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Abstract: Increased commercial activity on the Internet and media industries demands
protection of multimedia contents. In this paper, we introduce a novel watermarking
method to embed QR codes in digital images. The method is based on discrete wavelet
transform (DWT).
particular bits of LL2 level coefficients of the selected block according to the visual masking
It has been shown that this method is robust for JPEG

compression and has good transparency. The embedded information can be extracted

The original image is divided into blocks, and QR codes are added to
effect of the human visual system.
correctly even if the images are compressed to 11% of the original according to the contents

of the images.
Keywords: QR code, watermark, discrete wavelet transform, human visual system, JPEG.

Introduction

As digital image technology and its applications
are growing quickly, digital images are now
widely distributed on the Internet and other
media 1?2, The start of digital broadcasting makes
it even more necessary to provide protection
mechanisms against unauthorized processing and
One of the most
difficult problems in digital video watermarking

the use of multimedia contents.

is watermark recovery from images with possible
perturbations, including, for example, degradation
due to noise or compression, transformation by
filtering, resampling, and other intentional or
unintentional operations 3®. The watermark
should be selected and be properly dealt with
such that it does not corrupt the visual effect of
the original image and is detectable only with
knowledge of the embedding secrets of the
original image.

QR Code is a type of 2-D (two-dimensional)
symbology developed by Denso Wave (a division of
Denso Corporation at that time) and released in
1994.
such as numeric and alphabetic characters, Kanji,

It is capable of handling all types of data,

Kana, Hiragana, symbols, binary, and control

codes. Up to 7,089 characters can be encoded in

one symbol. It has large Kanji- and Kana-holding
capability, and has error correction capability.
Data can be restored even if the symbol is partially
dirty or damaged.

In this paper, we describe a novel method to
embed the QR code into still digital images.
Most of the recent work in watermarking can be
grouped into two categories: spatial domain
methods, and frequency domain methods. Because
frequency domain methods have better robustness
than spatial domain, almost all techniques
embed watermarks in the frequency domain, such
as DCT and DWT 9 10,
against JPEG degradation of the watermarked

To increase robustness

image, we embed the watermark in low frequency
domains of DWT.
masking effects of the human visual system are

Simultaneously, the visual

considered to prevent the visual degradation of
the watermarked image.

In the next section, we describe the proposed
method in detail.

results demonstrating the high robustness of the

In Section 3, we provide

approach to JPEG compression. Concluding remarks
are in Section 4.

©Research Institute for Integrated Science, Kanagawa University
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Method

The original image is divided into a set of 4x4
blocks.
with Daubechie mother wavelet function. Water-

Each block is transformed into level two

mark signals are the embedded in the low
As the human
eye 1s more sensitive to changes in the simple

frequency domain of the blocks.

region of the image than the complex region,
which is known as the visual masking effect,
variations of the low frequency components are
checked for adjacent blocks to decide if they
should be used for embedding by the watermark
signals. To increase the robustness, a series of
binary codes of the double-sized QR code are used
as watermark signals.

Figure 1 shows two-level wavelet decomposition of
an image. The coefficients of the LL2 of the DWT
of the selected block will be used to embed the
After the LL2 component of
a block is transformed into a binary integer, a bit

watermark signals.

will be replaced by a binary integer taken from
the watermark series. The bigger the value of k,
the more robust the embedded watermark, while
the watermarked image obtained by reverse
wavelet transform may be degraded easier. In

this paper, k=5 was selected.

LL2 | LH2

LH1
HL2 | HH2
HL1 HH1

Fig. 1. 2D wavelet transform.

If the LL2 component of a block is represented
by X =(X,X),X5,0e0sX; , X;_15X;_5,..X, ), and the
watermark bit of the corresponding block is ¥,
then the kth bit of x will be replaced by y, and
the (k—1) th bit of x will be replaced by its
reverse value. The remaining lower bits are the
same as the kth bit, so the embedded LL2
component becomes X .

X =(X,%0, X550 Vs X5 Vs ))

In this way, the kth bit of the embedded information can
be protected from rounding errors of the decimal value.
Fig. 2 shows an example of bit embedding.

Fig. 2.  An example of bit embedding.

Results and Discussion

Using the method described above, a set of binary
series can be embedded in all divided blocks of the
image. Because the low frequency domain was
changed and usually the low frequency domain
has the most energy of the image so that small
changes to this band may induce serious degradation
of the watermarked image, it is necessary to make a
trade-off between the invisibility and detectability
Fig. 3 and 4 show

watermarked images embedded using the bit

of the watermarked image.

series obtained from the QR code shown in Fig. 5.
We can hardly see a difference between Fig. 3(a)

(c) Enlarged part of (a) |(d) Enlarged part of (b)

Fig. 3. An example of watermarking. (a) original
image, (b) watermarked image, (c) enlarged part of
(a), (d) enlarged part of (b).
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(a) Original image (b) Watermarked image

(c)Enlarged part of (a) |(d) Enlarged part of (b)

Fig. 4. Example of watermarking for an image with a
smooth area.

and Fig. 3 (b), but the difference between of Fig. 4
(a) and Fig. 4 (b) can easily be detected. To solve
this problem, we make the use of the human
visual masking effect, and compare the low
frequency components of neighboring blocks. If
the differences of low frequency components of a
block are not as big as those of neighboring blocks,
the information will not be embedded in that
block. The sum of the horizontal and vertical
differences will be compared with a threshold so
as to pick out the blocks to be embedded. Fig. 6
showed the improved results with the original
image showed in Fig. 4 (a). Fig. 6 (a) is corre-
sponded to Fig. 4 (b), and Fig. 6 (b) to Fig. 4 (d).
The watermark can be extracted through the
following steps. (1) The host image and probably
corrupted watermarked image are divided into
4x4 blocks in the same way. (2) Each block
undergoes 2nd level discrete wavelet transform,
and then the low frequency component of the
block is compared with neighboring blocks. (3) If
the sum of the horizontal and vertical variances
of the value is bigger than a previously defined
threshold, the kth bit of the value will be
extracted as one of the watermark bit series. (4)
The extracted bit series are rearranged into QR

DWT-Based Watermarking Using QR code 5

s

n
[x
u

QR code of Kanji
characters

(RAFFEE)

Fig. 5. Example of a QR code.

(a) Watermarked image

(b) Enlarged part of (a)

Fig. 6. Improved result.

Fom

B o0

Fig. 7. Recover QR code by designation.

Compression rate 1

0.62% (Quality 66)

e | [=

|- ] -'\.\_. p—

B L3 e o iy Ll
Recognizable Recognizable

Compression rate 1

0.50% (Quality 65)

™
PR

O
[ox
O]

Unrecognizable

Recognizable

Fig. 8. Tolerance to JPEG compression.
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code binary images, which will be read by the QR
code recognizer.

To raise the robustness for the watermarked
image to JPEG compression, we firstly double the
size of the QR code image, and then use the
binary bit series of the image as the embedding
After the embedded bit series are
extracted, they are represented by double-sized

message.

QR codes, and then a designation method is used
to recover the corrupted bits.

Finally, the QR code of original size is used to
show the real signature message.

As shown in Fig. 7 double-sized pixels in the
extracted QR code are used to recover the original
Because the four pixels
of the
watermarked image, if more than three of them

QR code by designation.
are extracted from different Dblocks

are wrong, the finally extracted bit may be wrong.
This method enhanced the robustness of watermark
detection.

The efficiency of the method was checked by
lenna, mandrill and a landscape picture of
512x512. A QR code representing the affiliation
of one author was used as the signature message.
Fig. 8 shows the tolerance of the watermark
General UNIX
commands of ¢jpeg and djpeg are used to compress

method to JPEG compression.

and decompose the watermarked images. The
compression rates and compression quality can be
The threshold was
selected appropriately so that over 3364 blocks
can be used to embed the bits of the QR code.

controlled by parameters.

Conclusion

In this paper we propose a robust method of
embedding QR code into the DWT domain of
divided blocks of the still image.
method is highly robust to compression and

The proposed

additive noise. The signature message of the bit

series is embedded in a fixed position (kth) bit of
the LL2 value, which is unfavorable for main
raining the security, but this can be improved by
introducing a random key to dynamically change
the value of k in a scope.

Future work will concentrate on making the
method more practical by modifying the technique
such that the host image is not required to provide
over 4000 blocks to embed the watermark.
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Abstract:
microtubule-associated protein (MAP) 4 variant, with a deletion in the Pro-rich region
(MAP4-SP), was lower than that of a variant with a full length Pro-rich region (MAP4-LP).
However, it remained unclear whether the deletion of the specific site in the Pro-rich region

We previously reported that the microtubule-stabilizing activity of a

is responsible for the reduction of the microtubule-stabilizing activity. To answer this
question, we examined the microtubule-stabilizing activities of four different MAP4
variants, MAP4-SP, MAP4-LP, and two additional MAP4-LP variants lacking a part of the
Repeat region, and considered the correlation between the activity and the structure.
When microtubules assembled in the presence of each of the MAP4 variants were treated
with nocodazole for disassembly, the MAP4-SP-induced microtubules were significantly less
stable than the other variant-induced microtubules. Another set of experiments, in which
the microtubules were allowed to disassemble by dilution, yielded similar results: the

MAP4-SP-induced microtubules were significantly less stable than the other variant-induced

microtubules.

The results clearly indicated that the microtubule-stabilizing activity of

MAP4 depends on the specific, alternatively spliced site in the Pro-rich region.

Keywords® microtubule, microtubule-associated protein 4 (MAP4), Pro-rich region,

microtubule stability and dynamics, alternatively splicing

Introduction

Microtubule-associated protein (MAP)* 4, which is
known as a ubiquitous MAP, plays important
roles in the dynamic functions of microtubules in
vivol2. MAP4 consists of an amino-terminal

projection domain and a carboxyl-terminal micro

*Abbreviations: MAP, microtubule-associated protein;
Pro-rich, proline rich; SP, short Pro-rich; LP, long Pro-rich;
SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel
electrophoresis; RB, reassembly buffer; LPAsT, MAP4
fragment containing the long Pro-rich region, the Repeat
region with three AP sequences, and the Tail region; LPA4T,
MAP4 fragment containing the long Pro-rich region, the
Repeat region with four AP sequences, and the Tail region;
LPAsT, MAP4 fragment containing the long Pro-rich region,
the Repeat region with five AP sequences, and the Tail region;
SPA;T, MAP4 fragment containing the short Pro-rich region,
the Repeat region with five AP sequences, and the Tail region.

tubule-binding domain, with the latter further
divided into the proline rich (Pro-rich) region, the
We have
cloned several MAP4 variants generated by
their
We recently reported that the micro-

Repeat region, and the Tail region?.

alternative splicing, and examined
functions39®.
tubule-stabilizing activity of a neural variant of
MAP4, with a deletion in the Pro-rich region
(MAP4-SP), was lower than that of the full length
version (MAP4-LP), both in vitro and in vivoD.
Nguyen et al (1997) reported that the over-
expression of intact MAP4 stabilized cytoplasmic

microtubules and slowed down cell growth,

©Research Institute for Integrated Science, Kanagawa University
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without inducing mitotic arrest or cell death?.
The expression of MAP4-SP, which

competent 1in

is less
stabilizing microtubules, may
facilitate the elaborate regulation of microtubule
dynamics in a living cell. Since the expression of
the MAP4-SP variant is restricted to neural cells?,
we suppose that the variant may contribute to the
dynamic behaviors of neural cells in particular?.
Although it is evident that MAP4-SP has lower
microtubule-stabilizing activity, it still remains
unclear whether the deletion of a specific site in the
Pro-rich region is responsible for the reduction in
the activity, since we have compared only limited
In addition, the
microtubule-binding domain fragment of MAP4-LP

numbers of MAP4 variants?.

used in the experiment bundled microtubules, while
that of MAP4-SP did not?; therefore, the accurate
assessment of the microtubule-stabilizing activity
may have been hampered by the formation of
microtubule bundles.

In this study, we examined the microtubule-
stabilizing activity of four types of MAP4 variants,
including MAP4-SP. Since the polypeptide length,
the net charge, and the microtubule bundling
activity differed among these variants3#¥, we expected
that a careful examination of these variants would
reveal the factor responsible for the reduction in the
microtubule-stabilizing activity. The results showed a
strong dependency of the microtubule- stabilizing
activity on the alternatively spliced site in the
Pro-rich region.

Materials and Methods

Microtubule-binding domain fragments of the
MAP4 variants were purified from FEscherichia
coli cells expressing the fragments, as described
previously34. Porcine brain tubulin was prepared
by the standard method8?.
were determined by the method of Lowry et all9,

Protein concentrations

using bovine albumin as the standard. Sodium
dodecyl sulfate-polyacrylami-de gel electrophoresis
(SDS-PAGE) was carried out according to the
method of Laemmli'?, using 10% gels.

Microtubule stability assay

The microtubule-stabilizing activity of the MAP4
variants was analyzed as described previously?.
Tubulin (15 uM) was polymerized in the presence

of the MAP4 variants (2 uM) in reassembly buffer
(RB: 100 mM 2-morpholinoethanesulfonic acid,
pH 6.8, 0.1 mM ethylene glycol-bis(B-aminoethyl
ether)-N,N,N’N’-tetraacetic acid, and 0.5 mM
MgCly) containing 0.5 mM GTP, at 37°C for 30
min. The samples were treated with nocodazole
(50 pg/ml) or were diluted 10-fold by adding
pre-warmed RB. After a 10 min incubation, the
treated samples and the untreated control sample
were centrifuged at 16000 x g for 30 min. The
pellets were resuspended in the original volume
of RB. The supernatant and the pellet solutions
were supplemented with a set volume of
SDS-PAGE loading buffer, and a 15 ul aliquot of
each sample was analyzed by electrophoresis on a
10% gel.
gels were prepared from three independent ex-

For quantitative analysis, representative
periments. The amounts of tubulin on the poly-
acrylamide gels were quantified by image

analysis (NIH image, NIH, USA).

Results

Preparation of the Proteins

In this study, we used four MAP4 fragments (Fig.
1A), each corresponding to the entire microtubule-
binding domain of one of the MAP4 variants34.
Three of the four fragments contain the intact
Pro—rich region (LPAsT, LPA4T, and LPAsT), while
the other has a deletion in the region (SPAsT).
The fragments were renamed to show the length
of the Pro-rich region explicitly. LPA5T, LPA4T,
LPAsT, and SPAsT correspond to the former PAsT,
PALT, PAsT®, and SP%, respectively. The MAP4
fragments and the tubulin were purified to
homogeneity (Fig. 1B).

Stability of microtubules assembled in the
presence of the MAP4 variants

To assess the microtubule-stabilizing activities of
the MAP4 variants, we examined the resistance
of microtubules against disassembly induced by
the addition of nocodazole or dilution, as de-
scribed previously?. Microtubules assembled in
vitro in the presence of the MAP4 variants were
treated with nocodazole or were diluted with
pre—warmed RB, and then the samples were centri-
fuged to recover the microtubules remaining in the

pellet fractions. Fig. 2 shows the percentage of the
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Fig. 1. Schematic structures of the microtubule-
binding domain fragments of MAP4 variants, and
SDS-PAGE patterns of the proteins used in this
study. (A) Schematic structures of intact MAP4,
LPA5T, LPA4T, LPAsT, and SPAsT. The numbers
in parentheses indicate the amino acid positions
of intact MAP4. (B) SDS-PAGE of the purified
proteins. Lane M is the molecular mass markers:
bovine serum albumin (69 kDa), porcine tubulin
(50 kDa), and rabbit actin (42 kDa). Lane 1,
porcine tubulin; lane 2, LPA3T; lane 3, LPA4T;
lane 4, LPA5T; lane 5, SPAsT.

amount of sedimented tubulin in each sample
relative to that of each untreated sample (100%).
The SPA5sT-induced microtubules were clearly less
resistant to nocodazole treatment than the LPAsT
induced microtubules (Fig. 2A). Although the LPAsT
and LPAsTinduced microtubules were also more
susceptible than the LPAsT-induced microtubules,
the effect was not as pronounced as that on the
SPAsT-induced microtubules. The same is true
of the dilution experiment (Fig. 2B). The
SPAs;T-induced microtubules were much less
stable than any of the MAP4-LP variant (LPAsT,
LPA4T, and LAP5T)-induced microtubules. The
results clearly indicated that the SPAsT-induced
microtubules are less stable, and in other words,
more dynamic. The dilution was more effective
than the nocodazole treatment in depolymerizing
the SPAsT-induced microtubules: The percentage

Pro-rich region of MAP4 rules microtubule dynamics 9

Nocodazole

100 |
80
60

40

20F

Percent tubulin in the MT pellet

Dilution

100

80F

60I

40

Percent tubulin in the MT pellet

5 & &
X’ Xt X X
§ &5 s

Fig. 2. Stability of microtubules assembled in the
presence of the MAP4 variants. Tubulin (15 pM)
was polymerized in the presence of each MAP4
variant (2 uM). The samples were supplemented
with 50 pg/ml of nocodazole (A) or were diluted
10-fold by the addition of pre-warmed RB (B).
After a 10 min incubation, the treated samples
were centrifuged. The amount of pelleted tubulin in
each sample was quantified, as described in the
Materials and Methods, and the results are
presented as the percentages of the untreated
sample (100%). Data are averaged from three
independent experiments. Error bars denote S.D.s.

of microtubules remaining was 35% in the diluted
sample, while it was 54% in the nocodazole-treated
sample. Meanwhile, the two treatments showed
similar effects on the depolymerization of the other

three fragment-induced microtubules.

