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Abstract: The interior boundary of medical image is fuzzy in nature. In this paper,
proposed is a novel method to segment and classify the MR image of head by fuzzy
clustering and fuzzy reasoning. Traditional fuzzy clustering methods are basically
statistical ones in which only intensity affinities of the image are reflected. Considering
the characteristics of MR image, we constructed a set of knowledge-based rules to set the
fuzzy memberships of the pixels of the image by generally using the intensity similarities,
positional relationships among multiple spectra MR images, and the shape features of the
brain tissues and the mathematics morphological analogy of the brain tissues. Then a
coarse-to-fine reasoning method is used to combine the fuzzy memberships of the pixels of
the T1- and T2- channels of the image to segment the cerebral tissues into gray matter,

white matter, and CSF. Experimental results showed the efficiency of the method.

Keywords: fuzzy clustering, rule base, MRI, segmentation, morphological filter

Introduction

Segmentation of volumetric image data plays a
key role in medical image processing, especially
as a preprocessing step for quantitative analysis
and volume visualization. Most approaches to
image segmentation try to separate segments
containing pixels with similar intensity. For ai-
ding visualization of medical images, it is requi-
red to classify organs and other solid masses into
tissue types.

Unfortunately, nonuniform intensity levels may
exist in tissues of identical compositions. The
intensity inconsistencies caused by the effect of
inhomogeneity of medical modalities and biologi-
cal variations of tissues form the main obstacles
for the segmentation of medical images. To solve
the problem, many methods, which can be
categorized into classical, statistical, structural
and knowledge-based methods, have been pro-
posed 0,

Classical methods include the use of standard
image processing techniques such as threshold,

These
methods are usually sensitive to noise and do not

and edge and region-based techniques.

result in continuous regions .

Statistical methods assume the tissue region to
follow a priori model such as a finite Gaussian
mixture, then the parameters are estimated by
expectation-maximization algorithm (EM) to obtain
the final segmentation 813, The structural app-
roaches take the use of morphological pro-perties
Mor-

phological filtering has been introduced by

of the objects to aid the segmentation 4 15,

Mather on ? with the inception of morphological
opening and closing, can simplify images and
remove irrelevant features while preserving their
fundamental shape characteristics.

Statistical segmentation methods seldom incor-
porate geometry of regions within the image,
while structural methods often ignore the distri-
bution of intensity values within the image when
making judgements about boundary properties
and measures of homogeneity within regions.

©Research Institute for Integrated Science, Kanagawa University
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Knowledge-based methods provided a means to
combine the statistical and structural methods.
Focused on different facts of the image objects,
different knowledge-based methods have been
proposed 172D,

In this paper, we proposed another knowledge-
based approach focused on the intrinsic fuzzy
property of the cerebral magnetic resonance
image. In the proposed method, a simplified
fuzzy c-means algorithm is applied to pre-

segment the I, weighted and 7, weighted

magnetic resonance image. The segmented results
are deliberately under-segmented and over-
segmented to get a set of clusters with fuzzy
memberships. After the defuzzification of the
under-segmented results, they are wused to
generate the brain mask and the extra-cranial
mask by the special feature values distribution of

the I, and 7, weighted images. While the

over-segmented results are used to separate the
three main brain tissues- white matter, gray
cerebrospinal fluid (CSF) into
Then the
features such as means and variations together

matter and
non-overlapped cliques. statistical
with the morphological characters are calculated
for the cliques. Finally, sets of knowledge based
fuzzy rules are used to progressively specify the
relationship between the cliques and the tissue
class memberships. During the fuzzy reasoning,
the spatial correspondence among the hetero-
spectral images and the k-nearest neighborhood voting
mechanism provided means for crossreferences.

Background

In many medical images, pathological tissues
appear without clear-cut frontiers, such that
fuzzy set fit to model uncertainty and inaccuracy
attached both to image components and image
processing results. Fuzzy c-means (FCM) is an
effective method to separate the available data
set into subgroups to reflect the substructures in
the feature space of the data set. Let
X =(x,,x,,x;,---,x,) be the set of d-dimensional

feature vectors, the memberships £/, can be iterative-

ly calculated by minimizing an objective function
of the type

¢c N ¢
IRCASED I IPNCHY A |
i=l j=1 k=1 @)
< p<oo
2
v,;ﬁ“(uk’) Yoi<k<e )

Where V =(v,v,,--+,v.) is a c-tuple of

prototypes, U = {,uy} is the fuzzy partition
matrix, and 4, = (4, ;" *, M,;) denoting the
grade of membership of feature point x Iz

Usually, the clusters obtained by FCM do not
exactly correspond to the tissues to be labeled.
One reason of this is because that it is not known
a priori the exact number of the distinct
substructures in the image, the other reason
comes from the inhomogeneity of the feature
values of MR image, such that the pixels of the
same tissues may be assigned to different clusters,
and in the same cluster, pixels may belong to
different tissues. Let w, be tissue membership

vector of pixel x ,as
0, =(W,;,0,,,0,;) 3)

Where @, €[0,1] ,i=(1,2,---L) and L be the

number of tissues. The aim of the rest paper is to
provide a novel method to correspond the
memberships between @, and f;.

Feature population distribution
The cross-sectional slices of the MR image consist
of three feature images: 7| -weighted (]} ), 1, -

weighted (7,), and proton density (PD). The

feature values of the images depend on the
repetition time (TR) and the echo time (TE) used
in scanning.Although the absolute feature values
of T,,T,, PD change with person, the relative

magnitudes distribution will not change greatly
for different tissues.
For example, in 7, feature space, air regions

exhibit to be with lowest intensities, white matter
exhibit to be with high intensities. The intensities
of gray matter are generally lower than those of
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Fig. 1. Cluster centers distribution feature of MR
images. (A) 7|-Weighted image, (B) T, -Weighted
image.

white matter but higher than those of CSF. The
extra-cranial tissues such as bone marrow,
subcutaneous fat, skin has intensities scattering
in the range from air to white matter in
T feature space. At the mean time, the intensities

of the tissues distribute in another but definite
formin 7, feature space.

Rayal® analyzed the histogram of the low-level
feature of the tissues and then derived the a set of
confidence function to reflect the measure of the
likelihood for a class of pixels in the image. Since
the histogram of different tissues may overlap,
and for a particular tissue, the feature values
may vary in several distinct ranges, the resultant
confidential function exhibit with overlapped
range. To solve the problem, Raya used six
low-level features derived by the combination of
1, and PD feature spaces.

The idea of 19 and similar ideas in 1315 18 20
give us motivation to use fuzzy method to
describe the certainty a pixel should be assigned
to a tissue. We use a simplified fuzzy c-means
algorithm to coarsely segment the original image
into over-divided clusters. Then we use a set of
fuzzy reasoning rules to assign the pixels in each
cluster into white matter, gray matter and CSF
tissue categories. To reduce the possibility that
more than three tissue pixels fall in the same
cluster, the number of the clusters is set bigger
than the practical for the initial parameter of the

Automatic Segmentation of Cerebral MRI Images 5

Fig. 2. An example of the pre-process. (A) shows the
original 7, -weighted image, a cluster of FCM of

T, -weighted image and the outline mask of the head. B
shows the original T, -weighted image, a cluster of FCM

of T, -weighted image and the outline mask of the brain.

FCM algorithm. IF the number of the clusters be
set to be 10, the distribution of the center values

of the clusters may follow the spectrum shown in
(Fig.1) 20,

Method

Preprocessing
From Fig.1, we can see that it is difficult to
separate the extra-cranial tissues merely by the
intensities of the feature values. So we take the
use of the shape knowledge of the brain to get rid
of them.

It is known that brain as a whole is a connected
entity, and in 7 -weighted image, the intensities

of the cranial bone are quite different from those
of the air, the image can be approximately be
viewed as two parts: air part, and in cranial part;
while in the 7, -weighted image, the intensities

of the tissues between the cranial bone and the
boundary of the brain matters are similar to those
of air, and the image can be approximately be
viewed as brain-matter part and non-brain-
matter part.

By using under-segmented FCM algorithm, we
can automatically pick out a cluster as shown in
the middle of Fig.2 from the FCM -clustering
results where the cluster number be set four, and
iteration number be set three. Then we can obtain
the brain mask and extra-cranial mask through
morphological closing processing.

Using the masks, we can separate the bone,
skin, fat, and the brain matters from the original
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Fig. 3. Cluster centers distribution after mask process. (a)
is for - T, weighted image, (b) is for T; weighted image.
membership of the pixels to the three main tissues.

images. By setting the cluster number eight, the
FCM can divide the masked image into six to
eight clusters (one or two clusters may be empty
when the cluster number be eight), and centers of
the clusters may exhibit a distribution as shown
in Fig.2. So the pixels in the over-segmented FCM
clusters may belong to only one tissue or two
adjacent tissues. Next, we will introduce a set of
fuzzy rules to separate them by calculating the

fuzzy.

Fuzzy rules for tissue membership
In Fig.3, we can see that in the 7] feature space,

apart from the extra-cranial regions, the pixels in
the lowest two or three clusters may belong to
CSF tissues, and those in the highest one or two
clusters may belong to white matter, the remain
pixels in the two or three clusters in the middle
range may belong to gray matter.

Without losing generality, let M denote the

membership of pixel x; to cluster 7, v, denote
the means of the cluster center, wherev, <v ,
form<mn,and i=(1,2,---,c). In this subsection
we describe a way to transfer the cluster member-
ship 4, =(,ul/.,-~-, ,uq.) into tissue membership
o, :(a)lj,---a)Lj). In this paper, ¢ is set eight,
and L three.

First, the maximum defuzzification method is
used to get ¢ clusters from the result of FCM.

Then the statistic characters and the morphological

characters are calculated for each cluster. By
statistic characters we mean the average and
variation of the cluster. By morphological character

we use a ratio N, /NO to represent the

rig
cluster's morphological density, where Nupgn 1s

the number of the pixels of the cluster after

performing an opening morphological filter on a
3X3 neigh- borhood, and N

orig is the number of
the pixels of the focused cluster.
Fig.4 shows the defuzzified results of the FCM

for 7, and 7, - weighted image. Fig.5 shows the

distribution of the statistical and morphological
features of the corresponded clusters (In the left
part, the size of the circle represent the variation
of the cluster, and the center of the -circle
represent the average of the cluster; In the right
part the bar represent the morphological density
of the cluster). Generally, the value of morpho-
logical density of gray matter is small, while
those of the white matter or CSF are relatively
bigger, and the values change significantly bet-
ween the adjacent different tissue clusters.
Combining the vague observed facts from MRI
images, we constructed a set of fuzzy rules to
assign the memberships of the pixels for the three
main brain tissues. In the following rules, four
thresholds of «,,,, ,Bl, ,32 are imperatively

selected as 0.25, 0.15, 25.0 and 30.0. The
parameters may be optimized through a training
neural network system in the future.

" <ot
pATS
(A) o
£F% £ Y £
éj’ig Gt i“#
. o A%
¥k
(:F
<:lx'.
A

Fig. 4. Over segmentation results of FCM for a
normal image (slice34), (A) is for 7, -weighted
image,(B) is for 7, -weighted image.
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Fig.5. Distribution of the statistical and morphological
features of the segmented clusters (Tl ‘uppet, T2 :lower).

Rule basees for 7,-weighted image
For T, -weighted image, it is easy to say that the

pixels in the cluster with lowest average value are a
part of CSF tissues and the pixels in the cluster with
highest average value are a part of white matters
from fig.3. The remained middle clusters are then
assigned with CSF and gray matter or gray matter
and white matter with fuzzy memberships.

(A)The following rules take CSF as the tissue of
the focus-of-attention.
100: if x ; belongs to the second lowest cluster

then set the membership of x ; with @, ;=1.0.
1100 if x; belongs to the third lowest cluster
then x ; will probably be CSF or gray matter, and

the membership of CSF will be set in the range of
[0.6,1.0] according to the sub-rules.

111:  if the difference of the morphological
density to the next cluster (possibly be gray
matter) is considerably big, (greater than o)

then set the membership as @. , . =1.0.

csfj
112 else if the density difference is relatively

great (that is greater than a, , but smaller than
a ); then assign the membership of X, as

@, ,=09, @,, =0.1.

gray,j
118
X; and the average value of the known CSF is

else ifthe difference of the feature value of

quite small (less than f); then set @, , ;=0.8.,

csf,]
Dy, =0.2.

114° else if the feature value difference is
relatively small (less than ,82 but greater than

Automatic Segmentation of Cerebral MRI Images 7

B); then set @ = 0.3; else set

= 0.7, @

gray,j
@,, =06, O, 0.4.

gray,j

(B) The following rules take white matter as the
tissue of the focus-of-attention.
200: if X; belongs to the upper most cluster;

then the membership of x; be set @, =1.0.

hite, j

210: if x ; belongs to the second cluster from
the top; then x ; will probably be white matter,

we refer (Rule 211-213) for further decision.
211° if'the difference of the morphological density
with the adjacent next cluster is big (greater than

@,); then the membership of X, be set @, =

1.0.
212: else if the difference is medium (greater
than ¢, but less than 6(1) then the membership

of X; be set @ =0.1.

white, j

=0.9, and @, ;

213 else If the difference is small, but the
morphological density itself is less than 0.5 (it is
not clear whether it should be white matter or
gray matter); then the membership of X; be set

and @

@, gray,j

white, j

possibly be white matter, refer(Rule 213a-213c).
213a: ifthe difference of the feature value of X;

=0.6, =0.4; else X; may

with that of the average of white matter is less
than /[, then the membership of X, be set

@, ;=0.9, and @, ;=0.1.

213b: else if the feature value difference is less
than ,Bl; then the membership of X; be set
@, ;=0.8,and @, ;=0.2.

213c’  else the membership of x; be set @,,,, ;
=0.7, and @,y ; =0.3.

(C) The following rules take gray matter as the
focus-of-attention tissue

300: if the difference of the morphological
density between the clusters x; belongs to and

that of white matter or of CSF is big (greater than
0,); then x; is more likely to be gray matter,

and the sub-rules are considered.
301: ifthe difference of the feature value of x ;
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with that of the average of white matter or of CSF
is greater than [, then set the membership of

x; tobe @,,, .=1.0.

302: else set the membership of x; to be

(l)g ray,j

=0.8, and if'the feature value of X; more
near to that of the average value of white matter;

then set @, e =0.2 else set ., = 0.2.

310: else if the morphological density is not big,
but the feature value difference with CSF is bigger
than f,; then @ =0.8,and @ =0.2.

gray, j st j
320: else if the feature value difference with

white matter is bigger than f,; then set the

=0.8, and @ =0.2;

white, j

=0.6, and

membership to be Wy

else set the membership to be @

gray,j
=0.2, @

. = 0.2.

(0]

white, j

Similar rule-bases are built for 7, -weighted

feature space, where the lower two or four
clusters are considered with high possibility as
white matter, and the upper one or two clusters
are considered as CSF with high confidence, the
remained clusters will be dealt as gray matter
candidates.

Combination of the memberships
The fuzzy tissue memberships derived from the
fuzzy knowledge rule-base, for 7, and 7, weighted

images may remain ambiguities or even be conflict
with each other. The ambiguities and conflicting
will finally be cleared in a four-levels reasoning
process, where the cluster memberships obtained
by fuzzy c-means and the tissue memberships
assigned by the fuzzy rule base and a k-nearest
neighborhood voting mechanism are used.

At the first level, we pick the pixels both with
congenial high tissue memberships to generate a
representing initial set for the white matter, gray
matter, and CSF, respectively. For example, if the
memberships for CSF of pixel Xx , are both

greater than 0.8in 7] and 7, feature space, the

pixel will be finally labeled as CSF pixel.We will
loosen the conditions to avoid one of the
representing sets of the three tissues being empty.

At this stage, for the un-labeled pixels X, we
compare the fuzzy cluster membership M of
1, and T, weighted image, if the maximum

clusters are both classified to be the same tissues,
and the tissue memberships are both greater
than 0.7, then the pixel will be labeled the tissue
label. After this stage, the means of the feature
values are calculated for the labeled tissues of
gray matter, white matter and CSF.

In the third combination level, for the remained
unmarked pixels, compare the feature wvalue
differences of the pixels with average values of
the known tissues, if the difference with a certain
tissue 1s smallest for both channels, and the
tissue memberships exhibit no conflict with the
tissue, then the pixel will be marked with the
tissue label.

Finally, the remained unmarked pixels will be
labeled by k-nearest

neighborhood voting

according to the marked results.

Symmetry analysis

After finishing the segmentation of the image, a
symmetric measure index is introduced to test the
symmetric degree of the brain tissues.

. 1
symmetric measure = (4)

L+R

As 1t 1s known, the brain structure is appro-
ximately symmetry. Here parameter & is used

T1-weighted originsl

Tlweighted ariginal

Extra-cranial tissues CEF class

Adr class

£FA

)T |"}
B3
TR

Gray matter Wihite matter

Labeled Image
Fig. 6. The example of the final labeling results after

fuzzy reasoning (for slice 34).
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to adjust the permissible symmetric range, and L
and R represent the numbers of the pixels in the
left and right part of the tissue. With different
permissible symmetric range, we can vary & to
calculate the symmetric index (degreel) for the
left-right part of the whole tissue, and symmetric
index (degree2) for the upper left and upper right
or the lower left and lower right part of the
quadrant of the tissue.

It 1s desirable to be provided a mechanism to
automatically indicate the possible shape
corruption of the tissue and thus pick out the
To calculate the

symmetric indexes, it is necessary to divide the

possible abnormal images.

brain into four quadrants. Here the mask image
of the brain matter and that of the extra-cranial
can be used to do so.

Results and Discussion

Experimental results

The proposed rule-based expert system was used to
segment a sample of 36 brain scan slices selected
from the normal and abnormal image database of
"The Whole Brain Atlas" project?? of Harvard
University. Our system is implemented on a PC
Linux machine with CPU of 400 MHz.

For dealing with a slice, it took 44 seconds to
assign label, and 4 seconds to calculate symmetry
measure index and help indicating diagnosis
Fig.6 showed the final
labeling results for a normal slice, and Fig.7 showed

assistant messages.

the final labeling results for an abnormal image.

T1-weighted arginsl

Tlweighted ariginal

L
CWl
] { v

Al
Adr class Extra-cranial tissnes CEF class
£F
AL
':I. Lgd
Lok g
il
Gray matter White matter Labeled Image

Fig. 7. The example of the labeling results of an
abnormal image.

In the system, we do not distinguish the tumor
tissues from the normal brain tissues. Instead of
that, we introduced a symmetric measure index
to help judging the segmented
region of the tissues of white matter, gray matter,
and CSF.

If the symmetry is significantly collapsed, then
the tissue is doubted to be with abnormal. Table
1showed the symmetry measure of Fig.6, and
Table 2 showed the symmetry measure of Fig.7.
We have tested 36 data slices in the "Whole Brain
Atalas" database, where 10 are abnormal slices,
and 26 are normal slices. The segmentation results
of the normal slices categorized the brain tissues
into CSF, gray matter and white matter reasonable,
and the symmetry measure indexes of 25 slices are
in normal range.

For the abnormal slices, the tumor tissues may
be assigned as CSF, and the symmetry measure
indexes are less than 0.5 and suggest possible
disease in these slices automatically and warn
the physician to check the image carefully.

Conclusion

In this paper, we have explained a rule-based
expert system, which can automatically segment
and label the cerebral MR image and provide
assistant message to indicate possible abnormality
in the image. Yet the medical physicians should
make the final diagnostic decisions. In the system,
the image features of the multi-spectral MR
intensity distribution, the fuzzy membership of
the FCM, and the mor- phological properties of
the region are well combined to provide a
step-by-step way to achieve consistent tissue labeling.
Experimental results showed the efficiency of the

Table 1. The automatic diagnostic assistant results
of example one (normal image of slice 34)

fissue (R.L) | symmetry measure
degreel | degree2

total [ (1327, 1575) 05352
esl upper | ( 633, 621 ) 09087
Lower | ( G674, 954 ) 0.5824

total | (3465, 2850 05066
GRM | upper | (1681, 1385) 0.7214
Lower | (1784, 140G5) (.7150

total | (3418, 3833) (LGaG5
WTIM | upper | (1614, 1900) 0. 7406
Lower | (1845, 1932) (. 8968

I This slice is NORMAL! |
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Table 2. The automatic diagnostic assistant results
of example two (abnormal image)

Lissue ({R.LJ | symmelry measure
degres] degree?

total | (1785, 1268) 03718
csl Upper { 496G, 506) 086G 16
Lower (1288, T63) 048937

total | {3269, J058) 0.7508
GHRM | upper | {1552, 1304) 0.7464
Lower | (1717, 1750) (01,0653

total | (3061, 3835) .4712
WTM | upper | (1823, 1984) 0.8553
Lower | (1238, 1851) 0.5574

This shee s ABNORMAL!

