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Shielded Lennard-Jones Potentials and the Crossover
of Structures of Rare Gas Clusters
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Abstract: There has been a discrepancy in the number of atoms per cluster between exper-
imental results and theoretical predictions based on molecular dynamics at which crossover
takes place between the Mackay icosahedral and cubic closest-packed structures of rare gas
clusters. The discrepancy was eliminated by introducing shielding effects from nearby atoms
to the interatomic forces. The shielding effect is expressed in the Lennard-Jones potential
by an index larger than 6 in the attractive force term. By employing the shielded Lennard-
Jones potential, molecular dynamics calculations could be used to reproduce the crossover of
structures observed experimentally.

Keywords: cluster structure, interatomic potential, crossover of structure, shielding effect, rare

gas, molecular dynamics

Introduction

The Lennard-Jones (Li-J) potential has been used
to express the weak interactions between rare gas
atoms. Lennard-Jones has proposed an explanation
for the viscosity and an equation of state for real
gases”, V(r) = ar " — br ™, where m in the attractive
force term equals 3, 4, or 5, especially 4, and n in
the repulsive force term is an integer in a range
of 13-24. More recently, on the basis of quantum
mechanics, London concluded that m = 6 for almost
all cases?. For simplicity, however, the value of n
was assumed to be 12 with little theoretical basis.
Since then, the L-J (12, 6) potential has been used
to describe interatomic interactions.

From early studies on nucleation and crystal
growth, an amorphorous icosahedral structure
was proposed by Mackay?. It is nearly as dense
as the closest-packed structure and has become
known as the Mackey icosahedral (ich) structure.
The ich structure has been observed in electron
diffraction experiments on argon clusters generated
through free jet expansion®”. The results were
interpreted such that, when 20 < N < 750, where
N represents the number of atoms per cluster, Ar
clusters take the ich structure and, when N = 750,
the structure becomes cubic closest-packed (ccp) or

face-centered cubic (fec). On the other hand, from
molecular dynamics calculations using the L-J (12,
6) potential, the crossover from the ich structure to
the ccp cuboctahedron takes place in the range of
8217 < N < 10179%'%. Changing the external shape
to the hexakis icosahedron in the regime of the ccp
structure reduces N to ~2500'". The experimental
and theoretical values of N at the crossover are
different'?.

The relationship between the structures of
rare gas crystals or clusters and the form of the
interatomic potentials has been studied. By
varying the index in the L-J and the Born-Mayer
potentials, Kihara and Koba have tried to calculate
the experimentally observed ccp structure of rare
gas crystals'?. They conclude that calculations
using the L-J potential with a conventional index
does not yield a ccp structure but a hep structure
and that, when the Born-Mayer potential with a
smaller index 1s used, the ccp structure 1s produced.
Hoare and Pal have shown that using both L-J (12,
6) and Morse potentials gives the ich structure for
rare gas clusters with a small NV ®. Stillinger and
Stillinger have shown that both L-J (12, 6) and L-J
potentials with a cut-off beyond a certain distance
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afford the ich structure for the magic number N =
55, Braier et al. have studied the relation between
the width of the Morse potential and the structure

15)

of small rare gas clusters'™. By varying one of the
indexes in the L-J potential, Bytheway and Kepert
have studied a similar problem and have found
that a new amorphous structure appears when
potentials with large widths are used'®. By using
the Morse potential with a large width, Doye et
al. have obtained an amorphous structure'”. We
have studied the crossover of structures for the
magic numbers N = 13 and 55 by varying L-d,
Born-Mayer, and Morse potential indexes over
a large range'®. More recently, the form of the
potential was examined in detail for small rare gas
clusters. Marques et al. have searched for stable
and metastable structures of Ar, (n = 3-78) by
using the four potentials and have obtained the ich
as the most stable structure with each potential'®.
Lombardi et al. have compared the L-dJ, the Aziz
HFD, and the generalized L-J potentials proposed
recently by Pirani et al. for Ars and Ars®.

The interatomic force exerted by an atom
in a cluster or a crystal may be shielded by
nearby atoms. The shielding effect changes the
conventional interatomic potential to a short range
one. Stillinger has shown that the L-J potential
beyond a certain cut-off distance gives the correct
crystalline ccp structure, rather than the hcp
one'**. By using the same potential, he has studied
the temperature dependence of the structure,
especially the melting transition of Arss. Balletto
et al. have studied the crossover from the ich, the
decahedral, and the ccp cuboctahedron structures
for silver clusters using the Gupta potential
vanishing beyond the third neighbor distance®?.
The shielding effect appears when an L-J potential
with an index larger than 6 in the attractive force
term. In this study, shielded L-J potentials were
used to calculate the N value of the crossover
observed experimentally. However, in order to
eliminate the differences between experiments
and theories, many problems on different levels
must be considered, such as the adequacy of the
potential, examination of the decahedral structure,
observation of outer shapes, the effect of the zero-
point vibrational and vibrational energies, and the
kinetic effect.

Method
The L-J potential is given in the general form:
R s
U, T I
Vi=—"=48| = | —R| = (1)
R-S B Ty

For the conventional L-J (12, 6) potential, R = 12
and S = 6. The shielding effect can be expressed
as 6 < S < R. To be specific, the following values
were used: R=12and S=7-11, R=13 and S =
9-12, and R = 14 and S = 11-13. The potentials are
shown in Fig. 1.
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Fig. 1. (a) Shielded L-J potentials for R = 12 and S =
6-11, (b) R=13 and S = 10-12, and (c) R=14 and S =
10-13.
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In order to determine the potential energy
minima of the clusters with interacting particles,
the steepest gradient descent method proposed
by Stillinger and Weber?*” was used. The orbits of
interacting particles were determined on the basis
of the following “equation of motion”:

dri/dt = —gradi®@(ri, rs, ..., rNn), (2)
where ri is the position vector of the ith particle
and D(ri, ra,
particles. Eq. (2) corresponds physically to the

..., I'n) is the potential of interacting

motion of interacting particles in a dissipative
medium, such as a highly viscous medium, where
the total energy of particles is not preserved.
Unlike usual molecular dynamics, only the initial
positions of the particles (i.e., the initial structure)
are required. From the final equilibrium positions,
the structure of the particles at 0 K is determined.
The dimensionless reduced variables p (distance), ©
(time), and e (energy) introduced by Verlet*® were
used:

p = rlro, 3)
T = tlto; to = (m ro*/Uo)Y 2, 4)
e = E/U.,. (5)

The equilibrium bond length po is equal to 1.
Time intervals (7) of 0.0001 were used. The values
of the variables were calculated using Egs. (3)—(5)
with the aid of the parameters given in Table
1. For example, po = 0.340 nm and the real time
step ¢ = 0.0001¢ = 2.15 x 107'® s for argon atoms.
Trajectories consisted of 10°~10° time steps.

As in our previous report involving silver clusters,
a cluster growth model was assumed®. Clusters
were assumed to grow by one of two sequences:
ccp cuboctahedron and ich sequences. Calculations
were carried out on clusters with a complete shell.
The calculations were started using one of the two
trial configurations and were ended when the sum
of the forces acting on each atom was zero and
the total potential energy was a (local) minimum
value. The two initial trial structures for N = 13
and 55 atom clusters are shown in Fig. 2.

(a) (b) (©

(d) (e)

Fig. 2. (a) and (d) Trial cubic closest-packed cuboc-
tahedral strucuture, (c) and (e) Mackay icosahedral
structure for N = 13 and 55 clusters, and (b) hexagonal
closest-packed structure for N = 13 cluster.

Table 1. Parameters for conversion to usual units'®

Ar Kr Xe
ro (nm) 0.340 0.360 0.410
Us (1072 J) 166 236 305
m (107% kg) 6.6336 13.916 21.803
to (ps) 2.15 2.76 3.47
Results

The potential energy values for the shielded L-dJ
potentials with R =12, 13, and 14 are summarized
in Tables 2—4. The values for the conventional
L-J (12, 6) potential in Table 2 coincide with those
reported in the literature'®.

Values in bold are the binding energy values
immediately after crossover to the ccp structure.
They indicate that N at the crossover is smaller
when R is constant and S is increased and that N
becomes smaller when R is increased.

