

BB T, EARDOEE MRS CEET
Hb, v TATEIZHN LN TWAEEENE
TT7 4 vy all, W bfrfaE K OWEICE L Twn
Rino T e b SESERLMERFINLETH -
7o BWEE ORI NI EKROT TRAET ZHE
B L TR0 | e S EEFREIIIIEZ N LT
BN TS Z e, —H ORI
KL TCRBEHE VTSI ROREMEEIZR->TND

AREMENE 2 HND, —FH T, PFABIUGA 1L &
HIZH R EOEEIERT 720, X7 E
WEFZD7 BRI O ZWIRTIE, ZNZEIRE
ZEFTHREEDRITHED ﬁL SR ANPY/AVAN 3
ENTo, REFEEENRZ N EHEELTWDHD

m&m%&%16héoﬁ%% g Yl i SEM
ETIHE PFA B IO GATRBELZ F - b0 a2 AT
HZblhol-n, RULBTT7 4 v 2THHR
WA ONDEDSEMEE bR DT Enb, AR
PESLHIAA DEFMEIZ Ao TEESME A2 R 5 0
NHDHZENbnoiz,

Array tomography 1£1%, KKHEEIZE D 3D
LG )% T BMEEHRIZ L 5 3D ﬁ%ﬁm\fﬂ
HARETH D LN TW\W5b, LL., EED
ORI BT GA 1EBRIE L7Vl TH 5 5 GA 75:



88 Science Journal of Kanagawa University Vol. 29, 2018

FERLRWEET T 7 4 v v aBOBEEIT A5 L
720 KRR AR ATz, SRR IS D TR R
BatL LW BT ha a2 B LRTE, R
b7 i SR ORI BN OV THERER 155 Z & 28
T&7,

YP7T7 4 v 2 & T PN B o 4]
HMeETT5ICh20, FHBR NI AV 2=y
7 BTN TR L OBIE AT 72, A&
DI BE 5T 2 s T O —ima B 5 L
oo I ZERIAE O I REZ AL & 1 BHEE L~ L TAE
EHNCIRT T BT OGN ERF Lz, 4% £
F LB COIBREFIIRA & = OB bICBE 55
Do A=A LGB NI L TWNE 20,

iy

ATRZE L 2017 44| K B TR SE AT AT
gedhpk (RI1S201712) %321 TiThhE Lz, &
SR 15 T I FR 22 o BB
VA AT R Lz, SRR
LT ET

Sk

1) Fawcett DW and Jensh RP (2002) Concise Histology.
CRC Press, Florida.

2) VSO, NIRIE, kErRlE, SRIRE, 16T
5 (1996) A A#li IfE, i -« ¥ >%) . iR
5, A

3) Kimmel CB, Ballard WW, Kimmel SR, Ullmann
B and Schilling TF (1995) Stages of embryonic
development of the zebrafish. Dev. Dyn. 203: 253-
310.

4) Fujita M (2017) Model organisms for research on
vascular development: zebrafish and medaka. Sci. <J.
Kanagawa Univ. 28: 389-392.

5) Lawson ND and Weinstein BM (2002) In vivo
imaging of embryonic vascular development using
transgenic zebrafish. Dev. Biol. 248: 307-318.

6) Wacker I and Schroeder RR (2013) Array tomography.
J Microsc. 252: 93-99.

7) K (2015) s#ct) ) SEM V5. Scientific Instru-

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

ment News. 58: 5008-5014.

Westerfield M (2000) The Zebrafish Book: A Guide for
Laboratory Use of Zebrafish (Danio rerio). University
of Oregon Press, Oregon.

Sumanas S and Lin S (2006) Etsl-related protein is
a key regulator of vasculogenesis in zebrafish. PLoS
Biol. 4: 60-69.

Pham VN, Lawson ND, Mugford JW, Dye L,
Castranova D, Lo B and Weinstein BM (2007)
Combinatorial function of ETS transcription factors
in the developing vasculature. Dev. Biol. 303: 772-
783.

