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Abstract: We analyzed various sputtering target materials, using Rutherford Backscat-
tering (RBS) method and Proton-Induced X-ray Emission (PIXE) method, and identified the
metals required for the electrodes of diamond semiconductors. Before various metals were
examined on the diamond substrate, we analyzed these by evaporating them on the Si
substrate by using a magnetron CVD sputtering apparatus. Ti was used as an electrode
material to make ohmic contact with the diamond semiconductor substrate. Oxygen atoms
were detected thickly near the surface by the RBS method, although the purity of Ti
sputtering target metal was 99.95%. This oxide film was formed when the Ti film was
exposed to air. To prevent Ti film from oxidation, Pt metal is usually deposited on Ti film as
a cap layer. Thus, the double-layer Ti-Pt thin film was formed to confirm whether oxidation
of Ti film was completely prevented or not, using the RBS measurement method. We have
succeeded in obtaining an antioxidant effect of Pt cap film on Ti film, by developing the
magnetron CVD processes appropriately.

Keywords® metal assay, RBS, PIXE, sputtering target, ohmic contact, diamond semicon-

ductors

Introduction

The N-type electrical activation of diamond semi-
conductors using ion implantation process has not
yet been achieved. We proposed non-equilibrium
annealing process called IBIEC (Ion-Beam-In-
duced Epitaxial Crystallization) of ion- implanted
diamond semiconductors by means of MeV ion
beam irradiation. The Hall-Effect measurement
is usually used to estimate the electrical char-
acteristics of the diamond substrates and epi-
taxial layers on them. To obtain ohmic contact
with the diamond substrate or epitaxial diamond
layer, Ti metal is usually used as an electrode,
along with the Pt metal that is deposited on Ti to
prevent it from oxidation. We searched for these
metals among unknown various sputtering target
materials by means of Rutherford Backscattering
(RBS) measurement method along with the
Proton-Induced X-ray Emission (PIXE) method.

The magnetron sputtering apparatus is used for
forming metal electrodes on a diamond substrate.
The electrodes are usually formed in four corners
of the diamond substrate as shown in Fig. 1. The
vertical structure of the electrode is shown in
Fig. 2. Three layers of Ti-Pt-Au are successively
formed by using magnetron sputtering apparatus.
The reason for usng these metals as an electrode
is as follows.

o Ti: Titanium is a good ohmic contact with
the diamond substrate.

o Pt : The oxidation of the surface of Ti film
can be suppressed by covering the surface
of Ti film with Pt metal.

e Au ! Gold electrode is connected with the
thin gold wire to the Hall-Effect apparatus.

Before these electrodes were formed on the dia-
mond substrate, we had to search for sputtering

©Research Institute for Integrated Science, Kanagawa University
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target materials of these kinds, because the metal
species were not recorded. We first show various
RBS spectra for metals deposited on the Si
substrate to identify metal species among various
target materials. Several sputtering target ma-
terials were examined by the RBS and the PIXE
method and the elements of each metal are
specified. Furthermore, the Ti-Pt thin film was
fabricated and analyzed by the RBS measure-
ment method, to confirm whether oxidation of Ti
film was completely prevented or not.

Diamond substrate
Electrode

N\ b
/lo° 0o
3-4mm

\[O ©

Fig. 1. Top view of the electrode.

rﬂm/

300 A Au
100 A Pt
100 A Ti

Dismond substrate

Fig. 2. Side view of the electrode.

Results and Discussion

Identification of sputtering target metals

The experimental conditions of the RBS and
PIXE measurements were as follows. Well-colli-
mated (<0.03°) 1.5-MeV He* ions from the
Van-de-Graaff accelerator of Tokyo Institute of
Technology were used for the RBS measurement.
Silicon Surface Barrier detector was settled to an
170° angle to the He beam direction. 2.5-MeV
proton beam is used for the PIXE measurement,
and two X-ray detectors with different detection
energy range are used. Ti, Au, and Pt metals are

identified among many kinds of metals by these
two analysis methods.

1. Analysis by the RBS method

Many kinds of metals are deposited on silicon
wafers using magnetron sputtering apparatus.
The pressure of the Ar gas atmosphere was 30
mTorr during deposition. The silicon wafer tem-
perature was 600°C.

The Ti target metal was discovered, analyzing
the RBS spectrum shown in Fig. 3. A 20-nm thick
Ti film is clearly seen in the RBS spectrum.
Oxygen atoms were also detected, demonstrating
that the entire Ti film had been oxidized.

The spectrum shown in Fig. 4 is an alloy of Ag
and metal with the mass number being near the
mass of Au. However, the element of this metal
can not be specified. The reason for this is that
there are two or more candidates in the range of
error. Also, the RBS spectrum shown in Fig. 5
cannot distinguish Au or Pt elements because of
poor mass resolution of heavy elements.

As a result of this study, Au and Pt metals
cannot be identified by the RBS measurement
only. Thus, we have conducted the PIXE meas-
urement of these samples.

2. Analysis by the PIXE method

The PIXE spectra of the same sample as in Fig. 4
are shown in Fig. 6, and also those of the sample
in Fig. 5 are shown in Fig. 7. The spectra in left-
side are for the low X-ray energy region and those
in right-side are for the high-energy region of the
same sample. We can identify Au and Ag ele-
ments from Fig. 6, and the Pt element is ascer-
tained from Fig. 7. The signal of Ar element was
also detected in Fig. 6. It is probable that Ar at-
oms adhered to the surface of the sample during

deposition. Thus, we can with combination of
PIXE method.

Verification of antioxidant effect of Ti film using
Pt film cap

1. Formation of electrode

The electrode was formed according to the follow-
ing procedures. First, the oxide film on the sur-
face of Ti sputtering target is removed before depo-
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sition of Ti films on the Si wafer, by using the
magnetron sputtering apparatus. Then, Ti atoms
were successively deposited on the Si wafer at
600°C. Lastly, Pt film was deposited on Ti film on
the Si wafer. Two-layers Ti-Pt thin film was
analyzed by the RBS method.

2. Analysis by the RBS method
Thus, we tried to change sputtering processes in order
to confirm antioxidation effect of Ti film using Pt cap.
First, we conducted presputtering of Ti target
material for about 30 minutes to remove
completely Ti oxide film formed on the Ti target
material. Sputtered Ti oxide film thickness is
estimated to be about 0.5 mm. Then, we spent one
hour during pumping up the vacuum chamber in

order to cool down the sputtering system. This is

done to adhere almost all sputtered atoms (Oxygen,

Titanium) to the wall of vacuum chamber.

Secondly, we sputtered genuine (not oxidized)
Ti target material and form Ti film on the Si
substrate. Then again, we spent one hour during
pumping up the vacuum chamber in order to cool
down the sputtering system.

The existence of Ti and Pt atoms were con-
firmed by the RBS spectrum shown in Fig. 8.
But also a great amount of oxygen atoms could be
detected on the surface of the Ti film under the Pt
film. Thus, oxidation of Ti film cannot be pre-
vented at all. Furthermore, as clearly seen in Fig.
9, it 1s striking that Pt atoms were also detected
in the only Ti-deposited sample, formed succes-
sively after Ti-Pt sample formation. It is probable
that this is because the Pt atoms that had
adhered to the vacuum chamber were deposited
at the same time during Ti deposition.

1000000

\ ﬂ‘ fj -

0 channel 500

Fig. 8. RBS spectra of Ti-Pt.
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Fig. 9. RBS spectrum of Ti.

It is thought that one of the reasons that the
oxidation is not prevented in spite of Pt film for-
mation on Ti film was insufficient preliminary
sputtering of Ti target. This preliminary sputter-
ing was done to remove the Ti oxide film on the
sputtering Ti target.

Lastly, we sputtered Pt target material (not
presputtered because oxidation effect is very low)
and form Pt film on the Ti fim.

Figure 10 shows the RBS spectrum of Ti-Pt film
on the Si substrate sample, formed under the
above processes. Signals hatched in the 210 ch —
250 ch are attributed to oxygen atoms in the Ti
film. However, we can show that two peaks are
clearly seen in this region. After estimating ener-
gies of these peaks, lower energy peak denotes
oxygen at the interface between the Si substrate
and the Ti film and we can identify higher energy
peak signifies oxygen at the interface between Ti
film and Pt film. In conclusion, we can diminish
oxygen atoms inside the Ti film. If we conducted
pre-sputtering of Pt target materials, as done in
the Ti target, we can further diminish oxygen
atoms at the interface between Ti film and Pt
film.

Summary
We analyzed various sputtering target materials,
using RBS measurement method and PIXE
method, and identify needed metals used for the
electrode of the diamond semiconductors. This is
successfully achieved by combining merits of each
measurement methods.

Ti is used as an electrode material to make
ohmic contact with the diamond semiconductor
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substrate. However, Ti film is liable to be oxidized
by the mere exposure to the air environment.

To prevent Ti film from oxidation, Pt metal is
usually deposited on Ti film. The Ti-Pt thin film is
formed to confirm whether oxidation of Ti film is
completely prevented or not. This was analyzed
using the RBS measurement method, however in
the first, Ti film was fully oxidized. It is thought
that one of the reasons that the oxidation is not
prevented in spite of Pt film formation on Ti film

was insufficient preliminary sputtering of Ti

target metal. Finally, we have succeeded in dimi-
nishing oxygen contents in the Ti film, by chang-
ing sputtering process fundamentally.
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Abstract: To investigate the role of plasma membranes in the regulation of intracellular Ca
translocation in smooth muscles, the intracellular Ca localization in the anterior byssus
retractor muscle (ABRM) of Mytilus edulis was examined by the quantitative X-ray
microanalysis of cryosections. When the spot analysis was carried out successively along the
plasma membrane in the cryosections of resting ABRM fibers, significant amounts of Ca (~
8 mmol/kg dry wt) were frequently detected, although in some cases the Ca concentration
was negative. Averaged Ca concentration detected was approximately 3.0 mmol/kg dry wt
(n=25), while the Ca concentration was negligible at the myoplasm. By the pyroantimonate
method including the semi-quantitative X-ray microanalysis, the intracellular Ca localiza-
tion and its translocation during the contraction were also observed. These results indicate
that, in the ABRM fibers, the plasma membranes accumulate Ca on their inner surface, and
release Ca to cause contraction.

Keywords: ABRM of Mytilus edulis, intracellular Ca localization, plasma membrane, X-

ray microanalysis of cryosection, pyroantimonate method
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ETT U —F—WNICRGF LT,

BHREEI R O EBRTLR I

WAL % O % Be O F 44 TR
77—k &— (EM - CTH10 CRYO Transfer
-holder, JEOL) (CHEHE L, =—/L N v T v 72K
REHZETEAL, POR—LE—REb EZHAIL



R, WL M ATV A WA RURRESFHORERENER Ca KfE 11

TIU T2 g R o3 A7 - B 85 (JEM2000FXS |
JEOL)WNIZHRA L, HWTHRLX —HIRGRIAESR
T-130°CITHHAI LTz, Z OWERRE XD =2
23 b B — AREHC X 5 & K (mass-loss) 13 Bt
B IRV & TR IEER CRHERR L CRE LT, Bl
f#=£ 25,000 135, JIEEFELE 80 kV T, ££0.16 pm D
BB — A & Y R Do At RIS 100~200
ORIPRETGUEFER. 1.35 nA L, AL Xz
TRV XSO X HER(TX3/58-8341M Y,
NORAN Instruments) TR L, X-#t A7 L
oV B a— % — N (TN-5450 EDX Ana-lyzer.
NORAN Instruments) L, &4 f8Ik D e FH iR E %
W B (mmol/mg dry wt) TR 727,

—HRIC, EREIT Hall 197D)7 I L » TIRES
HERRIZH &SN T XA MANGHEA ISR
DM, HE DI AT AT EICR IR DT oA b
77 74 —(Wx)& FoORDRTIIER SN, K
%2 Clx, Shuman et al (1976)" O HEIZ LY,
FHEDIME T V7 2 (BSA) A B L2 fE 4 D
Ca EIEEAREREIZER L. 25 2RO o5
HFTHI L, ol X-ARZ hrd Ca AL
7 M —27 OME®P; Peak) & Nv 7 7T 7K
(B; Conntinuum, 4.5-5.5 KeV region) D58 H.(P/B
ratio; Peak /Conntinuum ratio)?>5 Ca @ =1 k
777 % —Wca) & LT 148.81 Ofiz457-(K 1),
728, Ca JREEIEUEGUEI O EME 2R 1T, [A—3k}
T JE 77 X~ 7 F 7 4 ¥ —(Spectrometer ARL
4310 %!, Applied Re-search Laboratory) C/#T L
THIE LT,

R

oA & ML ZEEEIC X A Ca D J/TE LI
MaRF DB

2 1%, glutaraldehyde-OsO4 CEE X 4172 ABRM
DFRFHER OREMOI B CH 5, TkiEOERIX
5~10um FREE T Fiffe I I XINHE 28 T D K
W7 4 T AV REWT 4T A RN THEDLNTE

0. IR MEAR I har KU T RREL
TWe, Mi/bhadix, &£ 0.1~0.5 pm OFFHAT
bV, WEME diad ZHRL Tz, £, 2 b
a2y RU T O IFERRT, BERIIRERLOTIX
BEZO05umEBETH- T,

55 (LI PAOs i CREE S 7= e Tk, BEIC
WESINTWD L DI BN E T & /I iR
[ZBAE 72 PA OBl SN2 (K 3a), £7-. PA
DOUWBIEI =2 R TRKICL L oniz, —7.
ACh-#ffEh¢Z PAOs & CElE S A7 i ClI,
PA OUWITIZE RN 2R <00 /NIRRT L < &

r Be stage (-1307C)
% 200l
=
n
=
E Wea = 148.81
; 100+
.! ]
3
0 05 P/B 1.0 15

X 1. TRON VAT LIZBITS CaDU=A 777
57 A (WCa) .

I N
2. LAEETE S 7 ABRM ORI %, 55 ok
ST 4T Ak EDEC MRS S has kY
FRBBND. A4 —i 1 um,

HLTRY, 747 A2 b THD LD FRHES
ROFGIEE NIRRT B LTz (X 3b), &
B/ MR T PA IR OB & 135 FRAYIC 2

kv R 7085 TiE PA tRIE O A B 2B 13580
BRI,

PA X, KRN TR~ ORGA A4 & ROt LTk
EETHZENMLNTEY Y, EFHEME T T8
BINTZRBICCanEFENTND Z EEALMNC
THEDIIX-B~A 70T F I A ETo7-, X
413, TORRE GNP e X -FR AT h Lz
R LT D Ee L BV [ & 30 7 0 B oD i TR i
FIZR ST PATLIE D X - A~ 2 kL ([M4a) Tl
500~4,500 eV = 3 /L X —#iH T, 0s-M #:(1,914
eV) & Cl-Ka#t(2,621 eV)D ™ —7 & & 12, Sb-La
MOE— 7 CTH 5 3,600 eV (HTICHHE /2 — 7
DR BN, Na-Kof(1,041 eVIOE—Z IR 61
7, Mg-Kofi(1,253 eV)E L K-Kaf(3,312 eV)
FHEIZIE S DFEE O X -FRIRFE X5 D=3, BHEE
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e U.;;stp';fjf- J—?-wifgﬁfﬁﬂﬁmhdﬂﬂléﬂ;ﬁf~Hw.;
X 3. vu7 I UoEEPAEIC X B HMIBANRTE & INERF OB E). # 1 IZ PAOs THEE S - i) T, #
BN, f/MEE, 2 ha v RU T PA OWERAR 5N 5. ACh-HIfERIC PAOs i Tl E & 7= sk (b)
TiX, PA BB EICHHIE R REBIC O L TRV, WERERNERH /MR TIZZE LS Dy, T ha v R
U7 TR OBMNIZ R S, A —1 1 pm.

vV5.588 HS:2BEV/CH v5:588 HS: 2BEV/CH

Z2B@SEC cl

ShCa

l h‘ 1
ShlLB2
- LTI e

v5:5880 HS: 2BEV/CH vs:S5ee HS:20EV/CH
ShCa
Shia
ShLB1
ShLB1
| e
miine 1
C 8 4 d a4

4. FIEARERMEDE R (a, b) & f/IMad ()3 K OMUHERARMED T E (DI L 5D PA TR B H vl X-
AT hovb i a KO—E8 2 fLK. PO TERIT 3,600 eV & 759 (b-d) . Os: OsM ##, Cl: Cl-Kaff, SbCa:
Sb-Laft & Ca-Koff, SbLB1: Sb-Lf1 #%, SbLB2: Sb-Lp2 ##, VS: Meli(X -0 7 b)), #ifi: =R/ ¥ —fH
(KeV; 20 eV/CH).