The nearest-neighbor distance is a little smaller
than the distance corresponding to the minimum
of the potential energy function. It depended on
the position of an atom in a cluster; it was larger
at positions closer to the surface. It depended also
on the size of the cluster.
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Table 2. Comparison of potential energy values of the cubic closest-packed (ccp) and the Mackay icosahedral (ich)
structure for the shielded L-J potentials (R = 12 and S = 6-11)

ccp ich
N L
S=6 S=17 S=8 S=9 S=10 S=11 S=6 S=17 S=8 S=9 S=10 S=11

13 1 -40.8845 -39.6703 -38.8254 -38.2271 -37.7961 -37.4803 -44.3268 -43.2244 -42.4417 -41.8668 -41.4279 -41.0790

55 2 -268.276 -252.669 -242.810 -236.333 -231.931 -228.851 -279.248 -263.266 -253.052 -246.215 -241.430 -237.936

147 3 -854.376 -792.243 -754.732 -730.845 -714.962 -704.021 -876.461 -812.448 -773.436 -748.211 -731.040 -718.802

309 4 -1971.56 -1811.37 -1717.16 -1658.17 -1619.37 -1592.86 -2007.21 -1842.36 -1744.61 -1682.56 -1640.89 -1611.53

561 5 -3792.09 -3462.96 -3272.65 -3154.70 -3077.65 -3025.22 -3842.39 -3504.35 -3307.43 -3183.80 -3101.48 -3043.86

923 6 -6488.21 -5899.90 -5563.75 -5356.83 -5222.27 -5130.98 -6552.72 -5949.71 -5602.71 -5386.52 -5243.29 -5143.48

1415 7 -10232.1 -9275.10 -8733.00 -8400.97 -8185.72 -8040.01 -10308.8 -9329.69 -8771.27 -8425.21 -8196.77 -8038.08

2057 8 -15196.0 -13741.4 -12923.0 -12423.5 -12100.5 -11882.2 -15281.5 -13795.6 -12953.9 -12434.4 -12092.4 -11855.3

2869 9 -21552.2 -19451.8 -18276.9 -17560.9 -17099.1 -16787.3 -21641.3 -19498.6 -18291.4 -17548.6 -17060.6 -16722.9

3871 10 -29472.7 -26559.1 -24935.2 -23949.4 -23314.0 -22885.4 -29558.9 -26590.0 -24924.6 -23902.3 -23231.8 -22768.5

5083 11 -39129.9 -35216.2 -33042.5 -31725.6 -30877.6 -30306.1 -39204.8 -35221.0 -32944.3 -31630.1 -30736.6 -30119.8

6525 12 -50695.9 -45576.0 -42740.8 -41025.8 -39922.5 -39179.5 -50749.8 -45543.0 -42641.3 -40866.4 -39705.3 -38904.4

N stands for the number of atoms per cluster and L the number of shells in a cluster. Values in bold are the binding energy values
immediately after crossover to the ccp structure.

Table 3. Comparison of potential energy values between the ccp and ich structures for the shielded L-J potentials (R
=13 and S=10-12)

N I ccp ich
S=10 S=11 S=12 S=10 S=11 S=12

13 1 —37.5922 —37.2904 —37.0672 —41.1798 —40.8318 —40.5417
55 2 —229.985 —227.081 —225.010 —239.106 —235.742 —233.176
147 3 —708.100 —697.831 —690.592 —723.041 —711.361 —702.674
309 4 -1602.80 —1577.96 —1560.56 -1621.86 —1593.96 —1573.45
561 5 -3044.95 —2995.91 —2961.65 -3064.30 -3009.67 —2969.78
923 6 -5165.42 -5080.08 -5020.61 -5179.08 —5084.60 -5015.91
1415 7 —8095.06 —7958.92 —7864.18 —8094.88 —7944.82 —7836.05

Table 4. Comparison of potential energy values between the ccp and ich structures for the shielded L-J potentials (R
=14 and S=10-13)

N I cep ich
S=10 $S=11 S=12 S=13 S=10 S=11 §S=12 S=13

13 1 —37.4330 —37.1434 —36.9305 —36.7720 —40.9631 —40.6141 —40.3210 —40.0700
55 2 —228.499 —225.742 —223.789 —222.375 —237.218 —233.951 —231.453 —229.460
147 3 —702.896 —683.179 —686.375 —681.492 —716.664 —705.419 —697.042 —690.532
309 4 —1590.27 —1566.81 —1550.47 —1538.80 —1606.82 —1580.07 —1560.38 —1545.28
561 5 —3020.28 —2973.99 —2941.87 —2918.97 —3035.08 —2982.80 —2944.61 —2915.53
923 6 —5122.57 —5042.08 —4986.34 —4936.68 —5128.79 —5038.49 —4972.85 —4923.11
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Discussion

Optimal shielded L-J potentials

Optimal shielded L-J potentials were calculated
from the data in Tables 2—4 which could simulate
the crossover for N = 750 obtained experimentally.
By interpolating, the pairs R = 13 and S = 12,
R =14 and S=11, and R = 14 and S = 12 gave
N values of approximately 640, 850, and 820,
respectively, for the crossover. The value of N =
820 is the closest to 750. Hence, we concluded
that the L-J (14, 12) potential was the most
appropriate for describing the structure of rare gas
clusters, making the difference in N less than one
hundredth. It should be noted, however, that the
potential energy of the clusters also depends on
the outer shape. In the regime of the ccp structure,
there are shapes other than the cuboctahedron,
namely the Wolf shape, three types of decahedron,
and the hexakaiicosahedron, all of which have
different potential energy values'. Studies on the
shapes of the clusters may be necessary.

Change in N at crossover

The crossover of the structure from ich to ccp
may be interpreted qualitatively by considering
the relative contributions of the bulk binding and
surface binding energies. Here the binding energy
means the dissociation energy of a cluster to free
atoms, and its sign is positive. The bulk binding
energy is the sum of the binding energies of atoms
in the bulk cluster. The surface binding energy is
the sum of the binding energies of atoms to the
surface. The sum of the bulk and surface binding
energies is twice the (total) binding energy. The ich
structure has two characteristics: a small number
of atoms at edge positions and a quasi-nearest
neighbor distance ~5 % longer than the nearest
neighbor one. The coordination number 12 is the
same as that of the ccp structure by including atoms
at the quasi-nearest neighbor distance. Such atoms
make the bulk binding energy of the ich structure
smaller than that of the ccp one. On the other
hand, the small number of atoms at edge positions
makes the surface energy of the ich structure
larger than that of the ccp one. For small clusters,
the contribution of the surface energy to the total
binding energy is considerable, which makes the ich
structure more stable. For large clusters, the bulk

energy is dominant, which makes the ccp structure
stable. The crossover between the structures occurs
at an intermediate size. The shielded potentials
have two effects on the stability: They make both
ich and ccp structures unstable, whereas they make
the ich structure more unstable than the ccp one.
The former effect is due to a decrease in attractive
force. The latter is due to the existence of the quasi-
nearest neighbor distance in the ich or can be
explained by the following. Molecular dynamics
simulations showed that the ich structure formed
through the relaxation of multiple twin structures
composed of 20 ccp tetrahedrons. Hence, it can be
viewed as a strained quasi-crystalline structure.
The strain makes the binding energy of the ich
structure smaller than that of the ccp structure.
The data in Tables 2—4 indicate that N at crossover
is smaller when R and S are larger. The smaller N
can also be explained qualitatively by a dominant
contribution from the bulk binding energy. From
Figs. 2—4, the width of the potential became
narrower as S became larger for a constant R or
as R became larger for a constant S. The narrow
width of the potential makes the bulk binding
energy of the ich structure smaller than that of the
cep structure, which is due to the presence of the
quasi-nearest neighbor distance or strain. Since
all these explanations are qualitative in nature, a
quantitative explanation is still required.

Scenario for cluster growth

In the case of metal clusters, an amorphous
decahedral structure has been proposed by Ino?**”
and Marks 2529 for small particles with five-
fold symmetry observed frequently via electron
microscopes. The stability of the structure has been
studied by using molecular dynamics simulations
with the L-J (12,6) potential'”. The ich structure
is stable for small clusters up to the crossover at
N = 600, the decahedral structure is stable for
intermediate clusters of 1600 < N < 10° and the
ccp structure is stable for large clusters of N >
10°. These results were obtained by assuming an
optimal outer shape for each structure, suggesting
a scenario for cluster growth. For rare gas clusters,
however, the decahedral structure has not been
observed experimentally; an experimentally
observed electron diffraction pattern could not
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be interpreted by applying the function for the
decahedral structure®. The introduction of the
shielded L-J potentials may change the proposed
scenario. At least, it could change the value of N at
CroSsover.