Zheng H, Fu G, Dai T and Huang H (2007) Migration
of endothelial progenitor cells mediated by stromal
cell-derived factor-1a/CXCR4 via PI3K/Akt/eNOS
signal transduction pathway. J. Cardiovasc. Pharma-
col. 50: 274-280.

Fujita M, Cha YR, Pham VN, Sakurai A, Roman BL,
Gutkind JS and Weinstein BM (2011) Assembly and
patterning of the vascular network of the vertebrate
hindbrain. Development 138: 1705-1715.

ey 8 (1981) Mg AH 0% (Fan & Ali=0). P
AL

Wacker I, Chockley P, Bartels C, Spomer W, Hofmann
A, Gengenbach U, Singh S, Thaler M, Grabher
C and Schréder RR (2015) Array tomography:
characterizing FAC-sorted populations of zebrafish
immune cells by their 3D ultrastructure. J. Microsc.
259:105-113.

Jin SW, Beis D, Mitchell T, Chen JN and Stainier DY
(2005) Cellular and molecular analyses of vascular
tube and lumen formation in zebrafish. Development
132: 5199-5209.

Liu J, Fraser SD, Faloon PW, Rollins EL, Vom Berg
dJ, Starovic-Subota O, Laliberte AL, Chen JN, Serluca
FC and Childs SJ (2007) A bPix—Pak2a signaling
pathway regulates cerebral vascular stability in
zebrafish. Proc. Natl. Acad. Sci. USA. 104: 13990-
13995.

Lenard A, Ellertsdottir E, Herwig L, Krudewig A,
Sauteur L, Belting HG and Affolter M (2013) In vivo
analysis reveals a highly stereotypic morphogenetic
pathway of vascular anastomosis. Dev. Cell. 25: 492-
506.

Veldman MB and Lin S (2012) Etsrp/Etv2 is directly
regulated by Foxcla/b in the zebrafish angioblast.
Circ. Res. 110: 220-229.



Science Journal of Kanagawa University 29 : 89-92 (2018)

WE EW 2017 SRR RS S BT e pT e R E B A

VB VK AR SRR E DR RE D HEE D
KIR Y — 2 VY — ORBRINE

SORFEGA LS PEHOEEEEA Y SRER—! ARG
Trial Application of Next-Generation DNA Sequencer for the Estimation
of Structures of Natural Algal Communities

in the Estuary of the Sagami River

Yoshihiro Suzuki®3, Eishiro Watanabe!, Ken'ichi Kanazawa!
and Yuko Nishimoto?

Department of Biological Sciences, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa
259-1293, Japan

Department of Chemistory, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa 259-
1293, Japan

To whom correspondence should be addressed. E-mail: suzuky03@kanagawa-u.ac.jp

2
2

Abstract: In the winter of 2017, algal communities in the Sagami Bay were analyzed. In the
mouth of the estuary of the Sagami River, algal communities different from those in offshore-
water bodies were found. The structures of the 2 different communities in the mouth and
offshore water-bodies were also analyzed by Amplicon analysis with NGS. DNA samples re-
quired for the analysis were obtained by extraction and purification from cells collected by the
filtration of seawater. Although a sufficient number of OTU could be determined, they showed
completely different phylogenic relationships from the results of microscopic observations. The
index region of psbA in this study was not suitable for DNA barcoding.