R, T M AT A T A RERESIFHORERNEE Ca KfE 13

F 1. L7¥ XA A ABRM OFf#HEN PA LIRS £ 2 45038 O X -H5R EE HL R G )

BRI B
SEEN [ ISR A
TR AN EEN A
Sb-Lo. 1.00 1.00 1.00
Ca-Ko 0.43 + 0.12 0.33 = 0.08 0.35 + 0.08
K-Ko 0.12 + 0.05 0.13 + 0.06 0.15 + 0.04
Mg-Ko. 0.11 = 0.07 0.09 + 0.06 0.09 + 0.06
Na-Ko 0.15 + 0.08 0.14 + 0.05 0.16 + 0.05
M A1 A (R 25 (n=12)
=TI R BN T, 4b IT a KD A _|“~"
. < . . ASW 9
ML BEGEX RS2 BNy 7 7507 R(B) & b Trn
B2 L. 3,600 eV 1 v — 27 Z 41 U THEICHE
KLEKTHDL, 2O —27 DR LX—HIX | ” % l*
3,620~3,630 eV T ¥ . ZiUE Sb-Lafit b Ca-Ka 400K Din  Freeaing

#1(3,690 eV)D AR E— 27 Th o712 Fi|
3,840 eV & 4,100 eV O B — 2 X, THZHh Sb-Lp1
e Sh-Lp2 MO —27 Th o7, [FEED X-HR A
7 ROVIS, IR RRHE D/ NRAR (X 4e) & IUHE R
HED TR (X 4d)iC B S 7= PA TR O s 5547
THELNE, £ 11X, ZHHD AT L% Russ
DEERT FHBAALTE SO G ATaA Ly Ea—
A —HEE L, Sb-Loft D X-#Ro8E % 1 & LiziEoft
DD TEEMER LD TH D, BEIN
7= PA LBIE, WTNHAEIC Ca 23022 & &R
L7,

BAEE R -TTROPTEIC L DHIIEA Ca BTE
FfiERFO ABRM AifpiE R 2. S RMERE) 2 & L
PR 5 -190°C DIEIA 7 1 /8 TRGEERE LT, 5
I, SR —fITh D, Tror Ty M
FEE O FEBRINICH - ST b ASW % K-Hffiig
WAL T A MINAE A FHE U CRARME R OTEMERE
TR Li-tk, HMiia ASW IZRE LTtz S8, 10
min BPA EO+5y 72 [BIE ] % 8% 72§ R R AR O
ASW % 2 L TR L=,

AHHAEIC K o T E ORI & T IRIE ST
ARAFE S T2 MO T O SR A (a1 o
BENLELNTZ, X 6 X LD ABRM e
WETaRr Y ey METEBER L, -80°CD 2%
0s04 Z 517 & b P CHAEEKL L, Quetol 812
RHIEIC AR U7 R L - B0 i OB b 5,
FHMENDFE 7 4 T A v FREE DIREEN S| kR
HER O EE (B E _EE) D> b iR s Lz m -
T, BXZ 5 ym FTIHBD CTRIFZ2EAENELN
TWAZEWREINT, T XD S HITHEER TR
T 4T A2 FOESNIRAICEIVUTI LD, EE L

5. 1K ABRM Of#RHERN 7Yy b
ECABBER NS E TO%RMENTSE. 7R MY
#E(400K)#% O +43 72 RIE I 2 4% T, ASW %[ Z(Drain)
L. 2 (Freezing).  WAERFOBRMAY 72 0E 880X
IR a R UM O & R

4 ¥,
gt
= te 3 ) e e
- W.-‘r‘ i ‘3: LT %
y R R A R AT A T A KT
by -‘Ef L Aty PR S A PRk i =
f?j;: Y E I
=T e’ ] ""-\. G i

e
6. ABRM e s O WURE L O) 15, e SRR

(BE L) »OWRIBEE bum £ CRHHMERFTH
5. A —/Li1 pum.

B P e A

MOBIZRY | FAREDNIREFICHEIZRD Z EPRE
Nic, b X emibEiofkiict &3%, T
FONTHOBFET R 1X, FRRHERE R 2D 5 um LA
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NOERGy D> SAERLL 7=,

B 7 XA R o —plz R LT b, MldNT
WXEEDR 7 4 T A v NSRRI - TEAT
IETL TR Y, EBEMITIZIE U LIE /N a
LlEbhd/NEPElEsn, WYMo 7 ) v R
~OFEWTEATIT2S DT, 7V > K ETERM
FE LR BRNE D WHRETRATZ 2D 7 ) v R T
eI A, EZMZTHDEN, 7V vy RREDH—
Ry FEBICEESEL LT L, GINIER
DI >TRRETH -T2, UL, BRI —HR >
KFBICEA Lo bBlgEsh, 29 Lo s
KGN TEHE ST AT I~ 12, RN REICHES L
TV Ca 2T 57201, UK E—LZBE K
WENZRES LI 7, OFD), &5, B — A% RER
RN > CHEFBICBE SECTEMIT L, £
7oy PR O 43T TiE, HERe il G R B —
AE T X NIBE S TEOIT LT, XAy
ML S EICETLROEREEZRDDHITITT Y v R,
KRR, MRS CHRET DNy 7 T RB)D
X-HRIRE ORIE S METH D720, M s &
1175 - T2 FEIR i b (VO AR B & 7o 1 SRR R
b [RIRFIZ A0 L 72,

X 8 1ZFFIEFED ABRM ke o O BiiE b v & oo
FOMLTRERG LN XA Lo Al )
R LTW5b, FEBEANZRTOS5HT (K 8a) Tk

T LI HIEK . Ni-Louf#(851 eV: Ni),
Na-Ka##(1,041 eV: Na), Mg-Ko##(1,253 eV: Mg),
Si-Kofi(1,739 eV: Si), P-Ka#t(2,013 eV: P). S-Ka
#(2,307 eV: S), Cl-Kofi(2,621 eV: CI), K-Kai
(3,312 eV: K), Ca-Ko#i(3,690 eV: Ca) D A~ | )b
v—r 3 En7, Ca-Kafpd 2~<7 hLre—7
FFEBICITEM O B — 27 Tk K-KB#(3,589
eVIDARYT ML —7 LDARRE—2 Thoiz,
Ca-Koft D X-#RisfE i, i/ CaCly 3 LY KCI
REHZ T LTS DL DAERER Y ML O—IRE K
ORI CHgME L. e —2 % K-KB
Be CaKafid o> — 7 Ichfsw 5z LT
Ko TRDZ, FHENIHT(X 8b) T HIZIFRIEED
AT MV E—7 PR SN, L L, KKBfR &
Ca-KafpiZ X 26— 7 Tl Ca-Ka #RiEIEE DR
JFE RSB 38T D A7 k(] 8a) & 0 (R
BRBO DN, —FH, Nw T 7T 7 ROGHF AN
7 "X 8e) T/ A AL~ S, Cl, KO —
7 OMITFEE /2 AT M E— 27 13 & nZe o
oo JARLLTREBENS S, Cl, KIZBZEDL
<HMEHFRO LD EBbs, EEFETIIZOA
R MERy 7T RE LTRERENERTD
ST AT R (K 8a) TN D 43T Ao kv
(X 8b)2 BIHE L7, # 113 ER D ABRM #ifr
HEDFFIBE N R L O IEE O 850 k- T

7. ABRM e R OMEWTORAE ) 8. OFNIEBENEZ R ICHES L T\ Ca 2T 27200 kit

FAE—ABREEEZ TR LTINS,
TRV Sy A oo AT, A — bt 1 pm.

IR S AR I C i, £y 77 FB)E LTHH O



AR, WL M ATV A WA RRRESFHOREEENE R Ca KfE 15

DN EELEORELZ R LD THD, MiPE
WRE G - T8RO THE bz Ca BEIX
3.03 mmol/kg dry wt TH V. —F. HIEEMD D
Ca 21X 1.56 mmol/kg dry wt Th o7z, oW T
EEREDO KB LW Cl b SN, Z0RE
ITRERENRE & PE & TRHEDZEIT )T,

K & CLICEAT 2 Z o RIT, BREU - o &
Tloteh Yy IR T 7 afofR B —HL
TkEY, ZNEOITRREENMEN TRV &IEE
BFO BRI X o CTHRHEDNRE =TT, A&

1]

o
o

0.000 5,120V
=G

Ly

LE - Sale g o

b o5 5,120 eV
25671
Ni $i s K
e s
0.000 1208V

8. ABRM i 5 o> Wi #& B v 4 43 A sk O L o3 47
TELNE XA v, (a) TR EREANFREIX 7,
OMOSHT X-Fr A2 F v, (b) F5TE D5SHT X-H# A
7 bov. () BIFAMERO3HT X-FRAT Ry (N
77Ty ). Ml X8 v > h(0~256 counts),
FitiliZ eV (0.000~5,120 eV). A~ hLHID T~ L
I8 TR L DHEHME X-FD v — 27 ot GERIT A
Z8).

# 2. ABRM f RN H & T E D TREE

TTHRIEE (mmol/kg dry wt.)

e TE BN 2% 1 E
n=25 n=8
Ca 3.03 +£5.88 1.56 + 2.43

K 315.55 + 80.78 293.97 + 64.33
Cl 335.52 + 129.63 477.96 + 72.20

TP E AR UER 2. Ca JREE 0 DT b & e,

TWAIRRE L [ U & 5 2 REECRAFICHGE S -5
R L TW5D,

B

AIRALZEIZ X B Ca BjRE & PA LRROHT

FfIERFIC PAOs I8 CEE S 7z ABRM DO fj#iE©
X, RN R R MR B 72 PA TR
DR B 3a), —F, UUHEHRFICEE S 7= iRk
TIE. Zh 6 OHEETIE PA OWLBITEA L, Y
W27 4 7 A2 MPFETET Dl OEIC 25D 4y
WA Uiz PATRIE S R 572 (K 3b), & DG HI,
Atsumi and Sugi (1976) D& 2 FfER T 5 H O
T, F LRI N TR IS RTEL TV D Ca 2
IAERFCTEME L Ca & L CRpIBENICERES N D B
BENMLTND EEZOND, HikE L RO
PA LB OEBNRD NI by R T
% Ca Z7k L CH ., M OUUHE- R 1 7 izl
HLTWeWetEB2 o5, FAEROERIX. A7
XA A O H % < O BFFHEBI S HEE ) O F-
B CHEINTEY ™, Z0B2OFEENLF
ENTWD,

MR ESE & LT o PA A, 1960 FFRE i
Na OHIZ b b TWE X 912, PAIXAEMENT
Ca LISNDGA A &b OB L TILlET 2 2 & 235
HNTEY Y, PAIEICL D RO Ca BYEERFZE T
X, BRSNS PA LN ERIC Ca 2E5A TS
L EMMICT AREND S, ZORMOIZDITIE,
PA IbBEOX-~A 2707 F U ABRENTH
%M NF XA A D ABRM (2315 5 Ca #ikE
ZIRD TH LN LIZAFZE T PA TR D X -~
A7 aTFVARRAELNTWDER, TR
I Tebn TRy, PAILIBO X -~ 7 a7
UL AT, LB Ca PEEOETEER TS
L. BE—7 T3 UX—fEN 3,610~3,640 eV L7 D
Sb-Ca DERART MABKHEIND Z LRGN
IZENTND Y SEOSITHERIZ, Wihb,
BXZ 3,620 eV ICE—7 &L OB AT ML E
KL S, ZNHD ALY FLizBnTh, CaKa
RO X -BRERFE 1T Sb-Loft D F 1Tk L TR & 2048
KHEAZ R L72(FR DO TUEFBEEEE T ol
PA VI 134832 Shb-CoD itk TH v . MmN D Ca
JAE L IKERF OB BN Z /R LT-b D EEZ LD,

PA TR D X -FR A7 F (K 4a) TIE, 500~
4,500 eV O3 )LX¥—HiPH T, Os-M ##(1,914 eV)
L Cl-Koff(2,621 eV)DO ¥ — 27 AR 477, Os-M ##
i, BEERD 0s04 1IZHK L, Cl-Kafpidilklza
HLCWARIRICHET 2, XA Lk
W, Na-Ko#t, Mg-Koffis & O K-Kafg o B 72
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E— 3R b2, EEMANT CIEHE B
KERE N RSNz, Lo, ZiboxHEid, ik
DOREE, BiAR L OWHIEEHE @R T kI PA
EROGS L, AEPRRREIRE A I L 726 O TIX RN
ERHLMNIERTND Y,

FERBRED Ca & Z DOIUNEFEHRE

Fr IR IR S AR BRE S 72 ABRM A5 BRAE S D MiEWT
FEOIR ORI E RN & IR RO TGS & &
BN LTRSS, B &z Ca B0 T EE L,
T EIRNE R TIE 3.03 mmol/kg dry wt TH Y |
—J7, I CIX 1.56 mmol/kg dry wt Tdh - 7=
(3 2), JMED Ca lTHFERBRE SN TNDH DO THE
RPN ZR 1 O ST L » TR S 7z Ca XN H
WA LIz CalckdabotEZ BN, ZOFfERIL,
XV AEBITEVIREE CORERENE RO Ca RTE%
HRT2b0EEXHBND, LrL, HEENDF
PIREIZH L, WEENEERED Ca BEIXH E
DE< 2L, REEITBE TR o7, THUE,
TR NS % A AL SO HT L2 RRIS . 20T A ¢
720 Ca REIZENDD, TOFHERENRERT
Hol VAT AERTHLOLEENTNDHZOT
b5, BElcik~7= X 51z, Ca IFIEEMRIZRET D
CafBEAEICHA LTV EEbNh, 2vo, 7
V—=RX7F7F % —L7 U HOBETIL, EEEA
BN ENEREICIIEEE TR LN
RWCRERT —2)Z b, EEMENE R~ A
FARAERT OGN RNSH D Z L3Rz & EEbn
%, Thbb, BWEEANZEOSHTAOFIZIE Ca
WAEAENEENT, Ca DFIELARVESLE
EFNTWARERH D, £ T, BELOTH, £
a0 A T ADERAE &R LT s OfE & oh
L. HERED Ca PR ST Bi D F % fh
L. T CailgfEaRkdiz, £ 3I1TZTDOREZRL
ZbDTHY, ZO%HEE, WEKEANERED Ca RE
X 7.58 mmol/kg dry wt &£ 720 —J5, FHEETO
1T 2.50 mmol/kg dry wt T, W& ([ZPHE 72 7EM
ez,

# 3. ABRM f RN H & TR E D TR EE

JLHREE (mmol/kg dry wt.)

ToR TR RN 2 i HIvE
n=10 n=>5
Ca 7.58 £7.20 2.50 + 2.66
K 292.25 + 95.69 302.32 +£ 67.80
Cl 379.79 £ 147.72 488.41 + 81.41

T FME AR R 7. Ca 235 S V7= 0T Bl o0 2l .

WY -7t B0 HTE C Somlyo et al (1981)71
X0 E S AT A VR CB R ) B IR RO/
JaEE R IZE £ 5 Ca BEIX~129 mmol/kg
dry wt THV ., £72. FEEHDS "DEFIECHEEMAD
YIOUXT I afh TEZEEIIB L% 43 mmol/
kg dry wt Tho7c, ZOREAITMBNIZH D 2
/RO BB L GKRBEIC L > THIEL, BEED
720 OEREICT D LIRIEUVMEIC R D, ABRM (22
WTELEFHTE 25 KEDERRNOTIRERS
720 OREETOREIZITE 2R, MEEHZVO
TRE TS 2 & WERNREICHES LTS Ca
TS LIRS O /RN Ca JRFE LV 135 02K
W Lo U BERRUT O/ MR A PHSHNESR TH 0 |
BREIRET S Ca fEAEHAED calsequestrin
WLV ERREICEHEI AT VOIS b, BEE
WNZEIHTO Ca fEEEHAE~D Ca A& XA T
& D T ORI O/ MR D K5 1C @RISR
HZEFREEEE X NS, £7-. ABRM OiEHEAL
Ca DEFHIZITIEE N ZR 1 O A CTlid /e < i/ Mak
Lo TS, Zo X oI, # L D Ca i
BRAOENEEZET L, BERANRLOBELZ 8
mmol/kg dry wt @ Ca [ZHEZ 5| ZE Z 3 72DHI12h
Y ESRETHLEREDND, TV —XT T
Fyr—BLO= v F 7 VT Y OB BB
TIE, WEEANRE B, KA ERIEREE L TRl
Ehiz Ca fEA6EAEMCBP-450) & HE L L 7= kiik
HERHER SN TR Y RHEHR), Ca X, BEHL,
B ERF IR m o H 22 L7z Ca fiaEAE O —
IS L TR, IHERHCIIBREMN 2 LI R S
7o Ca G E VE OREGIENLY b A E NI i
ISnsHEEZLND,

HEE
AWFFEIE, —HB. SCEHRFEE OB 2 A Bh 4
(07670063) DHEBh % =1 F TiT72 biiz,

TR
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Bioinformatics for Functional Analyses of Odorant Receptors
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Abstract: In order to delineate the functional aspects of odorant receptors as protein
molecules, we here employed computational and biological approaches, each of which could
eventually highlight different aspects of odorant receptors. We first characterized the
non-redundant protein database to depict the general nature of proteins with a comprehen-
sive database search strategy. We also employed a computational method called
self-organizing map to understand possible relations of odorant receptors to other
G-protein-coupled receptors. Furthermore, we have studied how to deliver foreign genes or
proteins to olfactory sensory neurons in mice In vivo. Systematic synthesis of these
computational and biological results could pave the way to our understanding of the whole
nature of odorant receptors as protein molecules.

Keywords: odorant receptor, G-protein-coupled receptor, bioinformatics, database search,

self-organizing map, gene/protein delivery
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Analysis of Chromosome Dynamics during Meiosis I of Arabidopsis thaliana

Pollen Mother Cells by Fluorescent /n Situ Hybridization (FISH)

Yoshitaka Azumi"’, Takashi Toyama', Minako Nakamura', Ryuji Toyoizumi',
Makoto Kazama', Nobuaki Asakura®, Akiya Hino' and Hideho Suzuki'
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2 Laboratory of Biology, Faculty of Engineering, Kanagawa University, Yokohama-City, Kanagawa

221-8686, Japan
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Summary: Since insertion mutagenesis methods, which enabled us to identify the
mutagenized genes routinely, were developed for plants, Arabidopsis thaliana has been
playing a central role in plant meiosis research. Though several techniques to analyze
meiotic chromosome behavior have been introduced into Arabidopsis research since Ross et
al. reported the method to observe male meiotic chromosomes of this plant through light
microscope in 1996 (Chromosome Res. 4:507-516), intimate analysis of the chromosome
behavior has not been accomplished. Taking advantage of the recent development of new
nucleotides labeled with fluorescent dyes, we investigated chromosome behavior during
male meiosis by multicolor FISH. Telomeres found around nucleoli in premeiotic
interphase cells dispersed after entering meiosis, then clustered in a bouquet-like
configuration. Statistically, telomeres of homologous chromosomes paired earlier than
centromeres, but when respective chromosomes were examined, the telomeres were not
always quick to pair. At early prophase I, possibly at around the zygotene stage, the
signals from telomeres reduced to less than ten. This reduction suggests that the paired
telomeres of homologous chromosomes temporally associate with other telomeres to look for
their real partners. When homologous chromosomes separated at anaphase I, telomeres
were always last to segregate. This suggested that there was unknown interaction
between the telomeres of homologs, connecting them until anaphase I started.