On the other hand, van de Waal has proposed
a different scenario that does not involve a
structural transition®”*". He suggests that the
electron diffraction function reported by Torshe et
al. represents a structure composed of a multiply
twinned core with five-fold symmetry surrounded
by a shell with defects, which grows smoothly into
the ccp crystal structure. Clusters grow smoothly
from the ich or decahedral structure to the ccp
crystals without structural transition. The model
implies that the preference for the ccp crystal
structure over the hep is due to a kinetic effect. This
is supported by electron diffraction experiments
reported by Kovalenko et al.?**». Ar, Kr, and Xe
clusters with NV > 2000 have an fcc structure with
deformation-type stacking faults, and Kr clusters
with IV = 3000 and 10000 have fcc structures with
constant numbers of intersecting stacking faults.
Although some experimental results have a true
kinetic origin and can be interpreted by the kinetic
model, the structures of clusters or crystals are
thermodynamically stable. It does not seem correct
to describe the ccp crystal structure as being a
metastable state and the hcp as being a stable
state?! %637,

For small clusters, the ich structure is the most
stable, and for crystals, the ccp structure is the
most stable. Since these structures have different
symmetries, the crossover between structures
should take place at an intermediate N. However,
the difference in energy is rather small. Thus, a
mixture of two structures probably forms, especially
for an N value near the crossover'”. In other words,
by presuming that the anomalously large 111 and
small 200 peaks indicate a mixture, the electron
diffraction patterns can be interpreted.

Zero-point vibrational energy

In order to obtain the quantum mechanical binding
energy, the zero-point vibrational energy must be
added to the potential energy calculated by using
classical molecular dynamics. In early theoretical
studies on the structure of rare gas crystals, it

has been reported that the inclusion of the zero-
point vibrational energy does not alter the previous
results, suggesting that the hcp structure has
a lower energy than the ccp one does when the
L-J and Buckingham potentials are applied®**?.
However, in recent theoretical studies, the
importance of the zero-point vibrational energy for
the crystal structure has been emphasized® 7.

Conclusion

Although using shielded L-J potentials caused both
the ich and ccp structures to appear unstable, they
caused the ich structure to appear more unstable
than the ccp one. However, N for the theoretical
crossover was closer to the experimental one.
The effect appeared greater for strongly shielded
potentials, such as the L-J potentials with large
R and S. In this respect, the L-J (14, 12) potential
was the most appropriate. We propose that the
interatomic potential in a cluster or a crystal
involves interatomic forces shielded by nearby
atoms.
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Growth of Single-Walled Carbon Nanotubes From Fe Nanoparticles
Formed by Hot-Ion Implantation
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Abstract:

nanoparticles formed by hot-ion implantation in a SiO2/Si structure. An advantage of this

We have studied a novel procedure of carbon nanotube (CNT) growth from

method is that size and the density of the nanoparticles are easily controlled by the con-
ditions of ion implantation. We performed single-walled CNT (SWCNT) growth from Fe-
implanted Si02/Si samples by microwave-plasma-enhanced chemical vapor deposition
(MPCVD). Micro Raman spectra observed for the sample treated by MPCVD for 1 min
clearly show the presence of SWCNTs.

Keywords: carbon nanotube, ion implantation, micro wave-plasma-enhanced chemical vapor

deposition
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A Revision of Vapor (100°C) Sound Velocity in Rika-Nenpyo
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Abstract: An error on the value of the sound velocity in water vapor (100 °C) listed in Rika-
Nenpyo was found by physical analysis. The revised value of the sound velocity in water

vapor (100 °C) was derived to be 473 [m/s]. This new value is now accepted and listed in the

latest issue of Rika-Nenpyo.
Keywords: sound velocity, vapor
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HOFEC' DR (0.2) b T D—RBROILWERT
Y, BOALTHBZ L aTRT, LIEd-T, #
BEROKX (0.2) TITESHERD Y, HBRZEXRTIX
BRFEROFTET —FBRREITLLLLT,
K&K (100 C) DEBEROFTET — ¥ 1% 2 R
BEhSWZ LERMEIZT S, Sbiz, BEKRKETH
B LARE LI RRIZIE b D35 L BRIER DT —
B LIHEI, RRERDET—FIIRE
DM, KER (100 C) DEELEE&E Cp DERE
i%?‘—ﬁ BREET NMVEICHR1TEREDL X
i"-ﬁr—é? 2%z Cp bEEDLLWZ & 2155
#50

ik

B SAEDEROEHR

BRERICH DR (0.2) ORI, ROBAEZIKE
FRLR2oTND, BRAKEDREVAFOETED
— T (B 22RO Z L),

1\ RT R \ RT RT
”=/(1+a>v=/(”c—v)ﬁ= M
(1.1)

T: MEHREE (=273.15+4(°C)) (K),

R: S6E%K 8.3145 (J/K - mol),

M:1EVDEE, Q=Cy(ERENVLEEY/R

e, Y =145 95, BEREDGE, F
BENBDIXy THAZL, Q ThHb,

1 BB ORMEDENSGR = o OC;j=1) &
THE,

(12) M= Za,Mz, Q= Zain

(Mi,Qi . i%@@ﬁﬁ:@M & Q)

L7725, BEAKKOBEIZIIEERKETHAS S &,
MR ETH A S L, THIX, EHRET, Cy, £
LYY DEE M. ’iﬁii‘i‘:’%}’iRd)Llo XoTrZE
V. EAPOKESIERLAR, BF, 1= 1+5
LEERL, BAKKEDOHEIZIX Cp—Cy =R OH
B'nn =1+ & =88 Li5,

ZOBEBREDOFTRO—MEK (1.1) ITESX, #
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RHERIZFERO H HKAEX (100 C) OFHFES LT
K (0.2) DRFIZEAT 2272,

FmR LR
RT3 EEOIHR R
1B 0 CTIRE 0 %IBIT BEBRZERICHAT L TIX,
K (L) IZEY, v = 74 = 1403, HREKDS
FEM LT, M = 2896(g/mol) & Ad, RE
T=Ty=273.15(K)(0°C) &¥BL, ZDLEFHR
voe(m/s) I,

1.403 x 8.3145 x 273.15
voe = \/ 0.02896

= 331.7~ 331.45

(2.1)
LR HBER 0 C) 0EBRERT —
%: 331.45(m/s)(Table 1) £i% 0.1 %DEET
Y RFERLRD,

ST, FHEO—MEK (1.1) 225,

(2.2) v _ VT _V2B3I5+1

voe  VTo  /273.15
L%, TTTHIRERE (C) 2FRbT, Thdb,

t

1 t
L+ 57315)

'UOc(]- + __)

(2:3) v = voc( 546.3

1

E72B, TD v \ICEBFEROELBRER (0C) DF
BT —4%: 331.45(m/s) ZRRAT B &, BE(C) I
BT BB (BE 0 %) DT &L,

c 331.45
v = (331.4+0.6t) (m/s) (57’1%5 =T = 0.6)
(2.4)

TEx LD, TOX(24) 13, B HbNE
FERITHE-TWAR (0.1) L —BT 5, Licdio
T, BLAILWEEEOERR (0.1) 12, BE0%T
ALY SEORMRERUICR T 5 FROERNTH Y, 1B
EHAFOFTEDO—KN (1.1) ZRE t(C) D—RK
EFCTHEUMLTEHLEXTHLZ L3005, £
LTZOo—&A (L) BE®EnZAB LR &0
LB/ (0.1) 1X, BERFEROEBEER 0CD
FERT—F LR —BT 5,

BEMER O EHHF(0.2) DEH

BRERICH 5B - BT OEER (0.2) ., B
BEAEDREH A ROEFED I (1.1) Tkl L
TER LR TH B L ERT,

s VA < P 7k‘7§/§“®%f£
mmmﬁmﬂ%”ﬁ4a—<@ot§ﬁwﬁﬁ

(: P_ “’—%) 5% (0.3) B8

H

ETBE BWEEKOEASRIT, 1—a 25,
Bol-ZRDSFE M I,

(2.6)M = M4(1 — o) + My (4: dry,, : vapor)
Li2B I T EHWTEERD 5 F B My=28.96(g/mol).