Discussion
In this study, we revealed that the microtubule-
stabilizing activity of MAP4 strongly depends on

the specific site in the Pro-rich region. Although
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a deletion within the Repeat region also affected
the stability of the microtubules against nocodazole
treatment and dilution, the effect was only marginal,
as compared with the deletion within the Pro-rich
region.
Protein-protein interactions are generally
affected by the polypeptide length and the charge!?.
Although we previously reported the modulation of
the microtubule-stabilizing activity of MAP4 by a
deletion in the Pro-rich region®, it still remained
unclear whether the primary factor in the re-
duction of the microtubule-stabilizing activity
was the deletion of the specific sequence in the
Pro-rich region or simply the length and/or the
charge of the polypeptide. To address this issue,
we prepared four MAP4 variants with different
polypeptide lengths and net charges in this study.
Table 1 summarizes the parameters of the MAP4
microtubule-binding domain fragments used in
this study. The data in the table show that all
three of the parameters (length, net charge, and
bundling activity) of SPAsT, in addition to the
deletion in the Pro-rich region, are different from
those of LPAsT. Apparently, it is difficult to
specify which factor is dominant in lowering the
activity of SPAsT. In fact, the microtubule-stabi-
lizing activities of LPAsT, LPA4T and LPAsT
decreased in that order, which correlates well with
the order of the three parameters, raising the
possibility that the low microtubule-stabilizing
activity of SPAsT is associated with a general length
and/or charge effect, and is not specific to the
alternative splicing in the Pro-rich region. However,
the activity of SPAsT is much less than those of
the others. Especially, the difference in the activity
between SPAsT and LPAsT should be noticed.
The polypeptide length of SPA5T (448- amino acid
residues) is similar to that of LPAsT (451-amino
acid residues), and their net charges are the same
(+41). In addition, both fragments lack microtubule
bundling activity34. Despite these similarities,
the microtubule-stabilizing activity of SPAsT was
significantly lower than that of LPAsT, indicating
that the difference in the microtubule-stabilizing
activity does not depend on the polypeptide length,
net charge, or microtubule bundling activity. In
other words, MAP4 regulates its microtubule-
stabilizing activity by alternatively splicing a

Table 1. Parameters of the microtubule-binding
domain fragments of MAP4 variants.

LPAsT LPA4sT LPAsT SPAsT

Variant names

Length [a. a.]2 451 489 520 448
Net charge? +41 +46 +52 +41
Bundlinge® + ++ -

Nocodazole [%]d 69+ 20 79+25 89+ 19 54+ 15
Dilution [%]e 70+25 79+15 84 +19 35+9

abLength and Net charge of MAP4 fragments,
calculated from amino acid sequence data.
cBundling activities reg)orted by Tokuraku et al®
and Matsushima et al?.
deMicrotubule—stabilizing activities from Figure 2.

specific site in the Pro-rich region.

Why is the microtubule-stabilizing activity of
MAP4 reduced by the absence of a part of the
Pro-rich region? Intact MAP4 enhances the rescue
frequency without decreasing the catastrophe
frequency, and reduces the shortening lengths13.14),
Mandelkow et al1® found that the tips of shrinking
microtubules have the protofilaments coiled inside
out, and concluded that the protofilaments of shrink-
ing microtubules peel outward, and consequently,
the microtubules rapidly depolymerize (Fig. 3A).
According to our hypothesis'®, the Pro-rich region
of MAP4 facilitates the lateral association of
If so, then the
shrinking of a microtubule will stop at the
MAP4-bound region (Fig. 3B), and it subsequently
will be rescued. The microtubule- stabilizing
activity of the MAP4-SP fragment (SPAsT) was

protofilaments by bridging them.

A B

Fig. 3. Schematic illustration of disassembling
microtubules in the presence or absence of MAP4
variants. (A) The first step in microtubule
disassembly is the coiling of the protofilament tips.
Consequently, the lateral bonds between them are
disrupted; after that, they peel off, and subsequently
break apart. (B) MAP4-LP enhances the lateral
association of protofilaments by bridging them;
therefore, the disassembly does not proceed over
the MAP4-bound region because the peeling is
blocked by the bridging. (C) The short Pro-rich
region cannot bridge the adjacent protofilaments
efficiently enough to stop the disassembly. PD,
R, LP, and SP indicate projection domain, Repeat
region, long Pro-rich region, and short Pro-rich
region, respectively.



K. Tokuraku et al:

significantly lower than those of the other
MAP4-LP fragments (LPAsT, LPA4T, LPAsT),
suggesting that the region essential for the
protofilament bridging activity is missing in the
MAP4-SP variant (Fig. 3C).
which the missing sequence contributes to the

The mechanism by

bridging will be clarified by further experiments.
MAP4 variants are derived from a single gene

by alternative RNA splicing?. The expression of

these variants depends on the tissue types and
the developmental stages+1”. As reported by
Matsushima et al¥, the expression of the MAP4-
SP variant, which lacks part of the Pro-rich

region, was restricted to neural cells?. Since we

demonstrated that the structure of the Pro-rich
region dictates the microtubule-stabilizing activity
of MAP4 in this study, it is quite possible that this
variant contributes to the dynamic behaviors of
neural cells, as speculated previously?.
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Abstract: We previously reported that Ralstonia pickettii T1, a bacterium growing on
extracellular poly-3-hydroxybutyrate (PHB), have two 3-hydroxybutyrate dehydrogenases
(BDH1 and BDH2).
exchange column chromatography, it was shown that a novel BDH besides BDH1 and BDH2
The third BDH (BDH3) was partially purified by column
chromatography, and the enzyme had the N-terminal amino acid sequence different from
those of BDH1 and BDH2. In Southern blotting with AdAZ2 as a probe, bdh3 was detected
and cloned, and the purified gene product of bdhS3 expressed in Escherichia coli showed
higher specific activity than those of BDH1 and BDH2.

Keywords- 3-hydroxybutyrate dehydrogenase, poly-3-hydroxybutyrate, Ralstonia pickettil

By analysis of knockout mutants of bdhl or bdhZ2 using anion-

was present in K. pickettii T1.

T1

Introduction

Poly-3-hydroxybutyrate (PHB) is a natural biode-
gradable polymer that is biosynthesized and
accumulated as an internal reserve of carbon and
energy in many microorganisms 9. In bacteria,
it has been believed that 3-hydroxybutyrate
dehydrogenase (BDH; EC 1.1.1.30), which catalyzes
the oxidation of 3HB to acetoacetate or the reverse
reaction, 1s involved in the metabolism of 3-
hydroxybutyrate (3HB) as degradation products of
intracellular or extracellular PHB. However, most
studies on bacterial BDHs have reported on their
biochemical properties 717, but not on the physio-
logical property.

In a PHB-accumulating bacterium Shinorhizobium
melilot, it was reported recently that the expression
of the transcriptional fusion gene bdh-lacZ was
associated with the growth phase, when the
expression level increased from the lag to log
phase and leveled off at the stationary phase 1.
In addition, a bacterium growing on extracellular
PHB, R. pickettii T1, had a substantial BDH
activity in growth on various carbon sources, such

as nutrient broth, succinate, and citrate as well as
3HB and PHB as carbon sources 9. In summary,
it is not necessarily true that BDH works only to
utilize 3HB.

In this study, we report the characteristics of a
novel BDH (BDH3) isolated from bdh2 mutant of
R. pickettii T1.

Materials and Methods

Strains, plasmids, and cultivation conditions
Ralstonia pickettii T1 (BBCM/LMG 18351) was
in nutrient broth (NB) (Difco
Laboratories, Sparks, Md.), and the cultures were

precultured

inoculated into a minimal medium (MM; 11.6 g/l
Na:HPO412H20, 4.6 g/l KH2PO4, 2.0 g/l NH4Cl,
1.0 g/l MgS04-7H20, 0.2 g/l FeCls-6H20, and 84
uM CaCls-2H:20) 20 with a carbon source and
ampicillin (Ap; 50 pg ml™?) which was incubated
at 30°C for 24 h. bdh mutants of R. pickettii T1
were cultured in NB or MM with a carbon source
plus Ap (50 pg ml™?) and chloramphenicol (Cm; 34

pug ml1). Escherichia coli strains were cultured

©Research Institute for Integrated Science, Kanagawa University
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at 37°C overnight in Luria-Bertani (LB) medium
with Ap (50 pg ml™), Cm (34 pg ml?), and/or
tetracycline (Tc; 10 pg ml?) when necessary.
pUC19 (Takara, Kyoto, Japan), pET23b (Novagen,
Madison, Wis.), and pZJD2 2V were used for
cloning, expression, and construction of knockout
mutants, respectively.

Enzymatic assay, protein assay, electrophoresis,
and immunoblotting

Enzyme activity of BDH3 was measured in the
presence of 0.5 mM NAD* and 3 mM D(-)-3HB in
10 mM Tris-HC1 (pH 8.0).
was determined with bovine serum albumin
(BSA) as a standard 22,
polyacrylamide gel electrophoresis (SDS-PAGE)

Protein concentration
Sodium dodecyl sulfate-

was performed according to the method of
Laemmli 23, and immunoblotting was carried out
with a transfer buffer (25 mM Tris-HCI [pH 8.3],
192 mM glycine, and 20% [v/v] methanol) using a
(Bio-Rad; CA, USA)
according to the method of Towbin 24,

semi-blotter Hercules,

Analysis of bdh1 mutant and bdh2 mutant

To construct bdhl mutant (AbdhIl) and bdh2
mutant (Abdh2) of R. pickettii T1, suicide vectors
(pZJDT11 and pJZDT12) were prepared. The
bdh mutants were constructed by homologous
recombination according to the methods of Simon
et al2®. The internal sequence of bdhl or bdh2
was amplified from template pTB118 (pUC19
carrying a 1.8-kb BamHI fragment containing
bdh1) and pTB215 (pUC19 carrying a 1.5-kb PsA
containing bdh2), and the PCR
fragments were inserted into pZJD2 to yield
pZJDT11 and pJZDT12. The primers used were
5-ATGCAGCTCAAAGGAAAGTCC-3’ and 5-GG-
TGGCCTGGTTGACGGACGCCTC-3 for bdhi
and 5-ACATGAGCAAGGCATCGGA-3 and 5-G-
TTCTTCTGCCGCATGCCG-3’ for bdh2.

R. pickettii T1 wild type, Abdhl, and Abdh2
were precultured in NB overnight, and then
inoculated into 500 ml of MM with 0.15% (w/v)
PHB as a sole carbon source. The cells were
cultured at 30°C for 24 h, except that Abdhl
needed 48 h to obtain the minimum necessary cell

fragment

weight, and harvested by centrifugation. The
pellet was resuspended with 5 volumes of buffer A

(20 mM Tris-HCI [pH 8.0] and 20% glycerol), and
sonicated. The cell extracts were applied to a Q
Sepharose Fast Flow (FF) column (5 x 3 cm; GE
Healthcare, Buckinghamshire, UK) equilibrated
with buffer A. After a wash with buffer A, BDHs
were eluted and separated with a linear NaCl
gradient (0-0.2 M, 500 ml) in buffer A. Active
fractions were collected, and the total activity of
BDH(s) of each peak was determined.

Purification of BDH3 from AdAZ mutant

Abdh2 was cultured at 30°C for 24 h in 5 liters of
MM with 0.15% (w/v) PHB, and the cells were
harvested by centrifugation. The pellet was re-
suspended with 5 volumes of buffer A, and
sonicated. The cell extracts were centrifuged at
15,000 x g for 40 min at 4°C, and the supernatant
was applied to a Q Sepharose FF column (5 x 5
cm; GE Healthcare) equilibrated with buffer A.
After a wash with buffer A, BDHs were eluted
with a linear NaCl gradient (0-0.2 M, 500 ml) in
buffer A. Active fractions (180 ml) were mixed
with 20 ml of 1 M Tris-HC1 (pH 8.0) and 53 g of
ammonium sulfate, and applied to a TOYOPEARL
phenyl-650M (1.5 x 6 cm; Tosoh, Tokyo, Japan)
equilibrated with buffer B (0.1 M Tris-HCI [pH 8.0],
20% glycerol, and 2 M ammonium sulfate). After
a wash with buffer B, the enzyme was eluted with
a linear ammonium sulfate gradient (2-0 M, 200
ml) in buffer B. Active fractions were dialyzed
against buffer C (20 mM phosphate [pH 7.0] and
20% glycerol) for 4.5 h, and applied to a red-
Sepharose CL-4B column (1.5 x 7 cm) 17 equili-
brated with buffer C. After a wash with buffer C,
the enzyme was eluted with 20 mM phosphate
buffer (pH 7.0) with 20% [v/v] glycerol, 1 mM 3HB,
and 0.5 mM NAD+.
C, the enzyme was stored at —20°C.

After dialysis against buffer

Cloning of bdh3 and purification of gene product
of bdh3 expressed in E. coli

To clone bdh3, Southern hybridization was
performed with a [a-32P]-labeled AdhZ as a probe
The bdh2
fragment (798-bp) was amplified from pETT12 as
a template with primers: 5-ATATATACATATGC-
TTAAAGGCAAGACGG-3 and 5-TCGGATCCTA-
TTGCGCGAACCAGCC-3. A4.2-kbp Pstl fragment,

according to standard techniques 26,



M. Takanashi et al: Novel 3-hydroxybutyrate dehydrogenase 15

including bdh3, was isolated and inserted into the
cloning vector pUC19 digested with Psfl. The
resultant plasmid (pTB342) was digested with
BamHI and Psi, yielding pTB319 carrying a
1.9-kbp BamHI-Pstl fragment, including bdhS.
The nucleotide sequence of bdA3 and the adjacent
regions was determined, and analyzed with the
GENETYX-WIN/ATSQ (version 5.1; Software
Development, Tokyo, Japan).

To overexpress bdh3 in E. coli, bdh3 was
amplified from pTB319 as a template with primers:
5-CCGGATCCCATATGACTACCACCC-CCTCTGC
CGCC-3 and 5-CCGGATCCTTACTG-
CGCGGTCCAGCCGCCGTC-3. The PCR products
were inserted into the expression vector pET23b
to yield pETT13. E. coli BLR (DE3)/pLysS
(Novagen) harboring pETT13 was cultivated at
37°C to reach the optical density at 600 nm of 0.3
to 0.5. The expression of bdh3 was induced with
the addition of isopropyl-B-D-thioga-
lactopyranoside (final 0.1 mM), and cultured at
18°C overnight.
centrifugation, and resuspended with 5 volumes

The pellet was harvested by

of buffer A, and then sonicated. The supernatant
was applied to a TOYOPEARL DEAE-650M [2.5 x
3.5 cm; Tosoh] and a red-Sepharose CL-4B [5 x 8
cm]), and the gene product was purified according
to the procedures described previously 19.

The nucleotide and amino acid sequence data
reported in this paper have been submitted to the
EMBL/GenBank/DDBJ nucleotide sequence data-
bases under accession number AB330992 for
bdh3 of R. pickettii T1.

Results

Isolation of BDH3 from bdh2 mutant and
characterization of BDH3

R. pickettii T1 wild type, Abdhl1, and Abdh2 were
grown on MM with PHB, and BDH1 and BDH2
were speparated with anion-exchange column
chromatography (data not shown).

In the wild type, two peaks of BDH activity
appeared at approx. 0.1 M and 0.15 M of a
linear NaCl gradient (0 to 0.2 M). The two peaks
were termed peak (I) (BDH1rpr1) and peak (II)
(BDH2rpr1). AbdhI had peak (II), but did not
peak (I), whereas Abdh2had the two peaks like in
the wild type.

To identify the BDH of peak (II) in AbdhZ, the
enzyme was partially purified. The protein
showed a subunit molecular mass of approx. 28
kDa on SDS-PAGE, which differed from that of
either BDH1grpm (31 kDa) or BDH2rpm (31 kDa)
The BDH partially purified
had 630 units mg™! of specific activity, which was
higher than BDHlgyr1 (180 units mg™) and
BDH2rpr1 (85 units mg™!) (Table 1) 9. The
N-terminal amino acid sequence of the BDH
besides BDHI1grpm 1n Abdh2 was determined
chemically to be MTTTPSAAPLA-
GKTALVTGSTSGIGLGIAK, whose sequence
differed from BDH1rpr: and BDH2rpr1 19.

(data not shown).

Cloning and genetic properties of hdh3

To clone the gene of a novel BDH (BDH3), Southern
blotting was carried out with the DNA fragments of
bdh2 as a probe (Fig. 1). In addition to the
strong signal bands of bdh2 (at 3.8 kbp in the
BamHI-digest; at 1.5 kbp in the Ps-digest), a
weak signal band at 4.2 kbp in Pst-digested was
observed. The DNA fragment of 4.2 kbp was
inserted into pUC19, and cloned by colony
hybridization with bdA2 as a probe.

The cloned Pstl fragment (4,217 bp) contained
an open reading frame (ORF) of 795 bp (72% G+C
content) that coded for 264 amino acid residues
whose predicted molecular weight was 26,910.
The amino acid sequence deduced from the ORF
had a putative N-terminal coenzyme-binding motif
(GxxxGx(G) and putative active-site residues (Seriss,
Tyris2, and Lysise with the numbering of alcohol
dehydrogenase from Drosophila melanogaster
[AF175211]) conserved in many dehydrogenases 27.

The amino acid sequence of BDH3 had 39%
identity with BDH1 (AB239333), 66% identity
with BDH2 (AB239334), and 50-70% identity
with BDHs from other bacteria. BDH3 showed
greater similarity with BDH2, but less similarity
with BDH1.

Purification of the gene product of bdh3 from E.
coli

bdh3 was expressed in FE. coli, and the gene
product (BDH3ge) was purified by two steps of
column chromatography. The specific activity of
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Table 1. Partial purification of BDH3 from bdh2 Table 2. Purification of the gene product of bhdhS3
mutant? expressed in F.coli?
Tofca}l Tota} Spe‘m‘flc Yield To.ta.ll Tota.l Spe“m‘flc Yield
Step activity  protein activity %) Step activity protein activity %)
(8)) (mg) (U mg™) ° (9)) (mg) (Umg™ ’
crude crude
1.1 1
extractb 770 680 00 extract 34000 1200 28 100
Sepharose 630 160 3.9 100
Q Sep DEAE 37000 94 390 110
phenyl 620 49 13 98 650 M
650-M red-
o Seoh 37000 30 1200 110
e 490 0.78 630 78 e — : :
Sepharose 2 The enzyme was purified with 2.0 g in wet weight of Z.

a BDH3 was purified from 37 g in wet weight of bdh2
mutant cells.

b Cell extract contained BDH1 (130 units), which was
separated from BDH3 by a linear NaCl gradient (0-0.2
M) in a Q Sepharose FF column.

I
5
A

Pstl

3.8kbp > AR T L 42 Kkbp

(bdh2)
.
é
“ <« 1.5 kbp
. (bdh2)
Fig. 1. Southern blotting to clone bdhA3. Chromosomal

DNA of R. pickettii T1 digested with BamHI- or Pstl was
blotted on the nylon membrane, and hybridized with
bdh2 fragment as a probe. Arrows indicate the
positions of bdhZ2 and bdhS.

the purified BDH3geo (1,200 units mgl) was
higher than those of BDH1ge (450 units mg™1)
and BDH2kc (360 units mg™!) purified from £. coli
(Table 2) 19
lar mass of approx.