Keywords:® meiosis, Arabidopsis thaliana, homologous chromosome, FISH (fluorescent in

situ hybridization)
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W SRR e MR 73 T —BEE D Qe ta (R E R oD
%, FAERT, R B KL o8 —
yEd, T AENER L C D b, ZORRE
LC. —DDORHEREA & Yt AR5 9 L 7= ffE 23
PSR S D, Z OB ZU RS 72 DIXE —
SO, VT T oW R, 2T
] O(ERE) ., XX T U OCRED . T T a T

W (R 24 72228 (BEH) »H72R 5,
V7T NG R DS SRIRICBIER S D &
2T FA TT UHINTAD EHRGL RO FE
WIS (X7 U 7)) Ligd D, 3%
T NI RI AR LR e RIzbiz o TRHEA L,
R ARRIZ > F 7 F R~ 1% (synaptonemal
complex) DK IND (7T A ; synapsis),
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Z ORF, MFEREARB T T AN BEansd Lo
2725, T4 7 a7 CHNTIET T PR G
B, &7 A~ LSOy TITAR RIS AR £ 3
. WEEZBRMET D, HA T R ANTITYAIR
DEHAEDTERL T Do B PHNIT, FT7 A=
& o THifE SN FEYL AT (A EE) 23555
FERIZBI v, RIEEICHEST 5, BREIICAD LA
[RIGLEARE X AT 2 ORRIZ RS D, 3
ST R L FERIC LT, 2heh ol
STV D B R D R Qe e 3 R 3 i D (P
OB LTI Ea s m) 7,
FREROE (T V 7)) LIdRFHEL
5 B SR D AR TR O Y RIR] = A3MA] & 2> O B BRI BEfik
ZFFo TWDHREART, ZOERITWN< D0
BECTDZEMNTED, 1) TRATDI TR
Vo U (TBeRE) . 2) FARYEAAKRONS] 3) ¥
T MR HEEOHBE, 4) T AL HHEET
o5, WO HBGRTH ORI T 7 A 7 3O
—HICEAE LR RKORBEBIZT e XA THES
(telomere clustering) ®» % W% 7 — 7 B 7]
(bouquet configuration) & FFEAL, FHEIGLAARD
KEEZERZVZTHHERHLEDEEZZ LT
WD ZOEETIIA~T U 7T Z > TH7eny,
L7 RTINS A IT ST T, R
BT L2BEOHEMLZES. BAWVWICTWEST 5
(alignment, juxtaposition) ”, J8%sy ZHIFAHA %
BB SPO11 # /87 Bl K A Z ARSI X -
THthE N 5", DCM1 & RAD51 OIEHOFERT
E o — AREDHER S ORRIEH N TND EEZX D
TS, ZOWFNIHENIEE T\ D7z, HERE
FIMEOMFERRZRITARE L B 2 b T, FRFEY AR
iz HAEITHF L O T ORI L s T
U, WA T UM eERIZENE  (axial
element) DK SIS, T 3% 7 I
i LMK+ (lateral element) ~&FEE L,
5 IR 7RI HOL R F- (central element) 23K S
T, T b~ s s, MBZNEZ -7
AL TIEF 7T AR SND, T4 7 rT I
L7 bR EEITRET 208, T A<ICEo
T 2P F CHIFEY AT R G R
HEE SN TS, 207, RFEOT U 7Tl
AEHI) U 72K BB D & 55— 0 S B o0 A g ik o
REEZ BT 208, EE ., WHREED S 7 20k
RBETERT, ARWTIIT IV v 72 ZOE%TH
WTWD, KEBIZHWDLGEITIEI YT 7V AT 50
DAFFRIED I % 77T,

NRT Y T L X T A TERUTBE R — AR
% BT RA RIYe a Z Bl 2 DIREZZ BT3B T D D

WCHHADOBETH D, NEITHBELIND & ERO
QLR B 2 R T2 70 WBUR IR (W D58 1IRD 5 Hi
fa EFEMMIE) NTEAZ LR, Rfet b,
FERECENY) LI AN Z B RN ENRFT U F =y
7 RA v NBMBE, 2 CHIRYRBMELT DR,
W) DG EIIHRG D Z 5 7 < THMIa 02U TEST
T 5, ¥T AN TEXR2VGEA YR NERFIC
LS, RReORMBKRZERKT 5, FMRYRAMER
DTV 745 F TOWMRIIMIZL - T KR
P& 5, MEFERETIXE - oIz, 7
0 AT BESLTEIRTLHHE—AT A )VEEN D
oY, R—ATANVEIINHERFIRHFEO SO
T, MOFETITHRE SN TWZRWA, T X T 0%
BB AR & 5 WX — I AR
wWRICBZE SN DY,

JE D L DIFFENIREREO~ 7 A DRk % 72 W %
MEHZ L TIThbNLTWa, fiimTH i< o bR
AR DWW HDOERF DB STV D, Lo LK
B oM E £ EBICED D OREREER E OB S
T, W ZMEE L T DI HOWFEIIM D AW D
FRIHARD ERESENEZ LS TET, 7/ 20
A AP E, B 2N E Y NV CHEBREN T
DFRIE DR G F DO EFIMEL . U CTHH 2R a 5o
vnaA X XF (Arabidopsis thaliana) €T )V
BRI S, TEREBLER bRk L <AThihiz ¥ ki~
IR TEN Z O 2 e LTl BN D KD
2720, Whpd, XX U7 EEEN A AL R
RPERIE BT S =,

TuAXFRFOHF ) KO ERSINRE S
bbb oT, ZOHEFER LLBETORE
EELIfILL, ZhicksTENE CREET
boto, BERKRDOEILBIRTDRENERE L L
THEEE IR o7z, ITFEITIIY B A XF X F b,
DIEIZ L 2T < O FERARPHER S 41,
INHOBGFARESHTNDE Y, 2FhzhE
NOFAERROEHIOFINE B FICHEDD
ZENABEE oI TH D, A X THL hE B
FURARY UEFIH L X ZERBEE SN TE
0 WY RE RN RE SN THDEY, Zh
LIS OREM) CTlX, £728 X0 7k & 528 BARER
BNTEE S Tunian,

WY RO B BIIAE R G A % 5l 2 D IRAIREIZ 45
Bl 52 & THDHN, ZOWFREE RT3 5121394,
EEEANBET A EDBNNETHD, vaA X+
RFDT ) DA RTINS0 1E3 Tk
FRTY, YRt O AW I AIEFE IS E W,
Gt (3 e b Bl L 72 53 W I 0 YLt (R CIIfieRi o
XAlb 207 72 %, (BB RO RO Y,



LR, S FISH YRS X DBk R G R O BhfEfRHT - 27

RO 28T D702, MaREZE{b L7,
Yer ke 27 4 RH 7 A EIZEB LT, DAPI CT§t
BLBET D WS FIERRB I GEEERM
)Y, ZOFETIE, RO LS LIEL 0@
IR E D @ OB IRG 3G B, BEEE— RO
AOBEAT =V b RAT DT ENTE D, D,
JEBR ST Qe RIT R U, Yt R O & BRI R Y
RIU—=T ATV EAAXSHE, ZOT0n—T%
WA L > TR 5 41k (FISH; fluorescent in
situ hybridizatiion) 732 OREY) OS5y ZLH Y th
KOBEITEANSI NI, Z O FEIC L Yetafhz
FEBNIERT 2 2 ENTE D L D172 0 MNP EN
—Blm L7, SHICRETE e —T7 0% E
Br, Ok CE D L5120 DATL bR
TR EMEL Bk S oo A%,
P S DY R X 0 BRI AT D KD
5D EEZDBND,

A XF AT BEE S F BT DAL AR
DHEESND LD ITheo7oh, W Z oYtk
OZENIEH L THEELRDBONELEHILI AT
R, Fex ITEAER DY a A XF ) ER R &
L. 7RrAT LR haATICEAEK->T, Zh
O OENEZ I 5T << FISH &4 W TER
AT o7,

ML ik

vuA XFRXF O

vuA X} X) (Arabidopsis thaliana L. Lands-
berg) &, FRJIKFEE X v /XA E RN
T, & 24°C, L 60%., HHEREK 60 pmolm™2s71,
BT 14 RefH] 10 RERE BB O S N ¢, 2B E LT
NARRY T RAENT UG « A7 — U Bz Iz —
B, RHEIZH 223 6m y 77—/ ETHEE LT,

LR L

FHE% 6 EMBREDY A XFXF L0, DIiFHh%E
Wxa EEFEL CWAREREZRIEF 28 L. Ross
DIFEE - TYERFE Ml L2 £3. &
WL7fEFEE=Y 7 —1 (1 : 3) BWRICER
TI6 MRS E S Z LIk » T iz e L=,
KT 10 43R 2 [mIPedE L7=#%. 10 mM 7 = > [ighk
R (pH 4.5) TRERICEE LTz, A F~U —E
(Sigma) ., %7 b U 7—% (Kikkoman)., &/l 77—
¥ (Yakult) % 0.4% (wiv) &7 = MiE@ERT
TUERHNZIE U ClER 2 AN IR ST D,
37°CC 3 MFfIARIA L7z, 7 = VKRR Tt &[R4
YL, TEFFZ v — L LIZE F Sz 60%HERE
B LTz, DIEHE AL, B H PO

Mz et E2bN5201F4 (EEHR 0.3~05
mm BEOLD) ZRBAE, AT NTT A
(Matsunami S2441) EiZ 5ul. @ 60%HKFEE % T
L., ZZIZOER%E2B Lz, DIERELIHMOGF] 7
F (AED X v 7/ AT =— KV) s L. HEL
RPN LT A T THEEE L & BRI T, 3
i L CIEm A B L%, BOWEE % 5uL i T L.
45°CHERy b7 L— b ET1HRIME L, KEeL
7= X ) — L EFEVIZHEHT L, o< b LB

L7z, REHT, A4 RITZAZRFL LT,

7ua—7 DOFRE
PR OFRFEFIRICKT T2 7' n—7 1%, £ OfEEk%
41e BAC 7 u— 2% ABRC (Arabidopsis Bio-
logical Resource Center) X 9 AF L. DNA %
FlexiPrep DNA Purification Kit (Amersham) %
HWTHRIL T, $#& LTHWE, 8 FFEDHIIR
B EcoRl, EcoRV. EcoT221. Pst1, Sall, Dral,
Clal, Haelll, Scal (¥ 71734 %) TWik{bL7=
#%. 30 KDATA FAT Ak L, 2ug ® DNA %
£ L. Arexa Fluor DNA Labeling Kit (Invitrogen)
ERAWTT =T %2ER- L, TuATICHTLT
17— 71X TTTAGGGx 6 & CCCTAAAx6 O T A
~—D#HT PCR #{T\ ZDEMZ L L, Cy3
(Amersham) ® 5\ % Cy5(Amersham) % & 7,
FFEERIULTZI7A4~v—%2HW5 PCR KIHiZ
EoT, =& ERLEZ, ThThoTe—7
X = iktR, RV LT I RICIRRL, S8
D 20%7 ¥ A h7 v/ 4x SSC iR A M Z TRV,

FISH

JRFE LI AT A RAT A%b ) —f, Fifg=¥ /) —
JVIHRIZ 80 iz LIEE# ., JBEZ L7z, 0.1 mg/ml
RNase A C 37°C30 4r4LEE L, 2xSSC IRIK T 2 [A]
Yevsth. 12.5 ug/ml @ Pepsin (Fi3¢) T 37°C2 %
MALER L 7=, 2xSSC A C 2 [mIfeifth, 4 % /3T 7k
VAT T e RC 10 0B L=, 2xSSC iEK T
3EIEE L. 70%. 90%. 99.5% =% / —/LIZJAR
3oHIT O LIctk, WS Eie, B L7z 1S
AT A RAZAZ, 20uLs OFIETT a— TRk %E
T L, /N7 7 4 VAT~ 2%, 72°CT 2 43fH
MR L., 7Yue—7 4tk DNA &8V S+,
37CT 16 KEfRIE L7z, 50% A7 I K,/ 2x
SSC &%, 2x SSC. 1x SSC T 37°C20 4[], #eif
L72. 5uL @ 1.5 ug/ul. DAPI ## (Vector) %
TL, INRN=HTFATH o7, AV /S RE B
# BX61 #H\\C#l£2L7-, PROVIAF100 (FUJI
Film) IZHRE L. 7V b LEbDEAF ¥ F—T
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BV iAZx, Photoshop (Adobe) THITI L7z,

WS SR~V b T

WHOY B E DT v X 7 B D & 5 fElk
WCEFE DB A RAEMTHONTND (T—7r
Bora)) o B & 72429 C 2 O S R G AR o7 o
AT OXT VU ITRBEDL EHRESNTND, v
A X F RS T AT O RH R E Ol
BT, 71 A T MR D JEER S AT D
ZERHE IR TR Y, £ vrA X TR
BT DT 0 AT OWEHFEMGE DB 2D 2
L& HIZEREZ 4D T2, TTTAGGG OtV K LHED
FIMbTa AT T57e—7 %28 L, FISH
AT o 1o, B R0 A E D T O R O/ T,
20 < DO T F VD IMATEIBIZBIEE S, W &
TS LT v 2T OR/IMEELE ~D 534 %
BT EenTEl (X1A DB TN, T
2 A7 OEFNILE G afkory hr A T7EEICS
FET D ERNMBNTND, ZDORSNET o A
T7a =7k U SR L, B/MEDIALE Z AT
BoNDRNT 7 FIZDOEIINLDOH D EE X
bhd, VI RTUHICAD ET e XTI AMED)
HEEN., —ESH L7 (X 1B, C, D), Dk, L
T RTINS A T UBICNT T, T e AT IR
B BROVEIRICEE S L2 (K 2E, F), Zhnvn
A XFTAFIZBTAT—FrimeEEZLOND,
WIWIZTa AT DOXT ) U TIZOWNWTIRRD =0, 7
0 ATAEOEEYGRICFERNZFEIRE AT 5
BAC 7 u—> L Fu—7%#K® L FISH #{T-
7o WA CITMRARAED T a8 2 T D5
DY T FNVEIEL OGS, B TBh, X7 U7
FRZ-oThinbntEx b, V7 T
DO TIZY 7 FABBEE L T D56 (V7L
MDA T, HAVNTI—DICEE L THZDHILED) b
ooy, VT FIVDRR & DT CBEIN A GE
DIFMEhoT= (K24, B iRy 7 ), ¥4I
T UHITIEZ < OB TY 7V B L CalER &
NEZENERT YU ITRETLTVDE LD EE X
55 (K2C, D), FTF HTirn-ob v 7
DR L TBIZEINTEBY, ZULZ ORI
TIZEMHFRIREAARB T TV ANER L TND Z
EERLTWS, T 7uaT oMz, v/
F NI OEAITIT A TEREI NN, D LEEN
T ZAIBIEIND G E b b oTo, 2L DAPI
Yetn, LTZ YRG0 D b 00D 08, 2 ORI G
Y ERE 1T H 7 X~ A0y ClddEsE S h
TVWARNDEZRL TV,

1. 7aAT7TESCHT 2 e —T7 2 iz
FISH. £ ARORBICH DT B AT O KL
BLANC 92 7 —7 bk L ikicimd Lz &
INHIEE L CHE L=, 2k, AT9A4 KT
A BB Lz a A X X o fek B o Yy
FARICHT LT, ATV E A REET A TR
ZUREA DO, B~F 1355 — 5> ZL4R1 45 o 91
(LT T Uiy 27 8) ofiin. HFE<
HoTWDH D DAPI TYEA LR (A) HDH W
IZgeafk (B~F) . fkOENT o A 7 # 0 I LES
MEDY T FNEETN, F—Ytkot br A
TAHEIZ ST ' A TR0 R UEHISTFEE L, J8V
e LTERNLD.