Tumor may be found in the lower |:|<'|r1 of caf!

system. The parameters in the system are empirically
determined through trial-and-error. Although the
selected parameters worked well for most cases,

better parameters should be automatically assigned

by a training neural network in the future.
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Abstract: A poly (3-hydroxybutyrate) (PHB) depolymerase was purified 4,400-fold from the supernatant
fraction of Ralstonia eutropha cells through fractionation with ammonium sulfate and chromatography
with Toyopearl DEAE, Q Sepharose, and Toyopearl Ether. The partially purified preparation showed a
high level of specific activity to hydrolyze amorphous PHB, comparable to PhaZd from R. eutropha. The
degradation was inhibited by diisopropylphosphate (10 mM) and dithiothreitol (100 mM). Most of the

degradation products were 3-hydroxybutyrate oligomers.

The properties of the enzyme closely resembled

those of PhaZd, but some differences were observed. This distinction from PhaZd was discussed.

Keyword-
Ralstonia eutropha H16

Introduction

Poly (3-hydroxybutyrate) (PHB), a homopolymer
of R(-)-3-hydroxybutyrate (3HB), is a storage
material produced by a variety of bacteria under
Intracellular PHB, which is
accumulated in an amorphous state, is degraded

certain conditions?.

by several hydrolases for use as a source of
When PHB-accumulating bac-
teria die, PHB released into the environment is

carbon/energy?.

hydrolyzed by microorganisms which secrete
extracellular PHB depolymerases?. In the past
few decades, the potential use of PHB in
biodegradable polymers/plastics has been studied
extensively?. As a result, the extracellular
metabolism of PHB has been fully clarified in
many bacteria such as Ralstonia pickettii T1 and
Paucimonas lemoignei, and some fungi?.

The intracellular PHB mobilization system is
not as well understood as the extracellular PHB
Some intracellular PHB
The in-
tracellular PHB depolymerase system was first

degradation system.
depolymerases have been reportedé1v,

identified in Rhodospirillum rubrum in 19649,

poly(3-hydroxybutyrate), PHB, enzyme purification, intracellular PHB depolymerase,

The system consists of a thermostable activator
and a thermolabile esterase and it was recently
reinvestigated® 7. The amino acid sequence of
the intracellular soluble PHB depolymrase in
Rhodospirillum rubrum (PhaZ1lgrr) shows simila-
rity with extracellular PHB depolymerases in, for
example, Acidovorax sp. TP47.12),

In Ralstonia eutropha H16, four types of
intracellular PHB depolymerase or 3HB-oligomer
hydrolase genes have been cloned and some aspects
of the gene products have been reported? 1317,
PhaZal (formerly PhaZl) exists in PHB inclusion
bodies and degrades artificial amorphous PHB915,
The existence of some PhaZal homologs has also
Additionally,
some enzymes having similar properties to PhaZal
have been studied in other bacterial® 29, PhaZb
(formerly PhaZ2)14 1® and PhaZc mainly degrade
3HB-oligomers and the degradation product is a
PhaZd has been
recently!?. This enzyme showed a high level of specific

been reported in R. eutropha'd.

3HB-monomer. characterized

activity for the hydrolysis of amorphous PHB.
The existence of an intracellular PHB depoly-

©Research Institute for Integrated Science, Kanagawa University
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merase in the soluble fraction of disrupted cells has
been suggested in bacteria such as Rhodospirillum
rubrum ® and Zoogloea ramigera 1-16-M9. In R.
eutropha H16, the enzyme has been purified
partiallyll 20, Although the enzyme has different
properties from PhaZal, PhaZb, PhaZc, and PhaZd,
its participation in the mobilization of PHB remains
little understood. To clarify how the mobilization
system works, it is important to understand the
function of this enzyme.

In this report, a novel intracellular PHB depoly-
merase was partially purified from the soluble
fraction of R. eutropha H16 cells.

Materials and Methods

Bacterial culture

R. eutropha H16 was cultured in a mineral medium
(0.27% [wtivoll KH2PO4, 0.99% [wt/voll NasHPO, -
12 Hz0, 0.02% [wt/voll MgSOs - 7 H20, 0.1%
[vol/voll mineral solution [0.1 M HCI, 119 mg/l
CoClz, 9.7 g/l FeCls - 6H20, 7.8 g/l CaCls, 118 mg/l
NiCl: + 6H20, 62 mg/l CrCls - 6H20, 156 mg/l
CuSO+ * 5H20)) containing 2% (wt/vol) fructose and
0.1% (wt/vol) ammonium sulfate at 30°C with
shaking??. To preserve R. eutropha H16, cells were
grown in a nutrient (N)-rich medium (1% [wt/voll
yeast extract, 1% [wt/vol]l polypeptone, 0.5% [wt/voll
beef extract, and 0.5% [wt/voll ammonium sulfate)
at 30°C and then stocked at -80°C, mixing in
glycerol (final concentration, 25% [vol/voll).

Enzyme assays

PHB depolymerase activity and 3HB-oligomer
hydrolase activity were assayed by measuring the
amount of 3HB released during the reaction. The
reaction mixture (50 ul) was composed of 100 mM
Tris-HC1 (pH 8.0), artificial amorphous PHB
granules (0.5 mg/ml), and enzyme. The reaction
was started by adding substrate at 30°C, and
stopped (30 min) by adding 6 M HCI to pH 2. The
reaction mixture was then centrifuged. The
supernatant was used treated with for 3HB
-oligomer hydrolase (1.0 U [3HB-dimer-hydro-
lyzing activity] of PhaZbgreu or PhaZcgrew for 10
min before the quantification of 3HB. The amount
of 3HB was measured from the increase in A340nm
by an enzymatic method using R(-)-3HB dehy-
drogenase and hydrazine hydrate 23

Preparation of substrates

Artificial amorphous PHB granules were prepar-
ed using the method described by Horowiz and
The PHB isolated from £.
eutropha H16 cells was dissolved in chloroform,

Sanders?? as follows.

and 0.05% (wt/vol) sodium deoxycholate was
added. The mixture was sonicated (20 kHz, 100
W) for 2 min.
remove the chloroform and dialyzed for 24 h

The emulsion was heated to

against 0.01% (wt/vol) sodium deoxycholate at
The linear 3HB-dimer and
trimer were synthesized and then purified by

room temperature.

HPLC. The linear 3HB-tetramer and pentamer were
purified from the digest of artificial amorphous PHB
granules with PhaZ7 of Paucimonas lemoignei 25 as
described by Sugiyama et al.20. The chemically
synthesized cyclic 3HB- oligomers were donated by

D. Seebach of ETH, Switzerland2?.

Partial PHB
depolymerase from the soluble fraction in £,
eutropha H16

Fifty five grams of K. eutrtopha H16 cells

purification of intracellular

cultured in a mineral medium containing 2%
(wt/vol) fructose and 0.1% (wt/vol) ammonium
sulfate for 72 h was suspended in 50 mM Tris-HC1
buffer (pH 7.5). The cells were sonicated twice on
ice for 4 min (20 kHz, 50 W) and centrifuged at
10,000 x g for 30 min.
fraction”), crude extract (250 ml), was fractionated

The supernatant (“soluble

with ammonium sulfate (0 to 35% saturation). The
pellet was resuspended in 50 mM Tris-HCI (pH
7.5) buffer and dialyzed overnight against 20 mM
Tris-HCI (pH 8.5) containing 20% (vol/vol) glycerol
(buffer A). The dialyzed fraction was applied to a
TOYOPEARL DEAE-650M (Tosoh, Japan) column
(2.5 x 24 cm) and the column was washed with
buffer A. PHB depolymerase activity was eluted
with a linear gradient of NaCl (total volume, 1000
ml; 0 to 0.4 M) in buffer A. The eluted fraction
was dialyzed against 20 mM Tris-HCl (pH 7.5)
(wt/vol) glycerol (buffer B)
overnight and applied to a @ Sepharose FF

containing 20%

(Amersham) column (2.5 x 5 cm). The column was
washed with buffer B, and then PHB depoly-
merase activity was eluted with a linear gradient
of NaCl (total volume, 180 ml; 0 to 0.34 M) in
buffer B. To the eluted fraction was added



(NH92S04 (final concentration, 1.7 M) and the
mixture was applied to a TOYOPEARL Ether- 650M
column (1.5 x 6 cm) equilibrated with buffer A
containing 1.7 M (NH2S0s. The column was
washed with buffer A and PHB depolymerase activity
was eluted with a linear gradient of (NH4)2SOx (total
volume, 60 ml; 1.7 to 0 M) in buffer A. The eluted
enzyme was dialyzed overnight against 20 mM
Tris-HCI (pH 8.0) containing 50% glycerol.

Immunoblot analysis

Samples were subjected to immunoblotting
according to standard procedures using a rabbit
antiserum against PhaZd as primary antiserum
and alkaline phosphatase-conjugated goat anti-
rabbit IgG (SIGMA-ALDRICH, MO, U.S.A) as
secondary antibody. The immunocomplex was
visualized using nitroblue tetrazolium and 5-

bromo-4-chloro-3-indolylphosphate p-toluidine.

Other analytical methods

The amount of PHB was quantified as crotonic acid by
HPLC as described by Karr et al2® Protein
concentrations were measured by the method of Lowry
et al.29 with bovine serum albumin as the standard.
The purity and size of proteins were estimated by
sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (PAGE) as described by Laemmlis0.
Proteins on the gel were stained with a Silver Stain IT
kit (Wako, Osaka, Japan).

Results

Partial purification of soluble PHB depolymerase
from R. eutropha H16

R. eutropha H16 cells were cultivated in minimum
salt medium containing 2% (wt/vol) fructose (carbon
source) and 0.1% (wt/vol) ammonium sulfate
(nitrogen source) (PHB-accumulating conditions).
Both the PHB and PHB

depolymerase activity in the soluble fraction

content of cells

reached a maximum after 72 h (Fig. 1). The solu-
ble fraction obtained from cells cultivated for 72 h
was used as the starting material for purification.

The crude extract was fractionated with (NH4)2SO4
(0 to 35% saturation) and dissolved in 50 mM
Tris-HC1 (pH 7.5) buffer. Compared to the crude
extract, the total activity in the ammonium sulfate
fraction was increased 1.6-fold (Table 1). The ammonium
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60 |

PHB content (%, dry cell weight)

40 F / —@— PHB depolymerase activity {20
/ —O— PHB content
4
20 110
0 0
0 % 48 72 96
Incubation time (h)
Fig. 1. PHB depolymerase activity (@ )in the

soluble fraction (crude extract) and PHB content
(O, wtiwt) of the cells of R. eutropha H16 grown in
PHB-accumulating conditions. The 100% value for
PHB depolymerase activity was 0.019 pumole/min/mg.

sulfate fraction was purified using a TOYOPEARL
DEAE-650M (anion exchanger) column, a Q Sepharose
FF (anion exchanger) column, and a TOYOPEARL
Ether-650M (hydrophobic resin) column in sequence.
In the TOYOPEARL DEAE- 650M column and Q
Sepharose FF column (Fig. 2), PHB depolymerase
activity was eluted in about 0.15 M NaCl. In a
TOYOPEARL Ether-650M column (Fig. 3A), the
activity was eluted near 0.25 M NaCl. In step
using TOYOPEARL Ether-650M, the activity of
PHB depolymerase incresed more than 10-fold
compared to that in the Q Sepharose FF step.
from TOYOPEARL
Ether-650M showed a single homogeneous band
on SDS-PAGE when visualized with silver stain
(Fig. 3B). The enzyme was partially purified
4,400-fold with 59% yield (Table 1). An increase of
the total activity

However, no fractions

Table 1. Partial purification of a intracellular PHB
depolymerase from the soluble fraction of R. eutropha

Total Total Specific Yield
protein activity activity (%)
(mg) ) (U/mg)
Crude extract 810 15 0.019 100
Ammonium
sulfate 680 24 0.035 160
DEAE-650M 97 5.7 0.058 38
Q-Sepharose FF 6.4  0.76 0.12 5
Ether-650M 0.11 8.8 83 59

The enzyme was purified from a 4.4-liter culture (55 g
of wet cells). Artificial amorphous PHB was used as a
substrate.

U = umol/min
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Fig. 2. Q Sepharose FF column chromatography.
Artificial amorphous PHB granules were used as a
substrate. Fractions 7-10 (total 40 ml) were collected.
Solid circle, activity; open circle, protein.

after ammonium sulfate fractionation or the use of
TOYOPEARL Ether-650M was observed. When
the partially purified enzyme was mixed with crude
extract, the PHB-hydrolyzing activity was partially
inhibited (data not shown).

Properties of the partially purified PHB depolymerase
Table 2. shows the substrate specificity of the
final preparation in the TOYOPEARL Ether-
650M step. No 3HB-oligomer hydrolase activity
was detected in the final preparation. The specific
activity toward artificial amorphous PHB of the
partially purified enzyme was much stronger
than that of any other intracellular PHB
depolymerase or 3HB-oligomer hydrolase in A.
eutropha H16 reported except for PhaZd whose
specific activity is 1101315 17 This enzyme, like
other intracellular PHB depolymerases, did not
degrade semicrystalline PHB. The release of 3HB
from cyclic 3HB-oligomers or linear 3HB- oligomers
by the enzyme was not detected.

Figure 4. shows the time course of the
degradation of amorphous PHB by the partially
purified enzyme. Most of the products were
3HB-oligomers. Even when the reaction time was
lengthened, little 3HB was detected.

The effect of various reagents on the PHB
depolymerase activity of the partially purified
enzyme was examined (Table 3). The activity to
degrade PHB was almost completely inhibited by
diisopropylfluorophosphate (DFP) at 10 mM, but not
by 10 mM of phenylmethane sulfonylfluoride
(PMSF). 1,4-Dithiothreitol (DTT) (100 mM), by
EDTA, but the purified soluble PHB EDTA (10 mM),

Fig. 3. Toyopearl Ether-650M column chromatography
(A) and SDS-polyacrylamide gel electrophoresis of
fractions at various steps in the purification process
(B). A. Artificial amorphous PHB granules were
used as a substrate. Fractions 11-17 (35 ml) under a
bar were collected as a final preparation. B. Proteins
were visualized by silver staining. Lanes 1, Toyopearl
DEAE-650 fraction (5.3 mg); 2, Q Sepharose FF
fraction (1.6 mg); 3, Toyopearl Ether-650M fraction 10
(0.2 mg); 4, fraction 11 (0.08 mg); 5, fraction 12 (0.02
mg); 6, fraction 13 (0.02 mg); 7, fraction 14 (0.02 mg);
8, fraction 15; 9, fraction 16 (0.02 mg); 10, fraction 17
(0.02 mg); M, molecular makers.

Table 2. Substrate specificity of the partially purified
PHB depolymerase

Substrate 3HB released
(umol/min/mg)
artificial amorphous PHB granules 83
semicrystalline PHB granules 0
linear 3HB-oligomers? 0
cyclic 3HB-oligomersP 0

a; linear 3HB-dimer, -trimer, -tetramer, -pentamer
b; cyclic 3HB-trimer, -pentamer

or Triton X-100 (1%) did not completely inhibit
the activity, while 0.005% Triton X-100 seemed to
activate the enzyme.

The pH optimum of this enzyme was 8.5 in
Tris-HCIL. During storage at 4 °C, the enzyme lost
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Fig. 4. Degradation products of artificial amorphous
PHB granules. 0.15 mg of the partially purified PHB
depolymerase was used. Reaction conditions were as
described in Materials and Methods except for the
reaction time. Open circle, 3HB-monomer; solid
circle, SHB-oligomer.

60% activity within 24 h. For long-term storage,
freezing at -20°C was required.

Immunological analysis of the partially purified
enzyme

To examine whether the partially purified soluble
PHB depolymerase contains PhaZd which is a
novel intracellular PHB depolymerase present in
both cytosol and PHB inclusion bodies!?, the final
preparation obtained in the TOYOPEARL
Ether-650M step was analyzed by SDS-PAGE and
stained immunologically using antibody against
PhaZd. Even when the sample was concentrated
50-fold (containing about 2.5 pg of protein) or
100-fold (containing about 5 pg of protein), no
significant band was detected (data not shown).

Table 3. Effect of various reagents on the partially
purified PHB depolymerase

Reagents Concentration Activity
(%)
DFP 1 63
(mM) 10 8
PMSF 1 99
(mM) 10 100
DTT 1 100
(mM) 10 86
100 11
EDTA 1 59
(mM) 10 77
TritonX-100 0.005 136
(%, wt/vol) 0.05 62
1 56

DFP, diisopropylfluorophosphate; PMSEF, phenylmethane
sulfonylfluoride; DTT, 1,4-dithiothreitol. 0.02 pg of the
partially purified enzyme was used. Artificial amorphous
PHB was used as a substrate.
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Discussion

The intracellular PHB depolymerase partially
purified from the soluble fraction of R. eutropha
H16 in this study has several properties different
those PHB
depolymerases or 3HB-oligomer hydrolases,
PhaZal, PhaZb, PhaZc, and PhaZd. The strong
specific PHB-hydrolyzing activity is a particularly

from of known intracellular

remarkable feature. The products of degradation
were mainly 3HB-oligomers when artificial
amorphous PHB granules were used as a
substrate. Since only a very small amount of
3HB-monomer was detected in the products
obtained from amorphous PHB granules, this
enzyme hydrolyzes PHB in an endo-type fashion.
The partially purified enzyme was strongly
inhibited by DFP, suggesting that the active
center is serine. The enzyme probably has a
“lipase box (G-X-S*-X-G)” which is the active
center common to PhaZb, PhaZc and other PHB
depolymerases except for PhaZal. Activation by
Triton X-100 at low concentrations has been
reported for the extracellular PHB depolymerase
of some bacteria such as Acidovorax sp. TP412,
The peak of activity was not singular in the
column chromatography, suggesting that several
depolymerases might be contained in the soluble
fraction.

These properties are very similar to those of
PhaZd'?. Sucrose density gradient centrifugation
revealed that PhaZd was distributed nearly
equally in the cytosolic fraction and the PHB
inclusion bodies'?. Although these two enzymes
had similar properties, they differed in how they
were affected by reagents: PhaZd was activated
depolymerase was partially inhibited. PhaZd was
inhibited by DTT completely at 1 mM, but the
purified soluble PHB depolymerase was not
inhibited at that concentration of DTT at all.
High concentrations of DTT (10 mM and more)
partially inhibited the purified soluble PHB
It is possible that the
partially purified sample was a mixture of PhaZd

depolymerase (Table 3).

and some other PHB depolymerase(s) not
inhibited by DTT. Immunostaining of the final
preparation from the TOYOPEARL Ether-650M
step using antiserum against PhaZd revealed no

significant band. The partially purified PHB
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depolymerase from the soluble fraction contains a

different intracellular PHB depolymerase from
PhaZd, although a minute amount of PhaZd
seems to be included. The PHB depolymerase

contained in the preparation purified from the

soluble fraction may be an unique enzymes
different from PhaZd. To clarify this, further
purification is needed.