Keywords: amplicon analysis, community structure, diatoms, DNA barcoding, nextgeneration
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TlL Skeletonema costatum HME 5 L 1m & & 10m
J& CTENTIET5% & 67.4% & T/, Hib
H EE ¥ $8 @ Chaetoceros spp.. Coscinodiscus sp..
Odontella sp. & &\ WL TR B, & TP
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EWVHRE I S b b TIRIER—0 7 7o
T A VEIEREE LAVRES e pno T RIR E B 2 B D,
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FEAHLER I BB 72 22 BASER D DT 1 & & D S
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IZ-2UT 6100-113000 @ raw reads #1525 Z & 23T
i, T e 77 AERAWTHAET A L, 450k
TEHDET1000 LLED OUT REH S, Lo
L. BHEN7Z OUT DIF & A & 23R o H B A
THY, PCROBEOER I 20HE LD ) 4 XThH
HEBz b, HBUBEEN 0.5%LL LD OTS 1]
N 1lmE & 10m JE, 4 1m JE & 10m & OFREC
FNEN 19, 23, 21, 21 EANCEE e o7z, 2
B D OTS # BLAST R L7c & 2 A, EERD S
costatum & —EHTHDODLONH O, T EE
D Ostreococcus sp. ik ¥ ¥8 Bathycoccus prasinos.,
Pyramimonas sp & = WRFEINMEZ 7RI H ONFRD 5
iz, ZaLLIF D OUT OEHIIRE;# CRIMDOA
YoRH EDBEBRLNRD D Z ENTE o7,
INHOREFRIFD7 L b psbA T NN—a—
DNA & U T Z OO BRI CE I FTRE R 12 & D
TR DIEROEREN 2N L AR LTV, F2,
B2 BAMEEEIZR L CRO 7o FITiE, TS R
MORBINTZT T o BB EITER O b
Mmolz, TIUTH D BT EOHEE CHEIE Sz T
YT arNTib OfE L mWEEEEZ R LT DL,
F\ T2 psbA FEIKOELHI 3 Z A RAGR & xS LT <
ZERBE LTV, EBZ IS ORI E W T
TE TR 2 BT D & RFBIT R E < 3RETH
Sz (M4), ZOREFITBEMETBILE S -k
BEOHLE EPRE O 2 BE L pshA fEHIK O 3 HALF
MO ROTRFED IS LI & &R LTz,
MiZBR ST S costatum \ZHOWT, BEERN O
DR (%) &R S 7= Bos O FE st H ELAE
(%) ZHigET 5 &, MIREBEN 5.6 025 65.4%F T
RELEETHOICK LT, BAIOSEEIL 17.3 15
8.9% LEEE, & 5|2, MIBENEVEZ R
FIPA 10m J& The IR ELHIOBEE 278 LT,
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WICHER TS EOT ) a 2G5 2 &N
B 50272 o7, AFZE TRV - DNA 8k (psbA)
X, MBS RAEARE B L2 2 & BRI
BT 27— 2 OEEPA 0 THDL Z LRI DN
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WER L DICEZDHZ LT, RFFED T a kLR
FIERHEE OMRNTIZHE ] C& D IHeME 2 R’ LT,

0.150
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o

3

X4, 7 7V 2 fRNTCR D BTz OUT B O AHEBEIR.
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-Characterization of Ferredoxins from the Photosynthetic
Bacterium Heliobacillus mobilis-

Atsushi Hatano!, Masaharu Kitashima®, Daisuke Seo?, Yusuke Kataoka®,
Tatsuya Kawamoto* ®, Hidehiro Sakurai®® and Kazuhito Inoue® >

Department of Biological Sciences, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa
259-1293, Japan

Division of Material Science, Graduate School of Natural Science and Technology, Kanazawa University,
Kanazawa City, Ishikawa 920-1192, Japan

Institute of Environmental Systems Science, Shimane University, Matsue City, Shimane 690-8504, Ja-
pan

Department of Chemistry, Faculty of Science, Kanagawa University, Hiratsuka City, Kanagawa 259-
1293, Japan

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

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

5
6

Abstract: Two ferredoxins, FdA and FdB, were purified from the photosynthetic bacterium
Heliobacillus mobilis. Their absorption spectra were typical of the 2[4Fe-4S] cluster with ab-
sorption peaks at 385 and 280 nm and with a shoulder at 305 nm. Fd-B was sensitive to oxy-
gen, and its A385 values decreased by about 50% in 2 hours at 4°C under aerobic conditions.
In contrast, A385 of Fd-A remained unchanged for up to 24 h under the same conditions. Cryo-
genic ESR measurements indicated that Fd-A had ESR signals around g = 2.05, 1.94 and Fd-B
around g = 2.05, 1.92. Both ferredoxins were fully reduced by dithionite at pH 8.0.