A RXRF RSO ha AT OEEITEEICE
HENTWA DT TIZRWVA, 10 KOYfEDE
b A TICIEEEORE D K LEY DN E EN TV D,
B bR AT LB EIRICRT 5 e —7
EROVIUL, S0ty ha AT EEL. #
BNZBIR T 5 Z M TE D, £O L5 RERE ST
BAC 77— ke —7%%E LTty Fr A
T DA OWTIARTZ, W AT oML T
KT EAEDEE, By ba ATIIRE BN TF
FEL TV, V7 M7 Hofla cixEaizden
D7 FIUDEEE L CBIE SN D b ORBNERD .,
RT VT REES>THDHDERL TS (K 3A,
B), A4 I7 U HNCIZZ < O 7 FIVhERE L Tl
BINDZ END, TTICRGBKRD L D45 T
TV TNEZ>TWDLORb% (K3C,D), /3



LA,

X7 HNTIZETO Y 7 FILRE UL T A TEL
HaZNi, T 7aT7 YoM TRy 7 aand
LEEN THEINDI DR H D720, B ha AT
FHEDFIKTHT 4 7 17 NI B WIS fREE L <
WHtborlEZLND, ZDO%, MHREYRGEROE

ba X 7RI EWVCEZ2AMICET D2 ik b
N, ZORHCEY b A TREAMEICEES LT
WBDIE D MEGT-> TR,

PR DIEMMVICKIT DT AT HH 0 TE S R
BAT D7 FVEIOEBEOEIEZ 10 BT
L. 777 L72b0nRK4 THD, 7u XTI
LTIV T UHICAD EH 40% DS DRLT
Uo7 LTWBADONRfRE, LLZORH, 2o b
0 A TR TIRER 20%RBE LT Y7 LT
W2, ZOFRERNOREINCT B AT OT Y
T ha AT OXRT Y U TIZHITL TS ET
mans,

Yt (RO RIS 3o 7 7 AT —%2HDDH X HIZ
N7V T REDR L INTEZLLNTWHEN, EREIZ
FOEICRT VU ITRETTEONE I D E, T
Boni (K5), 7TrATORHH IR b A
T a AT OFERICKT L5 r—T 2 hr R
T AT OREE I 9D 7 e — T &[RRI O TR
THhic, FAT3T7 o MMOLOTIEZ DA, TR
ATEHSTHLEY R ATEHSTHLRXT U7 LT
Wiz, L7 R T U0 bSO TR A A DER
DIHFBPRT Vo 7 L TWDEGARRC, WERT U
LTS, HOEWIMFE ST Y 7 LT
WA R BT, 2 OREFITE 2 DYtk a8l

l2 Ta A THEORSNCKT S FISH. 55 4 4.
@%@ru%?ﬁﬁ@@ﬁ(ﬁﬂﬂ)’ﬂ#é7
0—7%HNWTK 1 L[FEERIC FISH %#1T-72. A,
BiZLv7 v U8, C, DTV A7 #ERbNnS
R, RN LR

Al fth: FISH iEIC & B RE IR R O B RERNT 29

LBE . <7V o 3 L RERO KRS
WBEDLOTIERLS, NFEENLIRELI LA LH D
ZEEEHRLTWS

HESAIREE (Five Star Configuration)
FaATIIRT LT e —7Z2HWT FISH #17-
TWRRZ, YA I3 T7 o MeEEBx onsEHicy 7
OB TN T 20N BREINE, vaAgX
FXF D 7 BT 10 KOYEARD YR h S RERL
ENTEY, TNOLOWMEMICT 7 AT BNFEET D
DT, 20 DV T FANBEINDITT T D, WK
FHEDBALAE SN D RNTITR 20 O 7 F AR ElEES
né(llmoﬁi“ﬂﬂ%iékmﬂmé%@«
TV TEBODDID, VT FTAOEBEDT 5,
SERIZAT Y 7 LICREECITR AL 5 RAD L 9
WCRZ, 10DV T FARBEIND LR D, &
AR A IT UM EEZ ENDMRT, VI
2510 LTS, HHRHTIX 5 2L 6 1275
DOINFoMo7= (M1 E, F), ZOHESDHBLNE
DERITHES > 7 T AR IFF IR TH D DO THx
13 Z OYIRDIRREZ TLESAIRAE & FEA TV 5,
—ODY T FIMIE R EEOE S b a A THED
T ATEREOEINLFEELNZbDOEEZLND,
T FIVDIRENS oL EDT a X T RENEN
DENLICHEFE > T, —FFHICHEEG LTV LD LHE
ZBHND, ZOBRGUIT Y 7 LAY taiix o
T 0 RAT NYRERNT, HDEWITOYLEAE LSS
LTV AR Z R LTV 5, SF 7T U HIICAS
TR AT OV F OO 10 I8 )R L,

||||I||||\!|||||||||
A

3. By hu AT HHEOERSICKT S FISH. %
—YEEOE Yy ba A TAEEOMEE (F12A4) 2%t

THRTu—7 AT 1 &EBEIC FISH 217-
7=.A BIZL7 T U C, DIZV AT LA
DD, FRNEN S T TR



30 Science Journal of Kanagawa University Vol 16, 2005

A. Telomere 1
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M4 B FaATETaATORT Y 7 DR,
BYRov s a2 7T omEEk (F1244) &7
o X 7 AHEOEE (F22A17) 126457 a—7 %
W FISH %#47-7-. fbhizy 7 VoD
MEORE T HHEGE 77 7ICR L.

BRI ~%H

By P N IR R R R AN L7 E R
HHEIZEES|T 5, By a2 TICHESBES L.
k% 7o T RE RIGL EAR % l 2 DORBRIZ A3 Bl 3 2 Y 23 T
bbb, ZOHXT X< |2 X DR RE SR E
DX &T 2Lk E MRy EEEZE > &
DAGEERI D DN DBFEIT 5, T ORFOYLEIR DO
TERTONRK6 ThDH, FEEKITHRICHEDHZ
b, liFnbiloEbhTnde—70x 5 sk
RELTWDIEERZ, TuxTIcx+57e—
THENAT VLA XSG EICE Yk ok
FaATNEDOY TN EEZHNDHDOLSMNITR
BEIHAMATICEER SN, ¥T7T A~DOHATEFEENT
WA BIZIEX T A~ bimn o7 a A 7
FOTaAT IO VEETHFELTH LI ZED
Thbd, LNPLINETBLELERY TlIFicT =
AT O 7 FTIRE R EICE> T D X DI
bz, TRATICHT A a—7 %AWV GEEaIx
YR 2 KB4 25 2 ERTEF HRE Lignizd,
T AT OFEE AR L T, FEOYBRDT
0 AT DFLEEBAN DWW T2, T 5 & kiR
o BTV AFERIG AR T, v 7o
HRfhTicg s n (K 6A,B), Z TR
EARIE L3 T v X TES TR A LS Z LT
HZLERLTWD, ZOFEA I i i

X 5. By bhaXAT{HEOERSE T 1 X TAHEOR
BNkt A7 v —7 FEEICHVWE FISH, 8%
RO b A THIOMER (F1244) &7 0 R
TAHEOEEL (F22A17) 12Xk 5 Fa—7 2\,
VRTINS YA T ool LT, w
NTFHZ— FISH %{7-o7=. $kDEN T AT
DFEERICRT T D 7 F v, FROEN B ha AT
IR URTER I S RS

X 6. %R Z TR HOMIRIZKT 5 FISH. £k
FEHIR OJ SRR — sy AT O RE I ICEE S LT\ D
PRIz LT, BHEEBEROT v A 7L OfEk
(K21L13) izxf+ %57 —7 %AW T FISH %
1otz #DHEN T F N ERT.

IZBWTHRI AR L& Rk E THORE O 5%
BERELTWHWE LD EHwmTHIENTE D,
WOCHERR ST B D 71— 7 T R N G T AERR
TAZENTEAH LT -> T, FISH OfEETHE
Wb S, Z< OB EBIE L, REkoBikk
BRI ENRTEDL Lo, ZD X
S I OMEAEZFIH LT, =T Y TH DA,
Gt R D3NS < IR ) 72 AT S EE L VW o m A
XS X F OIE RERIRE O 7y 28 D YLtk D B g
PP HZ LIz LT,

vaA XF AT TICHRE STV D2
ATODT 7 AT ORE/MEJERL~D 5340 HI RS S Tz,



LR, ALl FISH IAIC K D /ey Rl G e R O Shfefi#sT - 81

Qe RIZRF A 727 1 A 7 EkIC x5 7 e —
T RPN ERIT., ZOBHTIZY S FAREAT
BEINOHRITIILS —HTHDHZ EER LTV,

V7R T UHIEEZ OGN HHIBTE . K 60% DR
TIE7 v A TAHREOERIZEEN CTHFEL TV D (K
4), VA ITT WAL ERXT IV T TDHTa AT
WA OFIGITT - LT 5, Z ORIk~
RAEMTT RSB INL TS, HTH b
vEBaY, A—hAX, FALF, T LAFXRET
LTV O AT — BB S
TWBT LinLya A X7 RS ClImeis 7 —r
BREA R SR, 7 ARV aA XF AT L
L EERTHROAENELS . KERSDOZ N FTUER
AVEOHEM TIEII A~ v FE2F DI Bk o
R ZAZCAERDENoTe, T Y T DY
i ZHx T T ENERELROPBINLR, T L
TN DTV U 7 aMED D &9 FIRIIAE &
EZOND, TIUTHART ) A/ NS RSB
Wa A XX CIE, FRREY R L2 BV cH
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DONbENTR, FEERICERERE LT, 72T
[T DOFEIE ST ) 7 L TR TR v b
0 A TR NRT U 7 L TWD DB S
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DT Y ZIZBT D BEEPMEN D) HILR W,
A XFTAFTTRLND HOCMOEYTRLL
57— BRI ED L D ey BRI > THEEE S
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RITEE 2D, oA X T X FTIEHLAA TRV
ZH D Al BRI FE I — b LT ARD Yk
MHBTETVDL L IITIFE X220, ZORE, FIFYL
FARERE TR T A< ES TIEERE LTV A2, £
DSOS TIEED L ST TNEONEL fif-
TR, ZA T XX AHOYAERTIIT B AT
(T OFEEIC KT 5 e —71XF L A EDBEA., IF
ATBIE IS, SLICHE—-RETP O T

ek ba A TICAE LisfitERic k- T
BloiE BN TWDDONDDM, FRIYL AR %2 i th
FTHOMTT TWEDIZTE AT THH L O IED
na (X6), Ry cix TRFL 2 U R nfbd
LHEERDBET D R AR D T B AT & BN
WREOMH T TV O EEZ O T 5 L A3 dHH 2 &
DG STV 7, B A O R E RO T
0 A7 IS BAT SO RS E N H D Z L
 ZOEBFERIIRLTWS, T4 7T Ui
FHRYEAROE > b a A 7RI B OIS BRI B2
BHLTWBRRITITR Z 20N, 5B # 12 i
MO DOFFEER B 2 D ha AT RICHE S
X3 a7 IciE, HFERGEOE Y F e
ATIEEFEDLDREICHEE L QW DILERHD EEX
bIVb, AT XRRVAMOMIZEY b ATHT
MO NPOFEEPEEINZREERS D, £ A T F
XU ZMNCITT v A TR v e A TR S
To. YeIKDEE X IRERS T 7 b R~ DS HAEE
L7z, MRIREAARE CH/BADREE TWh D00
H Lt H—pHPHOK DT 5 Lk
(2Bl oiESIL, B hr AT IFEEICEELCLE - T
Wh, ThHDOZ b, FH—adh oo %
T TOMFEREAROSRET, 358 hr AT H
BRIV, RIS T ABMHE ST, KEBICT
0 AT INMREET D DO TIZ R VW EEZBND,
LnLyaAf X T AP TOXT A~ OFEEI VDR
ZHDOMIFRELL AL TR LT, fRIG AR
ORI CHBANEE TWH LB 26D
TAT XX AHNBEICHE ST D ATREME S &
bbb,

T AT OHESAIREII D72 DIH D D%
BB DT HELY, THATOV FAZY
7 (T—FEE) NELIZETLT, 7 e A7 HEE
PREELIZIRELE LB ZONDN, ZhETHOLED
A, ZOTa AT ELOEENGEEERNORES (Y
BIROWRMGOFESR) Tedn, YR OREE 72D
WAL TIHR D, ZNENORGEDOT O AT %
B2 LB0OENTHER L CGRROILEND D, 71
ATk 2 BEnbH o EBEZLNTWD, T
AT DYEARRIER 4y TOYRERL L s, Yetafk
KRG ORHEZ ATREIC LTV D, BB L T
IEE RO TW AR, (KlilasZ o7 7 £
7 1% T-loop configuration & FEIEH 2 Fikk et &
LTW5?, F1ux5—8 TRF1 72 XDk 72 %
VRTBEPNEASERER L, T ATITHALT
WD IR BTN o T I CIEBE I e R 0 18
IR T L TWDEOT, HESMIRENE RIS
LTWBEIEEBEZIIKW, THATDOIZAXY v
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TIIMRRG RO XT ) o I E L TWA b
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RERFZE N A TAT O TW S, R UH T -1
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RITH - L HEMERR A 78S 2 LT DO A7
W, FRZEH ST DI & T 2 R 1
BT 22 ENNETH DN, AN LI OW

BT 2B LTITHRE S TRy, 4
#BlE, XTI R OB O 2 #8221 5
VAT LADBENLEEND,

B33
AT R IR TE S Bh sk & 52 F T 4T
PhE Lz, BILR L EF XY, £-HBEEED
TV MIBELT, IATOXRH LT EFEDH
SR ZETEEE Lz, HOBRE IEENE
L7,

SCHR

1) Roeder GS (1997) Meiotic chromosomes: it takes
two to tango. Genes Dev. 11: 2600-2621.

2) Zickler D and Kleckner N (1999) Meiotic chromo-
somes: integrating structure and function. Annu.
Rev. Genet. 33: 603-754.

3) Bhatt AM, Canales C and Dickinson HG (2001)
Plant meiosis: the means to 1N. 7rends Plant Sci.
6: 114-121.

4) Page SL and Hawley RS (2003) Chromosome
choreography: the meiotic ballet. Science 301:
785-789.

5) Keeney S, Giroux CN and Kleckner N (1997)
Meiosis-specific DNA double-strand breaks are
catalyzed by Spoll, a member of a widely con-
served protein family. Cel/l 88: 375-384.

6) Bishop DK (1994) RecA homologs Dmcl and
Rad51 interact to form multiple nuclear complexes
prior to meiotic chromosome synapsis. Cell 79:
1081-1092.

7) Roeder GS and Bailis JM (2000) The pachytene
checkpoint. 7rends Genet. 16: 395-403.

8) Armstrong SJ, Caryl AP, Jones GH and Franklin
FC (2002) Asyl, a protein required for meiotic
chromosome synapsis, localizes to axis-associated
chromatin in Arabidopsis and Brassica. /. Cell. Sci.
115: 3645-3655.

9) Azumi Y, Liu D, Zhao D, Li W, Wang G, Hu Y and
Ma H (2002) Homolog interaction during meiotic
prophase I in Arabidopsis requires the SOLO
DANCERS gene encoding a novel cyclin-like pro-
tein. Embo J. 21: 3081-3095.

10) Chikashige Y, Ding DQ, Funabiki H, Haraguchi T,
Mashiko S, Yanagida M and Hiraoka Y (1994)
Telomereled premeiotic chromosome movement in
fission yeast. Science 264: 270-273.

11) Harper L, Golubovskaya I and Cande WZ (2004) A
bouquet of chromosomes. /. Cell Sci. 117: 4025-
4032.

12) Bowman J (1994) Arabidopsis. An Atlas of Mor-
phology and Development, Springer-Verlag, New
York.

13) Aarts MG, Dirkse WG, Stiekema WJ and Pereira
A (1993) Transposon tagging of a male sterility
gene in Arabidopsis. Nature 363: 715-717.

14) Sundaresan V, Springer P Volpe T, Haward S,
Jones JD, Dean C, Ma H and Martienssen R
(1995) Patterns of gene action in plant develop-



15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

LR, S FISH JAIC X D ERy R g R O BhfEfiRHT 33

ment revealed by enhancer trap and gene trap
transposable elements. Genes Dev. 9: 1797-1810.
TAERME, $iARFBRE (2003) A XFRXFEHN
ToRERBEME A TR IEIZ 350 5 Bl D JEBH 2008, #A5
A FHE B BEFIFIEPTFE# 2003. pp.41-80.
Agrawal GK, Yamazaki M, Kobayashi M, Hiro-
chika R, Miyao A, and Hirochika H (2001) Screen-
ing of the rice viviparous mutants generated by
endogenous retrotransposon Tos17 insertion. Tag-
ging of a zeaxanthin epoxidase gene and a novel
ostatc gene. Plant Physiol 125: 1248-1257.

Izawa T, Ohnishi T, Nakano T, Ishida N, Enoki H,
Hashimoto H, Itoh K, Terada R, Wu C, Miyazaki C,
Endo T, Iida S and Shimamoto K (1997) Transpo-
son tagging in rice. Plant Mol. Biol. 35: 219-229.
Nonomura K, Nakano M, Fukuda T, Eiguchi M,
Miyao A, Hirochika H and Kurata N (2004) The
novel gene HOMOLOGOUS PAIRING ABERRA-
TION IN RICE MEIOSIS1 of rice encodes a
putative coiled-coil protein required for homolo-
gous chromosome pairing in meiosis. Plant Cell
16: 1008-1020.

Nonomura KI, Nakano M, Murata K, Miyoshi K,
Eiguchi M, Miyao A, Hirochika H and Kurata N
(2004) An insertional mutation in the rice PAIR2
gene, the ortholog of Arabidopsis ASY1, results in
a defect in homologous chromosome pairing during
meiosis. Mol Genet. Genomics 271: 121-129.
Arabidopsis Genome Initiative (2000). Analysis of
the genome sequence of the flowering plant
Arabidopsis thaliana. Nature 408: 796-815.

Ross KJ, Fransz P and Jones GH (1996) A light
microscopic atlas of meiosis in Arabidopsis
thaliana. Chromosome Res. 4: 507-516.

Fransz P, Armstrong S, Alonso-Blanco C, Fischer
TC, Torres-Ruiz RA and Jones G (1998) Cytoge-
netics for the model system Arabidopsis thaliana.
PlantJ. 13: 867-876.

Azumi Y, Toyama T, Igarashi A and Suzuki H
(2001) A sensitive fluorescence in situ hybridiza-
tion procedure applicable to whole stages of male
meiosis of Arabidopsis thaliana. Chromosome
Science 5: 1-6.

Armstrong SJ, Franklin FC and Jones GH (2001)
Nucleolus-associated telomere clustering and
pairing precede meiotic chromosome synapsis in

25)

26)

27)

28)

29)

30)

31)

Arabidopsis thaliana. J. Cell Sci. 114: 4207-4217.
Richards EdJ, Goodman HM and Ausubel FM
(1991) The centromere region of Arabidopsis
thaliana chromosome 1 contains telomere-similar
sequences. Nucleic Acids Res. 19: 3351-3357.
Haupt W, Fischer TC, Winderl S, Fransz P and
Torres-Ruiz RA (2001) The centromerel (CEN1)
region of Arabidopsis thaliana: architecture and
functional impact of chromatin. Plant J. 27: 285-
296.

Carlton PM and Cande WZ (2002) Telomeres act
autonomously in maize to organize the meiotic
bouquet from a semipolarized chromosome orien-
tation. /. Cell Biol. 157: 231-242.

Bass HW, Riera-Lizarazu O, Ananiev EV, Bordoli
Sd, Rines HW, Phillips RL, Sedat JW, Agard DA
and Cande WZ (2000) Evidence for the coincident
initiation of homolog pairing and synapsis during
the telomere-clustering (bouquet) stage of meiotic
prophase. /. Cell Sci. 113 : 1033-1042.
Martinez-Perez E, Shaw P, Reader S, Aragon-
Alcaide L, Miller T and Moore G (1999) Homolo-
gous chromosome pairing in wheat. /. Cell Sci.
112:1761-1769.

Mikhailova EI, Sosnikhina SP, Kirillova GA,
Tikholiz OA, Smirnov VG, Jones RN and Jenkins
G (2001) Nuclear dispositions of subtelomeric and
pericentromeric chromosomal domains during
meiosis in asynaptic mutants of rye (Secale cereale
L.). J. Cell Sci. 114: 1875-1882.

Dynek JN and Smith S (2004) Resolution of sister
telomere association is required for progression
through mitosis. Science 304: 97-100.