BDH3Ee showed a subunit molecu-
28 kDa on SDS-PAGE (data
not shown), corresponding to that of BDH3grpr:.
The N-terminal amino acid sequence of BDH3Ec
corresponded to that of BDH3grpT1.

coli cells.

Discussion

We recently described that R. pickettii T1, a
bacterium growing on an extracellular PHB, has
two BDHs (BDH1 and BDH2) with different
biochemical and physiological properties 9.

In analysis of mutants lacking bdhl or bdh2, it
was indicated that K. pickettii T1 has the third
BDH (BDH3) different from BDH1 and BDH2.
We could not detected the presence of BDH3 until
the mutant lacking BDH2 was examined with
because BDH3 was
always accompanied by BDH2 in the process of

column chromatography,

purifying BDH2 so far. It was interesting that
BDH3 had 2 to 3-fold greater specific activity
than BDH1 and BDH2 (Table 1 and 2) 9.
Possibly, BDH3 is better than BDH1 and BDH2
in utilization of 3HB.

The cloning of bdh3 was achieved with difficulty,
that is, bdh3 was detected with very weak signal
in Southern blotting with bdh2 as a probe
regardless of greater homology between bdh2 and
bdh3 (Fig. 1).
three BDHs or more. It has not ever been reported
that BDHs identified
characterized biochemically in a bacterium,

Perhaps, K. pickettii T1 contains

multiple were and
although it was reported that some Rhizobium
strains produce multiple forms of BDH in
electrophoresis 29,

In this study, it was demonstrated that R.
pickettii T1 contains three BDHs (BDH1, BDH2,
and BDH3), and a novel BDH (BDH3) differs
greatly from BDHZ2 in specific activity despite the
Probably,

these three BDHs play different physiological

similarity in the amino acid sequence.
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roles in utilization of 3HB in R. pickettii T1.
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Abstract: One of the ketoesters derived from benzothiazolylphenol-substituted dioxetane,
benzothiazolylphenol-substituted ketoester (TPKE), demonstrates fluorescence in a 0.1 M
NaOH V.
by fluorescence microscopy. When sperm from two species of sea urchins— Pseudocentrotus

In this study, the fluorescent staining of a living cell with TPKE was demonstrated

depressus and Anthocidaris crassispina—were used as biological materials, TPKE showed a
The ratio
of fluorescent signal intensity to background noise (S/N) was high in the sperm stained with
1.0-5.0 pg/ml TPKE in normal artificial seawater (pH 8.0). The S/N ratio decreased in
acidic seawater (pH 6.0); acidic conditions repress respiratory activity in sea urchin sperm.

fluorescent signal in the midpiece that was composed of a single mitochondrion.

Moreover, in the presence of the respiratory chain inhibitor antimycin A and the uncoupler
carbonyl cyanide p--trifluoromethoxyphenyl-hydrazone, the sperm showed faint or no
fluorescence in normal artificial seawater (pH 8.0). Sea urchin sperm stained with TPKE
These results suggest that TPKE is a
potential fluorescent probe of living sea urchin sperm mitochondria with high respiratory

after fixation showed faint or no fluorescence.

activities.
Keywords’ sea urchin sperm, mitochondrion, fluorescence microscopy, dioxetane, ketoester

Introduction
Chemiluminescent and fluorescent substrates are
powerful tools in many assays and other applications
in the modern fields of biology and medicine.
Examples of high-energy chemiluminescent molecules
with applications in high-sensitivity biochemical
and biomedical analyses are 1,2-dioxetanes U 2,
Dioxetanes have good thermal stability; however,
they decompose exclusively into the corresponding
ketoesters on prolonged heating in hot xylene. A
typical dioxetane, namely, benzothiazolyl-phenol-
substituted dioxetane (TPOX), undergoes base-induced
chemiluminescent decomposition to the corresponding
ketoester TPKE;
fluorescence in a 0.1 M NaOH solution V.

this ketoester demonstrates
The

characteristics of the ketoester make it a

candidate fluorescent probe; however, there are

no reports of the application of this ketoester in
cell staining and other biological assays.

The use of this ketoester in staining and/or
detection conditions would require basic conditions.
To examine whether this ketoester could be used as
a fluorescent probe to stain cells, base-resistant
biological materials are needed. We selected the
sea urchin sperm as the base-resistant cell. Sea
urchin generally releases sperm into sea water,
which has a pH value of 7.8-8.2. The pH of
artificial sea water (ASW) is generally adjusted to
8.0 in the experiments of development and fertili-
zation in sea urchin ?. The intracellular pH of
the sea urchin sperm increases at the initiation of
the flagellar motion brought about by the Na*/H*

exchange across the plasma membrane 4.

©Research Institute for Integrated Science, Kanagawa University
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Another advantage of sea urchin sperm is their
simple structure; they are classified as primitive
sperm with a single torus-shaped mitochondrion

surrounding the flagellum at the base of the nucleus 5.6,

Such a structure would permit easy recognition of
the region that stains with fluorescent substrates
under an optical microscope. These properties of
sea urchin sperm make them suitable for ex-
periments on staining with dioxetanes and their
corresponding ketoesters.

The aim of the present study is to prove the
potential of dioxetane-derived ketoesters as
probes for fluorescence microscopy. We examined
whether sea urchin sperm stained with TPKE and
three other dioxetane chemiluminescent substrates,
namely, TPOX, adamantyl-derivative TPOX (TPOX
-Ad), and benzothiazolylresorcinol-substituted di-
oxetanes (TROX) (Fig. 1). We report cell staining
with these substrates and the physiological
conditions in which the detection of fluorescent or
chemiluminescent substrates in sea urchin sperm
is feasible.

Materials and Methods

Chemicals

Three dioxetanes—TPOX, TPOX-Ad, and TROX—
and TPKE a ketoester-derived TPOX (Fig. 1), were
prepared as described by Matsumoto et alV.
These compounds were dissolved in dimethyl
sulfoxide (DMSO; Wako Pure Chemical Indus-
tries, Ltd., Osaka, Japan) and stored at 4°C.
Other fluorescent substrates 4',6-diamidino-
2-phenylindole (DAPI; Wako Pure Chemical In-

Qs Qs

<
TPKE TPOX
Qs QS OH
i 0-0 - 0-0
HO HO
<
TPOX-Ad TROX

Fig. 1. Schemes of TPKE and three dioxetanes.

dustries, Ltd., Osaka, Japan) and MitoTracker
Green FM (M7514; Invitrogen Co., Carlsbad, CA,
U.S.A) were dissolved in DMSO to produce 50
pg/ml and 0.1mM stock solutions, respectively.
The stock solution of DAPI was stored at 4°C and
that of MitoTracker Green FM was stored at
—20°C.

ASW composed of 420 mM NaCl, 9.0 mM KClI,
10 mM CaClg, 24.5 mM MgClz, 25.5 mM MgSQOy,
2.15 mM NaHCOs, and 10 mM HEPES (N-2-
hydroxylpiperazine-N'-2-ethanesulfonic acid; Dojindo
Laboratory, Kumamoto, Japan). The pH was ad-
justed to 6.0-9.0 by addition of HC1 or NaOH. All
the reagents used in ASW preparation were
purchased from Wako Pure Chemical Industries,
Ltd. Paraformaldehyde was purchased from
Merck & Co., Inc. (Whitehouse Station, NJ, U.S.A.).
The respiratory inhibitor antimycin A (AMA) and
carbonyl cyanide
ptrifluoromethoxyphenylhydrazone (FCCP) were
purchased from SIGMA-ALDRICH Co. (St. Louis,
MO, U.S.A). These were stored as 20 mg/ml and
15mM stock solutions in DMSO, respectively, at
—20°C.

the respiratory uncoupler

Biological materials

Two species of sea urchins, Pseudocentrotus de-
pressus and Anthocidaris crassispina, were used
for the experiment during their breeding seasons.
A. crassispina was collected from Sagami Bay,
Kanagawa, Japan. P depressus was purchased
from Misaki Marine Biological Station, Tokyo
University. Sea urchin gametes were obtained
by injecting 0.5 M KCI into the coelom to induce
spawning. The sperm samples were subse-
quently stored on ice as “dry sperm” (approxi-
mately 20 X 109 sperm/ml) until use.

The staining of sperm was initiated with a
1000-fold dilution of dry sperm into ASW
containing with a fluorescent substrates. The
treatment of sperm was performed at staining
process with the presence of 100 pg/ml antimycin
A (AMA), 75 pM carbonyl cyanide p-trifluoro-
methoxyphenylhydrazone (FCCP), or 0.5% di-
methyl sulfoxide (DMSO).
treating process was terminated after 30 min.
After centrifugation (1,000 g, for 5 min at 4°C),

the suspensions were substituted twice with fresh

The staining and
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ASW.

Image analyses

The sperm were observed using a fluorescence
microscope system (BX 51 equipped with a 100 W
Hg lamp, and mirror units of U-MWU2 and
U-MWIB3; Olympus Corporation, Tokyo, Japan).
After staining with TPKE and three dioxetanes,
fluorescent images were obtained with an exposure
time of 10 sec and bright field images, with an
exposure time of 1/5.5 s, by using a Penguin
150CL camera (Pixera Co., San Jose, CA, U.S.A.)
connected to the fluorescence microscope system.
Fluorescent and bright-field images were acquired
with the same field of view.

All 1images were imported into, resized, and
trimmed using the Adobe PhotoShop 7.0 software
(Adobe Systems, Mountain View, CA, USA). All
fluorescent images were converted into 8-bit
gray-scale images for image analyses. The
average pixel intensities of selected fluorescent
regions were measured by using the Adobe
PhotoShop 7.0 software. The fluorescent intensities
were determined by the average of S/N values, i.e.,
ratio of the average signal intensity of the fluo-
rescent region to that of the same square area of
absence sperm regions as background noise.

The results were expressed as mean =+ (standard
deviation) S.D. of the S/N value from ten or more
sperm on three or more images acquired inde-
pendently under the same experimental condi-
tions. Statistical analyses were performed using
a Student’s t test (two-tailed, unpaired). A p value
less than 0.01 was considered to be statistically

significant.

Results

Sperm morphology and TPKE staining

The midpiece of the sea urchin sperm in normal
ASW (pH 8.0) is closely pressed against the sperm
head, and the flagellum extends directly back
from the head through the midpiece 5 9.

Sperm of the sea urchin P depressus were
suspended without fixation and washing in ASW
(pH 8.0) containing 10 uM TPOX.

After fixation with 1% paraformaldehyde in
ASW, the sperm of P depressus, were stained
with DAPI and MitoTracker Green (Fig.2).

TPKE indicates a mitochondrion in sea urchin sperm 21

DAPI and MitoTracker Green are commercial
fluorescent substrates that stain nuclei and mito-
chondria, respectively. The blue color emitted by
DAPI on UV excitation was identified to originate
from a sperm head with a conical or triangular
shape (Fig.2 B).
color was emitted on excitation with blue light

The region from which green

was observed to be elliptical or round (Fig.2 C).
The shape and location of the region of green
fluorescence indicated that the region stained by
Merged
images confirmed these observations (Fig.2 D);

MitoTracker Green was the midpiece.

the locations of the nucleus and mitochondrion of
the sea urchin sperm are consistent with those
reported in previous studies 5 ),

Sperm after fixation with 1% paraformaldehyde in
ASW showed no fluorescence and chemiluminescence
with 10 pg/ml TPKE in ASW. However, the sperm
without paraformaldehyde was allowed to observe
the fluorescent before substitution fresh ASW as
shown in Fig. 3. The whole sperm was stained;
however, no specific staining with TPKE was
observed. To obtain a clearer image, fluorescence
was determined under different staining conditions
such as different pH values of ASW and different
TPKE concentration. Additionally,
substitution of fresh ASW was performed after the

washing as

staining.

A

N
P

.

Fig. 2. Fluorescent images of the sperm of P
depressus. After fixation, sea urchin sperm were
stained with DAPI and MitoTracker Green. The
images were captured with a UV (B) or a blue (C)
excitation filter. The bright fluorescence is shown
in (A). The image (D) is obtained by merging
images (A), (B), and (C).
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Fig. 3. Fluorescent images of sea urchin sperm stained
with TPKE. Sperm of the sea urchin P depressus were
suspended without fixation and washing in ASW (pH 8.0)
containing 10 uM TPOX. The bar represents 10 um.

Staining process under different pH value

To compare the degrees of fluorescence of sperm
when different pH values of ASW were used (pH
6.0, 7.0, 8.0 and 9.0), P depressus sperm were
suspended without fixation in each of the ASW
containing 5.0 pg/ml TPKE. Sperm images were
acquired after termination of the staining process.
In ASW
with pH 6.0 and 7.0, sea urchin sperm showed

Typical images are shown in Fig. 4.

faint fluorescent signals from the midpiece.
Strong fluorescence was observed in the sperm
suspension in ASW of pH 8.0. Fluorescence was
detected only in the midpiece.

Occasionally, other regions demonstrated faint
fluorescence.

The image analyses are shown in Fig. 5. The
ratio of the signal intensities of the fluorescent
regions (S/N; midpiece region/background) in
ASW of pH 8.0 was significantly (» < 0.01)
higher than in ASW of pH 6.0 and 7.0. However,
the S/N values in ASW with pH 9.0 and pH 8.0
were the same; therefore, there was no signifi-
cance (p = 0.085). It was suggested that the sea
urchin sperms in basic ASW (pH 8.0 — 9.0)
demonstrated strong fluorescent signals.

TPKE concentration

To determine TPKE concentration to stain P
depressus sperm in ASW (pH 8.0), the staining
performed with various concentrations of TPKE
ranging from 0-10 pg/ml (Fig. 6 and 7). Before
acquiring the images, we washed the sea urchin
sperm twice with fresh ASW (pH 8.0) after the

staining process.

“ pH 6.0

ll

10 pm
Fig. 4. Sperm stained with TPKE in ASW with different

pH values. Sea urchin sperm were stained with 5.0 uM
TPKE in ASW with pH adjusted between 6.0-9.0. These
images were captured after each wash with fresh ASW.

35
3.0
2.5
z 2.0
1.5
1.0—|
0.5—

—

HH

—]
i

pH 9.0

pH 6.0 pH7.0  pHB8.0
N 16 N=10

=13 N=14 N=
Fig. 5. The fluorescence intensity in the sperm
midpiece in ASW with different pH values. The mean
of S/N are represented as the fluorescent intensities.
These sperm were stained with 5.0 uM TPKE. The N
indicates the number of sperm counted in 3 or more
images. The bar represents S.D.
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Clearer fluorescent images were obtained with
TPKE concentrations ranging from 1.0-10 pg/ml.
In these images, strong fluorescent signals showed
as the midpiece of sperm. The fluorescence
intensities of sperm stained with 0.1 pg/ml or less
TPKE were weak; however, a higher fluorescence
intensity was observed in the case of sperm
stained with 1.0-10 pg/ml TPKE. The image of
sperms with 10 pg/ml TPKE demonstrated clear

fluorescent signal at the midpiece, as was the

0.1 pg/ml 1.0 pg/ml
L

Fig. 6.
TPKE concentrations.
with 0-10 uM TPKE in ASW (pH 8.0).

Fluorescent images obtained with various
Sea urchin sperm were stained

3.5-
3.0
2.5

*%
*

——
—_

'z 2.0 —

1.5 — I
1.0

HH
H

0.5/ — — — — — -

none (.01 pg/ml 0.1 pg/ml 1 pg/ml 5 pg/ml 10 pg/ml
N=11 N=15 N=13 N=29 N=16 N=15

Fig. 7. The fluorescent intensity in the sperm
midpiece after staining with various TPKE concentrations.
The mean of S/N values are represented (The bar
represents S.D). The sperms were stained with 5.0 pM
TPKE. * indicates statistical significance (p < 0.01
compared with absence of TPKE). The n indicates the
number of sperms counted in 3 or more images.
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case with sperms stained with 1.0 pg/ml TPKE.
The S/N of sperm stained with 1.0, 5.0, and 10
pg/ml TPKE were significantly higher (p < 0.01,
Fig. 7), however, the S/N of sperm stained with 10
pg/ml TPKE was lower than that with 1.0 and 5.0
pg/ml TPKE. Thus, appropriate staining of the
sea urchin sperm could be achieved with TPKE
concentrations of 1.0-5.0 pg/ml.

Relationship between respiratory activity and
TPKE signal

As previously mentioned, the strong green
fluorescent signals were identified to correspond
to the midpiece of a sea urchin sperm. The
midpiece is a single mitochondrion that carries
out aerobic respiration. In order to examine the
requirement for TPKE staining to the mitochondrial
activity, sperm were suspended in ASW (pH 8.0)
containing a respiratory chain inhibitor AMA and
an uncoupler FCCP.

Fig. 8 shows typical images of sea urchin P
depressus sperm stained with 1.0 pg/ml TPKE in
the presence of AMA or FCCP, and in their
Whether treated with AMA or FCCP,

the sperm showed faint or no fluorescent signals.

absence.

These sperm showed mitochondrial deformation
that the mitochondrion was spherical and removed
to a lateral side ®. In contrast, clear fluorescent
signals and no mitochondrial deformation were
showed in the sea urchin sperm that had been
stained with 1.0 ug/ml TPKE in ASW containing
0.5% DMSO as co-solvent of AMA or FCCP. The
S/N of that fluorescence is no significant
compared with the absence of DMSO (p = 0.062).
The S/N of the sperm stained with 1.0 pg/ml
TPKE in the presence of AMA and FCCP showed
in Fig. 9. This analysis with bar graph revealed
that the S/N values of a sperm stained with 1.0
pug/ml concentration of TPKE. After fixation
with 1% paraformaldehyde, and in the presence
of AMA and FCCP, the S/N values of the sperm
stained with 1.0 pg/ml TPKE were significantly
lower than that of the sperm treated with 0.5%
DMSO as the co-solvent (p < 0.01, Fig. 9).

restrictions in the respiratory activity decreased

Hence,

the fluorescent intensity in sea urchin sperm
stained with TPKE.
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0.5% DMSO 100 pg/ml AMA

n

75 uM FCCP 1% PA
Fig. 8. Fluorescent images of sea urchin sperm

stained with TPKE after the treatments. These
sperm were stained with 1.0 pg/ml TPKE in the
presence of 0.5% DMSO, 100 pg/ml AMA, and 75 uM
FCCP. 1% PA indicates the sperm stained after
fixation in 1% paraformaldehyde.