Keywords: iron-sulfur center, ferredoxin, ESR, metalloprotein
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éﬂéﬁﬁ%ﬁ?X&%(%S)%@l%kbfﬁ
OAEMED SN X X B D—> T, Fe-SIZ

2@@%@%&2@®MEE%#%@52R2WW
3EDOERIFF & 4 HOWE A7 5 72 3Fe-4S AL, 4

B DOERIF T & 4 E OISR 5 78 % 4Fe-4S I3
FET 2 Y, FAdIZFERAEY D bESEWE TR T
EL. %ﬁ@ﬁﬁﬁf B ARTER Y & L CEEE)
TELTWD Y, HAEBHIEA~Y A7 7Y T3S
7 LR E#é@ﬁﬁw%@ﬁ.f FHR
AFELE LT T U F7un 7 0 (BChl) g
ZF;o, BChlg 37 F I —LDABRDCOD3

Dz ur7 44 (Chl) a (ALZERREEMELCTN D 2,
FBBROCOSNMNDOTF YT LN, BB
TTHEMLEN Chla LR C=F L EICEHRm SN
%2 ~NUFRTF YT ORALF RIS AT
F IR AR & RROSMER TH Y | AlE
AL CTHD Fd E2HRITTHENTES Y, &
st/ Fd X Fd-NAD(P)* i#cE## (FNR) #4r LT
% NADMP)* |27 L NAD(P)H %4+ %, ZD
L9 R A E O~ A7 T TR, B AR
DRAFEATH T ) 37T V) T RERED AL
FOWENEE 2D LT, REBBREOIZESR ThH
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%40 RKEFFRIL S A DK HEN DS -
FX7 5V T T b Heliobacillus mobilis © 7> Fd
PHEEL, FOMWEEZALNNITAHZEAZHRE L
77

PR E 5Tk

AR & B st

H. mobilis (ATCC No. 43427) 1% American Type
Culture Collection &V AF L7z, 5i# 1T PYE 5Ht
Wz, FEREEHITT 7 U AV OBK Y v — (BBL
GasPak Anaerobic Systems, Becton Dickinson) W
X, Uy —NEICMEICE ENomEL IR
ANy 7 (THRasRy 7o rF = A{BF)
EHWTERE Lz, B LIEERSCHRRA Y ¥ —I%
HEUT DY (90 pE » m? - 1) 24T s 40°CT
s Oy

7z U F® ¥ v ohhih & R

TEHNCE LI BHRICE- BB IR E LTO06 M UF
+F A B % 500 pl iz 8,000 X g T 10 4y =
DL, WREE L LT, Zve £ )i 1,000
~ 1,400 kg * cm? T7 L' > F 7 L A&/ (Aminco)
filk B #%. 20,000 X g T 204y, &KW T, 160,000 X
g T 1R OmEOEI TV A EMER S 2 1570, WilRT
VE=T LE A0%EAFN & AR D Ko IS ATANE s
Mz, BELENL4CT2RREWEZ, %
20,000 X g, 20 4yfEhEL L. BIEIC, & SICHBET
VE=ULEINZ 80%FIFNE Lz, 4°CT—HrE
2%, ZiE 20,000 X g T 20 RO Uik A 15
7o LBt %V ED 50 mM Tris-HC1 (pH7.8) (ZV&i&
L. [FUREER CEITZITV, 7 v E=v L%
PR, Zhvd Fd it & Uiz, Fd ok, HiE,
R OBAEIINE 2 E R/ EH L7 8ixR v 7 ANT
TV, BEFZSNTICRF B T & ZITREEO R WA
R LT, ETHOWDRBEIR L & OWIRIZTT T
Pkt FE L, BRIV D T DI EHE
o L 7o R v 7 ANIZ 3 M@ W TR L T2,
BONZ, Fd MY % DEAE /v m—2 0 5 AIZ
237, 200 mM NaCl, & 51(Z 500 mM @ NaCl %5
i¢ DEAE fEfEiiZ CIAH S Fd 2 & ey 2 80,
RS (v hT 71U —4, Amicon) T4,
Sephadex G-50 7 7 LZHTF, 7V A IEFEER C R’
Bl L7, Fd Z&0E )% EDRM%Z, 2 M O
7= LEETe 50 mM TrissHCl (pH7.8) T
b LizsikitEr o~ v 7 Z 7 ¢ —HM % 7 2 Phenyl
Superose 10/10 (7 7 /L~ 7) (2 Fd W E#%. 2
~ 0 M DR T > =7 AOEARA R AL % FF
- 50 mM Tris-HC1 (pH7.8) IC L v iAH L=, &