32) Riha K and Shippen DE (2003) Telomere structure,

33)

34)

35)

function and maintenance in Arabidopsis. Chro-
mosome Res. 11: 263-275.

Evans SK, Bertuch AA and Lundblad V (1999)
Telomeres and telomerase: at the end, it all comes
together. Trends Cell Biol. 9: 329-331.

Chang W, Dynek JN and Smith S (2003) TRF1 is
degraded by ubiquitin-mediated proteolysis after
release from telomeres. Genes Dev. 17: 1328-1333.
Kemp B, Boumil RM, Stewart MN and Dawson DS
(2004) A role for centromere pairing in meiotic
chromosome segregation. Genes Dev. 18: 1946-
1951.



Science Journal of Kanagawa University 16 : 35-44 (2005)

BE ZEW 2004 MR RZFR G B AUTIEAT L R 7B R

T 7V AT VIRERIRFREICKEIT S
Nodal > 77V v 7 OIEHAVIINBE A %2 HEs 3 5

BUREEIR Y BORfEL ™ BB PER WY MTRER’

The potentiation of Nodal signaling in the right lateral plate mesoderm
inverts the left-right specification of the internal organs.
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Abstract: In Xenopus, multiple nodalrelated genes are expressed during early embryo-
genesis. Among them, only Xenopus nodal related-1 (Xnr-1) is expressed unilaterally in the
left lateral plate mesoderm (LPM) at the late neurula-early tailbud stage. Early studies
report that ectopic administration of Xnr-7 in the right hemisphere at the cleavage stage
alters the left-right specification of the heart and visceral organs, or else makes a secondary
axis. However, because Xnr-1 and other Xnrs function already at the blastula-gastrula
stage, it is very difficult to evaluate the correct timing of the effects of excessively
administered Xnr-1 from such a method. To elucidate the essential role of Xnr-7 within the
left LPM, ectopic potentiation of Nodal signaling in the right lateral plate mesoderm was
performed. Right-side injection of Nodal protein changed the laterality of Xnr-1 and
Xenopus pitx2, but lefty, and fully (more than 90%) reversed the situs of the internal organs.
Polyethyleneimine-based gene transfer of Xnr-7 mRNA in the right LPM also changed the
laterality of pitx2and fully (more than 90%) reversed the situs of the internal organs. Taken
together, the potentiation of Xnr-1 signaling in the right LPM induces pitx2in the right side
and fully inverts the left-right axis of the heart and visceral organs, suggesting that the
right LPM can transduce Nodal signaling, and only the absence of the Xnr-1 ligand silences
the Nodal signaling in the right LPM. Normal left-right balance of Xnr-1 signaling is needed
for the normal left-right specification of the internal organs.

Keywords® Xenopus laevis, left-right asymmetry, neurula, Xnr-1, pitx2, microinjection
P
TGF-8 superfamily (ZJ& 3 5 72K F Nodal i%, DHTH D, Xnr-1 1%, RO AL A
HEBY) DO P NIREETZ R, SRR, R e & A PRI O R CHBL LRI, %
DRl CEEREE E R, v AR =T | I & A2 AR P IRSE IR BL L. AR IREE LS

U R TIX. nodal 1IXJ725E 0 node/organizer fEIkIZ
BWTLEMNAR - THBL L, IRETHIIR OB TE
ICBWTIREMDATRIS 2™, T7 VBV AT
x )\ Xenopus laevi))i?D nodal fRIFIET-1E, Bl
fi TIZ 6 FEENFEE S TWD R, EAFERNHAR
BIRFREZTRT ZENMESNTWD DI Xar-1

IERBLL 720 oY,

LEEOFBL N Z — 2 LM OFHEENMILD nodal A
AT T 2N D, Xar-1 13 A H T )VIR
DIEAEIER O 7 0t A CEEREE 2 R7-4+ L H)
FEnbd, JEHY X2 H o VRO A RIEIERIC Xnr-1
ERBT DR X —EE AT D ENESAL A E L D
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Z &N, Xor-1 BWEAMBRICIS O THEEEL TV 2
ZEDFERBIL 725 TWDH, ZOERIZITN
SONDMERNRH 5,
() Xnr-1®JE3 % TGF-B superfamily ® U 57> K—
SZRRMEITAE 2B EZE L, EOMEERITE
MZIE b0 0 WEIRBEBRO LD
Xnr-1 OFEREZTRRD 2 LI3HDR eV, mRIFEHL L
7= Xnr-1 ) > R, EAMEREICET 2)EDON
EVEY B R TH D TGF-B superfamily D U 7
¥ R 213 Activin) OH#REA mimic LTV AlEE
MENREZ 5D, —H. Vgl, Activin UV > ROE
FIERESIC L A WFIFHBRERIZBNT S, Xnr-1 [F)
FRICEBEE ONIBS L 2/ T 572 W, 2 b D
UJ5 s RO BOWNIEWLAL R E R Xnr-1 O
Y% mimic L7ZA[REME S Z X DD D TH D, Bl
H, WITHNOU T RBARY)THDH0MZOW T, il
FIFEBLIZR D O 1L R AW Th 5,
(i) Xnr family ® U H > RidA T F A F—FEEE<e
HFIREE S LICE B R E 2 R -3 720, mREEH X
W72 Xnr-103 A0V I F A W —TE R O 2o A5 TR e
B L T= D, ZN AR DI BB D £ PRk
TEREREICRBE LI DT DN T, IREIIFEBR D 5 1%
O TE R0,
(iii) Xnr-1 OERIFEB IR Tid @ #E Tare ik
BYSAELT D Z ERHE SN TEY ™Y, Sampath
5 OFEBRTIIHFE 2k =R A MEIZ OV TER
LCTW5 7, Zdi=, Sampath HDEERD S I
T2 A & U CIRAERNCNIREAL 234 U T B &
R 70,

oz L, VAT ZIVIRO LA AR & B 5 )
2T 57-0120%, Xnr-d ORF-3%EZ FRIFEE
TERR % DRI A k5 & LT EBrEEE b & ic, £
AIPNRFTT H2MER DD LB 2T, AFRIE. A
AR IREEIZ, Nodal # X7 B BwERE L=
Xnr-1 mRNA ZB{cFHA L TRITICHER S E
5T, EAMRETO Nodal &7V > 7o
T U AL BABR DO E N E I DH L EITo T,
INHOEREE LT, Xorl OFHIR R 72381
2. Xor-1 10 b BN/ RZAIZHEBT D
lefty (antivin), pitx2"™"" OIEE O R 2
RWNBED AV BT RBIZ DWW T~ T, A
ZRIZB WL, ERRoOMESD S 5, (i) & Gk
THBREEGL AN E LT, Xarl OFIGE
B E CORBUTZE LR PRRIREI LI D IR D
AR EED LA MUIZE B L CEBRETT o7,
M., ERoOBERO Y B, DIZ>20 Tk, Xarl
mRNA ([ZAH#fi)72 antisense oligonucleotide %
WTHHEZATV, £ DT RICHOVWT, X

BRVICHRE LTV D,

L ik

gonadotrophin # V£ L7277 U 41> A 4 = )Vl
RO ST B HREINZ ST, 2 Ma# 6 9
R £ CORIC 25%F A4 7 U a — VERIRTR
(pH8.4-8.6) THLEV —L, 15-26°CTEHE LT, ¥
HIAR IR I ~ 1% AR R IR (stage 13/14~17/18),
MRRE M (stage 19/20), F 7= 13 0] # 2 3 IR #
(stage 21-26) |23 L 7= Be s CHS FZBRICH W =, 56
BB D[R E 1. Nieuwkoop & Faber @ 1967 £ 7D
TAEBPBERITIES T,

HEHICHWERIE, 2 Koy b TEH R
chorion #FrZE L. 10% Steinberg Kifg & dii7= L 7=
TIYXTL— bk (EELR—27 T4 ) O well D
Mz 3 X 72, Drummond 8 o % & 1 5 &

[Nanoject)] % T, EAIHE DD FL 7= R s
WZHT=DHRA L MO T, &2\ BER & e
HEH Lz, 779 F% 7 L — h® well NT, hair loop
Z AW TCTIROEIE P 2 R L TR VWA E
BROX I ICHE 2, FRIZH L TCIEFICERWAET
HEREE 2 R4 2 & T, IR EICER L &R REE
EDORNTHEANT D Z LBk,

Z N BRI, ERRICES Lo 241
ARV ETF =y 73T HHIYT, 1011 OHFET
ARYEETH % 10% Nile Blue I&#E (Fnygifisy)
EIRALTHLEMICHWE, Mz ll~o X
Nodal # > X7 'E (R&D Systems Inc., Minneapo-
lis, MN) (%, 0.2-200 pg/ml O¥EET 5 £7-1% 25
nl 226 L < IEAMBR PRIz ES L (B3 E L
TRIFMICRD & R FICBREDIMET D),
Nodal # > /7B D45 5813,0.001-10ng & L7,
FERALE L, AR A R O TR e & L7z,
ERENEFREICZE L TG, RN L2l
ZBE Z TV R W NZ DWW T Nile Blue a0 2
Ry Meb LIHE L, HHEERE LT, o7&
SHE L7z 1% D Mg 7 /L7 2 (BSA fraction Vs
Sigma 1) % 5nl 7213 25nl FEH L7-,

EER %, IB% 0.1% BSA Ziii/z L7z 24 /R0
AU AF U UBBRIEERAT A N7 L— b G
TH) 121 RIZHOE LIETORRE L FEAEB P 41-42
\ZEET 5 E T 1826 CTHIE L7z, NIBOLELMED
HIEIE, FEIT stage 41-42 TITV, WAL RO E
HGEIL, TR DO FEICE > T2, & DLELED
FIEOBRZIE, FERONE S S B L, ORI
fif, WWIEENCIN - T REE RIS KT 5, SR L2 X
VRV BORBEEFRET H7-DIC, TRTORIZD

VT, dorso-anterior index (DAI; Kao and Elinson,
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1988) ZitEk L7z,

B D721, Activin B (7 U fi#iz 7 X E,
FEHE), fibroblast growth factor (FGF)-8 (= v
ARz 2 X, R&D A/ B ME#Z Z 2X
'®, Pepro Tech #), FGF-10 (= 7 A#fi#faz & o %0
B, R&D #1/ v Mz ¥ > /X7, Pepro Tech %h),
insulin-like growth factor IGF)-1 (& Nz % o
X7, Pepro Tech 1), IGF-II (v hf#iz &# X
27 '&, Pepro Tech f1), platelet derived growth
factor (PDGF) (t Ml z PDGF-AA, R&D 1),
vascular endothelial growth factor (VEGF) ( v
Mz #2378, R&D 1), growth/differentia-
tion factor (GDF)-6 (~ v Af#fex % RV &,
R&D ), GDF-8 (= 2 ff#ix % o /327 'E, R&D
1), BMP-3 (b MHEffax % v /37 '8, R&D th) D45 4
YNTEBWHBEA LT, TRHDX L RTED D
H. FGF-81% 1 BH 7=V 250 pico-gram(pg) & 2
UMT 500pg T, oo Z X7 B 1T 500pg LA o

HEAEER LTz,

Xnr-1 mRNA OB AIHAIRR~DEA

Xnr-1 2ENFAE 7= pBluescript SK (H5- X1
7= cDNA)% | il fRE#5% Xhol % H\ T, 37CT 60
53 ] incubate L E# DNA L7, Zh %
template DNA & L CHWA 729, lug/ul IZRE %
FHE L7z, Capping &1 72 Xnr-1 mRNA (3,
mMESSAGE mMACHINE™ (Ambion Co.) & Ts
polymelase % VT, 37CT 60 4y, in vitro T
AR LTz, ARENTZ mRNA 2% ) — Lk
L ClaliX#%. RNase-free /K 15ul 2R L7- (R
by ZEROBEET 0.85ug/ul &7ao72),

RNase-free ® 1.5ml =X Fa2—T 52 HE L.

Xnr-1mRNA O b v 7 RS 1.2u 200 (5%
glucose %# & ¥¢ Marc's Modified Ringer’s solution
(MMR; 0.1M NaCI, 2mM KCI, 1mM MgCls, 2mM
CaCls, 5mM HEPES, 0.1mM EDTA, pH7.4) 8.8ul
(iR LT=, Xnr-1 ® mRNA OREIT 1pg/10ul
Lot

polyethyleneimine 72 & h F4 L MHME %
TR FEAOS G T A o HEE I DNA/RNA
EWAESHELHD, MEORGHNEETHD & X
115, polyethyleneimine & L T, in vivo-jet PEI
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oL DNAIRNA OREDA F T 2 2D
(N/P 1) X, N/P=5-10 23#ci & S41, Polytrans-
fection 7w k= /VZFL & 72 DNA/RNA O &
(ug) x 3x (N/P ) p+150 OFFHEA LY, N/P fE%E
10 & L THRINT % in vivo-jetPEL ¥ O fic it £ % E

DH L7z, 1(pg) x 3x (10)+150 = 0.2pl, 72 b,
1pg @ RNA (2% LT in vitro-jetPEI &k % 0.2
p 1 MT UL R W Z 03 - 7= (in vivo-jetPEIL
IR OIRHEIE 150mM TH - 72),

in vivo-jetPEI i&i% 1ul 2 49ul ® MMR IFIE IR
Rl EXoT 47 L TELKIRA SR
10ul ZHV ., 2% 1pg/10ul @ Xnr-1 mRNA &
WHRIZEML T By T 4 7 L TELIBA LT,
Xnr-1 mRNA & & in vivo-jetPEl &R © &I
N/P=10(&#fE) & 72 % 1ug & 0.2ul (272~ 7,
Xnr-1 mRNA #R DO RALTEIT 1pg/20ul, 3720
5 50mg/ml &7 0 | WAL U LHEE L7225 500
pgml XV HIRRETH -7, 2D Xnr-1 mRNA +
in vivo-jet PEI A& % . =i T 15 47fi incubate L
7o BFEIKRBALTHLLT I — MIZ
Xnr-1 mRNA - jetPEL IRETAR =% Lz,

- 1% BAR R AR O A5 T > 2 D X 22 RS
10-50nl " DIREIRIE & E4 LT, 14-15°C T over
night 53 L7-, ¥ HIITESIRIT stage 24-28 (T
2o TCN=ZD T, FDH%IT 24 CITIREZ AT L TR
L7, stage 42 ICB|FE LT & Z A THIRO LA
ZH|E L7z, in vivo-jet PEI &R Z AWZE5HA,
DNA/RNA 2 HAENIZIRET 5 72 121 12-48 IREfH]
DVE2O T EFEZOROEHZIRE T FAET
1L 14-15C LIRS R E L 72,

Wholemount in situ hybridization

Xnr-1 O2ERY| % &1 cDNA X, Washington X
@ Randall T. Moon it/ 6 HE G S/,
Xenopus lefty-related factor antivin (Xatv ) O
cDNA (%, Christopher V. E. Wright {175 5E 5
SN 7=, Xenopus pitx2c (pitx2) @ cDNA L. Salk
WFZEAT @ Juan Carlos Izpisia Belmonte féi+:75
HhE i,

Nodal # > /X7 &< Xnr-1 mRNA Z##&EESH L
T2 e EABRICEBIT D Xnr-1 ORBUZED X9
IR B R LT LTe D05 12012, REES FE5R
WZHWW T IR % I 2 2RI & CHE38 L | digoxigenin
THFak L7z Xnr-1 \ZFARI72 cRNA 7' —7 %4
ik L.wholemount in situ hybridization %417 > 7=,
ZA=R A (Hh e =N
% v b (Riboprobe in vitro Transcription System;
Promega Co.) & digoxigenin &k dUTP % & A72
dNTP %% (DIG RNA Labelling Mix; Roche Co.)
ERAW, £72. Xnr-l OFBBB LD bEZORE
BEFEIC B W TAEMAR T IRIEIC BT 5 ik
lefty, E55K 7 pitx2 ® mRNA #8l% ., digoxi-
genin THEF L 7= lefty, pitx2 \ZARMHRY7: cRNA %

In vitro transcription D72 D
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7rm—7 4+ LT, [AL< wholemount in situ
hybridization £ TH#H<7=, =22 br—AYef@icid,
sense RNA probe % digoxigenin & L CTHV 7=,
Xnr-1, lefty (\ZoWTIE, ZEAFERFRIABIZ FE
9% stage 24-26 OHHIEIFIEI T, pitx2 IZHOW
Tl stage 28-30 DM CTHEE L THE LTz,

JED [E E 1L MEMFA (2 mM EGTA, 1 mM MgSO4
and 4% formaldehyde % &3¢ 0.1M MOPS (pH 7.4
with NaOH)) %M\ T =& T 1 FfEfTv, TBST
TUHFHR, A X/ —/LTHAKL, 200D A% ) —)v
T I HWAHETA v 7 Lz, wholemount
in situ hybridization /%, Harland (1991) @ 5%
PIEIEL THWEZ?, cRNA Yu—7DOnf 7 U4
A AL OVEHE, MROFAEBEBECH WD 7 r—71Z
X - T SSCIEE D stringency %% 2 T{1-7-, BM
purple F 4% 1%, 0.1% Tween 20 % & ie VU o Fekk
saline (PBS-) Tk L. 50% glycerol Ttk .
b D WITERETICEERKE Lo, REBgOmIT,
4% 7<) o PBS-IRE CHRAE LT,

(RS

FRRIE DA RIE~D Nodal # o737 B DEFIX, N
BOLEEHEZREE CRES Y., EAREENRE
BTREEZELEED

Nodal # > /X7 &% FFEMO Fr 8 ORI H 12 3
$9 252 & T, FUGBERSTHIRER SN Th %
DIEEBEMETH 5 MRIRICI T AL MREIC
Nodal ¥ 7 F VDA DT o ARG 5 I
IZOWTH~T=, 2.5-bng ® Nodal # > /37 &%
stage 13-18 DOFFEIROM M F I TS Lz &
Z A, 100%T W EEEE THRBAL AN EEE S v (M
1, ¥ la),

Nodal # o XV B2 BARORIZ TR T 52 LT
100% 3TV EE TGS Z2 7B 0 L 7= & 9 s 1%,
EHRMEB A E LT AR PIIOTOHDTH D,
— 5 C, RO EMIEIZ Nodal & /37 & % 115t
LT RISALIESE S Uo7 (1, % 1b),
FENZHEB T 58 OMIMEIL, #5 47 Nodal
BRI BEOMRTCER I, X 2b,d I, 100%
ITWAIBWIAL 234 U A 54 C Nodal # v /378
FEIZEE LIZBEo, BIR RO LA MEOZL
ERLIELDOTHD, Xnrl & pitx2 ORIMEIT,
Nodal % > _R7EOHPA~OFG-OFER, FLLIE
I, ARNCRBETHMNR L IRoTehd, £< D
IECHE AEITCOASKOIEH b IR ST,

Xnr-1 X0 % pitx2 OFBOTHR, FHRIRDFHIZ
FEHOFRMAN T 7 N T D —ANRE o 72K 2d),
—J5. NI EBT % lefty DFEBLIT A1 Nodal

1. Nodal # /37 B O TR MR~ D B2 T 15
DNIRA A BAFE TR, AW, AHHIZ 5ng ©
Nodal % > /37 B Z {14 L 7= O stage 42 DR D /2
AL RITIER TH 5. AR, ARIKIC Nodal & >
NG %R UM TR LTz stage 42+DIRTC, LR L
IR0, DlEE BB O G TN Bl S .