AFES D5 T & M, =18 015(g/mol), B -7 ZHD
By %,

(2.7) v=74(l—a) +na
LIRET B, ELL I,
1 Cvg 1

=1 s = —_—=
7 +Qd(1—a)+Qva Qu R ya-1
(2.8)

_ Cvy _ 1
Qv = R~ 1

ThHHEN, X (2.7) £X(2.8) Dy i, FEELVVE
L7225, BlIZIE o =0.0183(T, = 22.56°C,w = 0.68)
DFEIT, 74 =1.403, v, = 1.33 ZE->T, @ED
BT 0.02%TH B,

X (2.6). (2.7) ZfEV, BETAFOEFRDO—MK
R (11) £V, BoeZBEHOFE C I,

C' = \/(74(1 —a)+na) (Md(l _i€+ Mﬂ)
(2.9)

- -2ye) (— 2 ). EE
_\]<1 . vd)) (1—(1—%3)a> 77

1-(1-3)e RT
42 0= [ R RO
1—(1-Mu)q 743, “E

Yo M,
I —0.948,
Yd My

L7225, (2.9 O/ OHOFHE o IZOVWT 1
WETLVEPL, TORFFHZRET L,

= 0.622

(2.10) C'= ¢
v _ M,
Ji-a(z- )

C'= ¢

Lizh | BRERDOR (0.2) &—ET 5,

EHIZOE OO TE AL, BRFROTEN(0.2)
X, AEROELSER o(= § = 5Ed) 0 <
a < 1 DEEDFEEE Ca) (= C) & LT, HRE
KFTRLOLEBE w=0(L>Ta=0) OFOFE
fE.C(0) (= C) Ld, FUCEE T,(C) kBT B :
S DEEERTEMER (KR) 2BV LOLR
BLLRTES,
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C(a) 1 c’

co - \/I—a(%—0.622> - C

I T, Al OF =y 7 ZF 57202, BRERD
R (0.2) LV EELE,

a=0.1, 0.5, 10035#03 0) fE &,
¥y =7vi(l—a)+ya (y4=1403,7,=1.33). M =
My(1—o)+M,a & LT, BEKMEET NV TORME
RCHHEEO—MR (11) L#HLE §&)
ZHEBTIIE, Table 3 L7225,

Table 3. Comparison of %(%)l ratio for vapor:«a

29.13 (J/K - mol)

KFSK (100 C) T, 2.061 X 18.015 =
36.95 (J/K - mol)
L2%,

FRZER (20 °C) @ Cp PEMESAEMEIL IR =
29.10(J/K -mol) T, BRERT—¥ :29.13 Ltk
BT DHL01%DBRECT—HLRYTHE, —7F,
KK (100 C) D Cp DEBKAEERMEIT 4R =
33.26(J/K - mol) T, BR4ERT —F :36.95 & L
THL, BRERT N 1ERELRE,

Table 5. Evaluation of Cp(J/K - mol) by 2 types

Table 3 225, S(a} HITXt LT, BRHEROR (0.2)
BEFRSBROVIEEMERTH S Z L35,

DXz, BREROK (0.2) LIRENT A EF*(D
FHEO—MEA (1.1) 1%, AETHDZ LRI 5,
BO—ER (1.1) I L, KFESR (100 C) @%:E
v(m/s) X

1.33 x 8.3145 x 373.15

(21Dv = \/ 0.018015
LY, Zo—X (1.1) ZEMLTER L-ER
FEROR (0.2) 25 RWIKHES (100 °C) DT EE
(3X(0.4)) : 476.7(m/s) & 0.4 % DFEXIREZE THKA2
Bo—BT 5, LER-T, BRESRR (0.2) 26
VKRR (100 C) D&M THE LI ETEEITER
TEDLEZLN, AFRKEDO T TORRBERDT —
% :404.8(m/s) 1T, 2 BREE/NSWEEIZZ2 - TR
D, BbLW, U EZEEITNIE Table 4 L7225,

Table 4. Values of sound velocity(m/s) at 1 atm

= 478.6

BEE (C) FRE | X(0.2) | BE | X (1))

0(EHRZER) | 331.45 | 3314 | 0.0% | 3317

100(k#K) | 404.8 | 476.7 | 17.8% | 478.6

FOBRZER (0 C) Tit, BRERT —#5—i=X (1.1)
CEDHEMEL B —BET5I2b2 b b3, K&
% (100 C) (2B Tid, BRERT —4 LEBER
DEEX (0.2) OFEMEN 178 % bED,

HEMEROREHEEER )
Table 2 OEBERDOEELREE Cp 7 — %
(J/K-g) IZ, TNENGFE M Z8NT, ELET
Yo Cp fE (J/K - mol) IZET &,

EIRZEL (20 C) T, 1.006 X 28.96 =

o | FER(02):58) | B (1)l | mx A2 (C) R Cp | BAARK| BE | CplE
0.1 1.017 1.017 0.0% BR7ES (20) | 29.13 | 29.10 | 0.1% | 28.95
0.5 1.093 1.096 0.3% JKFES (100) | 36.95 33.26 |11.1% | 33.51
1.0 1.218 1.235 1.4%

S HIT, BRSO vy DEEND, JUEE
# R, v fE (Table 2) %5\ Cp 2RDB &,

R C
(2.12) CP:-):YTI’ (yzCPiR)
Li2n, TOHEMEX
MBI (20 °C) T, Cp = 2895 =
Llaor s (J/K - mol)
K#FESR (100 C) T, Cp = 3351 =

1.31353%.31145 (J/K . mol)

L2V, kD Cp BAIKERE L OHBOZER
BR. BBRZER (20 C) 0BBERT —F L OLEIT
T TH BB, KSR (100 C) DEBERF—# L
DHBIL, Y BERERT —F B 1ERBERT D
&\ 5 [A CAEE &2 F5 2 (Table 5).

PLE, BREXICET 2BRERT —4  T&E
(0°C). Cp (20 °C) KOV TIEZLRETH B I
bbb b, KIS (100 °C) B 5 BAER
T=HIZOoVTIE, FRETH 28N &L, CpfE

THI 1 EIRES tﬁo'C:?a Dz o TEDL,

KRERRDEBE L ERT—F

KRR (100 °C) BEMBEIETH B LARE LIkpT
BB HEIE (MEE) LERERT—F R L
T, TORBEORBZRET LT,

(1) #E (100 °C,1latm)

BESHETIE, p = 4L = MP -
1805L01310° — (.5882(kg/m®) & 725, ERER
DT —H1%, 0.5980(kg/m®) T1.6 %DREELZY,
ZLEThH 5,

(2) KA (1)
BERKE T, EELR Cp=4R, ERMLR
Cv=3RRDT, H#Mky, = & =1333 L2V,
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BRMERT —# 1.33 LI3—&T 5,
(3) EEFELEA Cy (3R)

HALL y, DEEDD. Oy = ;B3 L72Y,
7o = L33(BRER) 2> L, Oy = 83145 -
25.20(J/K -mol) = 3.03R &£ 725, ZOEITEER
AED 3R LB L T, BEN 1.0 % TRETH D,
(4) EEHLE Cp(4R)

B 4, DEENPDL, Cp = ’Y:J% &
7Y,y = L3EBER) 2ESI L, Cp =
33.51(J/K -mol) = 4.03R & 725, BKKTIX
4R 725D T, ZOfEIX 08 %DBEET—HL
Y ThHDH, LnL, BRERT—FIX, Cp =
2.051 x 18.015 = 36.95(J/K -mol) TH YV, 5D
Cp = 3351(J/K - mol) IZEL_BRERT —F 1T
10.3 % (M 18] K&V, BEKKEAR LD L
11.1 %& 5,

(5) /KFEK (100 C) DFHME
BAASEOFTERERDO—M (1.1) DR, ER
FEROR (02) BEURK(0.1) L72oTRY, MEE
R%CThsZ LBonsd, B2, KESR (100 C)
T,
X (1.1)=478.6(m/s) (X (2.11))
K (0.2) BE UK (0.1)=476.7(m/s) (K (0.4))
T, 04 %DBET—ET 5, TOLIITEBER
DK (0.2) THELALEFREIEETELLEZXD
2. R&HTOBEBERT —F 11 404.8(m/s) L
2B E,
(6) STHR 2) 12 & B7KER (134 °C) DEFEE
3R Y B AMEEER (20060) BT —4 %
B HAEE, R
12, KZEK 407.15K(134 C) O F&EE & L T,
494(m/s) B#E> TV 5, TDOKER 134 COFE
Z, BEKEO—MKA (1.1) THEITE,