H U725y 2 R4 A X0 BidE . 50 mM Tris
(pH7.8) T¥fifb L7=fz A A 22# % 7 2 Mono
Q10/10 (77~ 7) ICHESHE, 0~1M®D
NaCl O [H #j 8 72 & £ A Bic % £57-> 50 mM Tris-HCl
(pH7.8) IZX VI L, EEDBRIEM S L,

WL A X7 b L e ESR Z~X%Z7 bLOYSE
WL A~ 7 N VX 4y 6Ok BE EE (UV 2500 PC,
SHIMADZU) % vy, ESR A2 b LLiEis~Y
7 LEJE A E  (LES-LTR5X, JEOL) #3535 L
72 ESR 27 k)L A — % — (JES-RE2X, JEOL)
W=,

Wi L e

FHIRREIRIZ 40% BRI 72 5 K D IR T B =1
LEMZ, WEERER, S HIC 80%fafZe s X
IR T v E=U AN TELNZIEE V&
@ 50 mM Tris-HCl1 (pH7.8) IZ8E L. Zh A BT
LT LA b SET- 8 2 A, B -6
OREFRG Sz (FAdHMHY), FdfhH Y %
DEAE 7% 7 A2/ ) 200 mM @ NaCl % & i DEAE
PRER CIRH S B2 L 2 A, PR O M 53 25
L., &512 NaCl % 500 mM (235 LR EG
DI LTz, Z OMli4r% Sephadex G-50 77 7
LATHNABLIZEZ A, T HEWEAOME S LR
HKEOE NS LT, 209 LIEEEAOW Y 2 5E
% T Phenyl Superose 10/10 (Z7>F, 2~ 0 M Ofi
fe7 L& =7 L OERN) 2R E A & FF> 50 mM
Tris-HC1 (pH 7.8) Tl L& 2 A, Milg7
ST LABENOTME06MO L X2, HKE 380
nm (I ZE FFOB N ENF AR SN (K1),
2D 2 DDy A ALE R Mono Q 10/10 (2 &,

Fd A FdB

Asgs (wm)
/
|
=

D

g

23

\ m,‘%'
2

/

25 30 35 40

Elution volume (mL)

1. Bk a~ 777 4 =D O — 0 B
K7 v~ 27 7 ¢ — (Phenyl Superose 10/ 10, 7 7
N=T) ICREE, 2 ~0MORREET o E =7 LJEED
LAY 72 R BE ) Il 22 73 ) 72 50 mM Tris-HC1 (pH7.8) T
WL .
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550 250 350 450
Wavelength (nm)

2. FEHIX7- Fd OWIL A7 L.

250 350 450

0 ~ 1M ® NaCl OJREEAFL % £> 50 mM Tris-HC1
(pH7.8) T L., BAAOE S Z5-, K212
S D OWIL ALY M vERd, EhBDAN
7 ~L% 385 nm & 280 nm [V K Z . 300 nm
\ZJ8 Z#5> 4Fe-4S M Fd 2R 720 A~ 7 |
NV ER U, BT v = AJEEE 0.7 M CIEH
L72 Fd % Fd-A, 0.6 M CIAHHi L7z Fd % FdB & %
nEnm4 Lz, SDS-PAGE 2/ )72 2 A, FdA
H FdB ©#9 15 kDa T3> R S vz,