The increase in total activity after fractionation

with ammonium sulfate or chromatography with
TOYOPEARL Ether-650M suggests the existence of
some inhibitor(s) in the soluble fraction (Table 1).
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Abstract: The liverwort Marchantia polymorpha is dioecious and haploid during most of its life cycle.
It is known that fertilization in bryophytes, as in animals, involves sperm and eggs. Recently, we
isolated novel DNA from the sperm centrosome of the starfish Asterina pectinifera. In the present
study, we examined whether the sperm of bryophytes contain this unique DNA. The total DNA in the
sperm of M. polymorpha was used as a template for polymerase chain reaction (PCR) analysis performed
using a centriole-specific DNA primer. Although this primer was designed to specifically amplify the
centrosomal DNA of the starfish, it can amplify the centrosomal DNA of many other animals having a
similar DNA sequence. The size of the amplified PCR products was approximately 500 bp, which is
similar to that of the PCR products amplified from starfish. We determined the nucleotide sequence
similarities between the PCR products amplified from the cultured cells of the moss Physcomitrella
Our results show that DNA similar to that

of the starfish centrosomal DNA exists in bryophytes and includes animal centrosomal DNA homologues

patens and from the sperm of the liverwort M. polymorpha.

and candidate centrosomal DNA.
Keywords: centrosome, centrosomal DNA, S1 nuclease, bryophyte sperm, liverwort

Introduction
In most eukaryotic cells, the basal bodies of cilia The size of the PCR

products amplified from the DNA of many

95% sequence identity).
or flagella and the centrioles in the spindle pole

are structurally analogous and interchangeable V.
Recently, we identified novel DNA from the sperm
centrosome of the starfish Asterina pectinifera ?.
In starfish, this unique DNA exists in the
centrioles of the sperm and the basal bodies of
cilia on the blastulae. The localization of the
products amplified by polymerase chain reaction
(PCR) was investigated by in situ PCR with
fluorescence-labeled primers. The amplified DNA
signal was detected in the sperm centrosome of A.
Although the centriole-specific DNA
(CS) primer was designed to specifically amplify
the centrosomal DNA of the starfish, it can
amplify the centrosomal DNA of many other

pectinifera.

animals having a similar DNA sequence (above

animals is approximately 500-bp; this is similar
to the size of those amplified from the starfish
DNA 29,
the presence of this unique DNA in the bryophyte
Carothers and Kreitner (1968) have
observed centrosomes in the spermatid mother

In the present study, we investigated
sperm.

cells of the liverwort Marchantia polymorpha ¥.
The extraction of sperm from liverworts is easier
than that from other plants in which sperm
functions as the male gamete. The moss Physco-
mitrella patens has been recognized as a useful
model for the study of plant embryogenesis and
development for several reasons . Insights into
the molecular biology of mosses have been gained

come mainly from the studies of this monoecious

©Research Institute for Integrated Science, Kanagawa University
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moss. Therefore, in this study, the liverwort M.
polymorpha and the moss P patens were selected
to identify the centrosomal DNA in plants. The
total DNA of the M. polymorpha sperm and the P
patens protonemata were used as templates for
PCR analysis, which was performed using the CS

primer.

Materials and Methods

Plant material and culture conditions

The protonemata of P patens ssp. patens were
cultured on 0.7% agar with 0.01% hyponex
(6-10-5).
dishes on medium solidified with 0.7% agar and

The cultures were grown in 9 cm Petri

overlaid with cellophane discs having a diameter
of 8 cm (type 325P; AA Packing Ltd, Preston, UK).
The plates were grown in a culture room at 25C
under a regime of 16h light and 8 h darkness.
After a 3-week incubation of the P patens plants,
the total DNA was extracted according to the
specified protocol.

Sperm isolation

We used the sperm of the bryophyte, M. polymorpha,
which was collected at Manazuru (Kanagawa) and
Chofu (Tokyo). An isolate of the spermatozoon of /.
polymorpha was taken and a droplet of distilled
water was deposited on the antheridium, following
which the sperm were released. After 3 repeated
centrifugations, each performed at 1,000 x g for 1
min, the sperm in the supernatant were sedimented
at 1,000 x g for 10 min at room temperature.
Subsequent steps were carried out at 4°C.

Nucleic acid isolation

Total DNA was extracted from the protonema or
gametpophores using QIAGEN plant tissue Kit
according to the manufacturer’s protocol.

PCR analysis

PCR primers measuring 500-bp were designed for
the novel DNA from the starfish centrosomal
DNA sequence of the partial sequences. The
sequences derived from clone K4 were obtained
by PCR using the DNA extracted from starfish
sperm centrosome as a template, a (CS-primer-F)
forward primer (5-GCAGCTTTCGTCGATTTAAA
-3) and a (CS-primer-R) reverse primer (5-TCA

TTTTCTTCACCAGCAAA-3). This pair of PCR
primers is named the CS primer. The PCR was
performed using the HotStar Taq polymerase
(QIAGEN).
follows: first, initial incubation step at 95°C for

The cycling conditions were as

15 min; second, 35 cycles, each performed at 94°C
for 1 min (denaturation), 53°C for 30 sec (annealing)
and 72°C for 1 min (extension); and third, final
extension at 72°C for 10 min. The following
bryophyte RuBisCo primers were used for
chloroplast-DNA PCR (positive control): forward,
5-AGTAACTTTAGGTT TCGTAG-3 and reverse,
5-TTTCCAAATTTACAA GCAG-3. Bryophyte (M.
polymorpha) RuBisCo primers correspond to
nucleotides 1020-1039 (forward) and 1370-1389
(reverse). The following bryophyte 18S rRNA
primers were used for genomic PCR (positive
control): forward, 5-TACCTGGTTG ATCCTGCC
AG-3 and reverse, 5-AGGTTCACCTA CGGAAACCT
-3.  Bryophyte (M. polymorpha) 18S rRNA primers
correspond to nucleotides 0001 - 0020 (forward)
and 1786 - 1805 (reverse).
PCR was performed under the condition of 35
cycles of 94°C for 1 min, at 57°C for 30 sec and at
72°C for 1 min.

For positive control of

DNA sequencing analysis

Sequencing was performed wusing a BigDye
Terminator v.3.1 Cycle Sequencing Kit (ABI PRISM
3100 as recommended by the manufacturer.
Sequences were processed using the program
GENETYX-MAC, version 9.0 (Software Develop-
ment Co., Ltd., Tokyo, Japan).

Results and Discussion

Morphological observation of the sperm of liverwort
The sperm of bryophytes (liverworts) can be easily
harvested for the purpose of study. Microscopic
observation of the liverwort sperm was first carried
out by Ikeno in the 1900’ ©.
observation of liverwort sperm was reported by
Carothers and Kreitner 4. With regard to the

sperm of the bryophyte M. polymorpha, Carothers

Electron microscopic

observed centrosomes in the spermatid mother cells
by electron microscopy. The structure of the
centriole of the M. polymorpha is already confirmed
by observations under the electron microscope ?.

Microscopic and electron microscopic analysis of
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the liverwort sperm is comparatively easier than
that of sperm from other mosses ® or hornworts 9.
The gametophyte of the liverwort M. polymorpha
was collected from Manazuru Chou in Kanagawa
and Chofu City in Tokyo from March to April.
This liverwort is heterothallic.

Figure 1 shows the white solution of the sperm
that overflowed on the gametophyte of the male
plant of the M. polymorpha. The spawning of
sperm is indicated in the photograph on the right
(Fig. 1). This spawning of sperm was observed
on the male-receptacle of the liverwort and
appeared as turbid water.

Phase-contrast microscopic photographs of the
spermatogenesis of M. polymorpha are shown in

Fig. 2. Phase-contrast microscopic photographs obtained during the sperm maturation of liverwort.

Detection of the Centrosomal DNA from the Sperm of Bryophyte 21

figure 2. Inimmature liverworts, the sperm has an
outer membrane (Fig. 2, A). During maturation,
the outer membrane of the sperm is dissolved and
the sperm is then released (Fig. 2, B to T).

maleplant
e =

before relegsed sperm

4

iy -""-

remgle plant
Fig. 1. Gametophytes of the male and female plants of
M. polymorpha are indicated by yellow arrows (left).
White arrows indicate the spawning of the sperm in a
water drop on the male-receptacle (right).

The process

of spermatogenesis shows in B-T. A shows the outer membrane of the spermatid. Two flagella projected from
spherical spermatid cells show in G-N. Two moving flagella are present, and spematids gradually lose the

cytoplasm of the spermatid cells (I-S).

T shows the mature sperm of the M. polymorpha.

Scale bar = 10 um.
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Fig. 3. Total DNA of the M. polymorpha shows in A (lane 1, arrow) on the agarose gel (2%) electrophoretic
pattern. PCR amplification with CS-primer experiment shows in B. PCR fragments confirmed the 500-bp
product (lane 2, arrowhead). In contrast with 18S-rRNA- or RuBisCo-primers, PCR products with the
CS-primer were not amplified from the total DNA (template DNA) of the M. polymorpha, after treated by S1

nuclease for 1 hour incubation (C).
of the molecular weight marker.

M O Q0

1000-bp

500-bp

Fig. 4. PCR amplification from the bryophyte P
patens is shown in lane 1. Isolated fragments of
the 500-bp and 1000-bp products were obtained,
(lane 2; 1000-bp, lane 3; 500-bp). M indicates the
100-bp ladder marker.

M indicates the 100-bp ladder marker.

pHY indicates the pHY marker

PCR amplification and sequence analysis
of unique DNA sequences in moss and
liverwort
To confirm the presence of unique DNA sequences
corresponding to starfish, total DNA was extracted
from the male gamete cells (sperm) of the liverwort
M. polymorpha and from the cultured cells of the
moss P patens. To examine whether the unique
DNA sequences are present in these plants, PCR
amplification was performed with the CS primer in
order to amplify the starfish centrosomal DNA
homologues. Analysis of the PCR fragments
confirmed a 500-bp product (Fig. 3) from the total
DNA of M. polymorpha sperm. In addition,
genomic DNA sequences encoding 18S rRNA and
chloroplast DNA encoding the large subunit of
RuBisCo (rbel) 1010 were also amplified as controls
for genomic DNA and the organellar DNA,
respectively (Fig. 3).

PCR amplification experiments
performed with the DNA isolated from the

were also
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cultured cells of P patens (Fig. 4). An analysis of
the amplified fragments confirmed that the
protnemema cells of the moss P patens contained
the same unique sequences as the plant cells of
the liverwort. Further, in the case of P patens,
the amplification products of different sizes were
In addition to the 500-bp product, a
PCR product of approximately 1000-bp was
obtained (Fig. 4).

With respect to animals, the sperm centrosomes of

obtained.

the starfish contain specific novel DNA, and the
nucleotide sequence of this DNA has been
determined in our recent studies 2:3.12),

[YENTTRN T

Fig. 5. Comparison between the DNA sequences
amplified from the starfish A. pectinifera and the
liverwort M. polymorpha; those sequences were
obtained by PCR using the CS primer (top:
coincident arrangement is indicated in green).
Nucleotide substitution is indicated by yellow
arrowhead. The remarkable insertion mutations
in the M. polymorpha indicated by red arrows, and
the remarkable insertion sequences in P patens
are indicated by orange triangles (bottom). The
asterisk shows nucleotide substitution between M.
polymorpha and P patens. The numbers on the
both sides indicate the nucleic acid residue
positions.

A characteristic of this novel DNA is that it is
sensitive to single-strand nucleases. For example,
this DNA is digested by the S1 nuclease. To
determine whether the DNA extracted from our

samples also showed this characteristic, it was
treated with the S1 nuclease and used for PCR
The untreated total DNA (as a
control) extracted from liverwort sperm and the S1
nuclease treated total DNA were subjected to PCR
analysis using the CS-primer, RuBisCo primer and
18S rRNA primer, respectively. Using the total
DNA as a template for RCR, the amplified PCR
fragments were confirmed. However, such PCR

amplification.

amplification was not detected with the CS-primer
from S1 nuclease-treated total DNA. The unique
DNA in bryophytes was also sensitive to the S1
nuclease since no amplification product was
obtained with the CS-primer (Fig. 3C).

The similarities between the nucleotide sequences
of the PCR products amplified from the cultured
cells of the moss P patens and the sperm of the
liverwort M. polymorpha were determined and are
shown in Figure 5. Figure 5 (bottom) shows the
sequences common to M. polymorpha and E patens
in blue. Figure 5 (top) shows a comparison bet-
ween the sequences of the starfish and the
liverwort; identical sequences are indicated in green.
Yellow arrowheads indicate the insertions common
to the starfish and the bryophytes. The insertions
unique to M. polymorpha are denoted by red-arrows.
The insertions unique to P patens are indicated by
The liverwort PCR product
sequences were 482 nucleotides long; this liverwort
PCR product is 6 nucleotides shorter at the 5 end
than the PCR products
centrosomal DNA of A. pectinifera. In contrast, in

orange arrowhead.

amplified from the

case of the moss P patens, the PCR product
sequences were 492 nucleotides long; this PCR
product is 4 nucleotides longer than that of A.
pectinifera. PCR analysis was carried out with the
CS primer to identify similarities between the
centrosomal DNA of the starfish and the moss plant.
The size of the amplified PCR product was
approximately 500-bp, which was similar to that of
the PCR product of the starfish. The nucleotide
sequences of liverwort showed high homology
(95.8% identity) with that from centrosomal DNA of
starfish. The nucleotide sequences of P patens
also showed high homology (96.3% identity) with
that from centrosomal DNA of starfish. There was
99% identity in centrosomal DNA between M.
polymorpha and P patens. The centrosome exists
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not only in most animal cells but also in plant cells 4.

These results of this study suggest that the unique
DNA sequences are present in the centrioles of not
only the starfish but also the sperm of liverwort M.
polymorpha and the P, patens protonemata.

In bryophytes such as mosses, liverworts, and
hornworts, the sperm is the male gamete, as in the
case of animals 4789, However, the structure of
the sperm of these bryophytes is slightly different
from that of animal sperm. The most remarkable
difference is that the sperm of these plants have 2
flagella 19,

only 1 flagellum. As for the numerical difference of

However, the sperm of all animals have

the flagella in which the sperm owns, it is thought
with the evidence of the difference that the plants
and the animals were able to understand the first
divergence that they occurred by a process of the
evolution of the eukaryotic cells 4. The sequence
phylogeny and taxonomic distribution of the myosin
domain combinations revealed five innovative
possibilities that strongly support unikont (animals,
fungi, choanozoa, and amoebozoa) monophyly and
the primary bikont/unikont (bikont; plants, chromi-
sts, and all other protozoa) bifurcation . It is
believed that this structural difference in the sperm
of plants and animals is an extremely important
difference in the divergence of eukaryotes.

In our preliminary PCR experiments performed
using the total DNA of the sea urchin Hemicentrotus
pulcherrimus and the diatom Chaetoceros gracillis,
we succeeded in amplifying the centrosomal DNA
The partial DNA
sequences of both the sea urchin and diatom were

by using the CS primer.

also analyzed, and the homology between both
sequences and the centrosomal DNA sequence from
the starfish was found to be above 95%. This DNA
sequence appears to be highly conserved between
species. This novel DNA is expected to be a new
tool in the study of the origin of the eukaryotes.

Accession numbers of the genes described here
are as follows: AB298452 (M. polymorpha) and
AB298453 (P, patens)
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Abstract: The external specifications of information systems including software need to be
provided in a clear manner to users and others, which would be an essential requirement for
the sound advancement of information society. However, to realize it is not easy. In this
paper the intrinsic problems of the definition of the external specifications of information
systems are examined. I show that, for a usual information system which is not very simple,
it is impossible to define its external specification without utilizing the internal structure of
the system and that the ultimate definition results in a sort of implementation of the system.
I call this characteristic as the paradox of external specification. Next I review how the
paradox of external specification affects the actual activities in the following four areas —
use of information systems, development of them, interoperation in the network
environment, and standardization - and general characteristics are presented. Then the
paper discusses the measures, which include the evolution and deployment of specification
description techniques such as formal description ones, the improvement of the readability
of source programs, and the development of external specifications whose semantics are
easy to be understood.
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Abstract: We implemented the parallel garbage collector using fork system call for process
generation supported in the multi-processes OS, suchas UNIX. The GC does not need a
write barrier because the gc process performs marking the replica space generated by fork
system call. Although Inter-Process Communication is needed in order tonotify
garbagecells, the ordinary stop and collect mark-sweep GC can be easily changed to this
method. We implemented the GC in the Lisp system and compared with the original
mark-sweep GC.
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GC 1%, malloc %50 free B L\ o 7= A £ Y HHE
WMEEMEDOT AT Z ) ELTEREELTWVWS, free
B3 7 E OBIRIGIZ A | Y iR d 5 BECIE A £
U O E1TH 9, AT Y OREILE GC 721 TIT 9,

TN r—a VEATRRS, T E ALY IR
VAT ATA T 7Y (libe) OV ITHE ICELE
LIEARVERTIA T TV 2B 7 T559
WZHREL TV 5,

oD BRI D—oi%, Y —RA2a— K3FH
TERWVWEIRTa 7T AH L THIESD GC %
FHTEZA2L2ICT52LTHD, ZDDHIZER
TATZVELTCHEETL LT, 7TV r—va
v & ST L7z Nonintrusive GERE) 0 H 5 GC
ZRBELTND,

EERTIX, 7 CPU v B~ /LT
CPU ~ v v ETEIE-HINA GC X Boehm-
Demers-Weiser GC (BDWGC) & Db w1T-> T
W5, v/LF CPU~v > EIZEBWTIL, GCItL b
e 1R R R 14 L - (R R > BDWGC LW < 725
e, BRSSO TS,

fork ¥ 27 A a— &2 AW GC DFEE
fork > A7 L a— L& HWi=i3] GC (Fork GC)
DFEIEIZONTIRR S,

mutator a2 & GC 7'r k& XAHDOEE

fork A7 L3 —/VIZ K> T mutator 7rE AL
GC ZYumkzxpA®) 2T S 572D, GC
Fat AIAA —TEFIZ mutator A~
CNERE BT HMLEND D, ER7 v XME
571k (IPC) 1ZId/31 7, FIFO, Avt—Y %=
—., HEAEYRE D, 2O T/RA 7R FIFO %
ANWB A v —U Ry T hEEEE AT HiE
IZOWNWTIR %,

1) Avke—U Xy 7H

Tat AT T EOBERKEER L, GC 7
ot A5 mutator ' REANT I BLERE L
(EERSE
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(2) HAE YR

mutator 72t 2 & GC 7 ut ATIHRE AT
oD AEY FEEEMET 5, GC e R TAA
— 7T I UERE LA AE D RICEEAL,
mutator 7 2 AT B/NRNIEL o7 b X
AEYNLESET S, 2FE0, AEAEVEZT Y —
YA K& LTHRIHT 5,

Fuk ZAEEE OBV L B EE

7'ut AMEEOEWIZE D RO XS BREENAE
C%,

(1) mutator M Ik
A=V Ry TRIOEEAE. GC Tk AhG
FIBNMEROEENDH D L. mutator 7' 7B R 1%
WERZ W L CT7 U — U A R~ IB/AZEBMLA
FuEZe b, ZoEIERRIE GC 7t AHE
WL of (BEOHEG LK) ITKFET D
DTTHARARETH D, A VAOEEITIE,
Z® X 97 mutator 7 ¥ ADEE IRV,

(2 7V —U & ~OHEk

A=y v ZRITE S k- BV & R U
ROZ7IV—VRNEHWLZ ENRTE D, HHEATE
UVIRICIE, EEAEY RFIc7 U —U 2 M E{ERT S
LOERTHMERD D,

3 VY —2DHIfR
HEAFVHRTIE, —oDO T AR FEHTX S
HFAERIVDORBT AL MEE 1T AV MBI D5
KAED YA RZHIBRH 5, FlziE, SPARC i)t
Solaris2.6 ®7 7 4/ FTlE, 1 7aERIZx LT
BRK6EIT AL, 1 BT AL FDATY YA X(T
AR 1IMB E7e>TWn5, 207, e—7 %A
ANRKEWNEAIZFEAEATY BIC7 U —U A b4
KENERRT D Z N TE R 2D,

AT
Lispl.5 LBEA T -~ — 27 A4 —7 GC ©
euzak lisp |2, A TEHWIZ A v E—U Ny
TR (g 7R L, JUV—=UR BV TRy T
IR LI=F A Y B 2 fEFHD Fork GC %
FEEL 77, euzak lisp X C EFETHEEINTEY,
UNIX % OS ECTEfET %, sHliZ1T o 7o BREE &2 &
1BX0F 27T, £1DOvLF CPU~ D
BAIZIE, mutator 7t A& GC 7k ARZTHR
Zhl17veeyHEEHL, A2 ety a2 H
WCW5, FHBIZHW =R TF~—r T a s T Ak
LLFIZRT, boyer =izt U CRaBRiEA 217 9
Tar I AThDH, XIRDOT e T T AEFEH L,

# 1. FHMmEREE (multiCPUs) .

CPU HyperSPARC 100M Hz
CPU Dffi%k 4
AL AEY 512MB
0S Solaris2.6
AN, T GCC2.95.3

# 2. FHMEERBE (singleCPU) .

CPU TurboSPARC 170MHz
AL AEY 64MB
0S Solaris2.6
AT GCC2.95.3

#38 YV—Ra— RFROLHEE
ForkGC DOFE¥H Y —Aa— FKORETITE
oA T 170
HH AT YR 163

(1) ack

SRR TR WREIBIE T, 2 DDBIEN K&
2% EHEENPEKRIZRD,

(2) hanoi

NI ADEERS TR T T L THD,

V—Z2a— RFOEEE
7% 3 TE IE-[A A~ — 7 A A — 7 GC 7 A FIFEL D
ForkGC ~"EH L7 & DY —2a— ROLEF &L
NN

V= A a— ReRITH 7700 17720 T, EHT4E
RO 2% Th 5, T7oEHEFTIL, fork 12X 25 GC
Zatv AOLRKES (K 1001T) THDH, EFEEIT
A TR F ARV RITIZE A EE DL RN, R
A THRDOEAITIE mutator 7 A L GC 7k R
DOWEABE 7y 2 B L TV ATz, AT YR
OV EETFLL TS,

SER R ) R D AT
SULFRIRE ] AR 2 B UL Pl 24T o 7o, JLBRRER] I,
euzaklisp ZEHE L T7 U —VU X FOIERR EDF)
WL 2T\ R TF~—r T 7T AaFEIT L,
W RAKTTHETCORETHSL T, AR O
FHNZIZ, v = (tesh) OFHAIALEIELD time
Rz,

Eik-ERA D~ — 27 A4 —7 GC & WHIELD
Fork GC D ALERIRFE] % bz L 7= A5 e % (X 4 35 LUK
51077, M4aiZ~rF CPU~VT Y (1), M5

T I EALER 72 S BRI S 3 U b C., ALERRS
MDD 0.1%LL F7eD CIH LT\ 5,



g, B Fork Y AT Aa— a2 W WFH—_YPalL gy 41

[ user [ system —A— elapsed

(3]

Time ratio

—_

0
stop FGC FGC stop FGC FGC stop FGC FGC

pipe shm pipe shm pipe shm
boyer ack hanoi

4. AEIE-[EIXAE & Fork GC @& (multi CPUs).

EEmuser [ system —— eclapsed
2

2

8

g

21

0
stop FGC FGC stop FGC FGC
shm shm shm shm
boyer ack

& 1-[A AL & Fork GC o Ei%(single CPU).

stop FGC FGC
shm shm
hanoi

X 5.