8.3145 - 407.15

v(134°C) = \/1.33 00l = 499.9(m/s)
L2y BT — A ERY OFfEL 1.2 %DREET—
BULRELELE A%, —F, RUKEZ407.15K(134
C) 0EEEZ, X (1.1) DEPRTH HERERD
K (0.2) BL UK (0.1) THETIUL,
C=3314+40.6-134 =411.8 (m/s)

, 411.8
V1- (2% -0622)

LY, ZHb 1.5 %DBETHYTH B,
UEFE LB L, Table 6 L7235, Table 6 DEE

F—HHCIBNT, FETF—F 5, B O MBI
R Oy BIOVWTIX [ HEIZLTHB, Zhil

C

= 501.6 (m/s)

ST, EENRT—FRERDHD, b HE 4,
T—2END R THKRERIIBBREET V& h 2
DEL—EZTHLEZLNDDIZ, BT, KEK
(100 °C) i2B 7 2ERERT — & D Cp 1T 1 8
KEL, AL FHEERH 28I ES<EBbDLVEY
SRRz B,

~—

Table 6. Typical physical values in vapor(1l atm

$iE FRT—F | BEKMEK| BE
FEEE (100 °C) | 0.5980(kg/m3) | 0.5882 | 1.6%

v (100 C) 1.33 1.333 | 0.0%

Cv(100°C) |[25.20)(J/K -mol) | 24.94 |[1.0%]
Cp (100 C) 36.95(J/K -mol) | 33.26 |11.1%
F&E v(100°C)|  404.8(m/s) 478.6 |18.2%
FHE v(134°C)|  494(m/s)? 499.9 | 1.2%

ROEHETRERMA & ZoRi

ERERYETEEO RRERREGRICHVEbE T

Befim & EORIIL, kD2 R TH 5,

1 EBRERLKERD, LB y OBERERT —

ZPLEERR L R 5, BRERDOR (0.2)
& RS ABIIIREE 0 % THLY S oEawK (0.1)
i, BERKEDREN A FOFE—MA (1.1) D
HEPHERTHY, BWELIZR-oTW 5,
o, TR I — & Ei (2006). BIAENE)
25 HKFEK 134 COFHET —F : 494(m/s)
&, A (L) 2OEE LIEEEER 1 %0
BETET 5,

ZO—HE (1.1) 2HEE LRBRZER 0CO
EEEZ. BRERT —F LB BT MR,
KK 100 COFTEFITOVTIE, BRER
T —% :404.8(m/s) B—EX (1.1) DFHEME L
DF2BIL/IhS<EDLY,

2. BfRZER (20 °C) \ZR 1} B EELE Cp DER
FRT—Z13, BRAKGERELRS T3
n, KEK (100 C) BT 5 Cp DHEBMER
T—% :2.051(J/K - g) 1%, BEKEEREL
1 ERESED LY,

FERERREER, S OfbE

KERBREIEN O, 2008 428 A 26 BfTF T 100

COKERDETR L BELBIZOWVWT] EELTK

IR THEZE 2 W W,

LETHEELTWVWAENRTA—FFI, R =

8.3145(J/K - mol), KD5TF& M = 18.015,
100 COKERDEE = 0.5980(kg/m3) (R
EXT—5) Thb,
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2. 100 COAEROEEDOEANEIZ, CRC Y F
Ty 7 &, 473(m/s)e AIP DNV KTy
712, 134 COXKAEIDEFEN 494(m/s) &
HTHY, EOTFT—F 55 100 COKELZDE
HE, (494 -06 x34) C LFHELTHRL
473(m/s) 12725, ZOMEIX, Fitd~5%5
WHBDOEAMEL 2 Vv AT v M T, BR
FROIE 404.8(m/s) ITEEV L F o T LW,

3.IRIZ 100 COKEKDEELE Cp 1L,
M.Kaufman : Principles of Thermodynamics {Z
BAENTWA, M.James, Mary P.Lord : In-
dex of Chemical and Physical Data ® R

kv,
Cp = 30.45+0.01029x 373 = 34.37(J /K - mol)
(2.13) =191(J/K-g) = 4.134R

TH5H, Lo TEHBEE 2002 FRE THHI
NTW=EANE :

Cp = 2.051(J/K - g) = 2.051 X 18.015
(2.14) = 36.95(J/K - mol) = 4.444R
RREEWEE - T,

% (2.13) 55, BASKICH L TR Y 7.

(2.15) Cp—Cy =R
ZRAWT,
Cy=Cp—R=3.134R. &> T,y = C— =1.319

Cv
LEHETE D, Lo THEBER 2002 FERET
BE SN Tz y=1.33 EITE S,

4. KEZHR Cy = 3R,y = 1.33 TRUVDIXLTF
DEMIZL D, BEFHTF. 2RFHF. 2R
FHFTENENCy = 3R, 3R, 3RIC/2DD
A ETRVF— L EEETRNF—2E X
BTHB, LnL, 2l FHF. ZRFHTT
FRE T CIIEB = RAF— bR INIZ T
HTRY, E>TEED Cy ITTh & KEL
2%, 2P (2.15) ITWET RV F 71T H
&7 BRI 2D T, £0HFETHEMARIE
ERETHIIMY T2, 20D, v bENE
14, 1.33 X0 /hESL R20O0BER,

5. ZORREE Y, BEKEDRETAFDOF
BO—K (1.1) 225, 100°C DKREKDEE
(m/s) ZEHETII,

1.319 x 8.315 x 373.15
V= \/ 805 x 10— — 7
(2.16)

L7220, ZOfEIX, EAUE473(m/s) & 1 %LL
6. Eme LT, BREROKESR 100 COF

¥ 404.8(m/s) & EFEHE Cp=2.051(J/K - g)
REOMFEICITRBR) 1T, BolfE
THd. Th T, TE v=473(m/s).
Cp=34.37(J/K -mol)= 1.91(J/K -g) MIEL
v, (BLE)

E X0}
e LT, #IEFOHEHL Y, BREROK
AK 100 COEFE L BEWE Cp (BEDHFEIC
(IREH) 13, Table 7 DXL S IZ, ENENIELVWVE
2, BREROYR 21 FRHOITES N,
BEENERERITE -T2 D OpEBEE
D TFEEDOES] (p342) L\ HERT, KHESK (100
C) DEFRMIZ 404.8(m/s) DT —F BELHL TV
b, BEOKBRERDODT—FEZEHLIZHLDOLE
biLsDT, Dl &b 35 FRNOBOTT —H
BREEIN T\ ZEEZ LR,

Table 7. Values of result in vapor(100 ‘C,1 atm)

7KZESK (100 C) = iE
ERv 404.8(m/s) 473(m/s)
EEHE Cp 2.051(J/K -g) | 1.91(J/K - g)

P EIZ oW THEREZ S DICAMAB ML EHE NS
ZLDBIEE WV, Eio, FHBIEHERICT
MHRIZO-> QW EBEMEERTEIENTE T,
RN KRFBLZROAFNBHERR 2 b CICAKBRE
B L EERITERZWEE W, FRIZEY

DRMIBTERTERI LITEH LI, SHIT, #
HEDOBETH 5 AT AEEAREER (FR)1| KZEEZE)
732009 €7 B 27 Biz#iE S iz, Eix, TORIE
D12 AHBEERNCBE~BELD V., BHE
FDOKIER (100 'C) OERENAHESE OIBMED (2
WETIZ 2 o2 2 L B BO TV W e, ENAFH
FREOBFEMWR® L oTz, ZOHEBEDY
LTHEREZBTY 5,

SCHR

1) FARE(005) WHEEEREEEZ [FFLBED
BRIz o0 T,

2) HAMBEFELSREEQ06) HHES—5 FHFREE,
.

3) WIE(E(1975) A HEE ¥+, R pp.342-344.