7< 1. Nodal % > /37 B % P HIRRIR O /£ F 7134
TN VRS U7 B O AT & R ERFRIC A Uz
PR D 6 A 2R,

a. Nodal protein injection (5ng, right-sided Injection)

AR e
| a 1 i e 1 v 1!-J' it | ' 1 ft -t |
13-14 100 0] 38 45 B
gogs | soms | pees | goas | ses
15-16 a7 g2 53 28 11
| | iien@g | 1eThie | E1fnE | 33me | 13d1e |
17-18 100 " 30 52 a9
| | 7mr | wm | wvyr | s |
10-20 100 87 26 54 T
| | Eim1 | BaEn | iEE1 | auen | 4En
.22 1k} 22 G 16 [i]
| | somo | w0 | mmo | ase | oo
o304 100 3 3 0 0
| | Frar | W | w3r | oar | oar
2525 98 2 o 2 0
| LI 147 | (= T4 | 1547 1 v 7
Uiy, B LSed, Praenal gianssa

b. Nodal protein injection (stage 15-16)

Duses oot | Sng | 2.5ng [ ing Ong
: .: I.Bb!' e I.M: iy m
Right a2 100 57 1]
| | to7me | sape | zoms | o
Leit 2 o v
2 o | oaa

90%LL_EDREAS, 1-5ng @ Nodal % > /%27 B4
ZRRTY, EAMHERO 4 ARETEFEL T
7=, ARIEROBEAIIL, Difé gL, &biaE
BEPE CNIESNL 2 s LCE D, Nodal D v 7 Vs
ERBEANIESRE OELAEEZRD D A D =X LI
5 LTWbEEXLND.

BRI B EER L THE L L0 o7z (K 2d),

INLOBIERBRICH LSO, HAIEIZE FES L
72 Nodal # >/~ 7 &% ARIRIZIBNT Xor-1 5L
FHEL, FEINT Xor-l D pitx2 EBISHEE
T5 & L Hi2, Nodal # /37 EHIKS EHE pitx2
EARBICEHEE ST 5 2 & T, WIRO AL MR E %
F87E (respecify) L7=DTH D EEZBND, T



BIR, JRR i NIROLELMEREICS T D Nodal &7 U 7 0%l 39

Nodal OEREIE~DES OFER, Xenopus lefty i3
FRNCHEIND Z EIZFAE B ST b b
T 100% DHE THIBS LA FE S N2 L2 b,
BEAMNT | lefty 134 DI & OWREIZLEARRRK T
22N ERBH S E 7o 72, AAINRIC Nodal # >
NI EFERELTYH, RELo 3 BB TRELOMIMEC
LBz 720 o7z (X 2a, o),

Xnr-1 mRNA O EARHAE~DBRFEA
WIZ.5'F v v 7 LTz Xnr-1mRNA & 154
MR T 5 polyethylene-imine (PEID) & ZJEF1L
BEAKREZER ST T, EF A AERE FIOMEE
L., BMAROIER &R L PEI @ proton
sponge Zh & R L T, HIH P IR BE I I 5 s 75
AN&E{To72, ZOHEIZY ., Nodal % v /37 E D
S IBR AR AN RS L2 5AICIR Y PR/ A
X 92% DR T & 72 o 7= (£ 2a), I
Xnr-1mRNA ZE AL ThH, FAEWLITAE TR -
7z (5% 2b), PEI HltE: 5034 (mRNAOng) (2%
Xnr-1mRNA LRAGHEE LTEGEICH . RO
TBITIERIR & BT RO WEEIZIER Th-o 7=,
Nodal # > /"7 E % HARIZEH 2 72356 £ 0 & Nk
WAL RN DL, mRNA OE AN DR E
0, MIBGHIIE D & X 7 A ECRE D O BRI H IR 7>
Ly B LY X0 EEEST D05
BECERAESELZENTED), TR THRAET
92% DIRIZ NSN3 5hE S 7z, Nodal & /37
B OABES FERIZ BT B OMAMMED 5 H A
1t L7z pitx2 (2o, Xnr-1 mRNA D&l 8 A
BICHEBLNZ— & Lo, EARIC Xor-1
mRNA ZEA LGAE0 pitx2 BEOMIMEZ, E
WKL [E U CHR E MO FBL L Tz (3 20),
L AN, AAIMUT Xnr-1 mRNA 28 A L7=E 2
5. 61%DIET pitx2 OFEBBMPED S D L7210 |
17% DB TIEAM DO HDFHITG) Y o> T
(% 20¢),

Nodal # > /X7 OEHFEERIZIB W TiX, Nodal
ZUNTEHEELTY Y ARDZNZ WA,
Xnr-1 mRNA OAAHRA~DEAIZ K > TREL DR
ENRGon=lenht, Y ATZIVIRICNET D
Xor-1 2 _0 8% ) Fe LTIT ANATREZR
Nodal > 7 F VD4 AT AR > > T
Wb Z Emm R I N,

Nodal SIS Dk % 22 R F D E5
i DI T~z & 912, TGF-B superfamily |ZJ&
T2 U B FOMIE, Z0%% < O type I (ALK),
type Il ZBMEREL [2x1%2) OBRTHEGT 2",

#* 2. Xnr-1 mRNA %I o0 76 5 72 1345181
WHRIEIE R T EA LTERICBIT 5, Nl
NLDOZRAEZRE Xenopus pitx2 BIsF ORBIN

5= DL,
Xnr-1 mRNA injection
a. Right
' [ neuruin sta
Stage 3344 | 1516 | 17-18
|_doge (ng) | Uppes. % Lowes. imeriodsunsmd
2.25 74 58 |
| 3ame | 4im |
1.25 a2 BB | 18
| 24 | nane | am
0.5 - m l
| - 17724
0 [1]
040
b. Left
neurula stage ]
slage 9318 | 15.16 |
[ G088 (ng) [upper, . Luer manesmneea |
2 [1]
| oms
1.25 4
| =
0 [1]
| oms

c. Expression pattern of Pitx2

Lastt Hilataral Riaghit Alrsarcy
ngcion 1% 61% 17% 1%
. nezd B n=Z236 n=R3A =438
L inpeoiany 91% 0% 0% 9%

n=? 123 N3 [t [

FEFRIAHIIZ, polyethyleneimine Z 3% U 7 & L
T, 5'¥% v v 7 Lz Xnr-1 mRNA %I+
REEMIIE A L, a. ARIHISE AN L7=%
B KET 92%DIRIC NS LA Uiz, &R
DRI AEGFET, 5 PR, b, 24
PRIZEA L7286, NIEALIXR EA Cieno
7=.c. WITBIT D pitx2 OFIBIL, AN Xor-1
mRNA % {5 -EA U 725 A i R Cif
PEDFB AR L= EE), ERNCES 2 =541
1, FREEMOARTHREL TO(TE).

Nodal % > /37 B OEIRIES FERIZBI L T, AR
TELNIEZERO U REERMEZ M D 72012,
TGF- 8 superfamily (2§ L7222 5 & Nodal <°
Lefty &13#722% v 7 WRERK % F> GDF-6,
BMP-3 # XU %, TGF-B superfamily (ZJ& = 720>
D family @ pKEE 71220 T, AR MR 2
WA T o7z LM LRRSH, BLFD 2 2%FRNT
X, MRS FIEOHEIZRE L2 TORER T2 > /8
7 BEIZONWT, WIBNLFERIENEIX RN EE 72 o
7

% ZC, X*HZ Nodal <° Lefty (258l L7z 7
IRERE A RO L SNDHRER %2, EEidh
MBI S35 Z L 12 L7z, TGF-B superfamily &
ZRWIZ, type I S &HFIKE type U BHEKD
heterotetramer & L CU > R EFES L, Ml
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a o - b

Right side injection

T R R side
Modal protein, Pitx2 MNodal prnlain, Pitx2

= Left-side injection Right-side injection

(%)
gt u -1 (n=25) - w1 (n=43)
. = Xalv (n=24) - 5 Xaty (n=39)
g ® P2 (n=24) " B2 (n=39)
5O ]
5 %
w0 an
a8 | 10
| £
i | w
: L = - o @ ‘
Left Bilateral Righi Alvence Laft Enilatéral Right Abdande

2. Nodal protein O~ IEG DSBS T RELOMIEIZ LIE T, a, c. FHIMERIEOZHIHKIZ Nodal protein % 71
Y. Xnr-1lefty ( Xatv), pitx2 @OFEBFOMMEIZEIZZW. b, d. FEHREOAMIZ Nodal protein % 4.
Xnr-1 & pitx2 OITHABPNCEE SN TV DD, lefty DFBUIRLEOIRTEMMDIRITEH Y BlL Ui~ 7z,

a m
B |
0 b
BO |
50 | Eactivin B (%)
40 | (50 pa) 20
] 15
20 10 B adinni
5 {50 pg)
B — i
13-14 15-16 17-18 19-20 21-22 2394 2576 27-28  5lage £3-14 15-18 1718 siage
n=13 115 48 M 85 61 T M n= 31 26 18
C s
100
]
2 d
]
50 wGOF8 (™
40 | (50-250 pg) 20
20 | 18
=1 10 mGOF-8
- S— o L
1314 1516 1718 15@ nnn-mzs-:eﬂznn stage 114 1516 178 stage
n= 120 M6 B 121 45 =39 N &0

B 3. Y A H T RN EIEIROF (a, o) F 72134 *ﬁ(b d)~? Activin B % > /327 E(a,b) 725N GDF-8 # > /37
B, d DOf%EFS. Nodal (Zirv 7 ﬂ‘}l/{ﬁéfxﬂk%ﬁ/)_ﬂgﬁ U4y RIZBW T, Nodal # > 7827 B O
OHFAEEFR 1D LRIUL ABRICEN L72SA IIEm ORISR 28 U, ZERIRA~O RS Cidsh & WNIgainr 2 i L
Ipinot=. 72, Xnr-1 %ﬁﬁ{%@%ﬁﬁiﬁxﬁ%f%é%%ﬂf 8] U Va7 S R Rl = A A REY al



IR R i NIEOLEEMEIREICE T D Nodal &7 ) o 7% 41

VI FNERZD Z ENMBN TS P,

Nodal Y %> K& Activin U %> FiZ Activin type
LA, Activin type I B ZFKEDO M FIZHEA L.
ALK-4 (type I ZHEEKDOE D) ZREGILHT
5¥¥  F -~ 7 A% zebrafish @ Lefty %, Activin
type IIB Z ARG T2 Z LB b STl
D **¥ Activin type TA ZHMITHELT D & BR
WX TNDY, Y AT T AR F N C | activin
subunit (=inhibin-B chain) M4 FERFRIZFE LS
DV HEIT WA, =T kU JREIR T activin
BB chain 73 & WNZ activin type IIA receptor HJi
FOEMN RIS 5>,

INDDOWFMNG, Y AT T VRIS
Activin B # U\ Ex=FH L&A, ARNCHE
UG EICOH, w208 U T a7
FHRIEEN B I (K 3a), AMNCES L%
EATIT NN IZAE C 2o 72 (1] 3b), I,
TGF-p superfamily ®H T, Nodal K> Activin & (%
#72% GDF family [ZJE3 %725, Activin X Nodal
L@ D Activin type ITA 72 5 NI Activin type
IB &K EZESTU T TN REETO) ESIND
GDF-8"" Z MM IZIES L7, Activin B #
N BEE OSE AR, FRABRICERN L5 E
ZIE BB FIETE D BEE S 7= 23 (X Be),
AR R &2 S LT NIBA AL T8 22 S s
Moiz (% 3d),

LR, £1 TRL, Nodal # > /87
B OEF OMFIFELL LTS, Y AT VIRIZE
WL, EREO=U N ROSE L3RR A
FEXFRCHE LT D TGF-B superfamily O &K T
HHIVTWRWWDY AANC S L7z Nodal & > /32
B> Xnr-1 mRNA I, Activin-B X°> GDF-8 & 4
SINDBZHEM (BFIZ Activin type T ZFER) R0F D
TRD Y T F AR A U T, EAIERFREIC
BIGT o Ar— REEIDNLTWD RIS,

BEi

Y AT T)VIRD 6 DD nodal FFREGFDH T,
Xnr-1 OFPEATHEBLT 5, SCHL 18)IZFE L7z,
Xnr-1 \ZHA1##972 Morpholino oligonucleotide M7}
NEBRORER, Xonr-1 OEQIRFERP2FEINL, N
i B DA FERFRIRTERETC I BT, AidT D)
EERRODDIEE L THADOEKEIZI S Z L 358 <
REENT, AR, 2 2OREL ST S u—F %
FAWT, Xar-1 OfEMFZA) 28 BLOMRRIZ DWW T
7=, Nodal # > /X7 'EH=X° Xnr-1 mRNA O]
BOERRIZ 31T 2 BE T HBELOMPES, DI E
DIEEEMOPEND . Xnr-1 1%, A FEFRMEICES

HY D pitx2 BBLOMMEZIERTHZ L2 LT,
Pl B O AT FERFR7R A & OB E 2 Rk 5 DIZH
EREEI 2 R 2 Ehm RIS, ZOFEER
AR, SCERY O Xnr-1 MO OfEREMised 5, 2
5 <, Nodal ¥ 7 F /O8N EMANZ 20 | okt
IRERNC 72 5T, Nodal & 7 FIVDIiEF DN
VARFOEBELADRE HRD D EBZZ DD,
Sl Xnr-1 v 7 F v EZIT o TS ROHEITT
pitx2 BEINBBINADET oy 735, HiFM
7R3 F AT = AL AR EICAEE LTV 5 AT RE
Mnd 5,

R R IREE L, FAEIZE B ARWETRENI > THL
L. ROME DLW AZ DD, 2o [7.4—
VR OFT, Xnr-1 OFBUL, OB HRETS
WIS TBREE L. I ORTS T lefty & pitx2 D%
BaFETsLBsx 605" (X 2b,d), - T,
JFIGTE R DIED% T HhaE O . RFIROAIHR AT
FZBIT % pitx2 X° Nkx3 (Xenopus bagpipe *) D
FBUTHATT D Xnr-1 FEBLOAGREIL, M1 0 e 4
DAL (specification) DIF#H % pitx2 HEL O
PE7p E ORI DOTERICESS 5 DIHERBIL TH
5 E-biD, Nodal # /37 'EX° Xnr-1 mRNA
OFMTE~DE TIER D, Xnr-1 X° pitx2 OHBL%E
FHRBRICFHEE L, NisgeE ORIMEZ BRI fiii S
52 &R LT, TR, AR Nodal &7
Fv, T Xnr-l VP VESENKRDL LA
AEH LTS, ZORELFFTLMALE LT, =
DAR=T FIRET T T 4 vy a OFREHIIRT
FAST (Forkhead Activin Signal Transducer;
FoxHI) % EAWMMK THIL TW5™, FAST
(FoxH1) % Nodal @ 7 F WARERREE O MH DK
RIRFTH Y, BRI D pitx2 OIEMERIZ S
FHOWEBRTTHDEEZLNTVD™™, Nodal
DY T FMRECIE, Ml LCT o —sh U A
v FEZAREEKRICHET S EGF-CFC % ™7
ENLETHD Y, EGF-CFC ., FAST [Flkk,
MR B L, A FERAPREIRED I X r— RIZ
BH-3 5",

IO EARAFFEDORER DG . AR T,
Xnr-1 &V U RIFRH L THRWAR, 7T
NEZITRD O AT L, ARRIC B IETERIC
fliooTnan Z Ml R, Xnr-l U7
ROARLEDS, AR DR 70 72 ZE AR AR (2 o0k
% specification Z521F72\\Z & DK & 72> T
LEEBEZOLND,

FEAEIFEOHERIZE, EAMWIRED A =X
LItk x R A2 ST 2 RSSO H D, [FH
CHEHEER O T b FEDNEZIT WIH O G TR E
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DT TR | P DN EZ Sk LT
WD ZE, FERE G TS, B OENTES
B ORIEE R > TN 0 | B D8N CEAFELFR
WCRET HEE T RO TILEL SR I
L7e 0T 5083 ~A ERRINTEY, EAMERE
DGy F A T = XL BFHEENERIC b ZARMER
HFEAOME N DD EEZ LTV D (nkx3.2,
sonic hedgehog, snail, FGF-8 72 £ **™),