T 7 CPU v v (3 2) CTENZEAIT - 728
RTH D, HflIIA GC, Mt LB TH D,
ALERER N BV T SRR R IZ R < 72 B,
Prf T BR R R (elapsed) C. #7277 71X
2 — R (user) & AT AR (system) %R
LTW5, Eik-F~—27 24 —7 GC (stop)
DM AZ 1 L LT, ~LvF CPU~T D
LElix, 2 7akyhic L pra—VRE & 2T
LREE OGN LB IR ] 2 B[E] > TW D O,
B D7 oty I L HWILEDT-HTH 5,
fork VAT Aa— W XB 7k R ERKT R Fe,
A OEEHZIZLD COWIZBIT 5 a b —LE o0
e N N A 7 BN 3o [51 1 O R O 7 i
ForkGC OB N E L poTWb, VAT
LRFEIAKIBIZH 2 T D DI, fork AT A a—
Mk B 7 RAEREVSTZ =RV LULTO
IBRENBE X -T2 & E 2 Bhb,
ForkGC @ = — R 238 2 TV 5 DI,
ARGBAEIC LD aRA b pimbEtEZLLND,
F72. A 7T mutator Ve RIZL BT Y —
YA RADOII|AOBEINRCASAS FIZE DT mEA

at

M OFEFWIBE IR A 00D 72 ALBRRFH 4K
TIHEAE AR VRO S REL 25T D,

7 CPU = ETHBUNEAILEIC L 5
WA GC & LTCEIfEL CTW\wWb, LaL. mutator
Zut AL GC 7 ut ATEBEICITLIN I S
WD, fork VAT Aa— V2L AHF— N —
KoL DEXHZFEO COW IZ81F 5 2 B —ALE,
A THRNCET 5 7 1 ' AEE OREH 5 7210 L
B SRRl 2 Wb, F0d, T CPU «
v kX0 by CPU ~ v EDJi N ALELR
WRF O My MM K E L 2o T b,

Ty == VBEBOFFEIZLERT, N A DED
FHE O T HLERRGEFEE OEINN K E < Ipo T D,
ZHEAN I A DEOHRED TN, GC AHN % < %
ELTWbEbEEZLND,

mutator D% 1k B
fork AT La—Zk b GC 7ot R AEREO
mutator OfEIEFE#Z % 4 (w/F CPU v V)
BLUOES (7L CPU~IY) ITRT,
EIERER ORI, BERZ G T 2
gettimeofday BA%t % H\ T\ %, ForkGC (28T %
mutator O (EEERTI, fork 3 AT Lo — L& FE4T
LT rt RAZAERT DO, & 1E-FER GC
DOEATXES T EEIZ D GC RO T,
B UM TH D, X F~v—r7u

# 4. Mutator D15 1 FiE (multiCPUs).

GC OFfEfA boyer (ms) | ack (ms) | hanoi(ms)
A FH 13 13 13
g AE YR 13 13 13
15 Ak -[E] R 60~100 60 60
# 5. Mutator D15 1 (singleCPU).
GC OfEaE boyer (ms) | ack (ms) | hanoi(ms)
XA T 6~245 T~467 6~485
g AE YR 6~246 7~203 6~232
15 AR -[E] R 45~78 42~46 40~50

A LT 10 BIFOFETL, XUFv—2r T
7T LDOFITHIATONTZS GC A 7 VBT 5
mutator D& [-RFFH % EHAI L 7-.

< /LF CPU~ v > ETOmutator D15 1ERFR 1L,
XA TR g A Y BIoW )70 SB % Fork GC 12
BWT—ELR>TWD, ZOEILEREIE, FEHD
FERICH DM, FEBRIZIKITIE T T, EERZEITD
05 IVBTHD, FIL-EH~—2 24 —7 GC
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\ZBT 5 boyer N F~—7 OFHE T, mutator D
EIEREMAZL L TWD DI, EfFE L &R X
FIHTFIZ 3 D REE DI L T 72D Th D,
o7 CPU w3+ ETO Fork GC (2815
mutator DRI 2 D L L TWD, 2,
H—7nt v P25 O T2 Th %,
fork ¥ 27 Lha—L D3I 7%, GC 7 rtE A4

WMOT v ZRBT 4 ANy FENDEENHLHDT,

mutator O IERFENIE R E < BT 5,

B Solaris IZBIT D2 —FTFa B ADRFrVa
— VT HEE ALy =T VT THD,
B A DATA ATEIEEIZ L > TEIT D23, 20 2
UG 200 S VBTH D,

ZO7=%, mutator 73 200 I U FLL S LTV
HD%, fork AT ha—/LDOEFTHIZ, mutator
Fuat R L FIROF et 2K LT T ety FE|
DHETHENTNDEEDEEZLND,

Fork GC D& 1L, COW 28T 5 = v —8h{ES,
234 78 Fork GC DFED AL —T DI I | L
DOEMTEBWTH mutator DEIENEEST DD T,
Z OFHIl 721 TIE e IR R OFEAR & 13X 2 72
VY, OB TIZ, v/ F CPU v itk
WTCO—[A[HT= 1D O mutator DI (EEFRIX,
Fork GC O 535 < 72> T D,

b — 7% A4 XL mutator DIE [k HFE

~/LF CPU v~ > ETO, b—7 VA &L s
H7-EED  fork 3 AT L =—/LC X % mutator D
P 1R 2 X 6 12”7, By, e —T7 okt
AR () T, A EEE REERE (R URD)
Th b, EIEREEOFHANCIE, 734 78D Fork GC
PHEALTNVS,

b — A X &R T, mutator D& Ik
REM2SRIE CHIIN L T D, ZHuE, (IR 2,
T ZAAERREZB T D IRAEA T Y 2 oar—a
A MURFET 212D B2 HND,

120
100 /
2 80
% "
i 60 /
g
& 40 /
20! %t

0
0 1,000,000 2,000,000 3,000,000 4,000,000 5,000,000

Heap Size(Number of cells)
6. t—7%A X LA LR H(multi CPUs).

Fork GC DY 7 ORIER
ALEREER 2R OFHIIZ BV T Fork GC D5 DAL
BEREI S AF IL-E -~ — 7 2 A —7 GC OE &
DHRL ROTRRICHONWTERT 5,

WE, Mif7e SBALES GC OHAITIE, HEER
WY TIEEZAHBANY TIET T, 5t A B D
NYTIEREA LRV, L Fork GC OHAIZIE,
GC OMLFEHZ mutator 2% cons BT & Ak
T 5 ERNEEXEZ HiL, mutator 705 GC ~D
COW (2 LD ae—BREETDH, D, &E
TIRABNY T TiE e < AT 7T 134T 5,

AN EATHEE L, FEAIASS A F>>E X AT
DT, GC DAEFIZ mutator (2L B EADA
RSB T AE L, BN Y TIZ X D 2 B —ALBC
Ko T, WEERFEAHEML TWD EB 2 65,
COW 2 X2 a e —LBiliX, 1 —/ L)L CULE
SINHH, 22—V EL D & AT AR O R
KIEIZHEIML TW5D,

Fork GC O34, HliFr7z SB ALFH] GC D X H 1T
BAVERKEONRY T 272 T2 EITTERY, L
NoT, NUTILEDA—"—~y NiE, EXIAL
BEEZ TR, B VAKROBEEICHIRGET S 2
L2725, Rodrigues-Rivera L3R E Liz—fkT
TV r—=varor iz, AEVERIZBITLTA
APKE BED NS OVIGAITITRERMEE 2D
72WA, Lisp D L 212, YA A0V NS SBHEN KX
W AITIERE A — "Ny RERY | VAT AL
ROMBRRES) ~HEET 5, NI T DA — 3~y RNIT
B LT, Z® Fork GClZ. cons BEEN/NE L,
GC O~—F VT ED/ N/ T 7V r—a
TRWNEDY . SB AN GC ITK&EL<ED EEX
bhd,

fork v AT La—L&E WA Z & T, Lisp LERIC
FEAE ST — R 7ot k-~ — 7 2 A4 — 7 GC
ERFICIFNRIO GC ~EEFTH T ENTEIZ,
V7L CPU = ¥ 2B W T BRPEFIALER IS &
DEMESHEDZ ENTER, v/LF CPU v >k
TO, GC 7' rtv AERRHZI T 5 mutator D5 Ik
R W T ZE IR EU <~ — 27 24 — 7 GC D
B L BTS2 ENTE 2, L2 L, fork
VAT A= KB A — =y RIZ TR
KEMo727201Z, Fork GC OMLEREERIL, 5 1k-
LD 2 55 35 L 7o T,

COW (2B D a b —E DA — —~y K&
53 7-9121%. Fork GC O 246 < 4 5 LB
NdHbH, 2F 0. Fork GC D~—=F 0 VP& %5



ik, At

Mutator GC thread(I1U)
T rootset N T root
1 7| insertion(IU)
cut pf)inter >
marking(IU)
write barrier(IU)
1V 4 notice 1
fork() GCfrocess(SB)
7
marking
. report sweep
<
-~ exit() <

7. AR Fork GC.

LbHIZ LW, oIz s %L, A
(Complementary) GC>? = Fork GC & #lZ~ATe =
EEEHE LTV A,

Fork GC % AW 7445 GC %X 7 12/~ FHA
BGCIK . IUMMT LT ZAD/L— by hERE

B2 SBRIT LT Y XL TITH, IURT
— MEA LI 21T o728412, GC 7Yrk 2%
AR L GEINO A Tklﬁllﬂffﬁ5 UBpL—
HANS GC 7t RIZLAEINE TN 12D GC
YA IR D,

U &7 v =) X LD AL mutator 245 11 L
7REET/L— b B @iﬁk BINMOHIT T 2170
RINERSRVWETH D, ZOBBMOET %
mutator & WHNIZESTTEZNIE, mutator DIE ILIFF
Mz T2 2 ERAMREIC R D,

%0 Fork GC 12 & % SBRIDEMFIFIX, A
IU BoHfTFHICEE#RZ N0 DB

Fork v A7 Lha— e AW T —_T a7 a2 48

INOEMT T 720 T, Fork GC DALFRIERIT4 < 72 5,
£/, WE O GC TIX IU #L L SB B o )i
DEZIALNY THRME L2 D08, mch%mw
H5ZETCOW IZBIFH e —E# iz kb, SB MY
DEXAHBNY T HRELRD,
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AFVEALTE A EY FEEERD MeV A F v E—LRBHFICED
BERHNE AL DORFZE
— FREZ A YES NEROER L FHMEOME (2) —
TR ARERE T )IEEA] T ARk
Research into Electorical Activation of Ion-implanteed Diamond Semiconductor
Using MeV Ion Beam Irradation
— Research into Formation of High-Quality Diamond Epitaxial Thin Layers
on the Diamond Substrates and Evaluation of These Layers (2) —

Jyoji Nakata', Yasunao Saito', Katsunori Kawasaki® and Toshiyuki Hattori’

! Department of Information Science, Faculty of Science, Kanagawa University, Hiratsuka-shi,
Kanagawa-ken, 259-1293, Japan

2 Graduate School of Science and Engineering

3 Research Laboratory of Nuclear Reactor,
152-8550, Japan

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

Tokyo Institute of Technology, Meguro-ku, Tokyo-to,

Abstract: We have developed a microwave-plasma CVD apparatus for depositing epitaxial
diamond layers on the diamond substrates. We reported in 2006 that high-quality diamond
epitaxial layers were successfully deposited on these substrates, however, sharp peaks of
points several microns high were also observed by using an Atomic Force Microprobe. We
attributed these peaks to carbon nanotubes grown on the diamond substrate, because a high
density of contamination atoms for species around iron element was detected by the
Rutherford Backscattering analysis on the as-purchased diamond substrates. Therefore, in
2007, we adopted some cleaning processes for the diamond substrate surface before
deposition, using acidic liquid. We successfully obtained high-quality diamond epitaxial
layers without sharp high peaks, however, we observe a uneven hills. These can be
attributed to the very small uneven surfaces of the as-purchased diamond substrates, due to
inadequate polishing process at the diamond substrate maker. We are now reexamining
the polishing process, including the etching process, to obtain clean and flat surfaces of the
as-purchased diamond substrates.

Keywords® microwave plasma, CVD, diamond, epitaxial layer, Hall effect, AFM, surface
cleaning process
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DZETHY  ZORERTIBEICL > TEET D, BT RY 7 MEEREHND T, TN, 2D )
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AYEY REBRIZA A FEAICEY N B F—

FEEA LT MeV kA A v BBEHZ X 0 BELKHICTHE
Mkt Th b, NRHBRWEH TR T
40 FLLEOMER TE o7 2 L THDH, MeV
WA A IRENC X KIE TR R T 2 S 1
(Ion-Beam-Induced Epitaxial Crystallization, IBIEC)
FEEPHERTHO THLNT LD T, D%
HREHTZ 0BRGN EI, ZOBEEZHHT
LEMEETNANREINTE 2 329, @ OB
% BOPERBRR I X D BULEE & 3R, IBIEC 1 3E#,
SEHHRARIC LB CTH Y . ENEFIALTA A
VEAFA RS REBRITIEE L TE R0
EE LT,

AREBRTIE, ZOrIERELE LA 777X
~ CVD Rk dEE 2 W E 414 e R
WIREZERT A2 HME LTS, /2, 7
F huy CVD ANy ZAE@E Z2HH L CEMAE A
L. Au VA YOBEW AT ¢ v 73EEEZFAL
TAHR=AVRMEZAITV, TOREREZ M LS
LIEERITHRIC L > T 2 2 AN E T D,

AR IS e CHEL I~ A 7 uili 77 X~
CVD #EAZHWTH A YT NEREAE YR CTE /-
ZEEWE L, L, TOE, AFM C#LUIIT
% EIEFITNS REENZEHERICHKE L TWDH D
Ry ol, THUII—ARTF ) Fa—TTHDHZ
EETHELE, LW OITERRERTOX A YT
REROREIZIZEL, 2L b, =i noiz
KO F ) F 2 —T %R S L MEaE D5 Y
FIETDZEN o TWENLTHD 29, Zh bk
ROTHRIZZ A YT FEREBIRSEAKIES
BRICAME E LTHOWONA LR TH Y, T b
WORMBY L L TESTWA I N yoT-, £2
TAMFEL CVD s 2 HERE Xt 5 il O HAR i 7
B0 AR — VR E 21T 5 BEOWE HikdkE, & —
VN RRE 24T 9 720 O EMA B HERE H k%, &
FERITEOUEEITIY AT,

RBARERTIIEICE A YT R Ib SR EMd A
L7ze A ¥E Ly FEMRIZIE Ib AR L 1la HARA &
%o 2ODHMMDENIERIZEENTNDLEHRD
BT, Ha BRAERZ RSB B FRDNTn D
DIZHK LT, Ib EARNIEFZROFHEDE N, AL
FIEFIZIEN DR EEENTWRNO T, EREE
Ze b Lo Ib Fetr 2 L 7=,

B Bk

Ib EAR DO RIE R

AEER L7242 A Y& R Ib EARIZIZTHEIIC 2 O
ORIEN B -T2, LT TIEZ ORI & iR k%

B1. A

~

B (BRI AT, B. FEARMAI M (Ped ).

-

_/

2 TIS

X 2.
B. 4

A TERDE ANy Z Y TR D BEMDEKE.

B DGANy BV o T8 D EMOEE.
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S LTV <,

R DIFRIZDNT
HfxIA THDIETOX A YEL RO Ib ERICER
NN TLELSTWE, ZZCTIb ERERYH LT
AH =" F o THBIER| > TAR D &, EHOMET
BRI T LE D Z RN ot JEFBMEE T
HAROMHE 2 L TH D ELLTFDO X 912> Tz,
LFOFETCZOMEEEETZ & %nit}}ﬁo
- FRvE 3RAh BRMR : MHE=3 @ 1

B 200 C

e 15 47
KB FUT

2 ODWHEZR L THAEN EDOX 1(A), B)DiE Y %)
R lenotz, &2 CTE&EBEMONEZ X 20127
SMAIE Y X ONCE DD LNENCT S L, X 2(B)
DOEHIZHEZRET D L2 LT,

REDIEFUZONT

Ib AR OFKEZ N FHMBEI TR AL L, K 3(A)
DEITIEYRENTNDZ EBNhoT-,
ZZTCUTORETI OB EREET L%
RO A, 3B LI o7mEhnie Ib B L
ot

3. A FEtEm @D, B, Bk (L),

TV Y Y

A T U= TK  IEEREKEEK K
=1:1:5

BE 80 C

e 10 43

Z OVEEITIEITAEED) o S—T 4 7 VR BR<
s hiETh D, 29 LT ERROBRIIEHY CTH
HZENbrolz, WIZEROWHE L4 vE
KIb i~ A 7 v 7o X~ CVDIETH A Y&
v N E AT D,

< /% by CVD ARy ZERBIC L 5 BB

=V RRELEE CEXREE TR 5720
&4?%/%%ﬁ%mﬁéﬁtEWt \vaxb
2y CVD ARy ZIEECEMA BT S, Z D
2. FEEEIT Au. PtRh, i 3 & @2 A3y Z L
TWe, TNENITIFLL T OZRENH 5,

Au: &Y A Y¥v— LR,
PtRh : Ti (L& FHE, Au & Ti &4tz
<
Ti: ¥4 YEV FREIEDA—I v 7 a7y
&S,

MEEEITRE TR T 4 v T EEICRRE N Ho
7272, AT 4 o7 eI, BEERE ARV
HEELEE OBRIZE Y (1 Tz, xRy
T4 TR o T JRR & U CEUE O B AR AR L
MR H DD TIX W e & 27,

Jedt. SiM Bz, Au, PtRh, Ti & FEHREE LA
CEBTARy X L 2SR T 4 v T BRI T,
NI, BT 4 v 7 ORBIRITR L, EBEICER
TOFEHIIRETH 7=, ZDRT 4 2 7RI
Oy NI CHIZRT 5 L. X4 DX 92 PtRh/
Ti [l CTEAF BN TNDERS T,

ZOFENL, EREERT 0 7089 £ W
MoK E LT PtRh/Ti HOMEIZIENH D &
THTX B,

4. KT 4 v 7RGy OB EE.,



48 Science Journal of Kanagawa University Vol 18, 2007

FERIF D ERETIEA—I v ar a7 FEIET
% 3B D BRI D TR 1T Aw/P/Ti D 342 )& % #
LT3 ARSEER Tid Pt Tl < MUHFE=RICH -
72 PtRh (A&uy U L) EWHBEEERA L
W, MENBRELZEEZLND (K 5ASH),

Pt =° PtRh (213, Ti oL ZHE, Au & DOHa
bEB B2 H 503, UAFFEEICIE PtRh L/
<. Zhz Pt O E LT AR WENSE
DI ThHo T2,

ZHIZEY . AFEEIRK 5B 0 X 512, PtRh &%
TL, Au. Ti © 2 &EE ANy XKE L, Zh
WLV, BT 4 T ORIFETEL LD, FA—L
WRMEICHER RS Loz oT,

A

3000A Au

500 4 PtRh

500 A R
HAVEY R

B

3000 A *

5004 | T
HAvEy FER

5. A. FEAEEOBMIEOMKER. B, 544K OEM
IR DOHEREESR.

BEERT 4 v TEE
ESH ANy BY T THERELTE, &4 Y —%fF
FATDIHEATEONRRT 4 THEBETH D,
HEEIIK 6 DL I IZh>TWND,
BHET2EWRER LRI CHMEO YA Y—% EITE
. ZHUCTENSFREEMZ R B EIS AT A
AEiRE 2 525, THLHEBELYALv—L D5
R CEENEZ D, ZOREEEIC L > TEEOR
B ETIRENENY , BT D,

X 6. RT 477 =58 1'F¥ 7Y, I
7507, MIA YA R,

RERMNHEIETS & U CIRmBiR LRI 2N A\ 4R
DREEZREL THD L, WEROREIREIXED
&)@ DD 35 %~50%% R~k L T 5, IRHE Tl
HRE A Y —DRNIEE LH->TWND, TN EZF
TIREICE D2 LD TE Z F THMMIERNICL S L0
MWEoZXV LA EFEFV RN, BEENTHFT
TTHHEHAALNT RV, BT X720 EfE 2R <
WDTTEZVEHEZNTTETCENZ2THLENRT
LED,

A— VR ELEE

FEAR DO R — VR A RET T, FEERICE T
BELBEDMETH DR — R, v U TIRE,
Xx VT BEE, o— MO EE2mD 2 LR
Hks, £, METI2REBOREL (LTS 2
L& T, END DIREEAFMESREST D Z &0
AHE T o D, WEFEDOREEMNE TIT o 7o — L2 R
EFENPOER LR EZOBEMHEHT 5,
XA — VN RO EEARR IR AR — L R e dE &
DOFER L EVEREORENE &L BEET HH 534
9 5,

HEL OB EFEOERE

7R T LI TOEREZ{To72,

HEAE - B2 2RO T TR F =2
EE L, HIE,

AR ANy HIT X o TR 1T 72 BRI Au
TAY—%BERR T 47 L, Ti RLIC
BE O DEETECEE,

S X, A= ABhROLE LT RIE D ATHEIC

Aoy



I, A M BREL A Y'Y REROR K &M OMIEQR) 49

R 7. Mol A — L BRI O AL 4 — L
(7 BRCE : HEAE, T : AE).