4) WS KRS FIRIEE0975) ELHE WHEF]
BB\, R .pp.157-161



HA FE HBHMERICH D KHEK

&1

BB E FEBROTF N & T
ZDERIZBVWTHEFRDAEIX, ERAT—VEIZ
BRE LT Z VBANY U AKERABRDO A —T—
b, 8 LI ARE f(kHz) OBEREEZHL, RE—
H— & BB o (cm) BENTZFIARO~ A 7 0 AR T%
ETHEREBICBVTKRD L 51217725,

1. BAELIEZAE—I—IZH LT, Ririzvf 701
Ry & DOEM z(cm) ZEST MBS, Fr X
I—TEFENL L) ERAY—I—t~<A 7 aF
v DEEF DAABRE 5 - T Re D IEHE ¢ ZBIE
L, EHIZ~A 7 aRrEEITRBLZEOH
E (n,z) & n ARV IRT,

2. BB A BADME Y IR LES n ZEY |, ST
Bz 2BV, BIEAR (n,2) 72y L, E
BMOBERERNERDT I T77 (z=2n) &
E%. B/NERIEIZ LY BIREROE X 2R,
FEOEE N DBIEMEET B,

S.HEELEARE fF LEERAIEME A\ OF (F -
N POEREZFEL, ERTRAETEAEE
va(m/s) &35,

:wﬁﬁbtﬁﬁﬁwxcﬁbf B<EmbhiiE
0 % THR Y STOBRR (0.1) 12 & BFHIE vo(= O)

E‘EE%%ELtEﬁ FEo—iK (1.1) 12k 5
BT RE v, &L OMMIBEEZENTARD, TE
~DOWREDHKBERD,

Ko LT, BEOREIZ, BELEE L-ERYT
HE v, ZEET DI, X (L.1) OO TEM
DHFIZAB, ﬁm%anﬁhwﬁ%si FLIRZER,
IHEARTEVDT, K (1.1) 25 ERINICE IR
RUZ L > TEL 2 B,

FEXHREEAS s % DFEITIX, IREE ¢ ‘CTOBFK
EREZ Py(atm) 75L&, BERKEDOKERS
JEIZ, 105 - Po(ZHURMESHBEED ESE) L 25D T,
ZERUCKT B 1(atm) T TONFE M 13X

- Py s- Py
Al.1) M =289 - .
( ) 8.96 x (1 100 >+18 015><< 100 )

LEHRETE %, £, X (A.L1) 1B} 5 Py(atm)
DIEPRTN 20 553, WEFERI Tixt &
B (C) & LT, Tetens(1930) O :

(Al p, = Silx10(@ds)

1013.25

BEoTHEY, BETEIRYBLAS, EHLL
T, IEHEORIE] ERT, BIEME vy & ERE v (=
331.4+0.6t) & OFEXIRRES 2.0 % & —FERE»o
77 ADF—45 BEE (1)22.5(°C). BE (5)68 %D
HEiE, R (AL OHFEM T, R (A12) 2
& P,=0.02691(atm) 2D T,

(100°C) DOFHMEOLFT 21

M = 28.96x(1—0.01830)+18.015x (0.01830) = 28.76
k2B, TOFFEM ZEV, TADT—FIZE
WTik, ROK I REREOHERER D,

EERBIENE vy=352.1(m/s) [1.0]

X (0.1) ¥ 0 % DEFRIE vo=344.9(m/s) [2.0%)

X (1.1) BEAY OHEFRIE v,=346.9(m/s) [1.5%)]

Inohb, BE 0 %DOERE v, & EBRAER
vy L OFEXREZE 2.0 %M, BEEZEETHI &I
Lo THRE v, & ERAEME vy & OFXEERN
1.5 %ITMETe Z L0035, T OREATEFEXIREZE D
05 %72, EERIIEX2BEOXEBTHI BB
NZEZ BB,
WIZEEBRGIL LT, 207 ADFIHEDUED 4
BlERY, 4BlTT~THENLD A ZBURE 1(atm)
LEZ, TR TN L, EREEME vy, LBEO
% DEFRIE vo DAEXFRZE : Er) o, FRRIZ vy &8
EAEZE LI BERE v, DMEXEE : Ery, 275,
(a) 7 AWER : &R (1)22.5 °C. 1REE ()68 %

(b) 11 AREHL : KR (¢)14.0 °C. BEE (s)44 %

(c) 3 A 14 B FRARBEKEPBLHIOFEN : &

1R (t)14.5 °C. MEE (5)53.2 %
(d)3 A 15 B AWM EAVIEN : KR (£)16.0 °C,
B (s)77.8 %

Z D 4 BIDOEERIEE Table A1 IZRT,

Table A.1. vy, vo, vy(m/s) at each month

A, t(C)s(%) | wa | vo |[Erao| v | Era,

3/14,14.5, 53.2 | 344.0 | 340.1 | 1.1% | 341.6 | 0.7%

7 ,22.5,68.0 |352.1|344.9|2.0% | 346.9 | 1.5%

11 ,14.0, 44.0 |343.4|339.8| 1.0% | 341.1 | 0.7%

3/14,14.5, 3.2 344.0 [ 340.1| 1.1% | 3416 | 0.7%

3/15,16.0, 77.8 [ 346.2 | 341.0 | 1.6% | 342.8 | 1.0%

Table A.11ZF\\ T, (c),(a),(b) Blix, BEEAE
BERICITENRELSRY, EBRBIEME vy LBE 0
% DEFRIE vo DAERTEE : Er) o KR E L, WEMN
BNAFITIZ, EOMMBENNSL 2B EVHE
M & BBANORTREGF L RoTEY, FNITER
Zhd, Zo036%, BMEZEEL-ERE v, &

ERBIEME vy, & OFEXIFEE : Ery, TRET L%
BEIHEE VEHMEBND 2R, RELEZIZE
—ED 1 %HIEIZ2 5, MEFER] CEMT 5
D TEELBEDBURIZOWT] 2V EEHTIX
BRAOERT—Fnb, FEZBULRE s L E5R
BIEE vy, & BEREHRME vo,v, DHEBNRT T 7T
ARLTHY, ENHLOEFEME L BEDHEERS LU
SRREDETEEZEMT 5, TZ T Fig A1z,
777 DHERTICED D, FEIXA (1~12) T,




22 Science Journal of Kanagawa University Vol. 22

EnS7 7%, ERTRE LT EME vy, &K
(1.1) THELLEEE v,. BE0 % THRYIOR
<EBNDEEE vo. WE (s(%) + 260) DIETH
5, £7=Table A1IZBITA3A 148, 15 B0,
BIEKENBESRTE, BoBOMENVELD
BHDO2ERT XX, ZOFEHOEHESNN—M
FIZMTTRE, ThzBBIL-FITREICLSE
HEOBMABRBLBENTND

360

g

@
8
s

«
B

Sound Velocity v(m/s) , s(%)+260

@
-3
=3

8
8

>

month(Tsuki)

Fig.A.1. vy,v0,v, (m/s),s(%)+260 at each month.

&% 2
HED—R(1.1)DEH
BHRKEDORENADEERD—MK (1.1) DEHE
17729,
(1) BrBE{LDRFD P — V BRIT.
BAZE VER] (=R F—REFR) 226
(A2.1) dU =TdS— PdV
UANPB-RNLF— S fbrb—
(A22) BEKEND  dU = CydT
%7, BAEKIK (PV = RT) 1 b,
(A2.3) RdT = PdV +VdP
(A2.4) WRAE{IDL dS=0
£oT, K (A2.1)(A2.2)(A2:3)(A2.4) x5,
Cy PdV + CyVdP — RPdV =0

(1 + i) PdV = -VdP
Cy

(A25) vOrER) . p- —z

Li2%,

(2) BB HEX
BROEAPBREDOEERELI L, ThNBE
NEeZES, WENORFREZ 52, Kkx LiE
 DRFITIRENNEE L, = FIACHET P
ZIREL, HADFDO~ 7 aRBM% (I(z,t),0,0)
L5 LESFRENT

8% 9P
Porr = " oa
L72%, K (A25) M LT,

v+Egp 4 <1 + ci) V& PV =0
14

R
o d r
P = (1+ CV) av

(A.2.6)

ZITV(et)=V+V (%) RDT,

821

81
(A27) dP=-— <+ ) <6z2>dx
LB, R(A2.T) BR( A26) IZRALT,
(A.2.8) ol _ 1+ ) P o
- at2 Cv ) p 6z

ZoX(A28)iz, L=YF = EL 2fhoT,

2 2
(A29) - al:(l R)RT‘”

" a2 Cy) M bz
X (A.29) 13, BEEFBRXCTHY, FFv X, 28
SR THRED T DAL (LA BTBVEL OBFHTIX

. <1+ R)RT
= o

EEF, K (A2.10) 1%, FHEO—MKK (1.1) L7225,

(A.2.10)



Science Journal of Kanagawa University 22 : 23-28 (2011)

BE EW 2010 FEMS)IRFHRAE

B EEETIE T AT IE B R
RmORMRELRE T 5 3AN “BRER” SEOFEmIL
Bk @t PRHER—' MEEE & NS

High Crystallinity Rh-Based Metal-Organic Frameworks:
[Rh2M2(BDC)4] (M = Cu, Zn)