— 5, VIO LEEVEREDA D =X LD/ =—
g v EIERTBENC . nodal pitx2 BRI, FFHEE
MO TOR(class) CEEICRTFEINTND EE X
BTG 2> XA T )VIRE S D nodal B
FBLTER-> TWa2, RO EX. Xor-1—
pitx2 FRFEDS YV A T T )OVIRO AR E I BN T
WERAIR 72 DO THY | FRBRIZHBLT 5 nodal
DA CAEMNT pitx2 #7585 &0 )[BT,
MOFFHEEM L B DL — L 55 T B & D RAE
REFT 5, ARWFFETH 41X, Nodal # > /37 B
Xnr-1 mRNA % JF GRS O A/ 2 2E IR 4T
LT, MROLEFEEMBIT LTz, TOX oIl T, K
GIRE £ CopEIREAIZBIT D Nodal >~ 7)1 o~
Z LRI LT, AMIZEBIT D Nodal > 7+ U >
TIZOWTHT T 5 Z E Rk, o7 Fun—F
I, AT A —FIRRF R 72 nodal @ hypo-
morph BT 77 4 v aRIZEBT D cyelops
mutant OFENTZ: E O FIEIZHER, MO RFE D
JRIEIZI1T 5 nodal DF¥EREZ T2 DIZEIL TN D,
e &, %BEDOITETIE, EAEORT OMIZE
Bex RBAENH DO T, EOLEEAEMEORFIZET 2
fEIRNEE L < 22 BB TH D™,

FRFIREIC O LB T DT LT, =Y
N U BOERNIZIT B snail DIEBLPR, < 7 Ak
BT D nkx3.2 OB "R BILTWDR, Zh
ODOBIGFIET 7 U B AN T )UIRCIEA IR
WCRBLT 2 Z i3, 77 U0V AHTIVRIZE
WU, ARIBRR R ERT BB TIE— 2 b
STV, A ToO NodalXnr-1) ¥ 7 )L
DOIEVEALIEBR 1T, RO MBERR 7o A5 10 2 ) 0 7 A2
MNZ 725 X 9T/ b EWT=RC . WER 22 RN
SNz b, T b bR e AN b T 5 2
EERERLSENDAI AL HD L #REL
TWb, ZOTAT T ZIZFET HITiE, WK T
ITONE DB HET GBIV TR WA RIARFE R R ELT 5
BEFEERAL . ~—D—L LTHOWARERD D,

Xnr-1 PEBIMPIRIEIZBS W TR D EANS,
W ST, JEM 2 O NE R < 12/ S 22 RO
Xnr-1 BEDNHBLL, 272 < &b stage 30 D EIHHR
HE CUERIRICHIT D Xanr-1 BB KET S E 0,

Z OWMH T ORBNFHET D 0T, Z OB
FEIE B2 D L 01T, VAT T )VRRIRD G O
TRRICITmENEZ TR Y . AR EICEE
T HE—H =X 2RI ED left-right dynein 1355,
LTW2"Y, 7 ARTILE BRI O 41 77
A W —fEi (node) D IFANZ A 2 72 457E O [A1HiAES A3
7703 B fE DI A IERIFR 72 (nodal flow) & 42 U |
TR R IRIEIC 31T D nodal DIEXTFRFEBLD
FHE 2o TS Z EAMEINTND™Y, Xnr-1
DONE ST OMARIMEDIEBLNPFEAT D Xnr-1 U H
RS, FRRIRERG #0238 1 2 4 0 B /2~ DR
WZE L, 2B EMIRIZE T D Xor-l 3B E
autonomous (ZFFEET D AEEMELRZ 2 b D, Fx
I, BEESEIC XY . Y AT VRERGNERIC
dynein-ATP FHEHITdH 0 #EEEE) 2 ffl 4 253 )
T URENaVO) Z 1S Lz & 2 A, 27% DRI Nl
WNERAEL D Z EZ2BEL TV DHREERT —4),
A%, Wi (nodal flow) % & — 7 — R Xnr-1 D
IR B BLOFH BRI A BT D LERH D
EEbns,

HIEE

ARFFRIE, AL OFEH2RIC L D ILFENE [FHHE
IR L2 A PETE EREAE (2 361 D nodal AL T D%
BRG] & U THR)ITRER GBI E T O B Ak
DY ETITWE LTz, 7 b NS B AN G
Wi LET,
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Trial to Establish to New Technique to Produce Raw Materials for
Bio-Degradable Plastic in Genetically Modified Onion (Allium cepaL.) 1I
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Abstract: We have been conducting experiments for the purpose of exploiting new
techniques to produce beneficial materials, such as bio-degradable plastic, within
genetically modified (GM) onion cells. A transforming procedure to produce GM onions
was established, in which Agrobacterium tumeftacience was used to introduce foreign genes
into the onion genome. As a result, we obtained GM onion seedlings, expressing
introduced Green Fluorescent Protein (GFP) gene, by selecting on hygromycine-containing
medium. An Arabidopsis gene, AtMTPI encoding vacuole membrane protein, was
examined for its capability as a guide to transfer foreign gene products into vacuoles.
AtMTPI-GFP fusion genes were delivered into the epidermis cells of an onion bulb by a
particle gun. Under a fluorescence microscope, the gene product was detected on vacuole
membranes. Our present results, together with the former results, indicated that it is
possible to express foreign genes under control of an allilnase gene promoter, and
accumulate the gene product in the vacuole at a high level.

Keywords: Allium cepa L., genetically modified (GM) plant, GFP (Green Fluorescent

Protein), AtMTPI1
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A Technique for Generating Art Nouveau Style Images

Hirotsugu Kimoto

Department of Information Science, Faculty of Science, Kanagawa University, Hiratsuka-City,
Kanagawa 259-1293, Japan
E-mail : stella@info.kanagawa-u.ac.jp

Abstract: We describe a technique for generating Art Nouveau style images using a non
photorealistic rendering method. Assuming a two-dimensional image to be an input, we
aimed to synthesize it into an Art Nouveau style image referring to an actual Art Nouveau
work image. First, an outline image of an input two-dimensional image and the histogram
were created. In the same way, those of an actual Art Nouveau work image were also
created. Next, applying a technique to level a histogram, the outline image’s histogram of
the input two-dimensional image was matched to that of the Art Nouveau work image. The
modified outline image was regarded as a transparency filter, and synthesized with the
original input two-dimensional image. Although some problems remained, we were able to
create some good Art Nouveau style images.

Keywords® non photorealistic rendering, Art Nouveau, image processing, outline image,

histogram matching
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Novel Microporous Metal Carboxylate Complexes:
Synthesis and Heterogeneous Catalysis

Wasuke Mori'* and Chika Kato'

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

Abstract: Novel microporous rhodium(II) carboxylate polymer complexes having metal-
loporphyrin, Rho[MTCPP] (M = Hs 1, Cu2+ 2, Ni2+ 3, Pd2+ 4) (H:TCPP = 4,4',4",4"-(21 H,23 H-
porphine-5,10,15,20-tetrayDtetrakis benzoic acid), were synthesized and completely charac-
terized by elemental analysis, TG/DTA, magnetic susceptibilities, FT-IR, DR-UV-vis, XRPD,
BET analysis, and nitrogen adsorption measurements. These complexes possess carboxy-
late bridged dinuclear rhodium(I) sites and mononuclear copper(Il), nickel(II), and
palladium(II) centers in the porphyrin ring to form uniform micropores of ca. 5.0 A.
Furthermore, they show high surface areas and high nitrogen adsorption capacities, and act
as efficient heterogeneous catalysts for hydrogenation of olefins at approximately 200 K.
The unique bimetallic effects shown by metalloporphyrin and dinuclear rhodium sites in
micropores were investigated by kinetic studies and hydrogen and propene adsorption-
desorption measurements; the priority coordination of olefins onto metalloporphyrins and
the intramolecular transfer of hydrogen from rhodium center to the olefin molecule coordi-
nated onto metalloporphyrin remarkably reflects the catalytic activities in hydrogenation.
Keywords® rhodium carboxylate polymer complex, metalloporphyrin, microporous mate-
rials, olefin hydrogenation, adsorption property
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Fig.1 Schematic drowing of an infinite
twodimensional lattice with uniform
micropores.
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Table.1 Microporosity of complex 1-4 obtained by Aradsorption,
and maximum amount of adsorbed Na.
Surface Area

Ir

Micropore Pore size

Complexes BET Langmuir  Volume (cmalg) A Amount of adsorbed N,
1 339(168) 416(206) 0.14 6.0 29°6.7)°
2 373(197) 456(241) 0.16 6.1 3.2(6.4)°
3 299(157) 361(190) 012 6.2 2447

4

318(174)

387(212)

0.13

6.1

25(5.0)°

a[mz/g, (><103m2/mol of Rh)], ®mol/mol of Rh, mol/mol of porphyrin.
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Study on Water Science

Yuko Nishimoto'’, Chikara Amano', Kazuhito Inoue', Fujio Oh-ishi’,
Shoichi Kawamura®, Kunihiro Seki', Toshihiko Teramoto’,
Atsuko Minegishi' and Tokuko Watanabe®
! Department of Chemistry, Faculty of Science, Kanagawa University, Hiratsuka-City, Kanagawa
259-1293, Japan
2 National Institute of Radiological Sciences, Chiba-City, Chiba 263-8555, Japan
3 Natural Environment Research Inc. Ltd. jp. Shinjuku-ku, Tokyo 162-0801, Japan

4 Aoyama Women College
5 To whom correspondence should be addressed. E-mail: y24moto@kanagawa-u.ac.jp

Abstract: In this study, we intended to clarify the effect of various treatments such as
magnetism, ultraviolet light irradiation and ultrasonic wave treatment on the acidic
electrolyzed aqueous solutions and alkali halide aqueous solutions. The results have
indicated that the available chloride concentration of acidic electrolyzed aqueous solution
was decreased by these treatments. It was proved that these treatments increased hydroxyl

radicals and bound water in the alkali halide aqueous solution.

Keywords:
wave treatment, bound water
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Determinations of light spectrums under sea ice
with fiber optics spectrometer

Tatsuya Shibata"’, Masaharu Kitashima' and Yoshihiro Suzuki'

I Department of Biological Science, Faculty of Science, Kanagawa University, Hiratsuka-City,
Kanagawa 259-1293, Japan
2 To whom correspondence should be addressed. E-mail: roundrobin200@yahoo.co.jp

Abstract: A fiber optics spectrophotometer (USB2000, OceanOptics, USA) was applied to
measure light conditions under sea ice at Saroma-ko Lagoon, Hokkaido Japan, in February
and March 2005. One end of a 10 m quartz fiber optics (QP200-2-UV-VIS, OceanOptics,
USA) fixed under sea ice led light to the other end, and the spectrophotometer determined
the spectrum of the light at the other end on the sea ice. Signals from the spectrophotometer
were normalized with the calibration light source (DH2000CAL, OceanOptics, USA) and a
program (OOIBase, OOIIrad, OceanOptics, USA) and were determined as irradiance (w m™
nm'). Without the cosine-collector for collecting the light from 180 degrees in front, the fiber
optics collected light from a narrow range and showed quite different spectrums from those
determined with the cosine-collector. Spectrums with a peak at 570 nm were determined
with the cosine-collector and corresponded well with the spectrums often determined at
near coastal areas. Photon flux densities (x mol photons s'm2 nm'!) were estimated from
spectrums determined with the cosine-collector and correlated well (R2=0.98) with those
determined with the quantum sensor (LI-193, LI-COR, USA). These results showed that
fiber optics spectrophotometer could determine the light conditions under sea ice both
qualitatively and quantitatively.

Keywords® fiber optics spectrophotometer, light condition, spectrum, sea ice, photon flux
density
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Acclimations of Kenaf (Hibiscus cannabinus 1..) to Pb in a Polluted Soil

Koichiro Sawakami"’, Fujio Ohishi*, Shoko Kurosawa® and Yoshihiro Suzuki'
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Abstract: Seeds of kenaf (H.cannabinus) could germinate and grow in the soil polluted with
5310 ppm Pb, although their growth was strongly inhibited at first. After the expansion of
the third and fourth leaves, older leaves died and fell, followed by the expanding new leaves.
During the first 30 days, the numbers of leaves did not increase at a same rate as the
control plants growing in soil without pollution. The numbers of leaves were only 9.0 after
30 days and the dry weight of the leaves and stems (upper ground biomass hereafter) was
0.26 g, which was 3.3% of the biomass of the control plants. After the first 30 days, the
plants on the polluted soil did not lose their older leaves and began to increase the numbers
of leaves. The plants then increased their upper ground biomass rapidly. The upper ground
biomass was 59 g after 69 days, which was 32% of the control biomass. These results
strongly suggest that seedlings of kenaf can tolerate and acclimate to soils highly polluted
with Pb. Although their acclimations took a long period of time, 30 days, kenaf plants could
grow normally after the acclimations. The concentrations of Pb in leaves, barks of stems and
cores of stems measured by atomic absorption spectrometry were 0.204, 0.211 and 0.407
ppm, respectively. After the acclimations, kenaf accumulated Pb at concentrations lower
than 1.0 ppm. Phytoremediation with kenaf is necessary to research acclimations.

Keywords: acclimation, kenaf, Pb, phytoremediation, polluted soil
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Novel intracellular 3-hydroxybutyrate-oligomer hydrolase
in Ralstonia eutropha H16
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Abstract: Ralstonia eutropha H16 mobilizes intracellularly accumulated poly(3-hydroxy-
butyrate) with intracellular poly(3-hydroxybutyrate) depolymerases. Different types of
depolymerase, PhaZl and its homologs, account for the mobilization significantly but
incompletely, and it is proposed that further unknown depolymerases or related enzymes
complement the mobilization. A novel hydrolase was therefore investigated. The amino acid
sequence of the intracellular 3HB-oligomer hydrolase of Acidovorax sp. SAl and the genome
sequence of Ralstonia solanacearum, a close relative of R. eutropha, revealed a candidate for
the hydrolase gene. The DNA sequence of its hydrolase was used for the design of a pair of
primes. With chromosomal DNA of R. eutropha as a template, these primers were used to
amplify about a 1.3-kbp fragment including the equivalent gene, phaZc. Then the phaZc
gene was cloned by Southern hybridization using the amplified DNA fragment as a probe.
The hydrolase (PhaZc) was purified from ZEscherichia coli overexpressing phaZc and
characterized. Immunoblot analysis revealed that PhaZc exists mainly in the cytosolic
fraction of K. eutropha. PhaZc degraded various 3-hydroxybutyrate-oligomers at a high rate
and artificial amorphous poly (3-hydroxybutyrate) at a lower rate. A phaZnull mutation
enhanced the deposition of PHB in the logarithmic phase in a nutrient-rich medium. PhaZc
differs from the previously reported hydrolases in KA. eutropha and is a novel type of
intracellular 3HB-oligomer hydrolase, which participates in the mobilization of PHB along
with other hydrolases.

Keywords: Ralstonia eutropha H16, poly (3-hydroxybutyrate), PHB, intracellular 3HB-
oligomer hydrolase
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Abstract: Some research on information visualization for knowledge bases has been done in
recent years. Lots of visualization methods for hierarchical structure have been developed
in this research. We developed several visualization methods for large scale knowledge
bases in which a lot of nodes form hierarchical structures, and also link in complicated
semantic relations. The prototype program based on the methods has been implemented
and coded in Java and Java 3D APIs. This paper outlines the methods and the program
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Study on Web Service Security
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Abstract: We studied the newly standardized security technologies for Web Services, SAML
(Security Assertion Markup Language), which is for authentication, and XACML (XML
Access Control Markup Language), which is for access control. We applied these

technologies in an experimental system and confirmed that these technologies, combined

together, can realize secure Web Services.
Keywords:

FFa

SAML &3, XML CitiR SN 7=fBiEEHR 200 B
DT H7-ODLEETH D, Web h—ERIZEBNTIE
SOAP # vt — V%2, SAML Citit & 7= %G
WA SN A &S5, £72- XACML & (%, XML
LEIZK L CT VB AMEERET DT-OOMLEETH
%

9 B EES Web — b 2E 2 W CER
BRET 2 EBR S AT L1, SAML 12 X 2 RGEHERE %
BINT5ERE T2 M1 IR TRERE IS 2
LT SAMLICE B2 —WRREN 9 £LAT7< 2 &%
DT,

| onrrim | —rip |
Ve =t 2, IEEM =) BEMS= 2 _y, | MEEE
DRATA (ECh=—r 0 [0t 1 Webth=t'2.
i
HTTRA —Zostl SEAELL (LT T
P HITPA i HTTP#ur ¥
SOAPER—
SOMP S0AP
Aepp—tl -‘**-":-' Heptp—t2

X 1. SAML % F|H L7z 58REOHEE.

FEEEOEM TIE, REERO 2 —F OFHE A VE
2725, £Z T, Web —t 2 Hiff & SAML % 7]
AL T, eSO —F OEH A2 =R 51T 9
FREFREB LIz, TOWELK 2 1TRT,

WIZ, RER D2 —VIZHF LT, 77 & A%

security, web services, SAML, XACML

dA—FRNER
1__‘f PIAT bk BIEY—/N  weht—H2
BE?—H ‘ui

A—FRETTI

2. LIS —FOEE GO,

17923z 117, 3 ICV AT AOWE AT,
7747 b b0,0,0DET, Web —E R
P27 7R TS,

Web $—t =2 > RBREA P —
54TV R <L
79547k —
e,
= r » | 77 XH1 =3 I 4 — b =
Z;u;;;;;;it 5 A(XACML ) e
JAXM || SUN
=

3. XACML & MW\ 77 7 & A OAREE.

Y= XDOT I ARG T 0 7T LD E K 412
9, XACML 2 fWTC7T 7 ¥ A&z =B L, £

©Research Institute for Integrated Science, Kanagawa University



82 Science Journal of Kanagawa University Vol 16, 2005

7 7 & AHIEY—
VA [ a=-T e N

| R Y > —RTREHEPEP)

i o K !
:;;i]; (PIP) :
:
]

[ 7y v —wmsEap) |

v t v
JAXM | SunXACML-1.2 |
SOAP X yt&—¥ SOAP X y&—Y

2~ i
AL @)

M4 727 2AGIET 07T LD

B

i:

BT 78 AGIEINITR D 2 & 2N DT,

PLED ZH50FEBRZX—RA 22 b EZ A D
ToHER COFEREIT -T2, FERRE 51277, (1)
X Web ¥ —EA2AD7 T A7 h&EV—RIZT
T AHIEY— " EESNCEE T DR TH D, (2)
X7 72 AGIEY—NIC L DT = v 7 BT o721,
IGAT L ISP —RNT AT EEATH S,
FEERFERNSIL, BEDOIEI N, X0 EEIF] X,
BEMEHR LT WHRTE LB 2 5,

SHOBEE LTIE, X6 (2) OMRIZBWT,
Web —E 2P — "R T7 7 & RHEIEROTF =
7 AT O T2DICT 7 AEY— R & DIz A X

27747 M L R gl
Web #— b2 ¥
2547V Web ¥ —Ex
o TrEZ R
7| sy —os >
(1) BRI ORER
75472 Ml —
T F—rSf
< ] P
Web #—r"2 _
7547V |2 Pl Web ¥ — ¥
< = AY =3

(2) AFNHDOHERL
5. Wil & 7 7 & A A M A - TR AL

Tz —AREREHL LR END D,

B, KEBRIZEBWT, BEEM Y — NIk E
Quadrasis 0 SOAP Content Inspector (SCI)%
FIF L7z, £72 XACML (2 X 2l 2 EHH T 572D
\Z Sun Microsystems L2 &L TV 58y 7 —
U THDH SunXACML-1.2 ZFH L7,

SRR

1) HE —, B 88, Mip 52 (2004) SAML %7
M L7z Web ¥— XA OFBIESTXOME, FIT (1FH#F
P 3 — FA) 2004, pp.26T-268.