3.5_
3.0
2.5 I

—HH
HH
—i

1.5 |

0.5

PA
N=17

DMSO
N=16

FCCP
N=16

AMA
N=15

Fig. 9. The fluorescent intensity in the sperm
midpiece stained with TPKE in the presence of
reagents. The mean of S/N values are represented.
These sperm were stained with 1.0 uM TPOX in the
presence of 0.5% DMSO, 100 pg/ml AMA, and 75 uM
FCCP without fixation, * indicates statistical
significance (p < 0.01 in sperms stained in the presence
of 0.5% DMSO).

The three dioxetanes

TPKE is derived from TPOX, in which the
chemiluminescence is induced by bases such as
NaOH. We attempted to detect the fluorescent
and chemiluminescent signals of the sperms of
the sea urchin A. crassispina by microscopy after
staining with TPOX and two other dioxetanes—
TROX and TPOX-Ad.
TPKE were used at a concentration of 1.0 pg/ml
in ASW (pH 8.0); this concentration and pH were

These dioxetanes and

determined condition to use TPKE in sperm of P
depressus.

All the four substrates showed no chemiluminescence
TPKE showed
a clear fluorescent signal at the midpiece of the

in the sperm under the microscope.

sperm of the sea urchin A. crassispina, like as the
The S/N value of
the sperm in this image is 2.48. In the case of
the three dioxetanes, namely, TPOX, TROX, and
TPOX-Ad, the midpiece showed green (S/N =
1.89), faint green (S/N = 1.58), and blue (S/N=
1.40) fluorescence, respectively.

case of P depressus (Fig. 10).

However, these
The
highest fluorescence was observed with TPKE

three fluorescent signals were weak.

staining.

TPKE

TPOX

TRiX TROX-Ad

—] ) LM

Fig. 10. A. crassispina sperms stained with TPKE
and 3 dioxetanes. A. crassispina sperm were stained
with 1.0 pg/ml TPKE and 3 dioxetanes in ASW (pH
8.0). These typical images were obtained after each
wash with fresh ASW.

Discussion
The sea urchin sperm is a single cell with a simple
structure that is detectable using appropriate
TPKE is a fluorescent sub-
strate produced by base-induced

fluorescent probes.
chemilumi-
nescent TPOX decomposition V. Sea urchin sperm
stained with TPKE emitted a fluorescent signal
from the region corresponding to the midpiece,
which 1s composed of a single mitochondrion.
During staining, TPKE concentration was adjusted in
the range of 1.0-5.0 pg/ml in ASW (pH 8.0) to
acquire clear images; the fluorescent intensity, as
denoted by the S/N values, was higher in this
range of TPKE concentration. At the lower TPKE

concentrations, no or faint fluorescent signals were
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revealed. Background fluorescent intensity in-
creased with higher TPKE concentrations.

Higher S/N value is more desirable for obser-
vation. In this study, sperm suspensions were
washed by centrifugation (3000 g, for 10 min at
4°C) with fresh ASW twice after staining.
Further rounds of washing with fresh ASW may
be required to minimize background fluorescent
intensity. Another disadvantage of TPKE staining
was that real-time detection of the fluorescent
signal was not possible. All fluorescent images
in this study were acquired after an exposure
time of 10 sec. Detection systems with a greater
sensitivity may be able to overcome this problem.

TPKE is produced by the base-induced chemilu-
minescent decomposition of TPOX V. TPOX chemilu-
minescence is induced by bases such as NaOH. The
fluorescence efficiency of TPOX was estimated in
an NaOH
intensity values in ASW with pH values of 8.0
and 9.0 were higher than in the case of ASW with
pH values of 6.0 and 7.0. Although evidence for
the pH dependency of TPKE fluorescence is
insufficient, the use of basic ASW helped obtain
clear images. The elevation of TPKE fluorescence
is probably dependent on the pH of ASW.

From another viewpoint, acidic ASW restricts

solution. The S/N fluorescence

the respiratory activity in sea urchin sperm 79,
AMA or FCCP, which are an inhibitor and an
uncoupler of the mitochondrial respiratory chain
10 are also effective for mitochondrial disruption
in sea urchin sperm 61112, Under these conditions,
faint or no fluorescence was observed with TPKE.
Moreover, faint or no fluorescence was observed
Consequently, the TPKE
signal of sea urchin sperm decreases under

even after fixation.

conditions inducing low respiratory activity.

Sea urchin spawn, fertilize, and live in sea water.
The respiration, intracellular pH, and motility of
sea urchin sperm increase with elevation in the sea
water pH713. Motility of sperm in sea water is
initiated by extracellular Na*/intracellular H*
exchange 419, Simultaneously, the oxygen con-
sumption increases owing to the production of
adenosine diphosphate (ADP) by adenosine
triphosphate (ATP) hydrolysis in the flagella 12,
Before the initiation of flagellar motion, the

respiratory activity of sea urchin remains in state
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4, the idle state 12.15),
TPKE signal were obtained by mitochondrial

Hence, clear images of the

activation of sea urchin sperm.

The fluorescence of several mitochondrial fluores-
cent probes are dependent on the membrane
potentials across the mitochondria of living cells;
these probes include rhodamine 123: methyl o
(6-amino-3'-imino-3H-xanthen-9-yl) benzoate mono-
hydrochloride 19, JC-1: 5,5',6,6"-tetrachloro- 1,1’,3,3'
iodide 17,

and so on. TPKE fluorescence may indicate mito-

-tetraethylbenzimidazolocarbocyanine

chondria with intact respiratory activity, and it may
depend on the potentials across mitochondrial
membrane.

TPKE showed fluorescence in the mitochondrion
of living sea urchin sperm; however, three
dioxetanes—TPOX, TROX, and TPOX-Ad— showed
no or faint fluorescence. The faint fluorescence
may be derived from the corresponding ketoesters
that contaminated or decomposed spontaneously.
Further research on these ketoesters is required
to clarify how stronger fluorescence can be
induced and to subsequently develop fluorescent
probes.
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Construction of Chiral Nano-Space toward Chiral Recognition and
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Abstract: Synthesis of axially chiral dicarboxylic acids with a rigid and straight structure
was studied. The preparation of copper salt of this type of dicarboxylic acid was also
studied. Optically active 2,2'-dihydroxy-1,1'-binaphthalene-4,4'-dicarboxylic acid 2a was
prepared from the corresponding bromide 3 via cyanation followed by hydrolysis although
the reaction proceeded in very low yield. We found that 2a could be effectively prepared
Direct
carboxylation of 3 via lithiation followed by the reaction with CO2 was unsuccessful because

from 3 via palladium complex-catalyzed vinylation followed by KMnQ4 oxidation.
of the instability of the monolithiated intermediate. The synthesis of optically active
allene-1,3-dicarboxylic acid 9 was investigated. The optical resolution of racemic 9 via the
quinine salt was unsuccessful due to slow decomposition, therefore, diasteromeric
resolution of (-)-menthyl ester was investigated. A copper (II) salt of racemic
2,2'-dihydroxy-1,1'-binaphthalene-3,3'-dicarboxylic acid
crystallographic analysis of the single crystal of 15-Cu (II) showed a 2D infinite sheet

15 was prepared. X-ray
structure, where each sheet was composed of only one of the enantiomers of 15. The
crystal had micropores of 4.15 A diameter, which well corresponded to the value obtained
from the micropore size distribution measurement. Because of the micropore structure,
the crystal showed a large surface area (BET: 642 m2g!, Langmuire: 919 m2g).

Keywords- axially chiral dicarboxylic acid, open frame network, chiral nano-space, copper

(ID salt, micropore
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Abstract: Zebrafish is a good model organism for developmental biology and biomedical

research.

In its early developmental stages, zebrafish is very transparent, and the speed of

development is rapid, however, its larva is highly pigmented, and thus it is almost

1mpossible to observe the internal organs using non-invasive methods.

Here we report the

effects of antisense morpholino oligonucleotides (MO) and organic compounds which target

zebrafish melanogenesis.

Antisense MO for zebrafish tyrosinase and phenyl-thiourea

(PTU) are highly effective to reduce the pigmentation of melanosomes in melanophores.

Arbutin and Kojic acid are partially effective, and Fullerene Ceo is not effective for

inhibiting zebrafish melanogenesis.

disrupt normal embryogenesis and the left-right specification of the heart.

Except for pigmentation, all these reagents did not

After 8-day

treatment with PTU, we succeeded in visualizing the shape of the brain ventricle by

injecting with Qdot 655 (red nanocrystal).

The inhibition of melanogenesis is useful for the

study of brain development using zebrafish larvae.
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FAha, B B E R (melanophore), A GHE
fld(xanthophore), HL{4 7 F M (iridophore) D 3 FH¥E

melanocyte, melanin, zebrafish, cerebral ventricle, Qdot

@@%fﬁﬂﬂﬂ@’%%of%éozebraﬁsh I BNTIX
ZRE% 72 IREFE TIZIEATORE NER S,

iééf‘%ﬂ@w\{t% 48 RFfEI 2 T IT R S, T2 Iy
M2 750 72 B melanosome(FB A A FENT
EE SN B —-BEAOMNSE) BRI
%, it~ T, zebrafish [&IZ Tyrosinase BHEFH| D%
EVEDOREIITE R ERRR & 72 D, RIFFETIE
Tyrosinase FHEH & L CTREICZ MR Eﬁau{ﬁ%&}:
i, < OIEBESICE £S5 Arbutin 72 HTNT
Kojic acid IZ DWW THAEFEMEDORE EZIT-> 70,
Arbutinl? <2 Kojic acid?iZ, A 7 =D HIH
BeMEIZ B W TCHEHE 7 Tyrosinase DE K & Z DIEME
EMHIT 208N D E I TnWD, £z, &L,
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melanosome JZRXOIIHIZNR, D F 0 ITE AR
HDE SN —HOBERIZB W THEA IR 7=
Fullerene Ceo? DR AEFE DK E HIT o 7=,
Fullerene |3 %357 1-(C) S EEE RS & L RIS %2
R LT3 FOMMHTH D BN ZE L TED .,
(BRI D T2 SO 2 R IEKEEE D 7 - Th
Do

AT = AEOEARIZBWT Tyrosinase 23EH
B &E| A BT LTV B3, Tyrosinase D& HE
OVEPEFLE Y, ROTEREFE A KT T 5B DT
FhEVMESINLTOARY, 2 TH LI,
tyrosinase mRNA OFFR % [HEJ % morpholino
oligonucleotides (¢yrosinase MO) % JR%E| # IR > E|
ERICHSEESS L. Tyrosinase DER ZHE L7 EC
RO REZ#IEE LT=, F£7=. Tyrosinase FLEAIE L
THI 51TV 5 1-phenyl-2-thiourea (PTU)367%
T, zebrafish RO RBEAGBRN & EEK.
DDA~ DFENZ DN T A L7z,

MEE ik

14 FFfH-10 BEFR]OBIREEH], KR 28°C THF F o
zebrafish MEMERAGEIPL, BIFE B 590
@I L7z, 1-2 M oK F 2, zebrafish
tyrosinase O FHFR PR Af U BE IS (2 AR A 1 72 Bt 41 (5'-
TGG AGA GAC ATG ATG ATG AAG AGT C-3)%
H 9 5 N I KB morpholino oligonucleotides
(tyrosinase MO) % 8.3mg/ml D2 E T 2.3nl GE4 &
19ng) Z M EVES L. 48 well plate @ 1 702 1 8T
DAT, 28.5°C T 48 IFfH, Fish Ringer %1 TH
A X, [FIER%Z [FEEIC Fish Ringer ¥ % it 7=
L 7= 48well plate 112 1 IR D AFUEEALEERE L C,
[F—IRERN CTRA S H T, K5d% 48 KM% Ok
ERICHMNIERE, DIgOLEAM, BeamBERO K E
E LA O BN ONTEMEAEHE LT,
HIEIZEE L, 0.1%(w/v) MS222 % 3.5-9cm < k U I
(272 L 7= Fish Ringer #&RIZEHHE T L7 #K C
HEFUZIRRI 2 DT B AT o T2 R IERR & LT
human f -globin O A7 Z A v 7B A
72#d#1(5'-CCT CTT ACC TCA GTT ACA ATT TAT
A-30&H 95 MO %, INEIHIEOEEKIC 2.8mg/ml
DIEE T 2.3nl (FEHNE 6.4ng) BT L. [FHEIC
48 FEfHEEHE L FRRETE RS L OMa R iz D\ Tl
21T,

Fullerene Ceo. 1-phenyl-2-thiourea (PTU),
Arbutin, Kojic acid DIbE&W#% 5-F28k 1%, BRINE 1%
F721F 24-28°CT 1 HIHAEIE L7 T, sphere
(Fullerene Ceo ZLEERE), dome HI(PTU ALEEEE), 90%
epiboly #1(Arbutin, Kojic acid LFFIZE L -8 %

Mz, FEBREHT. 4 FEO MG OWT N 1l
¥i&&Te 0.5-1ml @ Fish Ringer iSiE 1 TR AE S
7o MLEERX, D O{LEWE BEINO Fish
Ringer &R+ THA ST, IBLERIZ, IBROIEH
JHe, gAY, BReaFlaoRE S L AR
(DR ENZ DWW THERZHE L7z (5 Im b aT
WHIE LT2), IRIE, SRR ENRET, 5
WITZ R A B b CRRE L7z, FIRBA
#5(OLYMPUS SZX16)\Z%E55 L 7= 5 H i 8 4 i (|7
DP-12) & 7213 mEEHH CCD 1 A 7 (KEYENCE
VB-7000/7010) % FIWCHEHRE LT,

Fullerene Ceo ZLERIZ IS\ TIiL, EBREEOKIX
Fullerene Ceo-DMSO (dimethylsulfoxide) fiafiy
%% Fish Ringer % C 100 &R L 72+ ¢,
RTHREEDOIRIT 1% DMSO/Fish Ringer A ¢, 4%
WEFEDOIM & 26 & RIRFZAE S H T,

PTU LFIZBW Tk, PTU % DMSO TR L
20mM @ stock solution &K & L, Z L% 100 {547
L7z 200 0 M B CEBRBEOMZ A S W7,
RTHREEDOIRIT 1% DMSO/Fish Ringer A ¢, 4%
JEREEDIR & 2 b Z [FFFIC A Z 72, Arbutin
& Kojic acid [FEHKIZEM L, Arbutin LB
Kojic acid ALEEER 21T > 72, 7.3mM F 7213 73 mM
Arbutin/Fish Ringer A2, & 2\ % 10 mM £ 721
20mM Kojic acid/Fish Ringer ¥k % F\ Tt % 5%
e L. [RIRFICERIP U 72 ML B A (b L ER G 3530) O IR
& A U ClRFH S & TR S H Tz,

Dome #17>5 PTU LBE L, 8 H# PTU f77/£ F T
BegR UMz O AR A R 3 2 ik (&
T Ky MBI TH 5 Qdot6s5 AR 2.3nl % K=
PICIEES L7z, BRSO W S o i 8 4
FIL, BREERE LY 00 TN H D=, #
DIUFER I BHEEL TWD Z & MR LN LN
L7, EHERIC, GEEMH CCD 1 A7
(KEYENCE VB-7000/7010) % %75 L 7= 8 AR ST
TC B ATV, HENICHIT S Qdot DA &
BlE LI,

RS

PIF, BISHEREZWLEOD T TV HIZET, £2TO
EERICBWTHEDROTGEN L AL D Z &1T
ot Fio, BUFONIBREERIZ T % FED
RIS L U CUNRD AT DRE 24T - 125, TR
D OB AR ZR Tkt BRSO HEALBRAR & K & 7e 2813
2o,

T v F ey ABBOMEESR
Tyrosinase DA% HET 5721,

tyrosinase



JRAR, K M B zebrafish ShAEOBFHGER & iME O PR/ 85

mRNA ® F# &R % #1 #l 9 5 morpholino oligo-
nucleotides (¢yrosinase MO) % JREIHIIE D EER 12
19ng Mg L 48 RIS L7z & 2 A EBREET
I, BEARBOBREERN T LHEINT
(n=14), REAFEROTRPFEEELT, AL
b s S 7z (n=4/14, X 1A),

—7J. Fish Ringer I&E DI AILTHEFE L 72 AL
BHEEOMTIL, TR TORIZEGAGETEDOEREDOE
RRMBLEE S 72 (n=56/56, X 1B), *fHRFEHRE LT,
1 MR DO EIERIC Auman f -globin MO % 6.4ng
TS L, 48 RERIBER L2 & 2 A, TR TOIRIC
BWT, FEOMMIIR L Ffkc, BAafafRoR
A LI R S 7 o 72 (human 5 -globin MO
RIS n=4, AL n=48; 4 1C, D),

BT g103 hoc . T ‘ 4 g

1. zebrafish tyrosinase OERFREALE MBI CFARRAY 72
antisense morpholino oligonucleotide ® melanin %I

5% R

Fullerene #L3
Fullerene Ceo 3. zebrafish B AAERDORKE &
RLOORESICEE LTS SR - 72 (=435, [X]
2A), 1% DMSO/Fish Ringer /A% 1 CH:# L 7= xR
FEDOM(n=193), Fish Ringer & D & T L 7= I
MEEREDO (X 2B; n=301D) DWW IUZEBNTEH, 7
RCORETRAGCTEOBRPBE S N7 1),
Fullerene Ceo ZLER A 1T > 7= FEBREE TlL, MALPRRES
KRR HEARB R O AER N G L Tp o> T,
PTU LB Z AT > 72T _RTORIZEB VT, melanin
BRGNS PAE ST, H53E 48 K
I, AL LR ZBEE T TRl L& 2 A,
BOORPOEOAEZHRRT A2 LIXTERNPS
(n=133, [X 2C, % 1), PTU QBT E AL SH 72
2, MR DOINTREDTERETE I K X 72 B % 5.2
DT EF o Ta(3 1), Ak LicHifA ., PTU &
WRICANEE R 2 fe T 5 & HIERFOEE 48 K%
\Z 1%, O {2 3 ) (xanthophore) & WL & 4 35

(iridophore) D AR B BIEL S v, HER DIERRICITHE
EAREAOBEE N A U, PTU U 21T - 7235612
X, dome HiFE TRASELIEEZHWTHM=133),
3-10 (REI I Oz VT H (n=36), BRI
BENC PTU AR L & 29 4UE, ALBRBRAATS A Bept
D LTI AT D 2 Lo ot RFHRE
Br& LT, 1% DMSO/Fish Ringer I8+ CTHsaE L
oI, AL IR(X] 2D) RIERIC Bt R X
AU IEREFERRIC & R & 72 BRI L G e o 7GR 1),

| £8P

A (s B

| | EMNIPE (Fish Ringerd &) |

o

\
FullereneCen

Kojic acid ’