PRV E — DB

RAA—IZHEH LTS T LRI —R L TEL

HRINTEY, SR CHE LRy 7 vdk

BB A YTy REWRN T T 7 74 MIHEREN

TLEo7z, TN TIXEFIZHEH K2 WO TELT

DFNETHeF LTz,

1) Hil2 H,SO, : it HNO,=3:1 DEIA TRA L.
200C & CTET %,

2) VU TNWHRNE AL 15 BT 5,

3) 156 o= b H L, MK CTEEREE: LT
BRI D,

NEROREEE
WEAE « JlE O IR EEHEPH 50 C~800 C
EILE AR 1.000e-09 A
B%/» 1.000e-12 A
800°C % C—HTHIEZTT 5 &, 500 CUL kidA—
Ry Zaryg s bRERNT, EFEREELZ L TR
molz, T TEHEIA—Iv I ar¥r NERIE
TAHEDITRERT % 2 DL BT, IRERPEIC
Lo TEREEEZEZ CHEZITV, HERICE S
TI7HERRT DHEND FiEER-TZ, Zhux, ¥4
Yo FOEPENEE FERICL > T TR 5720

Thd, ZhiZkbv, 500CU ETbA—I v =
VAT EPBINTNWD Z EDHERTE T,
KA—Iyrarzy held, fERr—ED%E
F—LOERN I X R = EWZ X0 EE & BT s 3
LDIREEIEL TV D,

EES
FA X FEEEOFEL & 7

AFM T L 5REET7 A 0V —BE

HA YT REPERT N X LTHWDIZIE,
XAYEY FEREICERED X A YE L R
BOVENRD D, RERTIE, v~ 7077 X~
CVD Bk # A YEY FEMRIZA A TEL R
JEATERC L. JRT-E 1 BEEE (AFM) # W CTZD
KEFHl 21T o7z, BFEDO~A 7 v CVD JEIC
EDHA YT NEBIASRIFIER 1 OB Th 5,

XA YXE NEEE KT 500K ER %
AFM CHIET 5 L K8AD L H IZIZIFFEE TH D =
ENG D, O EICHE 1 TR LM T 10 B
M. H DT 30 BRI & A Y& v NHEE AR S
5 EMXS8C, 8D DX YT/ oTn, WEEE, [F—5
BT CHESE-A A YEY FEEO AFM I X5
%% X 8B IR, WEEEIIE— 2 OS2 0.6 pm
IZH M5, SLOZEE DB S, AFIEH &
Ninote, ZOEROFRRIT DUV THEFRE IR E
A YTy REED FICESICh—RrF ) Fa—
TR ST D TIEAR 0 & HERI L7z 29,

XX T/ Fa—TIXFDLOEY BEENKT
A= Mo EtTF s A—FVORMETEHED D,
FROEFEDO 1UOESIZ 20 pum 2D T, ZiLH
E—7 OEEFRMT EERII =~ pm 5
2~3pm HH I HIZH A D, LorL., 2T AFM ©
BEHOBEREBEIIAND Z LIZED T A=V

K 1. ~A 7 v CVD EDOERIE KD St

Ib AR Ib AR

No.6 No.15

JiSC IR ] 10 FREfH 30 IRFfH]

AR PR 0.05 % 0.05 %
KB & 400 sccm 400 sccm
AR ViR 0.2 scem 0.2 sccm
~A 7 uiE 750 W 750 W
=77 25 Torr 25 Torr

FERR IR 1073 K 1073 K

(FREWEEE)




50 Science Journal of Kanagawa University Vol 18, 2007

|
E
c
| S—]
o
=]
™

¥
f
I
!
f

8. A, EiEATOMAMRE. B. WEEE 10 Rk, C.

DIREENH T W= LIRIRTE 5, £/, BE
£ RBS-channeling #%(2 K 0 € U7 #5 5R &2 s
L7 L 90T, A LTZERZROIEMLTEE L TR0
BtO XA v FERKREIZIZER, 2 v, =y
TNEWVWSTEERROERBRNEHMAEL WD, i
SIXI—AR T ) Fa—TERKT D T2 Ofllt 4
BELTEC<HBENTWS, ZTNBEEELTH—
RoT ) Fa—TRE LD Tidaunmn &5t L
776

AAEEE, 10 FEF AR B S 30 il p Ak B K
EXFERRDNMMNAEENTZ, L, 30 B
MY OREE L 10 FEERE LD b/h3vn, HEfE L7
FENUIATS > T, 7B VI KBTS EIT-> T
D, FHIAE LT DRG0 MR IE G
MZERNTWS, fEoT, T HHER% oMY
DRI ITC 2 OFEMEE (K 8A ITRENTWD)
DOMHIMMINR VB L TSI EIckdbn:Bb
N5, X 8A TIXR X TWARWEERE L T\ A MR,

300 [nm]
y

7

A\

7"II|' !

|
!

4%

3
| M—

—

AEEE 10 R AR, D. A 30 AR

RS 2 12O ORRE LR LT &b
%o SBERFERZ S SIS BT 0, 8in
IFA A EANCEVRmME 7774 ML, 77
T A MNEExToF oI VEIY . RiEOMME
O ZRTNERBRN, =y F I LHilE6MNn
ZeRWEATHH T IE A BUEREFH CTH 5.

2. I UaNRIEIC & D RHE

b 8A, B, C Tkt LIciEHZ DWW T T~
DHPNEZEAT S TR EZK 9 IR T, W iickn
THEATEY FOFWNE—7 MBS TEY .,
FZEOMMOREITED b OO, HEICTAYEYS
ROBEBERSE L TWD Z LN HRTE -,

Ib AR D A — VB RBNET & 27

RV RPEIEEC XA PERERD b RO
¥ MEHLOBEBREHRAFMEIEK 10 07T 7D &
NI oz, FEBRMENKFICBIT HHERKRETH



I, M BmREL A Ve NEEORK &G OMIER) 51

210 ,ﬂﬂ
e e -

B00 1000 1500 2000 2500
T =0 AER o]

1500 fﬁfﬁ%&
B 1 000

b

| —— Rl —— 1080 - 2087 |

2000

500 /? \\
o“ﬂﬁf{ -\\m°

1310 1320 1330 1340 1350
4 =0 SRR o]

1 CEPA ------- 3083 |

[T

B9, pckRnl, 10 FERIRER. 30 IERIREREID 7 < o 27 M ORIERRGE) & Z OIEKIKG).

V. TREEODPERIICORIERETHS, #E)
KEFDFEFOITHRPERAF L VX K E W,
ZOEFEDT T 7 DHIEH LT RV — %R D TH
Do

B 1
&ze kKL T
Y

ZORITHBNKRETORERFEERAT D L5
ML= 2V F—1X 1.7eV IT7e o7,

I 62, M 10B IZIHMEREOE S % 1 um &ARGE
LR v — R v U T IRE ORI ERERFEZ R
T, X 10 26IRENE L b & v — MEFLA TR
HENWH T LTI R U TRENSENT S L
(TS L FEBSICK 10B IR & 9 IR E K AR
X 10A &3 OMEAENZ /> TV D,

KD 10C 121X 10B 2B 481 KRFZICEK
JAHET — % O, KIREE COBEMRNT — X &
KEHLELDTHD, ZhhbiEH b ¥ —
ZRDIFERRLILY 1.7 eV I[85 Z LR T&
7~

Bk

AFM IZ X 2 BIERFEEND

X 8A |[ZRT & 912 AFM OHIE#E 5 & HERERT D
HERFEOMIMITFEE WL S I b, LarL,
X 8B @ 10 KEHERE (~0.7pum) [X] 8C @ 30 K]
HEFE (~2.1nm) OFREHI R E I MM A B S5,
HEFE U 72 FAGURHT & B IC[ARR 72 Y B 21T > C
W5, Lavh, 30 REFHEREDIZ 9 23, 10 FREHHERE
X0 B MMOBREIZIZ LN E N, 2D LD,
HEFELARTIZ FEAR R A S LT DA D D5 R)
BB Z S MMOAERIZEI S LTV 5 ATREME I
LD, AR ERIEF A ZIT-> TR, R
KR OHREE S NARKE L 251 F EHMMORRE TR X

B ETHREINLENLTH D,

Z I TRIZEZ DN D MMDRKTH D28, BF
B < HEFERAT O Hobk 2K 1 O g N g MY 23 HEFE £ O
MO JERIC 2 > TWADTIERWhEEbh b,
Hie . 30 WefHERE L 7= 30kt st 24 DY 23 10 WA
HERE L7t o e 2 O K D S/ S5 72D Tl
RPN ETHEL TV, T/ SRR O MY
HERERR ICHR SN TV O TIZ RV EX b5,

Peo T, mANHEAN LT-EIEESERR LA '
REER O E O MIHLEN, & HA LR TN
& FELMEH D HEREIR O SRR R RV 2 ST
5o Stk Zhuh, EAFENRZEREOFIES LA
FUEANCEVEA YR NREE T T T 74 Mb
L7eBIZmy F o 72TV, WD 7REE R % &
HEEDLE VT L RTRBMEITR D,

T~ VO NRIEDFRER DD

Aal, X 8A, B, ClZxbit L72iRE D T < w4y eillE
DFERNK 9 ITRENTVWD, WTFHD AT h L
% 1333 el O EICHOE— 7 BBl STV B,
Lot HERERTEENGRURE, 10 RRIHEREEUEL, 30 W
MHERE R DAL B — 27 B8 EE 2358 < 72> TV < ]
WZHDZENTD, ZOZ EITHERGENL D AR
MDD I FEEPED BUWNE A Y REEERCER
FEMMOMBEILH D05, RIS TND Z & &1
D,

A= NVNRBERER» O

B 10A IR LTV D K512, SFEEDOFR— /LRl
EORER., ¥— MEHUIRE IR CIE b= x v
F—2 1.7eV ORMBREE 2 F> TRV | miEEK
Ty — MEFUESfAfI T D8R &> Tnd, =
OEBIEZE 10B I[ZRT Y — by U TEEOHE
BEERTEO 77 7Mbb 545, X 10C O — k



52 Science Journal of Kanagawa University Vol 18, 2007

1.ODE+14

TETZE

1.ODE+ 1D

|l i‘#‘.'F.JIIA‘Eﬁ'l
m gExdh
O e

T LERE+LEE

Le=HEIRIR O]

/

TO0E+0
. f
1

TE+H

1OOC 02 =
ng 14 i9

2]

1 OOE#14d

1 I0E=13

w2 VO0E+2

1 O0E+11 i

1 C0E+10 u : *

1 00E08 = (il
1 DO s ‘ | i s ]
10T a2 W TEF:

1 O0E0%

| 1ODEsS

v DOE+04

1 0B+ L]

1 S

L
L[]
B
-
- | -
os]

4

-+ U TR

T ¥ 13 T T T T
103 105 115 120 12 135 140 16
R R foonek]

100E+14

10013

LRLH

10GE+IA

o7 1LE

|
S 1 0E8 | he
= | ".l
|

B e
b 1000

¥ 1w T

“ WL adebadaddadd adtuda
ST ] . . . ada \ adn
VLT feper et dddtonda ot
1me
10008
1 GE+ID

n3 1 15 r] e a
Am) o)

10. A. Ib EHRO > — MEFIO IR KT B.
bR DY — b v U TIREDOEMIBE KA. C X
10B OKIREIK A K& L= T 7.

X ) TREDHEHZ D OLROIZIEELo R LX—1
1.7eVDOETH -T2, ZOEML= R F—Dfilix
FAXYEY FHIZEENDIERFTO RF—L LT
DR UENL, BN HAREH D TIZ 1.7eV TR -7z
EZAIBKT D R P—HE( LB D, WEN
EHFDICon, BEHRAEICASTHWDHES N —
DB A DPMREHNT BT S5 RS — [E R O 1 5
BMTEZ-TWHZ EERLTND,

LovL, EDICEIRIZZR > ThafifEmsccL b
LD T L TR DOARERERE DS E O B IR AE I T T
WHZ BRI LTWS, 72, fmmftiT 5o
EH R TH LN, BRMEICHDERLFNEO R

FEBFET X TREFICEFTCLEY, &EMk
RHOBANNBHTETCWDOTIEHR N ELEXLN
b, LML, 256 0faffEmSHETE TV AIERE
T CIEEBREOE TR Lo, A—3I v
I WM AR D - DI R — VEROEEZET LT\ 5D
ZELHDHDT, TDOZLEDOEENE LD, N
DINE I ML ED THERTHZVNERH 5,

FIZ, 22 THBRRTWRNA, m— L 2hBHlE
DOEIZp nHIEN O EFELHKRTW RN L H D,
HE EORBESZ I HICRRL TS BERDH D,

ERR S}

KA N Z 10 RefE] & 7213 30 FEfH AR S+
D, WINOGAE S RE ST 2 B3 MM K
iz, FEARBES A ATV FR A LA
ZEDBRWZICH DL ST MBS L7z 2 &
5. ZORRITERERT B S O TH D &
EZoND, 5% L0 EHRERIKRE BIET 2D
W, FEMGE R OB X0 MY 2D S 220
B, £, wA 7 nEs T X~ CVD R
HEEOT T A< ITHWRET D 2 LI X EBE R
IR ERLN, KV EWHIOT T A<k L
REOHREPBFEOND EEZEZOND, ZILH DD
EAMRTHZ Lo T, IEMEDX A Y
Y NEENEOND EBEZTVD,

F72. 2006 F 3 HICAEBREICHE SN2 HE
TRRA A VEAEEE WD Z ik o T, Rk L
7oA YTy RERIZIER -0V ER 2 EAT
HIETHAYEY ROBEXWFHEEZ2LIED 2
EHHREE 2D,

AREBRTIX, 2005 FENHLEL OEEER LT,
T FA X' RO — VR HE L E DR
IV — DY, TV ) PO FINAE #ESL LT,
WIZ, =7 F bk CVD Ay HIEICL->THEA
Y E v RIS AL S AL D TR Ok &
AWPtRW/Ti 725 AWTi IZZEF, U2 XY Au VA
YORBEWRR T 4 v TNAREL 72 oTz, ZOME
WR T 47 Ll Au VA YERWEZZ Sz
T, RITERORITAR— AL ERNE DL E X
B LT=Z LT X o TRV EIRE ORI EE
Iy EHLE,

UbEOX I EREMZ -2 L1k, FEBRraR
DFNEDFENLOMEE DM EEATH 2 &Rk,

HIEE

LlEl, ZOFEBREZITT DTS20 A— L 2h B
EEEZIIUD ETH2EMEREOFOT-DIC, b
FRPEERED VY — o R F R S TEN



R, G A

7o Flo, AFVEANEBOLDOBEIK, BT
A= VR EIEE D 7= DB HKIERT 5729
(RIS 2 LR D% T 72, R L £,

SCHR

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

Nakata J and Kajiyama K (1982) Novel low-
temperature recrystallization of amorphous silicon
by high-energy ion beam. Appl. Phys. Lett. 40:686.
Nakata J and Kajiyama K (1982) Novel low-
temperature (<300°C) annealing of amorphous Si
by scanned high-energy (2.5 MeV) heavy ion beam.
Jpn. J. Appl. Phys. 21:211.

Priolo F and Rimini E (1990) Ion-beam-induced
epitaxial crystallization and amorphization in
silicon. Materials Research Reports 5:319.

Linnros J, Svensson B and Holmen G (1984)
Ton-beam-induced epitaxial regrowth of amorphous
layers in silicon on sapphire. Phys. Rev. B30:3629.
Linnros J, Holmen G and Svensson B (1985)
Proportionality between ion-beam induced epitaxial
regrowth in silicon and nuclear energy deposition.
Phys. Rev. B32:2770.

Williams JS, Elliman RG, Brown WL, Seidel TE
(1985) Beam induced crystallization of amorphous
silicon. Mat.Res. Soc. Symp. Proc. 37:127.
Svensson B, Linnros J and Holmen G (1983)
Ion-beam induced annealing of radiation damage
in silicon on sapphire. Nucl. Instrum & Methods
209/210:755-760.

Linnros J, Holmen G and Svensson B (1984)
Influence of energy transfer in nuclear collisions
on the ion beam annealing of amorphous layers in
silicon. Appl. Phys. Lett. 45(10):1116-1118.
Elliman RG, Johnson ST, Pogany AP and Williams
JS (1985) Ion beam induced epitaxial crystallization
of silicon. Nucl. Instrum & Methods B7/8:310-315.
Williams JS, Brown WL, Elliman RG, Knoell RV,
Mahr DM and Seidel TD (1985) The kinetics and
microstructure of ion beam induced crystallization
of silicon. Mat. Res. Soc. Symp. Proc. 74:477.
Linnros J, Elliman RG and Brown WL (1987) The
composition between ion beam induced epitaxial
crystallization and amorphization in silicon; The
role of the divacancy. Mat. Res. Soc. Symp. Proc.
74:4717.

Heera V (1996) Comment on ‘Evidence of enhanced
epitaxial crystallization at low temperature by
inelastic electronic scattering of mega-electron-
volt high-energy heavy ion-beam irradiation’. /.

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

BAE A A YR REEO R & GG OMER) 53

Appl. Phys. 80:4235-4236.

Kinomura A, Williams JS and Fujii K (1999) Mass
effects on regrowth rates and activation energies
of solid-phase epitaxy induced by ion beams in
silicon. Phys. Rev. B59:15214-15224.

Williams JS, Elliman RG, Brown WL and Seidel
TE (1985) Dominant Influence of beam-induced
interface rearrangement on solid-phase epitaxial
crystallization of silicon. Phys. Rev. Lett. 55:1482-
1485.

Priolo F and Rimini E (1990) Ion-beam induced
epitaxial regrowth of amorphous layers in silicon
on sapphire Mater. Sci. Rep. 5:319.