Fd OFRLER CIIaBEIC bz B S& 2R
LT E LT, ZHITHKMEDOME 26 O Fd 2
WIFRZ LS LORRESINTEY, ~U A4
N7 T VT O Fd bREREZEEFFORTREMEDN B 2
LNl Th D, Fd OMBEEZEEZTAIRD 7201,
FEBL L 72 Fd 3B O#% &K % 50 mM TrissHCl (pH
8.0). 300 mM NaCl I[ZZ&ZH#it%, 4CITIRE, 2R %
BRLIZBDO L, BRMIIR -T2 D DIZHON TN
FEEFHE O CTRIL AR RV EJIE LT, 8.3 uM
O FdA 222K & A%, 4 ‘CT 24 BEfE V723,
PRRSRIFICR 5 72 FAA LRI AR hVIZZETR D
niginot=, —J7. 9.7 uM @ FdB % A2 5 %
WRE, 4 CICEWTRINANYZ MLERIELRE L
A, ZERGRAE 2 R R 885 nm (IZB I AWK
AR L, 20 FCF /4 12 Lz (1), =
DFEFR D FAA X FE R METIX /20, FdB 1
MR TH D LS D, BBRIEZEE R
Fd Tit. 2% F T 4Fe4S 7 7 2 Z —3{b S .
3Fe-4S 7 7 A X — &L L, B BmEEEN KD

1. K7 =L R ORI

KR

SR ]
Oh 2h
Fd-A 0.25 0.25
Fd-B 0.30 0.15

A, 385 nm OWLIN & B2 HAME SN TND 7,
FdB D4 6285 F T 4Fe-4S 7 7 A X — )3t &
A 3Fe-4S 7 7 AL —IZZb L= b D L HEES LD,

ESR it Bl % 1 < Fd % 4 °C T 50 mM Tris-HCl
(PH7.8) TA > F a— &, REERFTHLE
ESR JE&#1T>7-, ZOFKMHFTIXEPR A7 kL
WCHEE R F VTR oo T, Wi, VF A
FA b5 mM FiesfE T CESR v/ EHIE
L7=& =%, FdA ® ESR A<7 FLi g=2.04,1.94
Tz 2 >0y 7 %R L, FdB Tk g=1.94
~ 192 fHFlc 1 >0y 7 F vzl (X3), FdA,
FdB 32 pH7.8 D&M FiIcBW TV F 4+ A T
BILEND Z ENbhotz, ZOWESMETIE, B
LB T ENLIT —400 ~ —500 mV (Z3ET 5 ® DT, [l
Fd & b2, ZOfPAORLETTE NN EZFF>EEZ XD
N5, ZOMEIE, Zi 5o Fd 258k A b2
SRS EF 2% L NADP ~B 12 niET 5
EWVHRIE L FJE L7,

ST NT T T REREONALT R T T K
i FRE PT00 22 Bt R L F —(Z K- Tl &
NIZBTFDRRIGOETZHRETH D Fa/Fs ~ L iniE
b, Fd 2 Fu/Fe #EGEBAE CTH H PsaC 12827
5 & FaFs B ETFFd O Fe-S I2{mnE X1, Fd
I% FNR DO f#1E{t. T NADP* %% ¢ L NADPH % /&

Fd-A

(a)
"\/\—\ «’/\//M‘_W_Am - i o PP\,

¢=2.05 g=1.94

®)