2. HAEALEW D zebrafish B GENITHT D%
B, PTU BEEEFERO AT = A piE 522z imdl L,
Arbutin & Kojic acid 13584 TiE 2V 3] L 7=,

Arbutin LE

Arbutin JLERIRTIL, MEALEERR & Lkl 5 &, BE
BEROEERS) AERIIIEIT RV, B
FaDFREEINNE L 225 E VI BN EICBESN
7o M. 73mM @ Arbutin AUHEIR T, BFEHIE
BT D H 6, 25%(=34/135) DIRIZ VT,
HAOFEROKRE IPN/NSLRDBEPEENT-(K
2E; [X 2F IX[RIREICRE 38 U7 SALERRY), £ 0% %
FRE LT, BEaaERICEDLNDEBENY . &
TR R L 5 7=(m=39/135, £ 1), — .
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COXHRBICEAL I ENRE L, BAam
ZRICEADRRBDOD LN WKL Lo
(n=101/135, % 1),

Kojic acid 03

Kojic acid LB CIX, EICRAGAEROAREN
W< 7p o7, 20mM WFRIRIC IV CUE, RO aFEME
WhEEr RO RAaGEROANRE 2D

(n=103/142, X 2G, % 1), Arbutin £ v & F{LZR
MENZ & & ZOMFIMEEREN DI &Ny
o7z, Arbutin & 5\ Kojic acid ALBt: ., &
DML N EALVERAE L 0 BN 5 = B lE o T,

PTU 3£ DO fefa~D Qdot 5

PTU &RIZIZ L 28.5°CC 8 HIMEEZE Ui\ S 7-Hefa
EHELEZE A, BOAKEROEMI 22T IH
SITREEDMR T AU RR R TSN 2 5 5 1Bl 52
TAHZENTE T, TZTHxIL. AL LIZHfaD
fMEEPNIC Qdot ¥R 2.3nl ZMETES L, 0GR
BT Qdot ODMENTO oA EBLLE LT,
zebrafish OMEITTF = — 7 WITHEL . EH L
Qdot [X7F& & RIFFICAMENICHE B L L T2, HEfA
TEfE L, BEEIE R VB b L T Z &g,
RN T CEELIZGEIZH,. MENIZBIT A RE
® Qdot VAR &= R \TBIEET 5 Z LA TE72(K 3A),
FHOCTAMEE T T, IMENICIEE L7z Qdot 1A
WEIEFITHDLWREI S LTBIETHZ &N T
. AMDE T X0 LRI Qdot DAy AR &
BERTx7-(X3B), LnLans, PTUAH LT 8
H H OHFA T, MEIZIER 123 < | Qdot DILHE %
b EATIRENIRIE OB N Y — U 2 BEET 5 Z LI
T& o Tz,

PTU
3. PTU AL % 8 A [Elfkse L 7= HEM O IN=ENIZ Qdot %
MRS, B oOmYE A CHEE T el L.
JMZENIZ Qdot 235D BN D, AL BENZEE F ToHOt
BIER. NG Qdot O BMEANOFEICBIEZ SN A,

BEi

melanin E%IZ 1, Tyrosinase 23B5- L TW\5 Z &
N B TWD, Tyrosinase iL, Z DD EERET
& % tyrosin 7*5H DOPA ~DKER{LG E . DOPA
775 DOPA %/ o ~DRALRIS 2 i L, Z ORJE

7% melanin AROFHEE & STV 5, ARl
tyrosinase mRNA OFFR% HE T 5 tyrosinase
MO % UNEHIMOFIERIZ M ETS L Tyrosinase %
VORI E DA ERE L-ERIL, RAaEROE
BEHE L ORE Ak S8, BT 9085 R %2 X
FrL7=(™ 1A), F£7-. dome #7225 Tyrosinase BH.
EH) PTU COUER L 7=3E8R1%, tyrosinase MO 115t
ROBE L RRICMO p{b 2% L, BAaffiao
EEEFERTMH L7 2C, £ 1), 46 ORER
I%. melanin 438G AR O —E T2 HEEr§ 5 &
melanin R £ 41, melanosome DOFEAL7R
LZEDBRACICH R L RIET 2 EWRB ST,

Bt EROE AN BRI S ek L7725
BEEOMHEFIZB N T, 26 D0ZIRIZIFERIC
IRFEAE U, DR O 225 ME & sof FRFEC SR AL BRAE & [RIF2
BRIz Tz, o T, REAFEROBMR, FF
\Z melanin G AKORREIL KGOS B K%
PRiET D 7o DI A N E R &R 20 - Tl
WHHDOD, MOTRETEAUICEHEEE 59 2 #R1 & 1%
RHnWtEZ b, zebrafish % 28.5CTH
ELIGEIC, 24hpfGERETR 24 FFRIR)ICIZ, RO
BRI RO BOAGRELED LOND Z &2
5., BEOEROFAMIZEGAFE L A aE R
DL BEREICERETHY . 2 bl
FATLTHET 20T nEBZ 2 b b,

o X9z, BeaaEEORRIIHERENIZITA H
TRHERKIGTH D05, Fhx O HFEEFIZBWTIEAL
EASRBIENE NI E~DELERH Y . Tk
DSWIEHEE O =—XIZHRET 5 72912 melanin
AER A B DRk & 2 b BE A BB ST D,

A a|EERIZHAVZ PTU, Arbutin, Kojic acid i3,
FULICE RN RIBRE DT v & A TR AITHE &R
I, BOGEROBKREIMZ DiERE R LT,
Arbutin & Kojic acid (3B AAFIICK L TR S
MR Z R L7Z23(X 2E, G). ZiUIF{LAEH O
Tyrosinase |Z%f9 % 1A OFERRIK 72 & 8
bbb, Arbutin BEAOLTIERA I ®ZHAE LY
%, Aloesin & EA L TIEH S E72GEITITMERER)
RBEL, L0 —BROAAKEEIIGHEI SN
IMENDH D 9, ASENIHEMTHZ Arbutin &
Kojic acid DIRGIERICRZIRZIET 52 & T, B
5NN TE Db I Ze

—7J7. Fullerene Ceo !, zebrafish IR B taE
JOBECNFEE B E 5 25 2 L3 o 723 (X
2A, # 1), ZiuTfsE L (Fullerene 2N AR %R
Tk b EDORAEFEDOAENEDER A K LT
WD AREME N B D, i E % @ Fullerene
Coo-DMSO FAFIAIK D A7 M ZRIE L L



AR, K

# 1. BFEAREAEYD zebrafish BRI,

B3 A1 zebrafish $h/E OFBIAILALEE & MO FIHRL 87

726 NTEREIEAL., DD AT B IE T 52

o EEOBRROAEX E2CEEROBRE
SR | ATH ] [y 5o vd 31 N PR ) 249 ) e )
Fish Ringerd & 361 301 (83) | 208 (89) | 52 (17) 48 (18) 0 (0 0 (0) [301 (100)] 0 (©) 0 () 0 (0) [301 (100)
FullereneCeo | 19 DMSO/FR 222 193 (87) | 111 (58) | 45 (23) | 37 (19 0 () 0(0) [193 (100)] 0 ©) 0 () 0 [193 (100)
KERE 557 435 (78) | 206 (47) | 80 (18) | 189 (43 0 (0) 0 (0) [435(100)] O (©) 0 (0) 0 (0) [435 (100)
Fish Ringerd & 192 143 (74) | 100 (70) | 22 {15) | 21 ¢ 0 (0 0(0) [143 (100) 0 © 0 () 0 (0) [143 (100)
PTU 1% DMSO/FR 138 100 (79| 78 (72) [ 15(14) | 18 ¢ 0 0(0) [102 (100)] 0@ 0 () 0() [109 (100)
200puM 186 133 (72) | Q0 (68) | 21 {16) | 22 ¢( ND ND ND 133 (100)[ 0 (0) 0 (0) 0 (0)
Fish Ringerd & 144 143 (99) | 105 (73) | 30 {21) 9 ® 0 (0 0(0) [143 (100) 0 © 0 () 0 (0) [143 (100)
Arbutin 7.3mM 144 142 (99) | 120 (85) | 20 (14) 2 ( 2 (1) 8 (4 134 (94) 0©Q 0 ©) 54 137 (96)
73mM 143 135 (94) | 110 81) | 18(13) 9 (7 17 (13) | 17 (13) | 101 (75) 0 (0) 22 (18) | 17 (13) | 96 (71)
Fish Ringerd & 144 143 (99) | 105 (73) | 30 {21) 9 ® 0 (0 0(0) [143 (100) 0 © 0 () 0 (0) [143 (100)
Kajic acid 10mM 144 143 (99) | 120 84) [ 13 (9) 10 0 7(5) 136 (95) 0 0 (0) 10 (7) ] 133 (93)
20mM 144 142 (99) | 106 (75) | 21 (15) | 15(11) 0 (0) 0 (0) [142 (100)] O (©) 7 (5) 96 (68) | 39 (27)

R& S LOREITHT THE

O NOEFIT, BRI E, MRz’ L LIS %)

ND; not detected

A, 260 nm & 330 nm [ZWIFRK DS b 5 T35
Hil, ZOWEIXFEEKRE 1 EELL ESRRF LT
AL E Lo T2, - T, Fullerene 734y
fR L, BEARRIIKT20RE KT LITE R
<V, Fullerene & Arbutin % 7213 Kojic acid & @
IRAFEBRZ1TV, zebrafish B4 (4 FE LI FE T
B2 IHIBN R 2 R E Licwvy, Kk 7 — 1
IKIZAE T 2 DT Zivg AV aud (v s
ELTHHTH 203 FIRE CIXEE% 7 7)DMSO
ZRAWTICEIRIRIEER N RE L 72D, miRE DK
b7 7 — v A TRaaEROEKE RIS
R HRBAEBIE LTV,

PTU W3 % JRE 2 & RN 72 o TIT W FRBE Y
(CREBFENROTER A I L7 fE R, AREH 2
NREGOFRICEDON L 8 H HOHEAIZIB W T,
M Z N EZICBIE LT VRN G L
77 ZTOWRBEETTIE, Qdot IWHDOAMENTESFIZ X
Y. zebrafish Ok T A VKA TERMEFZHE DS B
ARSI, FONEOWEIEEBE CTx 5 L Wifs
S5 3), LaLiaens, Mantsk 8 AR L
EFEHENZELHY . WMEBANOZERITIRERS . ¥
AT VA TILRR S BT 5 2 L ok
T- M EE NIRRT 19 O #& % zebrafish MEfa CHIZET 5
DT EET I o 7o, PTU LB (K 2 F I R IR 28
L., LW RELLEESHEHAEZHNTERT IO
DEFELWNWEEBZ LD, TOEAICIE PTU L
Ik D BatRoEEOME & T, B LICH
fa%k z B e AR NP A B E fa OB b0
BEOMHHBE LT e brne PRI 5,
PTU BT R AEFIOECITIE LN EE
AFII A AR OERAITIE CE o7 2 &
276, PTU BB CIE, iR L7244 10 H H 2L
BeDHERIZ 51T 2 IMEETERERS 2 D B DRI 2 AT 41

b3 22 LT LICHECR S & PREND,
£, 5 il RO £ 68 SR BT Al 2 A1 2 2 12 0 13 2
FIEIREBTH D, 4%IT 3 FEOGIEEKZ
HizmH L, BRICER LR EREA IS,
zebrafish W/HEMIZ 1T D MR OBIEL % " HE &
T HIBRARZHIE LTV,

AWFFEIL. REOIIDER Z 8 U TH B AL, A
BEEROEE RS T T VHEME D zebrafish ©
DI E MR & L THWER, 5% IR & BH
HEEN) . FRlZ D =72 EOREMDIZHLE L, o
BREhY) D 4 BT R O N K 2 NS & O "I LD
WFZEIZ & B A T2,

Eif53

AHFZEIE, BRFEARRE (A & 5B RIT L e (A
) EEOERIFEOYRR) & LT 2007 4EERMZ
NUR i & BT SRR SE R FEB) & 32 1T T TV &
Uiz, FrR b NS B LI EE# 72 LE T,
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Study on the Principle of Photosynthetic Light Energy Conversion Based on
Divergence of Chlorophyll Molecules
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Abstract: The composition of photosystem II (PSII) in the chlorophyll (Chl) d-dominated
cyanobacterium Acaryochloris marina MBIC 11017 was investigated to enhance the general
understanding of the energetics of the PSII reaction center. We first purified
photochemically active complexes consisting of a 47 kDa chlorophyll protein (CP47), CP43’
(PcbC), D1, D2, cytochrome bss9, Psbl, and an unknown small polypeptide. The pigment
composition per two pheophytin (Phe) a2 molecules was 55+ 7 Chl d, 3.0 £ 0.4 Chl a, 17 + 3
a-carotene, and 1.4 + 0.2 plastoquinone-9. A special pair was detected by a reversible
absorption change at 713 nm (P713) together with a cation radical band at 842 nm. FTIR
difference spectra of the specific bands of a 3-formyl group allowed assignment of the special
pair. The combined results indicate that the special pair includes a Chl d homodimer.
The primary electron acceptor was shown by photoaccumulation to be Phe a, and its
potential was shifted to a higher value than that in the Chl a/Phe a system. The overall
energetics of PSII in the Chl d system adapt to changes in the redox potentials, with P713
as the special pair utilizing lower light energy at 713 nm. Our findings support the idea
that changes in photosynthetic pigments combine with modification of the redox potentials
of electron transfer components to give rise to energy changes in the total reaction system.

Keywords: Chlorophyll, Energetics, Photosynthesis, Reaction center, Acaryochloris

marina.
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Abstract: We observed chromosome behavior during meiosis of Arabidopsis thaliana just
after polyploidization. Two strains of A. thaliana, Columbia (Col) and Landsberg erecta
(Ler), were treated with colchicine to induce polyploid lines, and the treated generations
were analyzed. Flow cytometric analysis revealed that a tetraploid line was obtained from
the treated Col and an octoploid line from the treated Ler. Meiotic chromosomes of pollen
mother cells of these polyploid lines were visualized by DAPI staining and observed. Both
lines underwent meiosis as normal, as did most of the established tetraploid lines on the
whole. At metaphase I, however, their numbers of bivalent chromosomes were fewer than
expected and chromosome alignment of the octoploid was occasionally disturbed. There
was no significant difference between the fertility of diploid and tetraploid, but that of
octoploid was significantly reduced, which might be correlated with the disturbance of
chromosome configuration.
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Pigment Changes and Ultrastructural Morphogenesis of

Chromoplasts during Fruit Ripening of Pimentos
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Abstract: The correlative change of pigments with chromoplast morphogenesis in the pericarp
of yellow and red pimentos during fruit ripening was examined by pigment spectrophotometry
and electronmicrosopy. The metamorphosis of plastids, chloroplasts to chromoplasts, occurred
with the decrease of chlorophyll contents and the appearance of newly synthesized carotenoids,
chloroxanthin in yellow pimentos and possibly capsanthin and/or capsorubin in red pimentos.
As ripening proceeded, in plastids, plastoglobuli increased in both number and size, in contrast
The plastids
of yellow-ripe fruit pericarps contained exclusively plastoglobuli of various sizes at the center of

with the degradation of grana-stack and the fragmentation of stromal thylakoids.

stroma, indicating G (globular)-type chromoplasts, while the plastids of red-ripe fruit pericarps
included a few enlarged plastoglobuli and electron-dense inclusions of various configurations,
which possibly transformed from plastoglobuli to finally form needle-shaped carotenoid
crystalloids. They were determined as an intermediate-type between G-type and F (filament)-type
chromoplasts, and it was reconfirmed that, during chromoplast maturation, needle-shaped
carotenoid crystalloids are formed by the elongation of enlarged plastoglobuli, concomitant with
the increase of cartotenoid contents.

Keywords: fruit ripening of pimentos, chlorophyll, carotenoid, pericarp plastid, chromoplast

morphogenesis
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Abstract: To investigate the development of plastids in various leaf tissues of a NAD-ME
type C4 plant, Amaranthus patulus Bertoloni, structural changes of etioplasts under
Before the
1llumination, all etioplasts in epidermal cells including guard cells, mesophyll cells, bundle

continuous illumination were observed by means of an electron microscope.

sheath cells, and vascular parenchymatous cells were small and spherical in shape, and
After the 1llumination, the
plastids elongated, and the disorganization of prolamellar bodies and the formation of

contained prolamellar bodies with extending single-thylakoids.

primary grana occurred at first in epidermal plastids, secondary in mesophyll plastids,
then in bundle sheath plastids, and finally in vascular parenchymatous plastids. This
difference of start for plastid morphogenesis among leaf tissues may be reflected simply by
those anatomical arrangement for light exposure. The function of peripheral reticulum
found in mesophyll and bundle sheath chloroplasts and the crystalline iclusion in epidermal
plastids was also discussed.