Linnros J, Svensson B and Holmen G (1984)
Proportionality between ion-beam induced
epitaxial regrowth in silicon and nuclear energy
deposition. Phys. Kev. B30:3629.

Elliman RG, Williams JS, Brown WL, Leiberich A,
Maher DM and Knoell RV (1983) Ion-beam induced
annealing of radiation damage in silicon on sapphire.
Nucl. Instrum & Methods 19/20:755-760.

Jackson KA (1988) A defect model for ion-induced
crystallization and amorphization. Mater. Res.
3(6):1218.

Heera V, Henkel T, Kgler R and Skorupa W (1995)
Evidence for diffusion-limitted kinetics of
ion-beam-induced epitaxial crystallization in
silicon. Phys. Rev. B52:15776.

Nakata J (1991) Mechanism of low-temperature
crystallization and amorphization of amorphous Si
layer on the crystalline Si substrate by high-
energy heavy-ion beam irradiation. Phys. Kev.
B43:14643.

Nakata J (1996) Evidence of enhanced epitaxial
crystallization at low temperature by inelastic
electronic scattering of mega-electron-volt heavy-ion
beam irradiation. J. Appl. Phys. 79(2): 682.

Nakata J (1997) Enhanced crystallization of
amorphous silicon containing hydrogen without
oxygen during ion-beam irradiation at 310°C and
during furnace annealing at 450°C. J. Appl Phys.
82(11):5433.

Nakata J (1999) Annealing of ion-implanted
defects in diamond by MeV ion-beam irradiation.
Phys. Rev. B60:27417.

Nakata J, Saito Y, Kawasaki K and Hattori T
(2006) Research for Formation of High-Quality
Diamond Epitaxial Thin Layers on the Diamond
Substrates and Evaluation of These Layers. Sci. /.
Kanagawa Univ. 17:63-75.



Science Journal of Kanagawa University 18 : 55-59 (2007)

mE =0

KA MVATHEEINDTARTT N OEMBE L ORI OMAIEEZE

BEE 1 GREE 12
Water Stress-induced Ultrastructural Changes of Leaf tissues and
Cells in the Ice Plant, Mesembryanthemum crystallinum L.
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Abstract: A facultative halophyte ice plant, Mesembryanthemum crystallinum L., switchs over
from Cs photosynthesis to Crassulacean acid metabolism (CAM) under environmental stress,
such as water stress (osmotic stress or ionic stress). The ultrastructural changes of tissues and
cells during the metabolic switch were examined in common ice plants cultured hydroponically
with 400 mM NaCl. To define the stress-induced metabolic switch, the concentration of malate
was measured in well expanded green leaves kept in the light and dark. The concentration
was significantly higher in leaves kept in the dark than in the light, indicating CAM induction
by water stress in the ice plant. The leaves of stress-induced CAM plants and unstressed
plants were fixed chemically by conventional methods, and ultrathin sections were examined
with a light microscope and an electron microscope. In contrast with those found in unstressed
plants, in stress-induced CAM plants, epidermal bladder cells were well developed, mesophyll
cells changed to small and round in shape, and the intercellular spaces became remarkably
narrow. These changes may be caused directly by waterstress. Furthermore, in mesophyll
cells, the chloroplasts contained conspicuously swelled thylakoids and a few small starch grains.
These structural changes in chloroplasts may reflect the metabolic switch induced by water
stress.

Keywords® ice plant, water stress-induced ultrastructural change, Crassulacean acid
metabolism, epidermal bladder cell, mesophyll cell
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XaTA b, N=ATA ISR DTETESDDS
BHEL, KE 4 BEBZOTA AT T b
(Mesem-bryanthemum crystallinum L. )% Fi 7=,
10D7&EEKIZ, 0.606 g KNOs, 0.657 g Ca(NOs)s.
0.115 g NH4H2PO4, 0.241 g MgSO4- 7H20. 0.00286
g HsBOs. 0.00181 g MnCls + 4H20. 0.00008 g
CuSO04 - 5H20. 0.00022 g ZnSO4 + 7TH20. 0.005 g
FeCly #5222 L, £ Dk, pHN 8.012725 X

HIZINNaOH #zx THh-27F v FiRERE LT,
Z DR EAERED R & LTRSS LA & %6
EELE Lic, —H. &2 7 FIRIZE 512 NaCl
IR L. 400 mM (2 U7- e i ik 2 g L,
Z DR TS Lokt 2 KBt & Ui, Kbk
B: 7 H12IC CAM AL AR~ DB Z R T D72
ICENENORE A & I ZREZH T — 7 &2 AT,
il 2 MEETIC L, 12 RRIZICEZ IV D | &%
KFTHREY = A P—% A CEEMIE 2 e L,
ik v~ 727 +— (HPLC) THEND v
SERIREE A MIE Lz, £72. CAM BINERNH D
[BIE Z il T D 7o oI, FEBREE O — ¥ 2 IR EER R K
WL, 6T 7 BB L, AKRBERSE O H
M, WO T L— 3 U ATV, KIEIRIL 2 B
(BB LWWSIRIZASHL L 72,

KRBEEE 7 BB O, B L OETEHIH % Oy
DOEEFRI L, EIRFHNEL & 7255 1X4 mm?
DEFEER 2TV | KB KE ATk e
AN, KT A L—2—% RN ThA L7z, &
BIDRIEIZIEATE %, AR K ZHEERY . 0.1 M #%
FafEER (pH7.2) THMRLTZ 6% 7 NVZ T LT
E R (LLF GA) #KICIZE L, =R T T 1K, 4C
TC 23 FEMATEE L2, GA R CHEE L72%.0.1M
Wi EIR (pH7.2) T L, ZEEKTHRLE
2% A A I 7 2 (BLF OsOq) #REAZHL | =
R 1R, 4°CFT 23 BFRl), %EE L=, EE
AEHET, 7 FRIITHA L, EiZ Epoxy Bi5IZ
ML 40°C F T 24 K], 60°C T C 24 Rp1ZE A

L7z, BIREMR T oy 7 0REtEDLY ZHIJ]JTHRY
ST L%, vV R T 27 2 h—2A (Reichert
Ultracut-N) THFBLEOZHDE X 90 Im DY)
FAEERM L=, VIR E AT A4 RO 7 A2, Ik
WL, MA DT N—THINEREG L%, 5
BEMEE CRBIZE L7, — 4. FUBIERE T =y 7
5. LRG0 h—ATEX—70 nm OEHY)
RFEERL, avgVF a7~ Cu1l50 A v
Vol BT T v b U T L E A
TV, B E 7 BEMEE (JEOL JEM2000EX
JEOL JEM1230) THIZ L7,

(S

KA BMVATHFEINDIRPLER L ENY v T8
BEELL

AHREE . SFIREERE 1T, TR < . FELHEREIC
Mg A < AR LT e, — 07, EBREEREIL, I PREE
PN R CTAEREENES , XITM<, EmfEb
INEpoTo, L, ERLEORMEIFMINBEEIC
720 KIEHEOSEDOEEDER STV, &
TREEVANE CAREEEES LIS, A ML RITED
CAM B ARANEBR SN E D E R T D720
(et FREEAE ) & EBREEY & 2 2 BT,
BPT L BEATICE W 2%, FED Y o TRREORIE %
1Tolz, FTORER, XY T, EIZEEND
U AFEOREX, BFTICE WY L BT E D
M TIZERLC THo72 (F 1), —H, ARLRA
DIz BN -EREEY I, BlzEEhs ) v
FRIREE TR CR&E < B0 | FEATIZE W 72/ D
PEEEIXBAFTICE W ORK SIEEVMEE R L, b
BRI DI TED BTz,

# 1. BREAEs o~ 57 4 —HPLOWC L ST
AARTT 2 FEDY v TREORIERE R

o} HREE FEBRRE
CEN 12 mM 6 mM
A 13 mM 17 mM

BEDORARR & T ORI GBI 22

X 11%, HRBEMEEC X Do RRE & RBREEOIEDORE
Wil R LT\ 5, i FREEY O FERMIE IR
=<, AERBTHY ., MIENOHRERERIITED S
NTHY ., MBI - THVEZ 2T E LS
PICZ < DIEREENSMA LT (M 1A), £/, #
IR E MR AR bz, —F, FEhr
B OBERRIA T, RIECEERA O HIREN /4 C
KHRRE L REREBEIIR IR Do TN, FDFREN
f FREERE D HEPRRIIIZ LT/ S <L IRIEREFTE
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1. 74 A7 7 > MEOKWIY OB, EEEmdhmm, T b A-. IEHREAR -2 > FIRT 7 HREKHE
Behs L7 R O S5, B. 400 mM NaCl 2 & TemtEiREA-77 > NET 7 B RZKBEES L 72 2B o

HEPFHAE. Scale: 100 um.

Tho7e (K1B), 7=, MEMRRITE L HEhs
TV, ZOEkE, Mok ERE D&l E
iz, EREERRICE D2 KSR EIZL D b
D EEbihs,

TAATT > NTlE, ZOMNFOHKESNDT
7 v Z —Hifld (epidermal bladder cell) & FEEN S
WSS N ESLE DR RIFET D5 L NA b
TW5 9, RIREAEY CIE. 77 v ¥ —HIILR T
RORXOOEREMBE LTROONDIN(X 1A
B, 2oixbienotz, L, EBREHEY
T, EOREWHE T, K&, RE1POHKRE
KEHLEZBOT T v 7 —Hilan@igsniz, =
o077 v —/laix, BEEMOAERECIZ, R
WD X DI D ATV D OB IEEBEMEE T CHER T
TN, BEEZOREITIE, K 1B O X 5T REFR
R LTz,

HES FHLRE DML >V TIE, STHRRER L OVERR
FEOHMFIC R E BN FBE S o Tz,

X 2 1%, *HRREE EBRBEOT A AT 7 FNEOH
HWOIRBZ R LT D, EFBIMERIC L D8RR
LREERIC, &L OMEMOERMD L MBN DS E
D HD BN TR Y, MfaEEZ > TEVE &

L CIATET DA E R E NI S E DO IERA D BlEL X
Tz, XHRBECIXERMENICKRE o7 v 7 kNS
HEEN TR 20), EBREECIXZTOHE K&
SFELLBWL LT, LIELIET 7 Uhie s
FRWVEERAR D AL O 72 (K 2D), FEREERNNRE R D28
L LTF T aA NOMENRRD b, miERE
B R D O TR VERS R IR IR U CORBRRES L 7oA
WTix, BFERANBRANOERKIZN 2 C LREEEOTF Z
a4 FPE L TORWVWARERZ R L, 2HOKE
BT REEG TN, ZOZEND, ERER
JEREFRR KBRS Lo OIERMIEIZ A 5D
HEREROHEELZALIT A A B L ANER & 725 Tl &
HoEsn-bn:E26N%,

I REENICIZI Fbay R 7 SRl
W/NERE BBIZE SN2, 2 OMIBIN/NRE I
IIAKA R L RAIZ K AREEZ LT R 6o Tz,

[ 3 1%, R AR TR RS U 7 SRR
MOBEDORLRIZAOND T T v ¥ —Hild DY)
Frtg s LT 5, FEEEECREE T 2 R I
I HEE AN TR B4 5 23 ( 3B), AMVRUCH L7
W IHERREE D X 9 72 BHEE 72 MR AN L K 2 7K
MG IXFR D Do 7o, MlaWIEZFA EHIa T E o
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9. FA AT T NEDHEI G, BER-7 T NG T B BABHREE U7 xR o SR ATRI(A) & 2 IKC).
400 mM NaCl Z&Tedh—27"7 > RIRT 7 A BKEEHES U7 BB O 3 iiaB) & kAR (D).  Scale: 10 um (A,
B); 1 um (C. D).

3. 400 mM NaCl % & 10k-2"F > Nl T 7 B KBS L= EREEEI0O 7 » % —(A) & MIEEB) o o))
4. Scale: 10 um (A); 1 um (B).

LRTEY ., HWEMITHE T, BEREBRYIIRS TV D O AWFZETIE, 7 A A7 F > MZ 400 mM

nnot-, NaCl % &temERER IR AP L, KA b
LAZTHBS 2% 2 L TCsn b CAM AL AR
Bk ~DOEWFEE AT, APV AZ L2 TRV E

TA AL T NI EDOBEE A b LA TR Y CIIARTBS KOWEFT CEEICE TN D VU v TMEE
DS CaTUMN D CAMBIAN L BHAT 2 2 L BB MFEEBEVNZVDIZRT L, A ML AZE 5 2 7R



L, R

TiX., BATCH L, BETcB LZE 3fEomnY v
MR 2R L7-(EE1), 202 &1, KA LRI
EODTARTZ 2 MR HERRRIEE L, BT T
CO2: ZWRIR LTV > IENIZEE L, V-ATPase I
£ % H* pump & malate? DERABL CRIANIZE
L., BT CT v U ARG Y o T % i R 1
L., ThEHEELZ + EREKBLIZb 0 EED
noa,

KA N VA% 2 - R OZESLE ORI
WRELSIBE L7 7 v ¥ —flanglggsni, 7
T v A — /I, RS L 72 2 DIA A THL
ST ERMBLILTEY 9, J8Y O,
T 2B 2RI L TCWD EEXLNTWD,

IS OO K&y & 5D DI OWNENIE T,

BRI NBR SN2 e, A4
fb L7z Natd CloAzFRRINIHRE TERHL T
WHRTREME B 5, BRI BTT 7 v & —HMiflad
FENREFRICER L TV DL, SiREOHEERT
O X 0 BT E < 2o TiIREE D EER DOIR
BIEL—H Lo EEZ NS,

KA N U R%E B 2 7 FEEREEE ) O SERTIA N O3
FRAIX, SBER OZN OISR, T RO
Wb T T as NEOEZR L, ik L72XL 9
(. CAM Hi¥nix., Vv amzigihicEz Tk
IO RN —EHETHDT, T T UERD
HRIFMELFLTCWD EEZBND, T34 FED
FAEIL, KA N U AN SN TIER 5
RN ED, ML FEEICLDT—T 4 77
7 R TiE7 <, CAM BBEE R~ BTk - s
ETHHREMENEV, LrL, 77 v & —#lifa
DRI HT, KA ML RIZL Y, HEHEEOHED
RBIEDFEL 2o TWAHARELH DL LD, 2
NZEPICT 5 7-DIE, BEEROREITEFEH %25
BT A ULED R WREERE 2 ST X 2 WREEIC X
DI LERNS D EEZBND,

KANVAEEZ T A AT T v b TIHERE DR
B O, ZHUFBREA N AT CAM Bt A
RFREINTT A AT T MIRENEL 2D L
VN9 A 1005 EE D NaCl 7E FCT A ZA 75
NEEERAIR O R E B35 L d i w b
B —ET %, KA ML REZIF, CAM BYAH
RSN, 7T v X —HfiliN~? NaCl
DEFLWNIN~D V) > TR OEFHIZ =R LT —D
L EBT IO RENES Db Bbhd,

KA NUVARFET LT A AT T MNEMBOBELEL 59

T

KR ZATOITHIZY . MBI OT A 27 Z 2 b
DR % ZRAEC T SV E LIMNSATBAE N REAE
WEIRIEFE AT A BRI IE 7 L — T B R E T — A
LB L SRR < T T 4= KDY
 ARROREIEIEENR Y £ U RER AL
AW EH BRI < B L £,
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Analysis of Chromosome Behavior of Arabidopsis Mutants Defective in
Reproductive Processes 11
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Abstract: In a previous work, we showed that a mutation in AtSPO11-2 resulted in the
production of abnormal sterile pollens and that AtSPO11-2 protein was required for meiotic
homologous recombination. Atspoll-2 mutant was used with other meiotic mutants to
examine the regulatory system of centromere roles during meiosis in this research. Yeast
and Arabidopsis centromeres have been shown to couple with each other at early prophase I
to promote homolog pairing, and to direct the polarity of sister chromatids at metaphase 1.
The present research revealed that centromere coupling at early prophase I was
independent of meiotic homologous recombination, but that the decision of sister
centromere polarity was dependent on recombination.

Keywords: Arabidopsis thaliana, meiosis, homologous chromosome, centromere, DAPI
(4,6-diamino-2-phenylindole), FISH (fluorescent in situ hybridization), MHR (meiotic
homologous recombination)
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BPEATE AT 5 BT & > TS 2L, F0fED BAIRAMESN D, HESHDORRDOFHATH HH
7 WNERERLT DY AR DR & — IR DT D ITHE [FIYL RO E & A BETE — 5 AT S %)
RN LE2BFECTH D, Z OREERA T TR Z D, HECEE AR 5 ORIz
KN Z 2 ISR BN B LT L E 5, By T B D BRIV CRIRIC R Z 4R DR H (1
SUIBMAERAFREIZ L, ZHEIT O AEMOREIC 7N T U CFHREIGR AR T Y 7 LR D AR
RESEHBRLTWDD, Pz e s & (A7), R LT 7 b xr~iiEE
IEMROEIEEZZITL TV D, ZOFEEDRE L CHIRSARE L2300 D £ CHWICHEET D
MEMERT D7D, BEOHEWRT 520 KAH (RFT o)), T 7 bR~ RSN LA
NOFBFRIZEMERNAR & 2 A 2 v 7 TH#fT LT MWHHFXT AT Lo THREZHMERF L, Yefin X
X7 69, 2 OMITE B - FHETT 2 HIEEEE DICEHET DR (T 4 a7 V), BEfE TERK
TETHEZEZLNLTND, L, ik s LCRIRSN LB (51 7%
WEZIRELS T TE—RHEFE A 2 I AW, FHAHEPIIIARERIC 5 20 Al
ODBWENSR D, ZD2ODhET., —EDOYE Pt fKNEEBNT 5, H—pHEML, TnZho
RERO%, WL TRZ 5, T2, wl A AR 2 T S A R BRI A B O g~
. L B KGR0 B CIIEE ENFE I, FHpEHTERIND 2 DORAIRIX
Yeta K 0BEL . 535 oy R Gl R Y e R 3 Sy B9 VPR TOMREIY AR NS 1 272tk z 52 1)
5, TOREER, 1250 2n OIS 4 5D n D B | Qe fR5 EMEIC R L7 & 72 D, D F
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1. MHFEEEAEROREEFEORXEK. A HERAKRORENHGESIND VT b7 izt ba A TR
MEEESL RS, B. LT N TFUBNGY A ITFUHIIHT TEERN Ry hr AT RLEOBEENEZS. C. A
IAFUHNCIT R b e A TS RE AT S, D, ST NI RIYAE O AN T 5.

DN BEARDYEENERT L8 H. XET D
bl WEICHBIND DDA TH D

FARIG RO A DBZERT D ETITIE, TRAT
DS (7722 V7)), HIEYEEK OIS
(alignment, juxtaposition), Ja%L Sy ZEH1HA [FIFH B
(meiotic homologous recombination, MHR), 7
7 bR~ EEDSER (72 A synapsis) &V o
TN S 5, AU Z 5T T, 1R T &
S7p, VI NT UHIING YA ST iC T ok
YREATRTEOSREETHESARE B Fa X
TR EESICHSE LG O WERH Y . MHFEIGE
RORAIARERN R A I L THDOTIERWMNE
FZALNTE TS Y, BERFTIZZ oy, 2o
DY MEATBREFELTCNDLID, Ay T VT
EMEEN TS, L, vaAa X T XTFOgA,
2O EDR MR ATREET LD, Fxlds
B EMEATHD, WTHIUC LA FHRGR RO IS,
E2A. VYT 7V A, MHR OO AT
WZOWTTFE LSRN TR 6T, BN
Do

BRSNS B s W hale VN = S € AN SR N TR b S
WT, ENENDORAERD FIPEEZRET H LD
R E 2T 5, Rl ARkt o F e
ATIIRI DTN L, Rk a2 E SR 5,
F— R o MG AR A TE RS D AR G R o
FFRE Y R AT IXAEWCR e I m 325 (2
Fi 4 bipolar orientation) & 9 IZHilfEH 4L TERY .,
RefRiTiE T s SN 5 2, RRICZRENOYE
Kotk >k a A 7 XE CBIZEL 35 & 9 1]
&b (—HfE, monopolar orientation),
Z OELAMEDRHIFENIIEONARAE T 5 & Retaffz i
DET D2 ENTE L b, £z, ZORMMED
HEIZ &, MHR 23585 L T 5 ATREMEDS RIE S 41T
W53,

MHR (3HHRIG R R O EMEZS— T — Dk
BN TH D, Rk & OBFFE BRI 2 D
AR AL 2 S0 SPO11 BB HEIC X 5 A
DNA I BEIGT 52 EnmonTng 9, %
D%, —ARE DNA #2380 H S i, £ O—AREH
DMFRAIG AR OFRRIE oy E R 2 2 2 L, BSOS
LW TEET ANEREINTND, YA X T
R F Tl 35D SPO11 DFFEE T AtSPO1I-1,
AtSPO11-2. AtSPO11-3 IMF(ET 5 9, AtSPO11-1

RHIRE 53 2R

2. WOEOSEETMEE b AT, KHR
S OYLERIL, Z I NERTE Ohfik YLk )
DR SN TEY, Witk v b a A 73 Mt E 5=
9. Iy R Y B R T AR TR Y R 038 ST
v, itk bo A7t E T fHEER S b
o AT LT Mk s 72 5.