Satoshi Matsunaga'?, Ken-ichi Hasada', Kenji Sugiura’ and Wasuke Mori*

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

Abstract: We successfully synthesized high crystallinity Rh-based metal-organic
frameworks (MOFs), {{Rh2(BDC)2][Cu2(BDC):]} 4DMF (RhCu-DMF), {{[Rh2(BDC):]-
[Zn2(BDC):]} -3.8DMF (RhZn-DMF), and {{[Rh2(BDC):][Cu2(BDC):]} -EtOH -2H:0 (RhCu-
EtOH), by assembly of discrete paddlewheel rhodium terephthalate (4) and Cu®* or Zn**
ions. We report these structures and their gas adsorption properties. RhCu-DMF, RhZn-
DMF were synthesized by the reaction of 4 with Cu(INOs)2 -3H20 or Zn(NOs)2 -2H-20 in
DMF at 60°C for 2 h, and RhCu-EtOH was synthesized by solvothermal reaction of 4 with
Cu(NOs)2-3H20 in EtOH at 100 °C for 40 h. Elemental analysis data showed that rhodium
and copper (or zinc) existed in a 1 : 1 mole ratio in these compounds. It is most likely that
two types of paddlewheel cluster, i.e., Rhs and Cus/Zn: units, alternately form vertices of
a 2D square grid. X-ray powder diffraction (XRPD) data showed RhCu-DMF and RhZn-
DMEF to be isotypic with the structure of [Cuz(BDC):] before desolvation. RhCu-EeOH was
isotypic with that of [Cu2(BDC):] re-solvated with EtOH. Although the reported Rh-based
MOFs showed no diffraction pattern due to its low crystallinity, these three complexes
show a sharp XRPD pattern. The N2 adsorption isotherms of RhCu-DMF, RhZn-DMF, and
RhCu-EeOH revealed type I behavior, indicating the retention of microporous structures
after removal of the solvent molecules from the channels.

Keywords: microporous complex, noble metal, coordination chemistry, metal-organic frame-
works
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Synthesis and Structure of Silver (I) Histidinates Showing a Wide Spectrum
of Antimicrobial Activities Against Bactera. TEM Observation of Bacteria
Before and After Administration of the Silver (I) Complex
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Abstract: Silver (I) histidinates are very unique silver (I) complexes obtained by the reac-
tion of silver oxide and histidines (H:zhis) in water. Reactions of silver oxide and amino acids
gave several silver (I) histidinates, i.e., water-soluble {[Ag(L-Hhis)]z}x (.-1) and water-insol-
uble [Ag(L-Hhis)]s (I.-2) and [Agz(L-Hhis)(D-Hhis)]. (DL-1) depending on reaction conditions
such as the reaction time, selecting ligand (L-Hzhis or L- and D-H:zhis) and pH. The donor
atom of the three complexes was nitrogen and they exhibited a wide spectrum of effective
antimicrobial activities against both Gram-positive and Gram-negative bacteria (Escherichia
coli, Bacillus subtilis, Staphylococcus aureus, and Pseudomonas aeruginosa) as well as yeasts
(Candida albicans and Saccharomyces cerevisiae) and molds (Aspergillus niger and Penicilli-
um citrinum). Observation of four bacteria before and after administration of L.-1 was carried
out using TEM to investigate whether L-1, interacts outside or inside of bacteria.

Keywords: silver (I) complexes, histidine, antimicrobial activity, TEM, X-ray microanalysis
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Abstract: Blind cavefish Astyanax mexicanus (order Characiformes) is a cavern river dwell-
er in the central and eastern parts of Mexico and Texas and, in the mature fish, its retarded
eyes are embedded in the deep portion of the cranium. In contrast, its larva and juvenile
temporarily have small but seemingly normal eyes. A previous investigator revealed that the
cavefish juveniles show “shadow response”, that is, quickly start of the swimming movement
toward the surface of the water just after turning off a circumferential light (Yoshizawa et al.,
2008). In the present study, using colored light, we examined the intensity and stage-depen-

bAN13

dent differences of the cavefish juveniles’ “shadow response” to light of a specific wavelength
by regarding the evoked behavior as functional visual perception. Most of the tested cavefish
juveniles at 3-4 days after fertilization strongly responded to blue and green lights. In contrast,
red light could induce a significant but weak shadow response in only a small population. By
histological observations, we found that ocular structures and optic nerves are still formed in
the juveniles, but in adults, even though the mesencephalic structures are not malformed or
retarded, the bundles of optic nerves are thin and conglutinated to the soft basal shell of the
ventral cranial structure. We also attempted to reveal the auditory properties of blind cavefish,
but significant differences were not detected with acoustic stimulation.

Keywords: Astyanax mexicanus, visual perception, shadow response, colored light.
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Histochemical Studies on the Androgenic Glands in Immature and Mature

Males of the Giant Freshwater Prawn Macrobrachium rosenbergii
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Abstract: Male sexual characteristics in crustaceans are induced by androgenic gland hor-
mone (AGH), which is produced in a male-specific organ, the androgenic gland (AG). In this
study, we conducted histochemical studies on the AGs in immature and mature males of the
giant freshwater prawn Macrobrachium rosenbergii. In order to confirm the position of the AG,
gene expression of an insulin-like AG factor (IAG), which is expressed specifically in the AG, was
examined by in situ hybridization. Specific hybridization signals were detected only in the AG
cells attached to the external wall of the terminal ampoule. This localization of IAG mRNA is
the same as that of the AG in M. rosenbergii reported previously. By histological staining, appar-
ent AG cells were observed in immature M. rosenbergii as well as mature prawns. This result
indicates that AGH regulates not only male morphotypic differentiation at the immature stage,
but spermatogenesis at the mature stage.

Keywords: androgenic gland hormone, androgenic gland, decapod crustacean, Macrobrachium
rosenbergii, in situ hybridization, histochemistry
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(2, [EE U2 HEME AR REAR B & 50% =& /) — /L [60%
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ST OIREL, TN TV E A= a v &(To
7o 2212100 ng/ml 272 Lotk A e —7
FREToFR AT =T HRIML T, 60°CT—
oot TV XA =g BiTo72, BH, Mik%s
60 CIZPRIR L TH U= 4 x SSCIZ 5 479> 3 [Hl,
2 x SSC/50% /L L7 I RIZ 20 3[#I2# L T RNA
Ta—7 &g Lic, kA 37 CITfriR L TR\
NTE buffer (0.5 M NaCl, 10 mM Tris-HCI (pH 8.0).
1 mM EDTA) (Z 30 432 L, ¥\ T RNase (10 pg/
ml) # % 7e NTE buffer 1 30 45 B s &6, — A8
RNA % 73 L 7=, #f%% 37°C® NTE buffer T 10



HBIAESE . RIS D A =T T H = CEHEIROMBHE DL 45

T2 4[E, 60°Co 2 x SSC T 15 43372 4 A,
60°C? 0.2 x SSC T 20 Zyfal 4> 2 [mly L7z, DIG
Wash and Block Buffer Set(Roche Applied Science)
ZRAWT, o7 m s a— it - T 1 x Maleic
acid buffer, 1 x Blocking solution, 1 x Washing buf-
fer, 1 x Detection buffer Z 7% L . Anti-Digoxigenin-
AP Fab fragments(Roche Applied Science) % 1 x
Blocking buffer ¢ 2,000 527K L THUKE K &
ERLL 72, A% % 1 x Maleic acid buffer {2 20 47 f#
92 2 [m[i7 L7=#. 1 x Blocking buffer © 2 [~
2y % T ROREATUV, RO THUREEIR A~ L T
6 B PR PUALS S 872, Mfk% 1 x Maleic acid
buffer T 15 43 il 3° > 4[], 1 x Washing buffer ¢
10 43ff 972 4 [FIPE L 727, 1 x Detection buffer |2
3 /3% L 7=, NBT/BCIP Ready-to-Use Tablets (Roche
Applied Science) = H\\ T, wRftDO 71 ha—ic
T 7 FNVE M LT,

AT EFERVY Y - IF VY

F=T AT OB E ORKRERH L, 4
‘CT—H, Davidson [EH (33% =T / —/, 8%
RIVLT VT B R, 11.5%KERR) CTHEE L7-%.