Keywords® Amaranthus cotyledon, chloroplast morphogenesis, etioplast metamorphosis,

prolamellar body, crystalline inclusion
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Preparation of Acid and Oxidation Catalysts Utilizing Lacunary Sites of
Polyoxometalates as Useful Chemical Reaction Field

Kenji Nomiya"*, Noriko Chikaraisi Kasuga', Susumu Kurishima®,
Takeshi Hasegawa® and Takao Kimura®
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Abstract: Three olefin-containing organosilyl derivatives supported on the mono-lacunary
Dawson polyoxometalate (POM), [ai2-PaW17061{(RS1)20}]6- (R = {CH2=C(CH3)COO(CH2)s}; 1,
{CH2=CHCOO(CH2)3}; 2 and {CH2=CH}; 3), as Me2NHs salts, which can act as precursors for
the immobilization of the POMs in polymer networks, were obtained by the 2:1 molar ratio
reaction of the organosilyl precursor RSi(OCHs)s with Kioloiz-PeW17061] -19H20 in acidic
MeOH/H20 mixed solutions. These compounds were unequivocally characterized with
complete elemental analysis, TG/DTA, FT-IR, solution (\H, 13C, 29Si, 31P, and 183W) NMR,
and X-ray crystallography. X-ray crystallography revealed that the two organic chains
connected through an -Si-O-Si- bond were grafted onto the mono-lacunary site of the POM.
The four-coordination of each Si atom was attained with the bridging oxygen atom, the
terminal organic group R in the organosilyl group, and two of the four oxygen atoms in the
In the solid-state, two POMs (1, 3) were represented as Ci
symmetry, on the other hand, 2 could be depicted as an approximate C; symmetry. In the

mono-lacunary site of the POM.
solution, all POMs were represented as (s symmetry owing to mobility of the organic

chains.
Keywords: polyoxometalate, lacunary site, organosilyl group, immobilization, acid-catalyst
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(MesNH2)sl a2 2-P2W17061{CH2=C(CH3) COO(CH2)3Si}20] 6H20 1
(MeaNHs)s[ @ 2-P2W17061{CHe=CHCOO(CHs)3Si}20] 5H20 2
(Me2NHo2)s[ a 2-PaW17061(CH2=CHS1)20] -7TH20 3

He—FHH 17V > KN Dawson R Y R 2 &R0 L
7= (#F1) , 7V—7v v FEORIBHETH 5 KA
PED MeoNH, HED B RLEITV, 2Ok b
LML,

FER L Bl am

B — AN 7Y FER Y BIEOA R
BRIEDOHIE LTAS 7 VAVEEELAL T Y v R
AR YRR (1) OfsiEE =T ([,

CH,=C(CH,;)COO(CH,),;Si(OCH,),
dissolved in mixed solvent
(H,0/CH;0H =1/3 V/V)

—K,y[0,-P,W,04]-19H,0

pH=1.8 by 1 M HCl aq.
pale-yellow clear solution

evaporation

+—— excess Me,NH,Cl

yellow white powder 1
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AB T INEEEL Ty T o TREKE
AH = )VOREGWBIZEMR L., Bl@Gk Lz
Dawson %! —/KEFE Kioloe-P2W17061] 19H20 % %
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13.77 % (3) Th-o7=, KV EEORHEIX—XKIE
Dawson BUARUEEHE 1 D2 LT 2 DDA NF
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Shell form of Leiosolenus curtus boring into dead shells of 7etraclita japonica

3|

MENBRERBICERTE 707 VY ROFXKICELT D
A 2~ HA Leiosolenus curtus (Bivalvia: Mytilidae) DRZHE

KFAEA M

in Manazuru, Kanagawa Prefecture, Japan

Masato Owada’?

! Department of Biological Sciences, Faculty of Science, Kanagawa University, Hiratsuka-City,
Kanagawa 259-1293, Japan
2 To whom correspondence should be addressed. E-mail: pt125365@kanagawa-u.ac.jp

Abstract: Leiosolenus curtus (Lischke, 1874) was collected from dead shells of 7etraclita
It is known that L.
curtus bores into limestone, sandstone, and mudstone, however, L. curtus boring into dead

japonica (Pilsbry, 1916) in Manazuru, Kanagawa Prefecture, Japan.
shells of 7' japonica has not been reported. In this study, the shell form of L. curtus boring
into dead shells was described, and compared with that of the standard L. curtusboring into
calcareous sandstone. The shell size of the former is smaller, and the shell shape is more
inflated and relatively spherical. In the letter, the calcareous encrustation, deposited on
the periostracum, forms vertical folds around the ventral margin, but in dead shell-boring L.
curtus , this is smooth. In L. curtus boring into calcareous sandstone, the relative growth
equation showed that the shell length grew more rapidly than the shell height, and in L.
curtus boring into dead shells, the proportions do not vary regarding shell growth.
Leiosolenus has been classified on the basis of the shell form and calcareous encrustation.
These two parameters, however, easily change according to the properties of the substratum.
Thus, information on the substratum is also necessary for the classification of Lerosolenus.

Keywords: Mytilidae, boring bivalves, Leiosolenus curtus, Tetraclita japonica, morphology,

biocorrosion
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2007 Report of the “Let’s Observe Plant Chromosomes Found
Shonan Hiratsuka Campus, Kanagawa University” project
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Abstract: Our laboratory (Azumi laboratory, Kanagawa University) started the project
“Let’s Observe Plant Chromosomes Found on Shonan Hiratsuka Campus, Kanagawa
University” in April 2007. The objective of this project is to introduce a hidden part of
plants, meiotic chromosomes, to the public and to share our interest in plants with the
general public. As children are increasingly becoming disinterested in science, we hope
that this project will increase their interest in nature and science. This is the first report

of our activity. So far, we have succeeded in observing all stages of meiosis in three kinds of

plants, Brassica rapa L., Lamium amplexicaule L., and Solanum nigrum L.

Keywords® plant chromosome, meiosis,

microscope
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Examination of the Most Suitable Preparation Method for Pollen
Observation by Scanning Electron Microscope
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Abstract: To examine the most suitable method to prepare pollen for scanning electron
microscope observation, several fixation methods and dehydration (or drying) methods were
applied to Arabidopsis and lily pollen obtained from flowers before and after flowering.
Light and confocal laser microscope observations revealed that, in both plants, pollen
obtained before flowering was swollen and wet, while that obtained after flowering was
shrunken and dry. For scanning electron microscopy, pollen was unfixed or fixed with 50%
(eventually 100%) acetone, FAA (5% formalin with 50% ethanol and 5% acetic acid) or 6%
glutaraldehyde solutions. It was then dried naturally in air or artificially by either critical
point-dry or freeze-dry machines, respectively. The results indicated that, for scanning
electron microscope observation of dry pollen, the most suitable treatment is natural drying
without fixation. On the other hand, to observe wet pollen, the combination of FAA or
glutaraldehyde fixation with artificial drying using either machines is preferable, and
fixation with acetone is unsuitable.

Keywords- pollen, Arabidopsis, lily, preparation methods, scanning electron microscopy

FF i

HEREY) DAl E T HEDOHEE TR S LD
HEVERCBIR DA DR EIZIT, B IC L - TR
2 NN EA OB ERI RS8O b, £
WO DWW Z AT D7D DERRIFEDO—D L
o T, B, Abfb LTchiim 25 & 95
AW 53 B TUIAER) DT REBLE TR OO [F]E (A oD

THYTHDLHZ ENMLBNTWS, ZO0BHE2ED,

B O RRBLE T & < 2 D RFBEMEI T b
NTEY ., kxR BIERO 720 OFEHLEL LB
nTna vV, —J, RETIE, XY &ESRRE TR
T X D BB OGS ST I TEH S
. 1B ORRBEER L CIIERME KL
T, EEEBF)SHWONDL N, BEOZOORE}
EEIZ 3 ICBma S Tunzeny, ek, W»w<Ho»n

DI ENBEFREN TN, F0E < ITHEEL H
FeoCnhpuba b Li=Em a4t Li-b o T
B, BAMEMO “Ax B EBIET R EHL
HIEZRTT 5 Z EBMETH D, REEMEFEFR
TiX, 2008 FEN D B FARMRHIC SFEAXROE
FHAREESRE 21770 > TB Y . B HABIERENRIR
TS WVHEE TR HITF 5N TEY | ZOH
., — a7 B FEEHLEE TS LTk,
L2rL, 2Z2Th, "EETWD” fElmE Lo A%k
DOIRFE TR TEX D HIEEMI T DM ENDH D &
U, AEl, vuA XFRF LT vRT2) O
ARG L U Ckii & 7e DR EHLEE OB 217 -
77

©Research Institute for Integrated Science, Kanagawa University



82 Science Journal of Kanagawa University Vol 19, 2008

MR E HHE

AR R P ER ) B RO C RS LB v e
A X F XF Arabidopsis thaliana Heynh. 3 X
MRDOT v AR Y=V Lilium longiflorum Thunb. 7>
o, BATERT & BTERZ I 2 B L 72,

HFPEMBIBE O, EHE/ N RBRERNO
100% 7' V& U ARICa L, Kii7 A L-F—|Z
EDOMARE L CHOATA RTTRAZE L, B
N=HFGATE LT LT —  EER LT, 7V
U RO EMER & 24 BRI FBRMEE
(Olympus BH2) T#I£ 7=,

HER L —P MBI L 2BEDH, BEL
I E 01% DA —7 2> 0 &tV VERFEEIR
(pH 7.2) THEYt ? L, AT A NI T A ZHwk
WZHN—=HFATE L, LT — MEfERILT-,
TLRT— MERID S 24 BRI ICILE S L — P —
PES 45 (Bio-Rad Radiance2100) THIZE L 7=,

AEEEFB LA OREREHER G IEZREFT 57
DT, B LTI 2 5 R oAb 22 [ E T & Bk (F 7=
IXHLERYE & DA DETZLLT O 6 D05k THL
L7,

(1) fE[H & C B IR

(2) 7 FEERIC B IR

(3) FAA [E &1 (T i S iz

(4) FAA [EE % (S HS R

(5) ZWEALT T b RETERICE R S
6) Z BT NT e RIE R HE T

T OILZERICIL 3 SO HEERLAT, F10
T N CEEETIE AEMEEIR T T50% 7 h
IR LT 1 SR eidEE T L, 800 ¢
2k 26 ) IEERIC 100% 7 & R I E B
L7 100%7 & h ik 800 g DmlrE4 5 4y
T2 EI#ED 222 L7ctk, TRl OfEk 28 =iz
R L 72, 55 2 D E LTI FAAGR L~ U > 5%,
T )=V 50%, FEE 5% )RAIKZEER E L,
ez, ERT, 12 KEZORTUE LTz, 6 3
OEEETIE, BB E USRI LA 0L
BE T BMICRELS b 7V LT AT e R
CLF GAZE AW, U U EEfEEIR(H 7.2) THR L
72 6%GA I A RIE L. 4°C T T 12 FEfHHE
E L7,

K (FE T2 X FEEIC B IR D 3 DD Ik Z i ATz,
B1OFETEREEETH D, B EIEK EICE
. FRTFC1LEMRRPICHE L Tt
F20EL LT, EEEFBEOZOIC—KIIC
1T72 O TV DR R E 2 Ao, EEE £ 72
IHMEFEE SN oZEnNENnNE X ) — )L RS
(50, 60, 70, 80, 90. 95. 99.5. 100%; % 1 FFfi)

TR L, I 12 KEfE, 100% =% / — /L HIZE
7214, 800 g ?Dim.x(5 43[H) T & TRl S
T X ) =)V EEERA VT L (DIRATRT 30 Sy
WL T, ZD%, REHEOELEITRV, BREK
% 100% DOFEEA V7 I VITEW L, B A
ViR L. BEfRA VT I A~OEB AR LT, {E
¥z ateikigka L EQ mo)D 100%EHRA V7 I L
TR L, 30 /0 12 I B LS R 2E i (JEOL JCPD-5)
THER L CHzE S E 7, 83 ok U ClifsinE
EERAW, AEER LT 2 —V RN X 2K
AT o7, RSREORELE TR, =& ) —L L
t-7 F T - (LDIRAH T 30 ALEE L7,

D% O LRHEDEEA VT INE T F LT
N VIEZTRU XD ICEIEL., BRS RS
(JEOL JFD-310) CHLEE L CHzMEE S 72,

Wl S = EH T, EEEEAREEICEE T —
TENSLTEESYE, A4 32— % —(JEOL
JFC-1100E) CH& %2 a—7 4> 7 L, £EEMH
(JOEL JSM840A) THIZZ L 7=,

FER LA

KEET BRRBISGIWER O RE

B 1%, BAfERT(A, B) & BHIE#(C, DICERE Lo~
A XFRXFOWHE TV Y ARICEME L EE
& 24 BER%ICEBIZR LIk FHMsi 5 E Ch D, B
fERTOEmIE, 7V & ) REHEER THEARD
RIEEISEWH DO 1A E 7V U R 24 R
#%ObHLO(X 1B) & TRRIGEWIT L BERBSXE
20 pm O S A TZERE T - 7=, — 7. BRITE. Ti%.
70k ) SREEES O 1CIXEFEMET
HoTzN, 7)Y R 24 R OFER (X 1D)
WX, BRAERTOIER & [RRRICHE S ATRERIE TH - 7=,
EMITHEOBIZUC L » THELAPIC R SN TH B
FORIAIZET 5 F CITEMARED DRSS 2 5%
T ohinics, BREH O BUHERTIOBNIER X T
DRI 2 B D X 5 Rk AR L TWD, =
DT EMNDL, —IT, 108 BRI ZEz A L R
DD ENRMLINTND, - T, BfEZRDO 7Y
T U AREIE RO (X 10X O IR %
RLTEY, —FH, 7V v ) iR 24 BRRE% O
(X 1D iR H TR Sy 2 WL L 7= BB TR oD ARF 1%
ZRLTWAHEEZOLND, BRERITIX, £751+45
PR IR STV D T2 OFRE B T H B 1T
R R LTIZEEZBILD,

X 2 1%, BHIERT(A, B) & BRTER(C, DICERELT-
TR ) OfERE TV ARIZEAE LI E%
& 24 FEMZICBIE LR BEMEEEE CTh 5, v
A XFRXFOREEL BRD L EE Ok



gk, A M EAEIC X DEMBIREO T D ORELHTEORES 83

:"
X,

o S

X 1. vaA XFXFTomoSeEiEigsEk. Bk
WCEE L, 70U RICEM L 72EZOTERA) & 24
B e B), B LW, BAERICEREL, 77Uk
VRIZEIE LI EE OER(C) & 24 Bl e D).
A /r=)1t 20 pm.

ELEDY 70100 pm TIEA NI RKEWZ & J:fb«fﬂvb)
DR OATE L AR EE L TWD Z & 2RI
ZNE N DAL iéf&®4%%%@mﬁtﬁ
b, FIERICRELIIEHDOS B, 7V ®Y VK
(R NERCADY (D HIDYNN - TS By
N L — P — ARSI, W O RIEKEE L Y
B TRRE CEREBIEBITWA A—V 225, K
30E. BTERICEBRE LY e, XFXF LT vR Y
J)®mﬁ Jet fE O ILE S L — B S TH
Ly WTENOIEH S, FOFEITITHE B R OREEN
BRICBIZ SN TR, 2o OBk s EE 18 B 1l
ThHI EERLTWD, wEYER T TH3Ick
KLU TWD7=OEEEER Cch v . BRERTICEE
L7168 b RO RERIFF S A R LTz,

X 2. TyARvY OO EHES. BRIERTC
BEL, 7Vt ) RICEBE LIZEZOIEHRQA) & 24
B e B), B LW, BAERICEREL, 7 Uk

VRICEEE LB O (C) & 24 W% 0L (D).
A=)t 50 pm.

K 3. BIfEBICHEL- o, XFXFAET v RY
2 ) (B)DOIERy DL S L — - —BEREEIC X B H Y
#. A= 10 nm (A), 50 pm (B).

Bk G % DIEH DI RE
X4 1%, BIAERTICEREE Ly A X X DIE#HiIc
i 2 DR E L & PR ()15 2 A T R 2 R 978
HEHG TH D, WTHOLEMET THIERITEFEE
PhEE S L O R L — W — DS CRER S L7 i
BlAzoR Uiz, fEi3fi = Ao o%lc, 3 20
FEHEOEEL, B LE L I=@mH b2, £
7o, AR U7z & 9 ICHMERI I B AL G, IS IR
B OMMBPBE I N, BERICREL-v e
A XF RAF DR & [FAEICALEL L 7= 45 5(X 5) TiE
$E [ T BRI S B 5A)D AR EREM
ROFHATRE R L, OLFRIEOMAE DY T
X, BlganiemirnnbigEich o7, E
7o, 7' N CEEZICERELE LB 5B) T
ERNETTEY . ZOAHEOMAS YR, B
IR OIE 2 8223 255 ThoThi L T
WhnWekEZ NS, UL, RO 285
THEATHIUE, o 4 SO EDH IS Y
HWTFnbEALY 20BN,

X 61X, BAERTICERIE L7=T v R 72 U OFERIC
Tl 2 DFE E L & LK (FLIg) 5 2 A T fk R o R 97
EEHG THL AT BE<HMOLNATND LI,
L RREFMBEOM AR T, 1 DORFEN L F
B\%%ﬂkbfiﬁﬁﬂféw\%ﬁﬁﬁﬁﬂf
& o7 D03 MEE E T H AR L 72 BB 6A) Tl
SMBEFREIOM B DS AR T, Rl 2 5 hOWED
BoTWhEoicEbhiz, ZoWEITRICIEmE
ﬁ%ﬁ%bfwékéﬂéﬁm Z VT D ATRENE

ﬁ%w W%%ﬁ&@ﬁ“*iof?m%ﬂfﬁ%
ALV HRIZE L DBV RE LTV, EHE

M#ﬁ%%ﬁ%aﬂﬁA IXAMEE R T O B A A AL
TOMBRHAR TOCEE L TEBY ., *%Ti%%
LTWaEs2fRiEZ 2L, MHEZXRBHAEIC

KENATDNDOYE @H%Lfnéiof%ot
(X 6B-D), —J5i, FEHEIZ GA & V7=t O Tk
TS TR Y, KmOMHE B L OB oS b
R Cd o7 (X 6E, F), FIERICERELTT v



84 Science Journal of Kanagawa University Vol 19, 2008

4. BERTICEREE LTz o m A XF XS {EH & Fl 4 O ETE & Bk Gk TR L7356 o A B,
A BEFEE - AR B, 78 N EE - AR CFAA [E7E - lRFURH . D. FAA [HE - BRASH28. E. GA

WEE - B AR F GA [EE - BASHR. A 7—1 5 um.

5. BRTERRICEHE LT- v u A X X FT0k 2 2 OEETE & BKGEERE T L 725/ O EREETIE.
A, IEEE - AR B, 78 b EE - B C. FAA [E7E - BE R SRR D. FAA [HE - BAEHER E. GA
[EE - A S F GA EE - SR 27—/t 5 pm.




6. BHAERNICEREE LT=T v Ry = ) fEky & fl 4 O [E E vk & BUK B2 CRBE L 756 0 & BB, A
HE[EE - B B, 78 b UEIE - B C. FAA [EE - B SRk D. FAA EE - sfS e E. GA

BEE - BES A, F. GA [EE - BURSHE. A 7 -1 20 pm.

7. BERICBE LT v AR U2 VB &R 4 OREERE & BKGEEIE COE L7258 0 EAERE. A
HE[EE - AR B, 78 M UEIE - BRI C. FAA [EE - BR sz D. FAA [EE - s E. GA
EE - BRSO F. GA [EE - sRAEHER. 27—/ 20 pm.