Science Journal of Kanagawa University 16 : 83-85 (2005)

HEReportl By a grant Reserch Institute for Integrated Science, Kanagawa University
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Abstract: Bicyclic dioxetane bearing a (3-cyanoethenyl) phenyl group was found to be trig-
gered by the Michael addition of a malonate anion with an accompanying emission of red
light.
tuted with a podand-type group, namely, 1,4,7-trioxaoctyl, 1,4,7,10-tetraoxaundecyl, or

3-Adamantylidene-4-methoxy-1,2-dioxetanes bearing a 4-(3-hydroxy)phenyl substi-

1,4,7,10,13 -pentaoxa- tetradecyl were synthesized and their base-induced chemilumines-
cent decomposition was examined in an aqueous system. Optically active dioxetanes
bearing a naphthylnaphthol moiety were also synthesized. They exhibited chemilumines-

cence in molecular recognition.

Keywords: dioxetane, chemiluminescence, Michael addition, molecular recognition

Introduction

High-energy molecules, 1,2-dioxetanones, are be-
lieved to participate as a precursor emitting light
for bioluminescences of the firefly, and the jelly-
fish Aequorea Victoria. However, the detail
mechanistic aspects, especially singlet-chemiex-
citation process, are yet remained as unfinished

Our

project is to solve such crucial problem from the

business to be investigated more and more.

viewpoint of design for highly efficient dioxetane-
based chemiluminescent substrates.

Chemiluminescent decomposition of a dioxetane
bearing a 3-(1-cyanoethenyl)- phenyl moiety in-
duced by Michael addition of an anion of malo-
nate”

Thermally stable dioxetane bearing a 3-(1-cyano-
ethenyl) phenyl group (1) was synthesized. Mi-
chael addition of an anion of malonate to a di-
oxetane (1) took place to give an intermediary
dioxetane bearing a benzylic anion, which decom-
posed rapidly with accompanying emission of
crimson light. When an anion of chloromalonate
was used as a base, intramolecular cyclopropana-
tion of 1 occurred concurrently with the Michael
addition induced chemiluminescent decomposi-
tion (Scheme 1).

CN

J X_ ,COOMe
C
© “COOMe

Scheme 1.

Electron - transfer-induced chemilumi - nescent
decomposition of dioxetanes bearing a 3-hy-
roxyphenyl substituted with a podand - type
group”

3-Adamantylidene-4-methoxy-1,2-dioxetanes ear-
ing a 4-(3-hydroxy)phenyl substituted with a po-
dand - type group, namely, 1,4,7 - trioxaoctyl,
1,4,7,10 - tetraoxaundecyl, or 1,4,7,10,13 - pen-

©Research Institute for Integrated Science, Kanagawa University



84 Science Journal of Kanagawa University Vol 16, 2005

taoxatet - radecyl were synthesized. A bicyclic
dioxetane, 5—¢ —butyl - 4, 4-dimethyl-2 ,6 ,7-triox-
abicyclo [3.2.0Jheptane, bearing a 3-hydroxy-4-
(2,5,8,11-tetraoxadodecyl)phenyl at the 1-position
was also synthesized. On treatment with tetrabu-
tylammonium fluoride in DMSO or acetonitrile,
all these dioxetanes decomposed rapidly with ac-
companying emission of flash

blue light. In NaOH / H20 system, these di-
oxetanes decomposed also rapidly to emit light
though the chemiluminescent efficiency was
significantly decreased. However, the introduc-
tion of a podand-type substituent, namely,
2,5,8,11-tetraoxadodecyl was rather effective to
improve both chemiluminescent efficiency and

ET-induced decay-rate of dioxetane (Scheme2).

3
o

o
O
N
OMe O o)
0-0 \ 1 j
‘ OH o

OMe !
0-0O
e L) o
O OH 0

o

Scheme 2.

Chemiluminescence in molecular recognition:
base- induced decomposition of optically active
dioxetanes bearing a bisnaphthol moiety with a
complex of optically active crown ether / potas-
sium #butoxide®

Four optically pure isomers of dioxetane bearing
a naphthylnaphthol moiety decomposed by the
action of complex of optically active crown ether
with potassium tbutoxide to afford light with
AmaxCL and shape of spectrum different from each
other (Scheme 3).

(Sa,1R,5R)-4 (Sa,1S,5S)-4
Scheme 3.
Advanced Chemistry of Dioxetane-Based

Chemiluminescent Substrates Originating from
Bioluminescence”

High-energy molecules, 1,2-dioxetanes, have re-
ceived a great deal of attention because of their
unique property to decompose thermally into
Their
chemistry originates from studies on molecular

electronically excited carbonyl products.

mechanisms of bioluminescence and has a history
of over 30 years. However, the luminescent effi-
ciency of the dioxetanes realized could hardly be
compared with bioluminescence until a dioxetane
bearing an aryl group oxidized easily was found
to afford efficient chemiluminescence by the in-
tramolecular CIEEL (chemically initiated elec-
tron exchange luminescence) mechanism. Nowa
days, the CIEEL-type dioxetanes are being ap-
plied to the modern biochemical and biomedical
analyses. In this review, the advanced chemis-
try of the CIEEL-type dioxetanes as a highly effi-
cient chemiluminescent substrate is described
focusing on their molecular design and synthesis.
Singlet chemiexcitation processes for the in-
tramolecular CIEEL- decay of dioxetanes and
triplet-chemiexcitation processes for thermolysis
of dioxetanes are also discussed.
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Abstract: The quantum computer is a potential computing machine which employs
Interacting quantum two level systems as quantum bits. We studied a problem simulating a
CoNOT gate by a combination of CNOT gates and 1-bit phase rotation gates. The results are
that, of 8(n—3) C2NOT gates, 8(n2—5) gates can be simulated by two CNOT and two 1-bit
gates, 8 gates by 3 CNOT and 4 1-bit gates, and residual 8 gates by 48 CNOT and 52 1-bit
gates.

Keywords® quantum computer, C2NOT gate, Shor,s algorithm, oracle unitary transfor-

mation
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Rate Constant and Anti-oxidant Property; OH Generation by
UV-irradiation

Chikara Amano"’,

Jun Nagasaki', Yasuno Nakajima', Fujio Oh-ishi’,

Yuko Nishimoto', Atsuko Minegishi' and Tokuko Watanabe®
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Abstract: The anti-oxidant property toward hydroxyl radicals was expressed by reaction

rate constants for basic organic substances and some amino acids. The hydroxyl radicals

were generated by UV-irradiation of hydrogen peroxide. The pH was controlled in the range

6.5—7.5 and the dependence on the concentration of anti-oxidant substances was examined.

Keywords:
stances, amino acid, UV-irradiation
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Study of the structure of organogermanium compounds
with the aid of Ge-73 NMR Spectroscopy

Yoshito Takeuchi' and Toshio Takayama®
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Abstract: High-resolution solid-state MAS Ge NMR spectra of hexavalent germanium

compounds, i.e., dilodogermylene (1a) and bis(1-pyrrolyl)(imeso-tetraphenylporphyrinato)

germanium (3a) were determined. To the best of our knowledge, this is the first example of

high-resolution solid-state 3Ge NMR spectra of hexacoordinated germanium nuclei.

Keywords: hypervalency (hypercooridnation), hexacooridnation, Ge-73 NMR, diiodoger-

mylene
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Searching for harmless substitute solvents for dichloromethane to
adhere PMMA solventing

Fujio Ohishi"* and Miyuki Kasai'
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Abstract: Dichloromethane (CH2Cl2) is good solvent to adhere PMMA, so it is used widely
in industrial fields. It has a bad effect, however, on organisms and pollutes environment. Its
solution and vapor have a toxic effection blood and nerve centers. It it is also said to cause
mutation of the gene. When it is burned, dichloromethane generates phosgene (CCl20)
which is known as a poison and air polluting substance. It is a serious problem that
dichloromethane is harmful to our health. The purpose of this study is to search for reagents
that have as high performance for adhesives as dichloromethane, and that don’t have a bad
effect on organisms and the environment. The specimens were PMMA plates (Imm X lcm X
5cm) made by injection molding, with an average molecular weight between 100,000 and
150,000. First, we selected several solvents were PMMA. Then, solvents were analyzed with
FT-IR and TG/DTA for chemical changes, and the peeling test for measuring the adhesion
strength, compared with dichloromethane. It was proposed that Acetone, Ethylene glycol
monomethyl ether and 2-Ethoxy ethanol are possible and the results substitutes
dichloromethane for adhering PMMA.

Keywords: PMMA plates, harmless solvent, adhesion effect, adhesion strength, chemical
change
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- Acetone

CH3 —ﬁ— CH3 Solubility parameter : 9.72
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CH3
Solubility parameter : 8.90

+ 4-Methyl-2-pentanone

CH3

| o
CHs3—C —CH2 —(le Solubility parameter : 8.35
g CHs3

+ Ethylene glycol monomethyl ether

CFI2—O— CHs

CH—OH Solubility parameter : 10.93

+ 2-Ethoxy ethanol
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CH20H

Solubility parameter : 10.00

+ Propylene glycol monomethyl ether

CH3—CH— CH2—0O—CHs3
OH Solubility parameter : 9.97

+ Dichloromethane
i
Cl— (lj—H
Cl

Solubility parameter : 9.60
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Table 1. IR measurement conditions

Apparatus - - - - - - - FT/IR 350 (JASCO)
Scan speed + ¢ ¢ ¢ ¢ - ¢ 2mm/sec
Resolution + « « « « + - 2/cm

Bt

A7 VU NVKIRICERZ BT 52 212k, b5
BN 2N E iR D B CTAREREZIT 5, B
SHTE TG (BEEME) & DTA RAEEHT) 12
DNWTAT ), KFITTG TlxA X 7 UABEZDH D
L BRITENLTZ AL LELODRE L &
B|OE (WEE) Z2RET D2 & TR O
AL S, Wik3 2 BHAFF>, Table 2 1%

~

Table 2. TG/DTA measurement conditions

Apparatus - - - - - - - TG8120 (Rigakuw)
Reference ~ + + « = = - - Al20s

Sample pan + + + -+« - Al

Atmosphere « ¢ ¢ ¢ ¢+ - Air

Rate = = « « = « « « « 4.0°C/min

Max temperature 500°C
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Fig.1. Peeling test sample.
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Fig.2. Peeling test sample (side).
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Fig.3. System of the peeling test.
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Fig.4. IR spectra of the PMMA and PMMA film.

4000

O PMMA, @ PMMAfilm (solvent: Dichloro-
methane), @ PMMA film (solvent : Acetone), @
PMMA film (solvent : Toluene), ® PMMA film
(solvent : 4-Methyl-2-pentanone), ® PMMA film
(solvent : Ethylene glycol monomethyl ether), @
PMMA film (solvent : 2-Ethoxy ethanol),
PMMA film (solvent : Propylene glycol mono-
methyl ether).

Table.4. Spectra assignment’

Wavenumber Assignment
9970cm-1 C-H stretching vibration of the
methyl group
9840cm-1 C-H stretching vibration of the
methylene group
C-O-C stretching vibration of
1730cm® the methyl esterg
C-H deformation vibration of
1470cm® the methyl ester
1450cm-1 Deformation vibration of the
methyl group
1385cm! C-H deformation vibration
C-0O-C stretching vibration of
1150cm the methyl esterg
960cm 1 C-H deformation vibration
750em-1 C-H deformation vibration of
the methyl ester
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Fig.7. TG/DTA curve of PMMA film (solvent: acetone).
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Fig.6. TG/DTA curve of PMMA film
(solvent: dichloromethane).

Fig.9. TG/DTA curve of PMMA film
(solvent: 4-methyl-2-pentanone).
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Fig.10. TG/DTA curve of PMMA film (solvent:
ethylene glycol monomethyl ether).
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Fig.11. TG/DTA curve of the PMMA film (solvent:
2-ethoxy ethanol).
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Table 5. Value of the peeling test

n=1 | n= n=3 | Ave
Dichloromethane 85N | 9.4N | 9.7N | 9.2N
Acetone 7.1N | 9.2N |11.2N| 9.2N
4-Methyl-2-pentanone | 5.3N | 6.4N | 7.0N | 6.2N
Ethylene glycol 79N | 79N | 85N | 8.1N
monomethyl ether
2-Ethoxy ethanol 6.8N | 7.3N | 7.3N | 7.1N
Propylene glycol 6.3N | 6.4N | 6.7N | 6.5N
monomethyl ether
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Development of a Novel Method for Immobilization of DNA
Applied for DNA Chip

Kazuo Yamaguchi'’, Hirofumi Shiono®

! Department of Materials Science, Faculty of Science, Kanagawa University, Hiratsuka-City,

Kanagawa 259-1293, Japan

2 Business Development Department, Core Technology Center, Nikon Corporation, Ohi Plant,

Shinagawa-ku, Tokyo 140-8601, Japan

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

Abstract: Silane coupling agent 1 containing active ester was synthesized and applied for

surface modification of silicon wafer.

An active ester immobilized using 1 was reacted with

a nonanucleotide containing an amino group at the 5-terminal labeled with a fluorescent

reagent followed by observation of the surfaces using a fluorescence microscope.

The result

showed that the coupling agent was potential for novel compounds for immobilization of

DNA.

Keyword: active ester, silane coupling agent, silicon wafer, immobilized amine, DNA chip
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Synthesis, X-Ray Crystal Structures and Antimicrobial Activities of
Transition-Metal Complexes with Hinokitiol Ligand
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Abstract: There exist at least three different polymorphs in the copper(Il) complex
[Cu(hino)2] with a hinokitiol ligand (Hhino; 4-isopropyltropolone). In addition to deep-
green plate crystals 1la and deep-green rod crystals 1b, whose crystal structures have been
recently reported, novel green needle crystals lc¢ of [Cu(hino)s] were found, the crystal
structure of which was here determined by single-crystal X-ray analysis. Since only one
crystal structure has been reported for the copper(I) complex [Cu(trop)2] with a tropolone
ligand (Htrop), the polymorphism found in the crystals of [Cu(hino)2] would be due to the
presence of the isopropyl group on the tropolone ring. The synthetic conditions giving the
three polymorphs in good yields were found and the crystals were characterized with
elemental analysis, FT-IR, TG/DTA and X-ray powder diffraction (XPD) measurements, as
well as solution molecular weight measurements for la. The solid-state magnetic behav-
iors or the temperature-dependent magnetic susceptibilities were measured with Supercon-
ductivity Quantum Interference Devices (SQUID): 1a showed a weak ferromagnetic inter-
action, 1b showed a paramagnetic nature with S = 1/2, while 1c showed a weak antiferro-
magnetic interaction. The antimicrobial activities for selected bacteria, yeasts and molds
were also measured in the water-suspension system: la and 1b showed no activity, while 1c
showed modest activities, and these activities were compared with those of the neutral Hino
and the anionic hino ligands.

Keywords: copper(II) complex with hinokitiol, crystal and molecular structures, polymor-
phism, X-ray powder diffraction, temperature-dependent magnetic susceptibilities, antim-

icrobial activities
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Heavy Metal Extraction by Kenaf Vegetation

Shoko Kurosawa',Fujio Ohishi"? Yoshihiro Suzuki’ and Koichiro Sawakami®

! Department of Chemistry, Faculty of Sience, KANAGAWA University,
259-1293, Japan
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Abstract: Kenaf (British great Kenaf, scientific name Hibiscus cannabinus L) is an annual
plant of Malvaceae Hibiscus L. of West African origin, and is remarkable as a new pulp
resource. Its ability to fix carbon dioxide is excellent because growth is rapid, and it is
reported that its ability equals that of tropical forests. In addition, it is possible to use it for
soil cleaning and water quality purification. This research, focussed on kenaf’s high water
absorption capacity from the soil and its ability., to remove heavy metals from the soil,
especially lead, and to reduce ground water pollution. Kenaf was grown in Hyogo Prefectur
and kenaf and sorghum were grown in the tropical simulation room in our campus. These
plants were burnt to ash, and the total quantity of absorbed lead was measured by atomic
absorption spectrometry. Lead absorbed from the soil by kenaf vegetation was also clarified
in samples processed with nitric acid. A large amount of lead was accumulated in the wood
part but not so much was accumulated in the back or the living parts of the plant. It is
recommended that you should harvest to absorb the heavy metal efficiently while growing
up.

Keywords® kenaf, sorghum, lead, atomic absorption spectrometry, ground pollution
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Effect of Proliferation of Microorganisms in “Functional Water”

Kazuhito Inoue

Department of Biological Sciences and 2Research Institute for Integrated Science, Kanagawa
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Abstract: There is a growing interest in special kinds of treated water with properties

which differ from those of ordinary water. The aim of this research is to study the effect of

the proliferation of microorganisms in “Functional Water”.

Keywords: functional water, magnetic treatment, ultraviolet light irradiation, ultrasonic

wave treatment, bound
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Abstract: Technological development for environmental preservation is a subject of

pressing need in the 21st century. The aim of this research is to develop a basic technology

for environmental preservation using phototrophic prokaryotes.
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