10mT

3. 7 = L ¥ D ESR A7 bL. (a) BRLIREE,
(b) TFAFA 5 mMIZ K DETIREE .
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Abstract: The fundamental properties of radiation such as alpha, beta, and gamma radia-

tion are systematically learned in the class of experimental physics prepared for students ma-

joring in physics every year. I think that the learning of accutate knowledge and correct han-

dling of radiation is ethically meaningful for students, especially those studying physics. This

paper briefly introduces education programs for radiation physics in classes of experimental

physics: experimental method in basic physics, experiments in physics I, and experiments in

physics II

Keywords: experiments in physics, radioactivity, radioisotopes, energy spectrum
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Abstract: Organic compounds containing carbon-metal bonds are called organometallic
compounds. Such compounds have been known and studied since the 19 century and have
been widely used for synthetic transformation in modern organic chemistry. Their many edu-
cational benefits could result in the use of reaction types and discoveries in undergraduate and
graduate classes in organic and organometallic chemistry. As the latter half of this approach,
this report deals with transition metals. Mond was a chemist and entrepreneur with an alkali
soda business. To improve the synthesis of alkali soda, i.e., the solvey method, he discovered
binary gaseous metal carbonyls Ni(CO)., with the same toxicity as KCN. The metal carbonyls
were applied to industrial reactions such as the hydroformylation (Oxo or Roelen syntheses) of
olefins using Co:(CO)s and Reppe synthesis of acrylic acid using Ni(CO). and acetylene. In the
chemistry of metal carbonyls, Reppe found that Ni-catalyzed acetylene oligomerization to yield
benzene and cyclotetraene (COT). First, metal carbene complexes were synthesized by Fischer
as derivatives of metal carbonyls. Wilkinson tried to isolate alkyl transition metal intermedi-
ates for Ziegler-Natta polymerization but, did not succeed because of the 8-H elimination reac-
tion. Therefore, he identified Pauson’s incorrect structure of biscyclopentadienyliron. He col-
laborated with Woodward to report the first sandwich structure of ferrocene (Cp:Fe). Fischer
also independently identified the same structure. This discovery of ferrocene (Cp2Fe) expanded
metallocene chemistry.

Keywords: transition metal compounds, metal carbonyls, metallocene, ferrocene
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Abstract: Organic compounds containing carbon-metal bonds are called organometallic
compounds. Such compounds have been known and studied since the 19 century and have
been widely used for synthetic transformation in modern organic chemistry. Their many edu-
cational benefits could result in the use of reaction types and discoveries in undergraduate
and graduate classes in organic and organometallic chemistry. The repeating growth reaction
of alkylaluminum with ethylene was discovered by Ziegler. An anomalous result was obtained
on one occasion. Instead of converting ethylene into a mixture of ethylene oligomer, its dimer,
i.e., 1-butene, was almost the only product. The promoter for this unexpected reaction was
eventually found to be a trace of nickel salts, which was accidentally mixed into the reaction
due to the use of an uncleaned metal autoclave after a hydrogenation experiment (Nickel ef-
fect). Since nickel salt could have such a marked influence on the course of ethylene with al-
kylaluminium, curiosity was aroused about the influence of transition metal salts. Ziegler and
his group finally found that salt of Ti markedly accelerated the growth reaction, leading to the
deposition of polyethylene. Natta found sterically controlled polypropylene with RsAl/TiCls in-
stead of RsAl/TiCls. Furthermore, he also found the polymerization of cyclic olefins with RsAl/
MoCls or WCls, but he misunderstood the reaction mechanism. Subsequent chemists disclosed
the correct reaction mechanism : olefin metathesis of a carbene intermediate. A similar mecha-
nism is applied as a Ziegler-Natta polymerization alternative to the insertion mechanism of
transition alkylmetals. This Ziegler-Natta catalysts (RsAl-TiCls/TiCly) open the reaction types
of transmetalation between typical elements/metals and transition metals, which develops into
a modern Ni-and Pd-catalyzed cross-coupling reaction. The Ziegler-Natta catalyst reaction of
butadiene and acetylene produced rubber as well as conduction polymer.

Keywords: transition metal comounds, metal alkylss, polymerization, metathesi
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: - 'l3th Internatlonal Symposmm —
onthe KanagawaUnrversny Natlonal Talwan Umversﬂy
' ~ Exchange Program

INVITED LECTURES

Akio Kawai (KU, Chemistry)
How Large Are Voids in lonic Liquids?