86 Science Journal of Kanagawa University Vol 19, 2008

U OAER % AR ALER U 7= 45 () 7) T, Mo 5
HiAL TR S D B E T H AR S B (X
TAZERE . BRI RL v DREAAERTH Y |
SRS L — A TR S kS
REBIKHELTREY, 52 FAA BEERICER A
HL AT I o T B IR & LTl b B < —2 L
Tz, WTNOAERIEDOMA G D TH ik O
AR M I AR I Bl sR ST,

B b HARITIEVVIREEDTE 2 BlI22 4 5 7= O E
EB I OBKEZITRREEZRFT 57201, Zh
5 O FEDOMAA D TRTERTOIER GEARMIZ
AL & BTE % OIER GEARHINZ ML) 2 ALER L 7223,
fiiam & LC, MM OEMm 2 BT 556121, W
MR DKL b 1 £ L < <, IE[EE T HAR
BT ENRbELTWSEEZDLNRD, —H,
RAER DI 2 BlE3 T 25 B 1TIE, AT )
DALZEEETRETH DN, 71 b e L
TWiRrWEEZBND, vuA X XFTlE GA [H
EMR, TR TERR FAA BIED B4 hE
RBEH5Z2TEY, REMIITIEORE D & Ic ikl Tk
DR NIEIC/ 5 LB s, BAERIE DRk
IOV TUIRER S RO IE & SRS gk TR

XREEITRL, WTNOFETHLREWHEREZ LT
LT EEZILND, SEIOFETIEL, MR VIEGET
B SN ERBBRGZXIRIC LD, @R
TED L) RUEIEDENRRD 55T HONT
5 %ORETH S,

HIEE
AWFGEDFITIZHI= 0, BAER T 1 A XF X FOfE
T TR T S W E LR RSB A B
oo E AR LET,

SCHR

1) AARIER T2t (2002) 7E#457Fd 74K HaE
JE, AR

2) Nishikawa S-I, Zinkl GM, Swanson R, Maruyama
D and Preuss D (2005) Callose (b-1,3 glucan) is
essential for Arabidopsis pollen wall patterning,
but not tube growth. BMC Plant Biol 5:22.

3) Fikimoto R, Fuji T and Sekimoto H (1998) A newly
identified chemotactic sexual pheromone from
Closterium ehrenbergii. Sex Plant Reprod. 11:81-85.

4) Iwanami Y, Sasakuma T and Yamada Y (1988)
Pollen: Illustrations and Scanning Flectronmicrographs.
Kodansha/Springer-Verlag, Tokyo.



Science Journal of Kanagawa University 19 : 87-89 (2008)

EHAER TR
KA A1 DB
N B £ —

Introduction of German life

Keiichi Uchino

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

Kanagawa 259-1293, Japan

XU HIZ

EFIL, 2006 FEO—FER, FRAYOT 2 by B
Hv b K% (Universitit Stuttgart) OFKAEY“FHF
FEANCB W TEEBNFERE L L TFZE2 T 72, K
=0 Dieter Jendrossek (E4b) #Z (X 1.) 76,
RO CEHRZICH LT, EFEFIEDO R LHA
bV, BEENEONREIT O 12O KA VIZIRE S
NDZLITRol VO RETH D, AE ZDH
DWEETIEEEET-OT, ZZITWET S,

1. D. Jendrossek ##%. WFIE=IZC.

va by NV NE, KA YERLFE
Barden-Wiirttemberg M OIMEETH O . KAV ZAX
KT D LEMTT (FREROERD ETXY 0
v = NRESTWNE), XA LT — KL =R v
Valel RA Y EREFT LA R EEORLNE
MILTCWD, FDD», = bwy MV EKRE
HLENRFLT, LEEZSZOOBFA, FRoh
EDORHLENE L HITED KA Y NDFENRS 9 I
W, Tk bHEARZ N 25 THD (V=
ke RV MR WTERICT U7 HEH OW

WLZORRTHY ., BAROFHMELIR L TE RN E
FEUT2), REBIZIE, A MNTARH Y | T
BN —RICIHET D LN TE D, EE D,
BOID AN %=Z Z T Lz, B oistm=
WRFERTIE, A LB D588 6 D E -7
B O—%E D, RFEMEO SO0 F ¥ /3R 2
BREOYSREDORE S o7, EER 14, Bt
B 24, KA K7 Z—14, WEEREO%AE 10
8 A PEN) ., T LT BaoEE EELL
SOLOEEE . VESETHER STV, YU, RA
VEEE ZADIEETORET O EE 6T, FEFIC
WMoz, BFRICE L CiE, EMSHE-7228 b
BV, FEEN-To, BRI L T, ORIEAR
MR Z o=, MRARFEDO L~ LEE CEET
bote, 7272 L. BEOAALZEMERTCiX, 300 L @
MEEREEND-72D, HIFIZA—R—a
Va—X—%H2 Tz & BRIETEFEL TV,
Z ORFZERTCIE, R ORAIT., BEEE - T
W EITo> TV DT IRIEFEREZL D OO,
AARLDENEWN . (FRCETIIRE THELT
Wiz72 ),

EEREIRDO DG 2> T, BERITA XL AD LD
2 DEBMANNIZ T2, BEIROGETIX, vk
ZTRNWEERSELNRWIREDIZZ 9 TH D,
THKERDOALE, FEFRFOBARSE, B A TR, T,
HASEOER., Gy, fERRMAED O, &
M~ ANTERLRWZ LR EThHoTz, Bhi#EAN
R ENZOWNWTIX, FiF 2L ThiEbenas, fafh
& o T RFITARIRRL S RFE A DIV iR W AT REME 2 o
iz, BAOEEEZE Y ThDH, RIEOREFITIARS
DI JEHThoToh, —FH., BEEwE. A5Y
B HEYERE OB MOV T, ERE L b
HDIFEMBERE T, ZLOEBEIZONTEL BT A
J =V DfEBRIEIZOWTELERESNZL, R 1

©Research Institute for Integrated Science, Kanagawa University



88 Science Journal of Kanagawa University Vol 19, 2008

FIZHL TR, B#MERHHICHELLT, fbdT
<Mool (BHIBETH 220 DID), M O a7k
TIE, BEFEIEOHEICHG T, & TIRELEE L
o, BEFEEL Tz, HARTH Z H LW oBiHIE
L SN TWBEIZH Y, WX, 20 L9511
IRBHDNE LIV,
WFIE RSB Uik, #dRicik, HEicxh 2305
ERRIZTHEDICHAZMH ) 2 & &80 K LIFE X
Nz, B0, T2 I THER->THRD ] EWVIHE
BACHEBRE T TV, BIEE 757 —F 2 Hi
HEDICEREFE A TALIICED, AL LD A
FREME LRV IRE RNV ) IR ZREFELTE

L EHTEM, EBREITORNIEZDZEHLITL
XA X7, SEERGHMEEREC, EERORPRRIE D

EEECH, FOXRIICEREIToT, MREELD
DINIHOWT, BHEBEICEmAITV., 2 RZE 22
FHDRLIBRDPSTRRICEEL TS, &/ T
ITEEICRETED L0 ah, EBE, ok
:%ﬁénfwk@w#\ﬁﬁﬁmﬁi<ﬁbn
DI, MFEEED D IZHT-> THERFE LW &
i%otox IALRNERHG TERWVELZM
WEED D B A Y NGB b B RIS T Lcin e
BbI, EFRLUTHRERETRTET, HDHE, KA
Y ANBREOREREZFHTHETEAINRZNIED
B, BFEVEROENGELENDLRNTH R0
Tedy, MEE BEOMIEE N7 0 — AERO T — X
FAE LT ENMEIC o 2720, e O]
7T D) AEH ﬁ%%fwf KA ABER LT
HEMERH > TH, [T ICFd@EALARYDZ L&
mogbwjkmbnéi&f%otoéf%ﬁb
S0 LIRS,
e, MFPEAETE A VR L CTa b & TEEEmICHLSE
EHDED ] LWV OISV TIEd D03,
ZDE 7 RAYROBEHEADN LIZLITK L Hh
7o HETIE, A XY ZROBBRTEZH LT, FA
YOEMETERN DD, O IFEEERENRE
ZHRIHATWDD, [MbE#HLRS &b, £
DN DB ZINT —XZIZHATTHDIEASH, £
F T, BRBRERHRERATHST-DT, ZOEZ
DOXRINLET DB 2 FE ROz ERRE 2L
%T%otkﬁioit FANEE L SN O R
W E D ERE LARWENIL, BRE—SHLTWY
é%bwa\M4@Ew£ﬁ$$&LTﬁ%5&
TLIANRKREWVWERS 272, R4 Y NTHRIC

BHHVTFHAES ETERT L NI TH 7225,

FTOLE D RREEBFRIFAEE L W=D & b5
MLTEL,
%ﬁ?ﬁi%ﬁi‘%#ok@

FRWEZNER S, AIC 1 [EfE

. BN D KT, LA DTS 20T
HEESEIT > TWVT, m@f%&fﬁbf<ﬂto
MFEFTN T, HESFERD & b, HMHEE

BT 2BV CiE, EICRFETRET AN, 4
72 EBLEHUINT W=D T, BFZEFTN TOIEE
OFERBEICONTIE, K E R -,
BRIZ 100 A Lo, P LD OB FEAEDZ T AN
WKgx oD T, RETHEMEFEDOZIT AN
EFE THIUL, RO FEFEFE IO E RS,

8 AHo#b iz, 7 AV BEERED ZTT)X
DEBEFRATS 2N H -T2, EDERIC HERE

TEEELZ &L, TXY ﬁA@(ﬁ%OD)\%x “I)\:}/L
HZEPREE LD ENTETCEBLIZZLE245T
Bl E D LR TS, ZEHICHARBEORIN
%otﬁ X, Bk oBE SR (D L bRl

NIZIE) #FHbil, Y2 by MV R EOEWCE
b\?‘:o (7-72. B Thholm 2 AT, R4 VEN
BN TH, Y R 2 v~ UEDEBEE T T
I, BARAOTNEZIE EZA SN TIEZRNY,) 7
AV HERECE, BRI EDOWTEE 272D T,
ST CHENEE o= E BN N, ZiT7=
FIgiZ, SAMEANICE R CTH AU ME, T L ECr

TEONDFTE RERNST-, 9 EERTIE
Ya bhwy MAVRMNI, @WAWENEEE I, Jﬁ?o
TeRED BN T, ED > T3,

2006 E1x ABKY v —D U —)L R v 7 DB
ENRFA Y ThHol=72d, HARANFIEDRBRYREE
TIERWICE L, &Y ERNY 2 RE7, FHIX
Stuttgart TIThHi7- 3 MLk EHZ BT S %
Honlz, TOREN A YRIANV NI STl
O IEFITEY B o7, FDREORIGA~T S FFIZ
KA Y NP AR—% —ZFDOM THbih Tz >

TIZHA T %, "Stuttgart ist shoen shoener als
Berlin® (= h o v RV N (3{rREERESE) 1T

, HH).

2. Ve T a0 UHICT (et



LYy (RS KD ENICEWY),

BRI

LEID KA YV WAEDWOWINEIETH 51203, KRE
AEEBRLDTHoTLLFELTVD, B HEL
b FAVISEEETH Y, DBEI Y bEESL, E
HLTWT, ZENX L ZAENENo TR, KieH
PHEREPAL TR Z LN TELONRFZEN T,
MEIZBEI L TH, UHIDTiEZE EEIDAERAZ L,
WX E L THRICEE-OT, BRI ERS,
7272, BARIZRER E LT, BBl KA UMM
ETRITIUL, FAYVELZEERVIREET R YD
HGHE AT < DI%, BEID TE 72V, Jendrossek

WP R A Y AEFORBIT 89

21T, 2010 (2% % Stuttgart TS FIE
ThsHZH T, TORFETHRERT W H, &
FEZMLT-,

HIEE

NFNZ DT - CTEMEEE L CTHV /2 Jendrossek #
LRI, Z0EEMEY TRBILH L E
FEI, BMEMFLHFIEFT O S AL K52 Gebauer
R EJF B (BAEH—RIE) (2%, fkxediTl)
JCHEXE L, V=L ROy TOF 4y FE2FID
AN T NTERAD LR (BAdeka) (26 EHE
LET,



1 A®E

2007 &£/

T

() Pk - EEER

B B EWRRER Hi% BBEE
WM T B WHERER f0% REAA
NERELER W 3 3
feft g% EPER
fef 0% KRk
ERRER R BATRE

ERER B MR 9

(2) R - #ERIFTE - KENEA

i

A EIENIERTITR

AR

& %

YR -

5
JK 2

PE R S A 0
PER P HEE TR

2 kBIF—

. R, PR L AT EAERR

RV
B JEARBEA,
PrNETR
BIRFIEL HIRE, WS A
BoLTias, mE—=
CEOREAE R

ERRRIE, ¥ —

AT, AR 5

FHPEE S ER A S

£ TR #HR KAk
ERER

Bk BIECE
VINGEEYUN

Bl Bdx MARER

W EARFEIL

F o THHREER Bz FRER
B 7R iz RK¥ )
R H B
HE ORI

Hfx

c VURT T L - FHES

(1) % 26 IR~ 77 & 5 —
— T AR —

HEF :

=5

TR
L3

200746 H 7 HCKR) -8 H (%)
10 E~16 FE 30 4
KUAR—hR7 T
(BRI L HDBNT A — 2 RH T —14 %)
FZR | R A BRI T
H A 3 b B RO

@)

®3)

91

RN KRFREEEHRTERRSE

JERE - ST
VR Cis o ol
SRR (R N RSB bR
2) TNMR %3#7)
KEF I3 (RSN KRR LR
3) [ERELHT)
WIS (B R RFBEEE TRt
4) "EESHT)
BIF 7 (BRI TH S E R R & B A
ZeF})
5) RSk
FEIE IS RO B TR R B A R b
HAfFFERT)
6) THHERTEHT
FEEE BRAStHER RO 2 —)

%27 [BlfiFE ~NA T 7 B S —
—WFFERSE & o HrELdiT—
HEF: 20064E12 H4 H(CK) <5 H (K
10 BE~16 B 30 43
24 KUAR—hRZ T
(BIp L BB NT A — 2 XB T —14 )
Tk 0 ARSI S BT
%% . BRSSP bFEBIRESE
{ERE - FEAD
1) [HFEBAFICERIT D NMR 54T
WS FH —
2) THFFERR3E & IR 43
AT (R R LM bR
3) [ERELHT)
DhJJIEAT CMNIENENTBRSEFZEET)
4)  TEBISE T O
JE G (REEVE N E RSB AL )
5) X #HT & WFFERHZE )
HVBZ ISTATEOE NE - MOEHFZEAE)
6) [BFFERRFE & AR AT )
R AR ET —7)

5 18 AR IR R Y R Y T

HIgF . 20074£3 A 15 H (1)
13 B 00 45 ~17 B 00 43
£3 MEJIRFMEO B ONF v /3

(61 B 332 25 AV =)



92

T o AR LR
PRSI E BRI FERT

Hfg . AR

1) THERARBRIC T T
R Mt (b )| K B LR 4 45)
2) T/INBHEEEREI 5 1 % BRI DB & 78

)
LK B — (1L 1 BEIRTT S F o S
i

3) [ERHRBR AR
HIFR (S W2 E TR B AR
T FR2Gm)
4) TERERREER IOV T)
L3255 () B SRR Ve v S P A )
5) IMKHEHEBELEZ D]
ey B 1 (A0 FH RSP T AlBe & B i)
6) [EiERr [T OHBIERF DOIRE
Bp CVRE—BR (AR 1 R )
RE = INE IR
B E] ()| SRR %)
8) B FHOMRAH Y7 1 7T MO T
FRIENE (PR | R %)
9) B FRIOBLIR & 3R]
AR (BTSSR G mE TR E)
10) [RPEEICBT 2EBLE 132
VIR (RRZR) N R4 2 0%

(4) =
H Bf: 2007487 H 20 H (&)

15 [F 10 45~16 ¥ 10 4

= B MRJIIKFMEO L O)F v o8
Z (61 iy 332 =)

T AR A BT

PRNKEFANAT T« VHh—F - &

B —

W 8 T4 ) e SEAERAVE
a7 v FRR Y ~—Dy 1R
A . BIUER GO TERFERFERE T

RN

(5) K=

H BE: 200749 H 10 H(H)
15 B 10 45 ~16 HF 40 4>
2 B MRINKFNEO L OMNF v o)

A (67 5if 228 =)
AR RS R
WRNKFNAT T« U —F - &

(6)

)

®)

9)

vH—
AR R G BRI T
O THEESIEIC L DB LOEAE
EEOWIEMRAT - -+« BMEROFERR)

. KB EMEEEETINE RS
et v % —)

H B 2007411 A2 A (&)

14 Hf~16 B

& Y MRJIIIRFEMEO G20 % ¥y o)
2 (61 SAiF 228 %)

T PRI G B ZERT

T - G

D IREZCBTD Y 7 b= 7 HE ORES
AT (X272 TR AR —%7
7 T FRHER)

2) B LIERFACBITDHDTTIA b_vy
—EVURATRT b OBIEEE) (BT
) 1o T
IR P GE TERAE R T ER )

H BE: 2007411 H9 H (&)
15 I 10 4y ~16 IHF 40 45
= Y MRNKFENEO L O ¥ v o8
Z (67 i 305 %)
T ARRIRER BRI SR
MENNKFENAT 7« VP —F e X —
PR N R S BRI S0

O ARSI ORAINE 2T L =

W MR B GORRA R,
Bk g )

e

H B 2007411 H 19 B ()

15 B 10 45 ~15 Bf 50 4y
2 B MEIIRFEMEO SO0 ¢ X
2 (67 FAE 209 =)

O RIS S BT
O [ENCET 285 FEI A O

AR OV T

AR . PUB(EE (ENIEREENFIEIT DI ER
BERFZeieEk g 2)
H BEF: 2007412 A 13 A(R)

15 B 10 43~



bl

5 ARNKFWRE OB O0F ¢ o)
A (67 =1 305 =)
T ARRIIRER S BRI
WO R2ERONDED T T AR D
£ A X Ok A

FEECE . AR ORNTATBOR NP LIRS
IR B C T YR PR Aot
A=

(10) HFFE3EFRES
H BE: 2007411 A5HH)
15 I 10 43~16 IHF 40 45
= Y MRNIKFMEO L ¥ v o8
(67 FAif 305 =)
F O ARIIRFERE BT
s ARIIKREAEY TR
THRE - FERE
1) MbFapss SRR TILLING % F\ oA
R DOWEIRT
gk IR (ATENLEFIERTHZER)
2) [>aA XF X F OWE s SN R D2
Bz HlET 5 L < Ao Ty
LR () R BRE AR P R BL 20