ILEBRICHH AR X [ LEE T, 2 OBEB DAL RIK
TIIAHRIGARORE N Z SN2 ERNH 5T
W5 0, AtSPO11-3 D FRAR CTIXKBAERICRE N
RoDZ eI HRFICEEL WD &
Z BN TWBHD, AtSPOII-3 & OIEMBMEN B
AtSPO11-2 iR ZICEAET 5 EE2 T
W2, IEE L-ULOMFERBE VA TH D Z &
DEHASNZIENTWNS Y, L uA XFXFD SOLO



W, B e A XFXFOAFRRICRTE DB A7

DANCERS (SDS)EAx 1138k oy ST R ) 720 4
A7V rEa—RLTW5 9 ZOBGTOERK
T O OBFENRE DT 5, V17 U K
171 % F—B(CDK) & /i L CARIFIRH R 2 2 il L C
WA HEREMERE 2 BN D,

= ZCAMIZETlX AtSPO11-1, AtSPO11-2, SDS
DEFMEZANT, Loy Fa X704 LR
) PE D PR TE D3I 5y ZEAE RIRAIR 2 ITIRAF LT b D
ROMNE I MEFHDH T LI L,

MELE ik

EERAEY

v u A XF XF (Arabidopsis thaliana) OUATY
KL OEDERMKIT, PRIKRT: « FEX ¥ AN
DOREYE FARN THEs L72, 60 umol photons m
s1D B, 14 5] 10 B fiE o0 B A 191, AUl 24°C
B 60% DR TF T ANA ARy 7 AL MS Eiii &
RHIZ, BIZ—EHEX N OHR: L, %, 5
—7 HE B oMM OLFERRL, 77 —~—i&
(Ethanol, Acetic Acid; 3:1) H, =R T 20 FFFRE
< 2 LI R o THE Lz, T DO#%IL-20°CTRIE L
77

HIL B
B R O Qe B ARUEHERL T Azumi & D J7i% 10
WZHE o7z, BEE L72ilkl 2 10 mM 7 = > PifR ik

(pH4.5) 1 T¥-7=%. cytohelicase (Sigma).
cellulase “ONOZUKA” R-10 (Yakult), pectolyase
(Kikkoman) (% 0.4%(w/v)) % & T e [RIfR R T, i@ 5
iz Ly b, 37°C3 FREfEfRIE L, HIRuEE 2 JH{b
L7, FIFEEHNR Cleo 7=k, 4°CTHRIFE LT,

Wik L2 vy — 1L Lo 60%HETICKE L
e, MY REIOEFELZRV L, [T < 60%HE
BRATR T LImATA RHTA LT L, #%>
SLTHEm Rt S0 b, 45CH AR > K
FL— bR 1 pREE Lz, KB L7e7 7 —~—
WA FHICHE T L, SeniciEmsE%, 77—
VAT, AT A FEiif Sz, DAPI ik
(Vector) Z i L, W /3N—HT7 A EH7-1h, M
B U 32 BX61) THIE LTz,

FISH (fluorescent in situ hybridization)

THALRRBAIEIZ & - Tl S Lo Qe R EEAI T LT

o b r ATHEICRAET S 180-bp # 0 ik LALS
Wa~7u—7 L35 FISH #17- 7=, FISH i3 Azumi
5D FIEZHES 7210, 180-bp MV ik LESIL, v v
AXFAF7 7 5 DNA 8 L L, WidmdO iS4
77 A ~— L9 2% PCR(polymerase chain reaction)

LR OGBIRMHTIT 63

WCEVHEL, e =T8Iz, Te—=745
% 12 ¥ Nick Translation Kit (Amersham
BioScience) & Alexa Fluoror 488 Labeling Kit
(invitorogen)ZFfH L., 7 v —71% PCR purifica-
tion kit (Qiagen)% H W CTHH L7z, 1~2ug ®
DNAMLAK LT 0 —7 1330 AT A4 KA T
A DYt ARGEHIE A Uiz, it Oz
5 uL. @ DAPI (Vector) #{ii I LxtttYetas47 -7
%, HOCEEMEE () 3% BX60) FCTEIZ L=,
R LT G EIZAX ¥ —TH Y iAZ, PhotoShop
(adobe) THI L - fmtE L7,

(S

FERFEIR 2 \TIRTE L2 WHERIRER DS A 1B
oz 133 TSy HF O MR YL R O xR T,
Yo b XA TELEEEO G D TEH D RN H
POLTEELAEI B M ATOEEE W) BS
WHDLDEHRELTND, ZOBGIILVT F T
MY A ITTF U HIZT T, v F 7 PR~ EENRT
XWEO LR R SN D, Z o, MHR G b
HEITLTWDHEEZLN TS, Frxidtr b X
T OEENEZ 5 DIZ MHR FUGHLERDNE H
MEFARDL -0, BAR Y 14 X XFOTEHm R
faoygetafk & MHR RS OFE 2 6 22 W ERIKOIER
RERIRR D YL R 2 i L CTA D Z T LTz,

fERED Spoll Bi& T OMFEER T THDHaA
XFXF D AtSPO11-1 & AtSPO11-2. W45y Z4C
ROy 7)) v E2a— KK+ 5 SOLO
DANCERS (SDSZ MHR K its D BRI L ETH D
ZEBHLNIENTWS, AR E D DOEG
T DL AR B EACIEBIEIC X o TS 2
WORELZER LTz, ZHicxiLT, B ha A7
A SNIT H720I1IC, By ba X TAHTICE
f£9 % 180bp MV K LESN %2 T r—T L3 2%
FISH #17- 7=,

AR OTEH R CIL, 7 h R~ EEN &
FiFEAETETCH RN LY M7 oI 10
TNt b A TOv 7 FARBEIN- (K 24A),
ZHIRZ DS TIHIFEA LD b A TN
BT N CTIHFEL WD Z EERLTWD,
ULV T Ui 7 oMo, v
TF N OEITEI A L, 2 EETE 2 3 BT TL
MEEENRL D (K1B), 7 F LW 5 BATLL
TThHHZ b, 2 2L EOEY M AT REN
BHELTWDHZ LIZRY HEOLOLSTH S
LEoEBE2LND, "FZT VIR ET N
OILEH 5 T TRIZE SN, HEDOEY bR AT
FtorpnEE L TnbEEZLND (K10),
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sds, Atspoll-1, Atspoll-27ZRIKTIZ, V7 b
F UM 10 WS T ANBESHER, S
A 27 UHICIEERERIK 3B, X 4B, X 5B 2R
TR L, BB AR O R T R,
SNDED HIMLUWESENEZ > Tz, BRZIT—
By tZhoTnaGEab b, ZhbDERK
TEAFT UM ERTICT ¢ e T VHICEITT S
7o, Yt fRiX 5 MO Al & 7o b FICfE 4 12
Kere L, 10 Ho— ik s 25, B ha A 70
VT H 10 B BEEIND,

DEDZ LD, ZibOERKTEBAER L I[H
Rty heATRILOESFITIEZ >~ TBY, B
ke A7 OSEIIMFERL ZAKTE L & i
HIZEWTED,

Be i AE AL 2 RS IR TF T 2R — o K
DV FBAT

BpAET S 1 A X R O — R P O YL talk
X, MR GRNERE SN o REICH D, —
(AN SN N 190 A e e gV AWAR AR R UNTRY (1) T

X 3. BRI oA XFXFORBOZEYORITHT D b A TESIE 70 —7 295 FISH. A, V7 T
H, B. 137 8, C. "&%7 8, D. 747 uT7 M, E. 7473V RY, F F—-oHTY, G F—oHtk
#, H. 550268, I %5 0%, J. B o3dhi, KB 0%, L 5 03, £3%10 113 DAPI
Yt L2 Ye i, 213k ba AT 60T N, 3ITEKEHR THS. A —/L3—% 10 pm.



B, B M oA X AT OAFERTRIZERE O H 5 ERKOGLEMKMFHT T 65

7 A 7 VEE CRIZ 0 5 — Bk, FREBRICSH 5
T ha A TR A ORRZ I\ THLA 5 A
Th o, Y60 MHR ZEILTIX, Z ORI TOY
ARII— L 72> TRY, FREHMIICESED S
B, SoIEMERICBEHLTLES> LD LD
% (X 4E-G, X 5E-G, X 6E-G), Ziuiddfitkt
be 27 O—FMHNRHEL STV 2N DITIE Z 5
DTIERWNEEZ BN, FOZ L E2END DT
WIZ, MHR EREOWEE —mRH ot Fo

AT OELFEMEIZ HSWT FISH 4 AW TaR~ 7=,

MG BE L CW A YRERTIEE Y a2 7 v
T FNVATYAR DR ST 01D 1 A FTO A TR Sz
(X 4, 5, 6 1), FRE AT TER L TV DY
RCIEMmMBIT o 2 BT Cy 7 ARl sni-
(X 4,5, 6 7TAXIRY), £, —DOOFMIEAIC
—WRPE DIk v b a AT L TRkt b
AT PEE LT, ZORERIL, ek e o> T
W WYL R T3kt o ko A 7 o— 7 [ A e

X 4. sds ZRIKOBES YRS H L b A TR e —74L45% FISH. A. V7 58, B. ¥
AF7T W, C. 7477 0, D. 74 7a T %, E. T4 7 XA, FOE-SHTH, G B oR%
H, H. F_o&mill, T a0, I B 008%H, K 8 0%, &3 1/v0 113 DAPI Jufa L 7Yk
B, 213 Fa AT LDV T, 3ITEKEGR TH D, RENI WOk ha AT E/RL, TAZX U RS
T ha AT &R 7. A —/43—% 10 pm.
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NTETELT, ikt s e A TITHEWVICHIK &
oz L BHICHEBNS ORM/NE LREAE L. T2
FER U D OM/NEICH T D' ha AT R
FEETAUL—BMEIC 72 0 | BIOMR) D ORUNE L ik
ABLEGACE Mt 220 EZLND,
Rk & 72 o 7o 356 IS — /0 R CIdamgk gL s IR
DG 2 MERF S DB 2B & | Ak g 6 0 13 50 ik
TET, REEAHTICERT 52 &% (4 3F,
X 5F),

b

YRR ATOEE

T X T TICHRIRERORGEECEY ha AT
A LN EENNCEET D, B e AT ORG L
Fox MIEATOWDEGENEZ D Z L 2REL TNV D,
B CHRBROBGEN L b AT Oy 7V o
EFFENHE STV DD, BEREOSE AT RKIRDY
Bl 2 2OBY bR ATREERE L TWHDHDITH L,
A XFRAFOEAITITE - & %< OYARREK
BT IV THEE T 5, MHR 23 2 5 72 VA B2

5. Atspoll-1 ZESAEOBEY Y ERICHT 2y b A TESIEZ 70 —7 3% FISH. A. L7 7>
W, B. ¥4 27 HM, C. 747 a7 4, D. 74 77 %M, E. %0, FF-o#hE, G 8
—3Rl, H. 8 T ORE, 1S TR, J0 8 TR, KB TR A3 x%ro 113 DAPT 46
L=k, 213ty haxA7 b0y 70, SIFEREHBRTH L. KEF—mEOMitkz ha A7 &R L,
TALY AT IO e AT ERT. A —/LoN—{F 10 pm.



W, B e A XFXFOAFRRICRTE DB A7

KZHWEAIET, ZORENEZ 501 MHR
IEME TN E2RT 2 ENTE, MHR &
WIARNE U72 R0 YRR -+ & A5 OV I 2 B 23 7
ET 560 LHEREIND, HEMHEIZITES Fr
TRILOHRTHEENRL LGNS Z END, B Fr A
T N OBFMED Z OFRIICER N S LR S
5, 6O MHRERAETIEIEY b AT ORE
T LAREL TV AR BB SN2 LD,
MHR 2 EFICHET LA R ERE LANE L < 3G

LR OGBIRMHTIT 67

THE, ZOREBYHICARLNA B Fr ATHO
BFIMIIHA T2 b0 EEZOND, THICTA Z
OFFMEIZZFE ERNL O TIER L, B ORE
NTWDHEHIC, By ba ATRLIEFESE LR
BEL7Z=0D LN, RYDO/R— " F—Z2EREL TN
HHDEHEIND,

AP YR DT a A 7 ITHIN O E
DAL, 2L OELE IO —HIC, 77 A%
YL, PR EIRE LT =GR L D LR

X 6. Atspoll-2 7 BAKOWESYFY IR H L b A TES S a—74L945 FISH. A L7 b7 U4,
B. 137 M, C. T4 7ur @i, D. T4 Va7 %8, E. 74 7% 2H, F E-o&Pl, G £ %
Sipi, H. B 3e0, L8 T /o%ei, J. B 0aisil, Ko S o3l £3% 00 11X DAPI Juta L7 %
B, 2132 P AT L0 7T, SITARERTHD. RENT @Otk b AT ERL, TAX U R
JIXZEDE S b AT &R A —//3N—1X 10 pm.
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MHNTND 12, YA XF X FOBE IR/ MED
J& 0Ty BB N S ELS LT D 1), AR
HWEHNC 2 CORBIRD T 1 2 7 23R 5 7= 25z
WENTOWIIE, Gt lne< B RICHRNIC S
T ORI E D & Gt ROMIERR S 2 BT %
WRITNRVEL 2D b0 LB ENDS, 0k,
b u A TES OFFED 2 YRR AN T
BEICEDINLD ERBROFIISBICMETHEDO L
EZzonb, FEFRFELVWS— N F— @B LT
BAIE, OO KREOT 0 AT NEE ST
WHZELHD, ZOREETRNLT—ICHLE
fEENDDTIERNWEA S, =DM MHR %47
U 72 AHIERER oy DERB DIEAR, BoD o Ty Tl
T 7 bR~ HEEIC K ARG OEE O R BN
o0, 2Zafbe LTRGaReRIzy 7 b x
~VHEPEEIN, VT VARERT D EV D E
FNNEZBND, B Fa AT OREOKENLZ
DETNTHIRELTL LIS, TuATDOr TAR
Vo7 LT, MR ERR e <&, %t
BEBETIHENI LD THDHEEZLNDLN, =
AiE MHR O TR0 L D 5 DO TH D08,
MHR (22 72k [RIE 55 [F L OB 3 i = 5 BEE %
FOLZ LI TEHTINTND EREL TS,

BT a2 T OMBMEREST

WA — oy 24 O Y AR I E AL MBS S AL 72 FE ]
Yt fkn B0 AP AR L MEEN D, A
ETITHFERERICH LY a2 TIZETH 5
2, fililk > b v A TR U ER A D — kT
»5bH, MHR #ATZ72\WAERIKTITH — 2l
BOWTHHERREAERII M E 2259, — o E 5
ET 5, ZOWRETHOEL ba A7 O A% FISH
EERAOCTHRITHSL &, —mEDH O & ftko
HONRRIEL TV (ZDOREDENENDYLRD
Ty b AT ORMAEBXKIZTHEXKTOL I
72%), Z OFERIT MHR &2 47V R iR 23 A9
D EMN, ik b u AT OO AR ]
RCTHDHZEERLTND, AL TSGR L
Z ) TRWGEAKDEWNIMTH A 9 ), MHR %
BERL TNt nriENL H 5 L Ebh
LR, T A EHFHESTNHNE DN R 7R
ERIFLTNWBEEEZLND, 7 X~ X BAMEEE
ZLTH SN DY BIR FOMET, BIBFR7R5E X
DEETWDEIICHSYTLEEZ2 6N TND, L
ML, FT AV TEEICONTIEERL fiEo
TR, 7T A= BI3mBIcF T A~ BIEK S
NBWEIZTHFEIERZIRZ DV 7T VORE
W TWBEDRERSD, o bu A TITxf

B4 7. BpAA & MHR 285K COPRECE — oy 5 0
ikt 2 b o AT O APEDE . BRARI T itk
vha ATIEE MR > CTR\T 5. MHR &8
ETIE—ED b D & “HED & DONRET 5.

crossover
= | e

interference

K 8. MHR 226y b AT ~DY 7 FIVREDE
T )b. MHR OFERAC B 57 X~ Sldtkx 22 FEIC
ITFARFEELNTWEEEZLND.

LTh, FOYRBKTET X PEETLNEDND
VTN ERLTWDLAEREZLND (¥ 8),
(RARRR > RRF O YL tafR & 2 LD 23, 2 O
BETOYEOEN —mIEL o TRY, &5 TR
EHRINCEITCE VI ICER L TWE T = v
I RA Y SINFEAET B, MR 2 28 BAR O PR
— 4B O — Y AR R S D RRME & 1T, %
IRENBIRDZEN D D, AR TR — A0
ikt v b A7 T AR T, ZAuE,
FERECITE Y b A TIZRAET D Moal 19 (435
% £ Tl Monopolin!®) % > /37 E )Mtk > b o
AT HERRTNWDLEDIC— e R~T b0 EEZL
nTnsd (X 7)), W TIE Moal \ZABYS9 %8s
FIXEFZ RO TWARWA, [ UReZ B7-9 18



W, B e A XFXFOAFRRICRTE DB A7

BABNFEETDIHLDOEEZLND, T ANhDHH
EONIT T TR, BEEHDLWIIMTLNORX vt
V% —%I LT Moal (2452 XL, Moal A3Milifk
T b AT EFERT DO IR (X 8),

A
ARFFEIE 2006 HFEFEIRZS R4 & BL RS2 T 5 )
7 ny=s bOYRO b LITiTbRT,
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Abstract: Polyploid lines were constructed from several diploid ecotypes of Arabidopsis

thaliana by colchicine treatment.

To confirm their ploidy by counting the chromosome

number of the respective cells under a microscope, meiotic chromosomes of pollen mother

cells were surface-spread on slide glasses and visualized by DAPI staining.

It was clearly

indicated that the tetraploid lines assumed by flowcytometry had 20 chromosomes, since 10

pairs of bivalents were observed on the metaphase I plate, and 2 sets of 10 chromosomes on

metaphase II plates.

As far as we analyzed through light microscopic observation,

homologous chromosomes normally synapsed at the pachytene stage, congressed on the

metaphase plate at metaphase I, and segregated reductionally to daughter cells at the

anaphase I, and sister chromatids were separated to produce tetrads during meiosis II.