Wei-Ssu Liao (NTU, Chemistry)
Bioanalytical Chemistry with Chemical Lift Off Lithography

Satoshi Ishikawa (KU, Material and Life Chemistry)
Synthesis of Microporous Crystalline Mo-V-Oxide for Selective Oxidation

Lee-Chiang Lo (NTU, Chemistry)
Development of Chemical Probes Exploiting Quinone Methide
Chemistry for Biochemical Applications

Kentaro Suzuki (KU, Chemistry)
Self-Propelled Oil Droplet of Caged Fatty Acid toward
UV Light Source

Hong-Nong Chou (NTU, Fisheries Science)
From the Nature Revelation of Red Tides to the Inspirations of
Social Entrepreneurship

Emiko Maruta (KU, Biological Sciences)
Vegetation and Climate in Eastern Asia

Ja-an Annie Ho (NTU, Biochemical Science and Technology)
Biodegradable Nanodrug System for Cancer Therapy

SHORT SPEECHES

Toru Amakasu (KU, Chemistry)

Supramolecular Syntheses by Alkene Metathesis Reaction of
Polyalkenyl Compounds as Dynamic Covalent Chemistry

Chong-You Chen (NTU, Chemistry)
Self Standing Aptamers by an Artificial Defect-Rich Matrix

Masafumi Hanazuka (KU, Biological Sciences)

Purification and Characterization of Vitellogenesis-Inhibiting
Hormone (VIH) From Southern Rough Shrimp
Trachysalambria curvirostris

Yi-Te Chou (NTU, Biochemical Science and Technology)
Targeting Triple-ne atlve Breast Cancer with Aptamer-functionalized
Nanoformulations: A Synergistic Combined Treatment Using Photodynamic
Therapy and Bioreductive Therapy

WUmversny, SHC, Circum Hall
2 17 March 2018 9:20 - 17:30

“ Poster Session 12:10 -14:10 at Foyer
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Program
9:20 Opening Remarks
9:30 How Large Are Voids in Ionic Liquids?: Akio Kawai (KU, Chemistry)

10:05 Bioanalytical Chemistry with Chemical Lift-Off Lithography: Wei-Ssu Liao (NTU,
Chemistry)

10:40 Coffee Break

10:55 Synthesis of Microporous Crystalline Mo-V-Oxide for Selective Oxidation: Satoshi
Ishikawa (KU, Material and Life Chemistry)

11:30 Supramolecular Syntheses by Alkene Metathesis Reaction of Polyalkenyl
Compounds as Dynamic Covalent Chemistry: Toru Amakasu (KU, Chemistry)

11:40 Self-Standing Aptamers by an Artificial Defect-Rich Matrix: Chong-You Chen
(NTU, Chemistry)

11:50 Purification and Characterization of Vitellogenesis-Inhibiting Hormone (VIH)
From Southern Rough Shrimp Trachysalambria curvirostris: Masafumi Hanazuka
(KU, Biological Sciences)

12:00 Targeting Triple-negative Breast Cancer with Aptamer-functionalized
Nanoformulations: A Synergistic Combined Treatment Using Photodynamic
Therapy and Bioreductive Therapy: Yi-Te Chou (NTU, Biochemical Science and
Technology)

12:10 Poster Session/Lunch

14:10 Development of Chemical Probes Exploiting Quinone Methide Chemistry for
Biochemical Applications: Lee-Chiang Lo (NTU, Chemistry)

14:45 Self-Propelled Oil Droplet of Caged Fatty Acid toward UV Light Source: Kentaro
Suzuki (KU, Chemistry)

15:20 Coffee Break

15:35 From the Nature Revelation of Red Tides to the Inspirations of Social
Entrepreneurship: Hong-Nong Chou (NTU, Fisheries Science)

16:10 Vegetation and Climate in Eastern Asia: Emiko Maruta (KU, Biological Sciences)

16:45 Biodegradable Nanodrug System for Cancer Therapy: Ja-an Annie Ho (NTU,
Biochemical Science and Technology)

17:20 Closing Remarks
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