A1) ~NAT 7 « VY —F -« B X —FERES
B BEF: 20074-10 A 13 A (+)
9 [F 50 43~17 I 30 45
PN KA O D D F v L)
A (61 5 332 =)
T M HRINKFEANAT Y - VP—F -
K —
g RIIRER AT
T - R
D DR yrgo7o—%FfH LIt~ o7
LA DB
(L RS G RSP BRI L 2R
2) [ ML ZFF oA DB L BT - —
X —FRE~DJERH )
B R (S| REEFEEEA 2R
3) PSRBT EEREE O < 9ok - FIWE
DEAFE
FAATE B (R RSP BRI L 2R
4) THSIRR OEEEEEA A RO SNRhEDR
REDBEY S DR |
R (AR 1R F A LR
5) [RIEFIAR Y B O RS2 AR L
T-HBIRSREMER U BRTR OREEE
B ErfdtE] (PR ) || KRBT bR

e
¥

93

6) [BREZEEA B LI I EE DR
1EDHEST)
PEASAS - (RS ) 1R F R 2R
7) EHEERM R A DE I — VA TR
#rJ
BUREE VT (W) | RFE AR R
8) MEKEED —RAFEZ MBI+ 2 FRD
HEAT )
EATEIL P2 RSB A R R
9) [EFBAMEEEIEIC X D HIFEE RA A4
BRE DAFAT
EOARTRE () | RSB A R R
10) MR ) = 25 L L BhE b A Ot
PRI E () | RSB A R R
11) TR U= i k& ak sy o BNE
Bl
IR B R RSB A R R
12) IR EOBIRNEZ AT 2 A DB
ARSI A | R bR
13) (7 A - L~ =7 DO ZIEN LTk
BEREMEE S - DAL
ISR (R | RFEES A R R
14) DARSAEM AR LIt —KFEo v
XA HAR ORESE
He EF = RN KRB AR R
15) NIy 1O FHERE Y T D= |
TERE B (H AR T TP
et 2 —)
16) TR U TR DEEEZED D2 |
B 15 (B R RS B R A
7R



94

BRRMAE

Science Journal of Kanagawa University

1 W7 &t

Science Journal of Kanagawa University (3,
FRZS IR G B2 e A D F s L OMFZE
DEREART HBFEETHY . FERE, A
TR O R T . IF R, ke B
FEOMBEEAICDE AFTEIZ X D —
geam . AT BETNOBFZEE AT 78 o 7o SR [F AT
FCBT DR LT 5, KR I3RAl &
L CTHERIIRFEREGHEFERITRE Th 205,
WEZ B R OERIZ LY FTB LS O B faim

LT D, ML DOILEH IOV TIIRITEE
L7auy,

2 EHEERSCOER
FFEGR ST, #8 (Review) | iU (Full-length
Paper/ Note) . 3 X O#i5 3 (Report) & 75,
JRZE I3 (Note) & A, MEFIIREIC
T 5,
EReFR oz, 727 =H v /7 — b (Technical
Note) 3 L OMWFFEAS e (Report of Research
Communication) % 4#8#i4 5,
BT DimsUIf B LR TH D,

3 FEROMEE (Riik X OEE)

i L ORER L (EREET) ORRRIL,
TRLEMEICE-> T, TOFEFRMTE A X H 1
tEEF %, b, BEEH. 7/7=I1L/—B
T O RA TG IO TIETENRENLL T D
4. 5, BITmHT,

1) B
ML, Bl B0 4AHUNE TR, Fh
DS OGS IR EJ SRR IE 22, B L, fa
HREDICI VRN TLE Ll S n-8546
WITEEIIIRE S b,

Q) FRAKY A X
A4ROHAMEH NS, KXBLRKED H
7% P R ) 1 LHERE 245 X 170mm & 3%,
ZOBAE . £HEIE. B 30 mm., T4 20 mm,
230 20 mm., A0 20 mm TH D,

(3) Befa A
WHICRRRES, . B4, WSt (05E), B8

4 (BER) . Prié (B55E) . Abstract (3530),
Keywords (FFE) 131 BflAa L35, (HL.
FTJ&E. Abstract, Keywords IZ#HEIN THRIZ/A
FBEXZE10mm Fo0RH%E<,
WHoEEREA . FE 4. DRSS GREE) . &
Fr4h (JEEE) 1 X dufii 2, PTE (U95E) | Abstract
(3E30) . Keywords (FEGR) 1A 45 1 Sl 2.
LT 5,
Fram. MEBRE A, R, FfEm. BTER. TR
2 B, AR & D,

@ ERAXTFE (742 FOEE)
FARMIZ, FTiIM S A, E3CiX Century
LT D, HL, p R EDOXY Uy LFERHF
RLE R EAFRIC R DFRICT D 2 8T
LRI,
KOHMALL LORS ZHICHET D08, KH
DILFRFL BN DWW TR IRE L e\, X
FHA RITRROKHEE THERT 5,

(5) FMSTHERR
WRITRREA . EEA . RS OE) . F
F4 (EE) . PTE (J55E) . Abstract (3530) |
Keywords (JG35) . J¥am. MBS ik, R,
AfEm. AR, SUBR (REEE X HAGE) DA
LT 5, M ERIIAHOMHEE) 720 E A
T %,

(6) FCFEDER
B1H, FITHICAER AT, AizICBELS
AT LTI AZFLAT D,
FlziX, Mk #im B =0, BEE (2
Ww W, mREER L
HLTlX, MReviewl, EFull-length Paper
H. ENotel. HMReportl 7Y,
AP IIRE S B3Il U Cim SRR 2 D e
T2,
LFIFMS T2y 7 TUPERA b)) &L,
KFIZITX L7220,
ROWIERES ET1ITHIT %,

(7) HEREL., BEL, TR
ARIXBFX DA, HRiREA (AAGE) 1%
AT (Bold) T 14P (KA ), FE4 (H
ARFE) 1IRKTFT12P L9535, HFHLEHOM
X1 XFHDAR—RE BT 5,
fe< . WFERREEA (9ER) 1% 18P, EEA (08



(8

9

10

W) 13 12P, BTR (EER) 9P &L, Zhb
IXRFIT LA,
ARILNPESL DI E MFFERREA 13K T 14P,
EHEALITIRTT 12P, FiE (3%5E) 1TRFC
¥ 9P 95,

ENENOMIFX1ITH T EFEAIE T 508, F
Fh (EE) L@ (REE) O THZ &H
DRAAN
EFHEOFBDEROL I, £FEFELKRE
BLOKICT HETEOEHIC EoE T (1,
2. 3. &) ZfTLERIT 5,

ARIXBEL D6, WHERER X OPT R I
B, bR, P A A BR & AR D B ) D T
ERXFTREL, FHEL T T NVA—LTH
PEONAICFEIR T 2, HRAEEH ORI “and” %
&<,

WD Abstract £ TIZ11T7HIT D,

Abstract
EEIFRAIICETE§ %, 35T 250 752
FENRBEEITH D05, FrITHIFR L 720,

FH L (Abstract:) 225131 XFbIJCEE
AKX HEL,

YA XiE, AL (Abstract : ) (ZIKFT
11P, EEAIL 10P &35,

Keywords

EEIZHRT T, 1THZ H1T 7. Keywortds :
RHELAZES, 1FHITC, SiERE (J58)
® Keywords %77,

SCEEIE 10P &2 vy, R L (Keywords @) 1X
A5V v TKFET D,
WDOAIL L DML 1ITHIT D,

AR3L

FR2 Bell, FEE481TL 9%,
LATOSCFHUTMIL 28 305, HL 46 LF-L
T 5.

i, MERE T KR,
BoRH UidkHiz &35,
FEAMIX 1T D A= % HIT 5,
LT A RV A TEE O R LIZKT T 12P,
ARICIT 10P &35,

R, BEEO#E

FHEHOFE 1 BEOHTE LIZAEZFETIIU D,

FoERENOHIE LA 1307 (XTI 23X
7)) HiFb,

MBS, FTEBNT/OHIRHLERT S, /N
R LUIEKTTI0P &35,

HEHORH L E/DRHLOBIZ1TAN—X
T D,
INRAHLOXEOMTE LiIdEwE LT 5,

(11)

(12)

95

D&Y
SCEROIEH B LidARiz & 3%,
SCHRIIASCIZ S H L2 EICE 5 2T L
T 5,
Fo IR (PACHRIMOA) FoRE T 5,
AXH T, A& HK %2 “Eo&x T
L. EETDETITHTRRAT D,
YA A, HE O R LIZKTT 12P,
K SCHERIZ 9P &5,
SCHR2Y B3RS DA FISXO O T v~
7w b EFTFITIE. Century D7 > b & H
W5,
UTIERABITH 5,

1) Fawcett DW and Revel J-P (1961) The

sarcoplasmic reticulum of a fast-acting

J. Cell Biol 10 Suppl:

GE

fish muscle.
89-109.

2) Squire J (1981) The Structural Basis of
Muscular Contraction. Plenum Press,
New York.

3) Suzuki S and Sugi H (1982) Mecha-
nisms of intracellular calcium trans-
location in muscle. In: The Role of
Calcium in Biological Systems, Vol I .
Anghileri LJ and Tuffet-Anghileri AM,
eds., CRC Press, Boca Raton, Florida.
pp. 201-217.

4) $AARZFE (1989) W1 BAMEIC L 54M
B D ITTRINTIE. MY b - 34-44.

) MEEE —, ghARTRE (1998) Ly ~D7
Z'r—F. LR B

6) SARZEE (1992) HWREEIE, Fo®m. L<

DS E MR R R e
CEREEE, #aE)E, B pp. 137-148.

7 ZRERME, $85KRFHHE (2003) v m A X )
I TR OB HEATEFIE I B8 1
DEITDORER 2003, S/ A28 S EESE
WFZEFrFE#R 2003. pp.41-80.

=

AP OBEI AL, HENTIEH

iz L35,

RO LI TES (F 1., Table 1. 72

E) XA MLVELMAL, RCEDOESEMT,

RKOHA FVIL, ROMWEIZH o Tl

9%,

TDAL A NVAZODOWTIERFITED 720N, H

WD LTFRET OV A RIARLDOZEN%EHZ

WK S ICEET B,



96

(13)

(14

(15)

4

X

AP OE 72 AL, mE N TIiEH
Rz LT 5,
iy %S (K 1., Figl. 72&) %ff
L. AXEDEAEZHL, MO THIZES L
MBI EMA 5, RSN TWDGA
2%, AL B, C -+ (¥ 1A., Fig.1A. 72 &)
Z O TR %,

BIOFI ST, K OWEIZ & o T W 2 &
T 5,
KOFHSCRY , fFicch eV A R () &
< () ZHWD (FnstoajEe i Hv R
)

X DOF5I L OGBSO ST A XL 9P L9
Do
UL TE 52000 nbod L, K
DOLFRHEFILE S 3 mm BEILT 5, B
BHIXT VX UL TARBRICZ RN L 5, i
JE O FEAFIXRET 5,

=<P\vA

SIunit Z# WA, F1IXXTH - TH ., JFRAIFIZ,
B L OEALZIEA ST E AN, %R X
O CxEBRE, HUE & HALORIIL T A 5 A
N—=2%EH\TDH,

YERL RA

A LEIERRARZ R 5,

FRaix, ERERBIOBICEESN TS
AFEDOK LR L TERT 5,

FROES (HBEF)

ST HHOF, HRIIKRFEB L URA
B SEET & 0 WFSE R Bk & 52 T T A SR O
HETHD,
TREEHEICHES T, ARIEZ O EHRITE %
Lot BT 5,

1E 51 O Bl BB 78 0 15 I3RS & RIZE i) O
DT 3OHFEICHEL THRMBEERT 5,

EIN U RN

(1) #WRFEN LA & FEOR (F#
DHFHBEDT) ZERHKD G,
ZFNOEIFFLE L TR, JFRE 3 O
ECHEL CTERIT 5,

(2) BWEEDERZER L, REEDZN
HbE—DODOHREEL L TELDDIELS
X, WEZESORRICES CINEE
5, ZOLEAEL, LEOLAT U B,

T &2 bOTEIEE VA Ry EDIEKRE
IR LI 3oBELR L TH
z)o

WhEEDOY L, BEENGLE ULREZBE SN
WLEZbD, HDOVIIREZE SR LE
FORBNELNT S OITREE - I3ER
ELTHET 5,

FRo®E (F7=1/—1F)

ZHUCEEE T D b DIF, BRI R L OWgEE
EORITELHFTH D,

WF7tim 3 (RER L OHEE) OBUEICHEL T
LN R (R R

FRROwE (e iR E)

ZHUCEEE T D b OIE, BHERRAZ RV E LT
iR - WEFERTRARIRD, MMt IER s, [E
WA B D ERFAR BN E 2 ETH D,

AFE, 18 BHH O YML LR L, HLHEE
EHEMETE D Z LaRNT, R (RES
FOHEE) OBUEICHEL TRERMBEZERT %,

B

BRRICEIR S 7K &2 & de A Y 2T L o HI
SNTFER1IESEENALN T 7 A LEINTVD
TV VLSRR (FD, MO, CD 72 &) %
HE£EREE (MR)IKFREGEEMIERT) (282
T 5,

WS OREA DR WG AITIE, FI3CT 25 7
HLT B0 TN OIS ES  (Running Title) 73
WETH D, MEEAITERICIZT, BRI
ALTHRMNT 5,

BRSO EE
W, L7 ) —IC BB AT, RGO
BRRR IR Z B2 CIRET B,

ML, B L OmMEZA RN DR E
DEHEBEERE . BUIHER SN TV 2w O
ZRET D L RERIERA SR,

JF A& DREIE

PRI EITRRIE, 7T R OB TEH ORE
EEHT 5, MERREROEIEICHED S,



10 #&Fakt

11

JRAIE U CHRMITERCH 58, T —HI%
BLHDIZONTOEEREAHOFEL LU
BT EZES TIRET 5, BRREREOK
HEPBEICH DT, mEEM CEEICRE N4
U B EENRELART I L0 LT 5,

SRl
Bl S - K OURE (WA ETe) (35

12

97

Y 50 FAEF ICHEHE R X b, 50 HiA
ZTCHLEINTZBIREEIZ DWW CTILFEE 2
T 5,

FRHESS

BRGH L ONBFIZ OV TOHRMEITEENAD
bOLET D, TOFEEHIIFEEIIRT D525, H
FRHE 1 TP 1 R 2 B BB JEATIC IR T 5



98

Science Journal of Kanagawa University (#8431
KEFPREEEE) 55 19 B EROBFlckmir s L £,
5519 B TIRET L 10 H, R 2 W REF 1 #H.
T =R/ — 1 HFERSHR 1 EOFEH 15 O
L E Lo, ZOPITITRABRSENITEITO 2007
RSB 22 T T2 T A B A ET, [HHR.
B0, AEWRIZ DT > TEITHAUIE O E RIS
MEBR L W& E L, £, AR TTIE
AAE 3 HITHFN R PR B A S e R iR R 2
T LI o &tEt (B%) ThHINEFI AL,
RAY Tl L7z 1 AERICHED EIFIZHOWTHFR LT
W& E Lo, #ITHE RFFBEAEDRE S AITITRE
R LD 2 TL X D, A% BARFOHFIIER
LRI AIE T 555, £, sl e LT
BNKFBFR L VOG- S5 h
OO IR IR L TR £7°,

frl b, ZOH 19 BAVEIT S D ERITD 2008 4 5
ANZIFAZSNIREEAINT 80 EFFLEM N E EnE L
7oo [RIFRFCAAE AR N RFMBTOND D03 ¢ /A

BN « BRAAEBARR 20 HAEIZ L HTD £, 20Xy
INACHE &S T WS- TT o T AR E OB B
72137C 5000 NIE< TR DD TIHARWTL X 25 F
DREERDOIER SNDE L Z DX v /XA TS
BURBA S CE £ Lz, RODAISE 100 EFIZmIT T,
AP IBT DA OIRBLICAZEN N E 072 D &
LbEMTE ETHAREZES > TBY, 5%
HENEERDLIHETT, RO 625 2. 2
THEAZBEVCH L EFET,

BRI/ F LD, AFEEFiE O RGBS
AT AR BH LWAR X A /LD Science Journal of
Kanagawa University ~D K& 2z ICRI1E 0
TETEIARTEEALDS, S ORRE BT
RSN 2 THERLET, ZNETOR
FEANDTRNTEHT D L L bic, A%IREE LTR
BEFRORBICRE Tz B INL Z L%
FIREL TR £7,

(2 1| R B BRI IE T
HEAEMRERE B ]

iz IlIPNE 2 it TE T k=

iy

Science Journal of Kanagawa University

ZER Editor-in-Chief

SARZEE ERER Suechika Suzuki Department of Biological Sciences
x B Editors

K h b8 Chikara Amano Department of Chemistry

FEfmER THHREFR Michiyasu Nagasawa Department of Information Sciences
FH A= LRV R Kazuhito Inoue Department of Biological Sciences
PSS b5F Yoshio Kabe Department of Chemistry

kR TR R Zhang Shan Jun Department of Information Sciences

Science Journal of Kanagawa University Vol. 19

Science Journal of Kanagawa University fitEZE 2

FAITH 2008 46 H 30 H

Ty

AT AR A ST T
FATHT T259-1293 FEii1/E 2946

Tel.  0463-59-4111(N 2500)

Fax. 0463-58-9684
SeFnt— B AR

FIRIFT



TN KFHREEBEFMERR
‘Research Institute for Integrated Science, Kanagawa University



	H1
	00_1_目次
	01_2_巻頭言
	02_DWT-Based Watermarking Using QR code
	03_Pro-rich region of MAP4 rules microtubule dynamics
	04_Novel 3-hydroxybutyrate dehydrogenase
	05_TPKE indicates a mitochondrion in sea urchin sperm
	06_不斉ナノ空間の構築と不斉認識・不斉合成反応
	07_薬剤処理やアンチセンス核酸注射によるゼブラフィッシュの
	08_クロロフィル分子の多様性に基づく光合成の光エネルギー変換系の
	09_倍数化処理をしたシロイヌナズナの減数分裂期染色体_02
	10_ピーマン果実の成熟に伴う色素変化と有色体形態形成
	11_C4植物アオビユ黄化子葉光照射に伴う葉緑体の形態形成
	12_ポリ酸塩ベースの触媒設計
	13_クロフジツボに穿孔するイシマテガイの殻形態
	14_湘南ひらつかキャンパス草木染色体観察プロジェクト
	15_走査電顕による花粉観察のための最適処理法の検討
	16_ドイツ生活の紹介
	17_事業報告
	18_投稿規程
	19_編集後記
	H4