Putting these results together with their fertility, the constructed tetraploid lines were

concluded to undergo meiosis as normally as wild-type diploid plants, though the

chromosome number was doubled.
Keywords:
(4,6-diamino -2-phenylindole)
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W AL 2 OY IR AR LTV 5,
HEY) IR FE M O K72 U2 L » THEEUAN AT
Do EEALDNE Z 2 LR BERNRREL 2D &
FENINEEDZENDDH, ALXEHFUETH &,
BEL < b TWA =E~TRFHD (23) asX
1% 2n=42 OYLEIREFFO, ZHULa AFDILE 8o
72—k D 3 A XTI B AEFE (2n=14)[F] - D A4
FoTALEAEEREEZ LN TS, ZOHO X
INTEENMERS BN 5 & AFEECIE NS £ 5 85A
NHY, ~EOBFHEEE LTRSS TWS, L
UM L DI EL | BIETIEa vt
T UALEZ K o TENGEMZ R T 2 FIERRL N
TW5, e F U3 GEmEITIc AV b 208
TH Y., FitER O Z LE Uiy s b ¢
IEEE2@xsb o, HHITEIL LMo Rz
ittt = L2 < RO SHICHEATT 52D

Arabidopsis thaliana, polyploid, colchicine, meiosis, chromosome, DAPI

DHND T,
ZENBTED,
TrxFET MM THL YA XFT AT
(Arabidopsis thaliana)% i\ C, 2Lk I U LHELC
L0 R LT O TR IR et iR g, ROV E DY
BEOBEEZRDZ LIC LT, v rAf X TR
2n=10 O YA A £ O T, Landsberg erecta
(Ler), Columbia (Col) %%, #kx 7= a X A 7 NTF
T 5, vaAXFXF T A O T BIEFH,
AR P FIEDRFIH TE D728, B 72880
OYIREfRITT 5 Z L INTE D,

B AL L, ZRORRE LT Z 2 e ihis
I 2T, POR@EMEEE S, Blé R UG
BEENR DT D DR HTH D, Z ORI HINE
WIATON WG, ZOBROBMBTFERICKE 2
L RAT T W 2T — DY EAR DE D% |

Get RSN U 7R 2 AER %
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TEORENEID ., ENENFE SR, B %
EREFTAL, RTHL. L R KGR D, B
B ROANE, AR VRIRIC R X MR D
AR (U7 b7 ) L MRRIG RS ~T U 7L
WO D64 (A 27 M), gk L7z 7 b x
~ MG AT LRI ERE L EWICEEE T 5 K
SFH (X% T U T b R iEED A EE L
RS DICERET 2888 (7 0 7e 7 ) | EEfE
PIRIZERT B8 (T4 7 AH) O 55
DRI T B D, B EICITERs L7MH
[RIGL AR D B 72 D Al GRS JRIE S35
B SN TR R B RN L, M E LT
En s GBndd., H_oHTITENETNLD
Gea R Z TER L T D ik e R 3 92 (1
5y o FRRIGL R DN 53 BifE 5 2 WSOk e € 53 4%
DT DRI A A RE R x5 2 &0
T&E D, HAITHAMD “f5K Ler & IIZ, a1 E

F LRI o TERL S 7= TUEE D Col KO Ler
DI G NR DR 2B LTz, ThEDT
WZHET 5,

Bk E ik

EBAEY

vuaA XX} (Arabidopsis thaliana) O%F4R
KO DERKIT, MRE)IIKRT - EHEX ¥ AN
DOREY) B RN THehs L7, 60 umol photons m™
s A, 14 R 10 Ry o BIRE JE #1, <UR 24°C.
IR 60% DRI T T NA ARy 7 2L MS Btz
RHEIZ, BIC—EL 2 2R3 bRk Lz, %, 5
—7 HE B OWEHOETFEHRIRL, 77 —~—iIk
(Ethanol, Acetic Acid; 3:1) 7, =R T 20 FFfHf
JEE < Z EIC X o THEE Lz, & D%1E-20°C TIRAF
L7z,

X 1.

—o R, g By REM, h BRI, 1B
FA S U

e A X RF (Ler) OB RHlAOEE S oYk, BARM g A X7 XFoEFEHmL,
77—~ —iRCMEEE L. MU RE SOFELZEATIHLENECTHRE 21/EK L, DAPI T L T BEMEE
TEIERLZ. a. VTV, b, YA 270, e XF%TUH, d Tao 7T UM, e. T4 TRV AM, £ E

SYERET, §. WO oRTH, kB OREE, LBy



RN, & it

HLRBEE
AEF REAB A D Ye A RFREHMESRN T Azumi & D AT
Peo7= Y, [EELE3EZ 10 mM 7 = ERRR IR
(pH4.5) F1THe-721%. cytohelicase (Sigma).
cellulase “ONOZUKA” R-10 (Yakult), pectolyase
(Kikkoman) (% 0.4% (w/v)) % & o [RIFRMEHE
HEPRZ LS, 37°C3 RefifRiE L, fliukE %
Wb U7z, [FIFEMEIR CHE-721%, 4 CTRIFE LT,
MLLITEFZ Y vy — L LD 60%RHEFIZHE L
7o, WHRREIOFEEZRY ML, FT< 60%HE
AT LIEATA RATA LT LTz, #%&-
BN Lfm*ﬁj!:fﬂiﬂﬁ%i‘f%ﬁ X¥-obh, 45COKR Y b
TL—hERC1oMERE L, KLY 7 —~—
m%HlLﬁTL\ﬁ%b_mﬁéﬁt%\77~
YR EE T AT A RS ¥z, DAPI &
& (Vector) % F L., HN—HT2AE#HE 1%,
BEMSEE () > XABX61) TEELE,

vu A XF XT O ORI FEN G etk OB RERT 78

Ve FURBIZ X D 4 fEERFEOVEH

GMA g7 L — kit v A4 X+ X Col & Ler ™
PpAERROFE 2R L, BMENICE T, 3HAD
AEENE LI 2 AT, FL— FOEZFT
THMEDOZETEIZZ2 Ve F 7L (KR T T e —
A 1%, 2V F 1 0.5%) 5l Z2DHE, HEEHL
TEHMERER, aLe TPV EREL TN O
MKZENR—IF 2T PO AoToRy M EZ
2o TOEFEERL, WHOX, EOXKD Y a—
AN BIEESNTEENOETEZRELZ, 2O
P28 - Bk L CIEAEEE L, Johnstonet & D
FiE W, Fa v B TEEHW T e —H A
k A —% — (Ploidy Analyser PA) Tzt 2 583,
WEADORE 2T 72, Dl &b aie F s
B — A E TILIARR D F1E TR Z R~ et
ROFBEMMALELTNDZ & ERE L- ET, D
KR E LTEBRIZHW,

2. DUfEK Ler DR RERIE O 18y WYL AR,

7ur M, e. T%Tiv%/xﬂ;ﬁ f

*/\ﬁ']g‘jﬁ;ﬁ k. */\Z;IJ?&ﬂﬁ /\F'Jﬁd(ﬂﬁ

a. LTV, b, AT UM, e NFTUM, d T o
.’%‘;/\ﬁ”[}jﬁ;ﬁ g "‘"‘;/\ﬁ'l,?’\’/éﬂ;q h

#/\ﬁlJ%kﬁ;q 1 *h‘*/\EUH”g;q ] 5':7,
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FER LR

A& Col , Ler DA DR

IEERUNGYTET e E 35 g i el S A = Wt NP T
< BHICHE LUREEEISEWVIR bR ho T,
O - B, FLH KRR CCRFIIA LN
R, EHADED K ERED K E ST %
KOLOIVERKLTWDZ ERbhoTz, AR
EHlCWTYH, 3, B, MR, MEEOERE O
BT, BRI R E TR SN/ o 7o h3, UM%
ROMEIT, ZfEERE L THLNIRE S E
LT,

" f&fk Ler DR 8122

MfIBEZ ML L7zt AT A U T A RIZYtfkz
JRBH T 2 I LEBRIEIC K o TH R 2 ER L 72,
TR B A T AXT DORES KB ERICEE LT
I3 Ross b D DLUE, B R RAR 2 Z 0 <
ONDOWENRH D 450, YL HH T 5 LLITO X
I8 D, FH—RA T, RRICYERDIBILE

ISV T o (Figla), X7 U 7R
X TWDETPHRENLFA TF ] (Fig.1b) . x4
MEERK L2 3F% 7 U H (Fig.le), ¥ 7 b~k
DHAE L COL<BREOT « 7 a7 U H (Fig.1d) ., %
MEMFIFER LT 4 T 31 A (Fig.le) 72 &
MBI, Eo. B—0HTHINGE 35k
HIE TOERY AN 3 BE LN L T <R b
Bleisns (Fig1f~1), FB ot (Fig.1f) <
X, EOMIIBIZB W T HIRERIZES| L 5 Mo —
gk A, 8 R (Fig.1)) TIiEA /L *
TR RIZE > THRTHIE 5 AT DYk fit
HIcBlE I N5,

WUk Ler DY iklsz

B FIIRB N T, ZONFBETIIL T T v
a2 RTH fEFHRO LD X Y RO BN 2 T
D EITHEIEENEHENTH ST, VT T U
(Fig.2a) . ¥4 27 #] (Fig.2b). /X% 7 L H
(Fig.2c) &N HETIC NG EDEWS L

X 3. DUfEA Col DIEM AN OWE Y ZIY iR, a. VR TF oM, b, A 2708, e XFFo8, d T4
%4

,
TuaT oW, e T T FRAVAM, £ B SRTH, g BoaREM, h

YRR, k. B RBH, 1 AL

OYFGEH, 1 B Y RATH, 5. 5B



I, & e

VEEE LD | B PHNZB VTR 10 RDEE
fa Lie ik 2z s FEN & - (Fig2f), ©
D%, F— R B GEINTT Tl 10 K
TOORMEBHL TCWVDONRERINTE

(Fig.2g~h), 26D Z LT fEHRD H 2 10 AD
YRR ETEAS>THEMLTND Z L2 EMIT T
W5, Pt ROSEUICRE IR S LR h o T,

BONRPHN LB T T, R TIE A
T ODYLEARDEES LSRG L ARIZ S0 BES 2 DIkt
L. ZOZEBKTIE 10 KT OOYAERNEELL
GiRGe O RIZ oy BiES D O3 R S vz (Fig.2j), &6
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Morphological and Adaptational Evolution Caused by Interaction between

Marine Invertebrates, and the Effect of Human Activity on It
— Mollusks and Bottom Environment in the Shallow Water of
Sagami Bay off Hiratsuka —

Masato Owada'’, Nao Yoshida' Takehiro Sato® and Ken’ichi Kanazawa

! Department of Biological Sciences, Faculty of Science, Kanagawa University, 2946 Tsuchiya,
Hiratsuka, Kanagawa, 259-1293, Japan
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Abstract: Mollusks and bottom sediment were collected by dredging Sagami Bay off
Hiratsuka at depths of 6 to 43 m. Five hundred forty specimens belonging to 51 species were
obtained. All were warm water species, 45 of which are known only around Japan and 6 of
which are distributed from Japan to equatorial regions. Two tropical species, Barbarca
tenella (Reeve) and Melanella cf. carchedon (Iredale), have not hitherto been reported in
Sagami Bay; all specimens were juvenile and they are presumably unable to survive the low
water temperature in winter. The seafloor at 6 to 13 m deep appears to be often turbulent
and active burrowing mollusks such as Umbonium costatum (Valenciennes), Glossaulax
didyma (Roding) and Olivella japonica Pilsbry live there. The bottom sediment at depths of
around 20 m is mainly composed of very fine- to fine-grained sand, in which Glycymeris
imperialis Kuroda, Nitidotellina hokkaidoensis (Habe) and Lyonsia ventricosa Gould are
dominant. The sediment also includes pebbles, on which sessile bivalves like Mytilus
galloprovincialis Lamark and Barbarca tenella (Reeve) are attached, indicating a low
sedimentation rate. The substrate around 40 m deep is very fine-grained sand with 24%
mud content, in which Episiphon subroctum Joffreys and Cardiomya gouldiana (Hinds) are
dominant.

Keywords® mollusks, environment, sediment, Sagami Bay
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Mechanistic Study on Bioluminescence of Fireflies and Related
Chemiluminescence

Masakatsu Matsumoto"’, Nobuko Watanabe', Mamoru Ohashi’,
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Abstract: A dioxetane bearing a phenoxide anion decomposes with the accompanying
emission of light, effectively by the intramolecular charge-transfer-induced chemilumines-
cence (CTICL) mechanism, by which the bioluminescence of fireflies has been believed to
take place through an intermediary dioxetanone. In the course of our investigation of highly
effective dioxetane-based chemiluminescent substrates, bicyclic dioxetanes bearing a
3-hydroxyphenyl moiety substituted with a 5-aryl, such as naphthalen-1-yl, carbazol-9-yl,
indol-1-yl, and benzotriazol-1-yl, were synthesized. Base-induced decomposition of these
dioxetanes displayed intense light, the maximum wavelength of which changed depending
on the crown ether complex used as a base. As a further development, we realized four
optically isomeric bicyclic dioxetanes bearing a 2-hydroxy-1,1'-binaphthyl-4-yl moiety.
These 1someric dioxetanes were decomposed with the accompanying emission of light on
treatment with three base systems. The chemiluminescence efficiencies of all isomers
were practically the same for tetrabutylammonium fluoride (TBAF) in the DMSO system,
whereas they split into two diastereomer-groups for 18-crown-6 ether complex of t-BuOK in
the benzene-THF system. For the base system using t-BuOK complex of optically active
crown ether, the chemiluminescence efficiencies split further into four. The shape of the
chemiluminescence spectrum, maximum wavelength, and rate of decomposition were also
different between each of the four stereoisomers.

Keywords® chemiluminescence, bioluminescence, dioxetane
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Development of Photosensitive Materials for Bioengineering
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Abstract: We have already developed a method to spatiotemporally control cell adhesion
using a photochemical reaction. In this study, we formed cell-adhesive spots smaller than
single cells and located the focal adhesions of the cells by controlling the sizes of the
illuminated regions. Moreover, by subsequently illuminating the region alongside the cells
patterned on the substrate in advance, their geometrical confinements were released, and
migration and proliferation were induced. Single cells were also micropatterned on the
substrate and were induced to extend lamellipodia or filopodia alternatively by the
subsequent formation of wide or narrow paths in their surroundings, respectively.
Photodegradable block copolymer composed of hydrophilic poly (ethylene oxide) (PEO) and
hydrophobic poly (benzyl aspartate) connected with a photocleavable 2-nitrobezyl moiety
were synthesized to form polymer micelles. Photodegradation of the resulting block
copolymer was demonstrated.

Keywords: photosensitive self-assembled monolayer, 2-nitrobenzyl group, cell adhesion,
cell migration, photodegradable block copolymer, polymer micelle
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Development of Multi-purpose Spectroscopy System
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Abstract: Photo-Luminescence (PL) and Cathode-Luminescence (CL) apparatus were designed
and created for measurements of fluorescent light from many kinds of semiconductors and other
various high-functional materials. A 375-nm wavelength ultra-violet laser beam focused in ~5
pm diameter at a target surface is used for stimulating target materials in PL. measurement. A
well-collimated electron beam of several micro amperes at maximum energy of 30-keV is used
for stimulating target materials in CLL measurement. Luminescences between 200 nm-950 nm
wavelengths are introduced into a single crystal Ge detector via the light-fiber. One photon
produces one electron via the photoelectric effect in Ge crystal. Thus, according to the number of
incident photons, the same number of electrons is produced and emitted from Ge crystal and
introduced into a photo-multiplier, which amplifies these electron numbers by about one million.
These amplified electrons are introduced into a high-sensitivity current meter. Thus,
luminescence intensity is proportional to current intensity. Even one photon can be detected by
this analysis system. We successfully observed luminescence from fluorescent oil painted on the
Si substrate and luminescence from the GaAs semiconductor substrate.

Keywords:® photo-luminescence, cathode-luminescence, RHEED, Q-Mass
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Establishment of Medium Current Ion Implanter at Kanagawa University
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Abstract: A medium-current-type ion implanter was introduced into Kanagawa University.
This machine can be used for various purposes, for example, characteristic changes of various
materials such as metals, semiconductors, or insulators. Doping various impurities to many
kinds of semiconductors is one of the principal roles of semiconductor industries, to acquire
controlled electrical conductivity. These features can be accomplished by irradiating various
ion species at various energies for various doses. This implanter can implant ion species from
hydrogen to atoms with a mass number around gold. The accelerated ion energy ranges from 5
keV to 200 keV. The most peculiar feature of this machine is the structure of the target holder,
that is, endstation construction. Targets can be kept during ion implantation at temperatures
from -200 “C using a liquid nitrogen cooling system to 1000 “C by heaters. The specification
of these features cannot be achieved by any other ion implanter in the world. We sincerely

hope that this machine will be widely used in Kanagawa University.
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Report of Joint Symposium held at National Taiwan University

Yoshinori Sugitani"’

1 Department of Chemistry, Faculty of Science, Kanagawa University, Tsuchiya 2946, Hiratsuka,

Kanagawa 259-1293, Japan

2 To whom correspondence should be addressed. E-mail: sugitani@kanagawa-u.ac.jp
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2006 KU and NTU Joint Symposium
on Chemistry and Life Science
Department of Chemistry, National Taiwan University, Taipei, Taiwan

Date: December 22, 2006 Location: R218, Department of Chemistry, NTU

16:00-16:30 |Introduction to Department of Chemistry, National Taiwan University

16:30-17:00 |(Introduction to Kanagawa University

17:30-19:00 |Faculty Party
Date: December 23, 2006 Location: R121, Department of Chemistry, NTU
08:50-09:00 |[Registration

09:00-09:10 |Opening, Chung-Yuan Mou, Professor, Department Chairperson

Chairman, Shiuh-Tzung Liu, Professor, Deputy Dean, College of Science

Yoshinori Sugitani, Professor, Dean of Faculty of Science

09:10-09:50 |New measuring system of High Frequency Spectroscopy and its application to the
analysis of water - contained materials

King-Chuen Lin, Professor

09:50-10:30 |Applications of Cavity Ring-down Absorption Spectroscopy in Gas Phase and
Surface Chemistry

10:30-10:50 |Coffee & Tea

Shigeo Takeuchi, Professor

10:50-11:30 |An outline of activities in Department of Biological Sciences, Faculty of Science,
Kanagawa University

Chu-Fang Lo, Professor, Dean of College of Life Science

11:30-12:10 |Research Activities in the Crustacean Virology Laboratory at NTU’s College of Life
Science

12:10-13:30 |Lunch (Location:R117)

Chairman, Sheng-Hsien Chiu, Associate Professor,

Kazuo Yamaguchi, Professor

13:30-14:10 |Photosensitive Self-Assembled Monolayers Based On Silane Coupling Agents
Containing Carboxy Group Protected As Photocleavable 2-Nitrobenzyl Ester
Jim-Min Fang, Professor

Direct Conversion of Primary Alcohols and Aldehydes to Nitriles, Amides, Triazines
and Tetrazoles Using lodine—Amine in Aqueous Media by One-Pot Tandem
Reactions

14:50-15:10 |Coffee & Tea

Yoshihiro Suzuki, Associate Professor

15:10-15:50 |Characteristic photosynthesis of ice algae in the northern part of Japan,
maintained at the lowest temperature in the biosphere

Chun-Chung Jerry Chan, Assistant Professor

Solid-State NMR and AFM Studies of Prion Fibrils

16:30-16:45 |Closing Remarks

14:10-14:50

15:50-16:30

18:00 Banquet
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Attending the Second Joint Symposium between National Taiwan
University and Kanagawa University

Shigeo Takeuchi

1 Department of Biological Sciences, Faculty of Science, Kanagawa University, Tsuchiya 2946,

Hiratsuka, Kanagawa 259-1293, Japan

2 To whom correspondence should be addressed. E-mail: takeuchi@kanagawa-u.ac.jp
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BZRE L RDICELEED T,

BMENZICTH D720, EWRFERE N, &
KT DNk ot YURY T ADR
BIRFISY R 2R & SIS R PRI & O
R OWTEELEWERED . 5 3EILIFE, #s)l
RACFRDN T 2 BB RALTFEH L DGR
WY TMTIE, BRI D A 3= & R
BOA L R=RBINT 5L, BIOREEHRDKA
DEEAT Y 2= DFFTIRY | SAWRFR TR

Tt O LERFEEN (T E-mail),
St EBERREZEENF LI > T, FH3EDY
VIRV L ESEEICET D XIS Z &
2725 LW TWD, BAEYRIFZRCIIgs AR IEILY)
HFzahh b LI e 22 3mD v Ry
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WAVEMEE L, #HHRE ORI TidZe <, VR
e, RO RFRBE AN IER R 2 HFK L, FHE
ICRIRT D L OHRD L5 el a i ximneE
ZTW5,

&7 7% (Grace Chu-Fang Lo)#% ® E-Mail

Dear Prof. Takeuchi Shigeo,

Thank you for your email. I was very glad to
have you and your team visit us here in Taiwan,
and I now have a much better understanding of
the Biological Science Department in your
university. I hope you also have a good overview
of the sort of work we are now doing here at NTU,
as well as the work we plan to do in the future.

I particularly appreciated the questions you
asked about ethics in Asia, and I am optimistic
that NTU will take your comments on board
when we address this issue -- as we inevitably
must. And the sooner the better!

Lastly, thank you very much for your kind
invitation. I hope that NTU's College of Life
Science will be able to send a group of scientists to
attend the next symposium in Japan. And if I can
come too, then I will be very glad to meet and talk
to your students.

With best wishes for the New Year,
Grace

©Research Institute for Integrated Science, Kanagawa University
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Research on Cybersickness in Virtual Environment by Laminar Cortical Model
in Department of Cognitive and Neural System, Boston University

Shanjun Zhang"*

I Department of Information Sciences, Faculty of Science, Kanagawa University
2 To whom correspondence should be addressed. E-mail: zhang@info.kanagawa-u.ac.jp
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