KRS & Bk S O —# &2 & e fEIR 2 Y 0 Bto
77 FhZE 90% T X J — /LT 45 S5 R9 . 99.5%
=& ) — 230 T o, MK —iZ 30
ST O 2RETZETHAKL, hlxmr bike
H ) —)vE1:1 TRALEEKIC 15450, v
TN 15 MR T 2 ETERM LI, 0%, Rk
% BOCOIEF ST 7 ¢ v (Merck, USA) IZ 30
SHILLE, 60COEM R/ T 7 4 125 iR L,
BZICERSE T 7 0 (R, BA) FicasL
oo /X7 7 47wy 7005 5 um Ok & E
WL MAS =— hMAT A4 7T A (IR BA)
~HA, 45 CTB PR ST, Wi, FRREI T
EX UL UACE T o 2EIRT L THNT 7
q4 L, WKk ) — T 3550, 99.5% = H
— L2 347, 90% =& J —)iZ 3 5[, T0% -
X )= 3R TZ L TRmMEEE, LT,
MO~ Y —DO~~ b FT Y /2215
WiE LTt Lk, 30 0AKEL, kT F
TR 2T 30 MR LT A LT, MRk R A
KB LI, T0% =X /—)b, 90% =X ) —)L
99.5% =X J—)L HKTH ) —LHFThHT X F
L2 5432 2 [liR LT, MOUNT-QUICK

1. =7 F A= IAG ® cRNA % 7' a—7IH\WizAR—/v~ 7 | in situ hybridization. (A) 4 =7 = O

PEATRGE,

(B) 7vF kA7 n—7%HAVT in situ hybridization, (C) B O TRl N 7-EKOILKEK, (D)

T AT a—7 %MWz in situ hybridization, (E) D OUUA T EN-EIROIEKXKCTHSD. KFo T, SD, AGII%

NEIER, e, SRz R
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(KBFE¥, AAR) ZHWTEALL,

Wik

ST FHIVUIAGDEE TR E/HEL L
3 HEW IR D Sy A Sy
=T T TR A AR SR S AR i L2 A A
HRPEEE LTV D ZERELhLImbLRA TS Y (X
1A), ABFZE TIEEHENR I 51 72 TAG D EIE T3
BLAFEIE & UC, IEMERRIIR O RTE 2 80D T~ T2,
F=FFHTE IAG ® cRNA Fu—7 %2l L, *
nEMWIZAR—v~ 7 > b in situ hybridization %
1Tolz, TR, A=TFHZEIAGDOT »F
AT v — T RS R R O R A AE T
DHffE BRI RE LT (KM1B, C), —J7, &
=FFHZEIAG Dt A Fu—T T EOMIa L ¢
LR Lo 72 (K 1D, E), ZivH OFERIE,
F=FFHTEIAG DT o Fr o 27 n—7 3k
AN FIET DA =7 F = £ JAG mRNA &
BRI TV EAAL AL TS LA RLTEDY,
D ZNCA =T FH = EOEREIRINER DR R R L
TEfZEBY 40 HEE R O A
LTV EBEZ LI,

BIRICHES + =7 F T R HER ORI S D 2L
HFREN E AT H KO =7 F e (K2) &,
KA OA =T F e (M 2) OMKEE R
WREBOMMEI 2 ER L, ~~ bFo Vv =F
VU E T oz, TETOWE LIRS, A
=7 T ORI~ R ¥ TR
SNDFEAEO RO 2 A LTz (K 3A~D),
KEOA =T F =l MIOF=FFTxEeD
EHER AR LT2L 2 A NMEIDOREKTHIZ->E D
& LTI S e py, R OEIR & D
ERIRE D T < R E SN S o7z (K BA~D),

GET
(

4 cm

XK 2. EBRIZHAW- KO =T+ (L) /o
F=FFHxzre (F).

SRS 04
3. AWREN A AT HRMOA=FFHE (A) &,
KA D A =T FHo e (C) DOHEE R K Hs
ORI 6T o~ hF ) v s v oty B
EDIIFENTIA & C DM TRl FEN-fE O KX T
H5. KHo 8D, AG IXEnF ke, EHERE~T.

A =TT H T EDIAG cDNA [ TEHER O Y7 K5
7var DNA 477 ) —hbHishi?, %
LT, A=FFH= D IAG (F3&E KM T
B FHEL TWVWD Z &2 o RT-PCR & &
HERROFAKRE) 2% 5 in situ hybridization |Z &
DEILNZSNTND Y, AR TIE, A=TFH
Tt IAG @ cRNA # M IT/ER L CTHR— L~ v
k@ in situ hybridization #{T> 7, ZOfEFE, 4
=T FHEEIAG OT »F L v A7 v— 7 Lk
JREBEOICRINLTIZZ EMD, =T F e
IAG I TEHER THREMICEHE L TWD EELLN
2o ZOFERIT Ventura 5 O#HE L —F L TEY
TETHHDTIERWDR, SRIOE LR
WIEHTHRMEIZZ Ly, L2vL, Ventura 5203 T7-72
HRE iz x5 in situ hybridization & ¥ & A4
P T Ir TR —/Lb~ 7 > b D in situ hybridization
DFWEIRNZHETH Y | FRE T 7 T2k
HTxs2Enb, %04 =TT IAG D
BIEFRBMITICE > THRRFEE D EE X T
W5,

F =7 FHTETAG ® cRNA 71 —7 % 7=k
—/L= 17 h® in situ hybridization |2 &V, 4 =7
T T B O SE R LR E RO AT E T D
WMTHDLZLETHERTHENTE I, WIZ, K



EBRAESE . RIS D A =T T H = CEHEIROMBHE DL 47

REEORR LA =T F H o OERERZ ik LT
Irlre T OFER, RE/PIOMEKTHIZ-E Y &
Lo Bl S vz, Bk RIS oA =7
FTAHZETHERERDBIZEIND Z & AEICHE L
TWDEN, ZOREOWIZE THW=Z/ N O A =5 FH
T EDOY A R TEEMFE 32.0 mm OEKTH D P,
AW TIEZEN LV HENIT/DIWVERER (KK 40
mm, ZEFE 125 mm) Wizt oo, 5
ZAERERR &R C & DMIRRESBIEE S vz, L,
AEHERE ) A D KIABLOER &t~ % & HfaE s D
72l EHERAKOKRE ZT/hEhotlz, ZNHD
ZEND, A=T T H = OERITEERRE R
UNIERE AT 728 DIEO M Mb 225 & & Hic,
PES b OREDPER B LT HATH 0% H %2 5
=T EELZBNE,
SMERBEOA X 25 TIE, AGH &ix
TIL 2 ENLRB L THD Z ERHELNE 2o
TWb Y, ZofREEBETHE, A=TFH=
ETHIMLERZRD ) — 7 U RGBS, FD%KD
VETHAEM, I ANEM R Eo R EE B )
HIEHERR N TERL ST TAG 283681 L T\ 5 Al fEME
NdbDH, UL, ZUOETMEET A XD/ E 0
T DITHRRGI T OERIEE L < | BHE O~~~ FF v
Uy s AV Yl K D IERERROBIEINEE LU,
ZI T, ABEIAMAETHESL LA =T F T
IAG ® cRNA 7 u—7 #H\lh—n~o 2 hO
in situ hybridization (2 X V. ShEMIO A =7 )7
TEOERRORZEEREEZ LI L TnE NG
EZTW5D,

AHFFEIE 2010 4R EEARZR) N KPR & B A 20 iy A
WFZEBh Ak T3 BRIEE 72 & QNS MR b2 T ik
\Z XL DA =T F T B ERER A VE AR T D JRTE
AT It b O T, ZZICHEERLET,

Xk
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Analysis of Chromosome Dynamics during Plant Meiosis.
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Abstract: Meiosis produces four daughter cells containing one set of chromosomes from
a single mother cell containing two sets of chromosomes. This reduction of chromosome
number occurs during meiosis I. In order to be distributed correctly, homologous chromo-
somes must pair with each other, be connected until the end of metaphase I, and separate
from each other to opposite poles at the start of anaphase I. Regulation of the connection
between homologous chromosomes is of great importance for genome stability through
generations. We examined the final connecting structure between homologues and found
that homologues were connected with each other through chromosome termini, including
telomeres, instead of chiasmata.

Keywords: Arabidopsis thaliana, meiosis, chromosome, transmission electron microscope,

atomic force microscope

Vi

vuaA X+ AXF (Arabidopsis thaliana) X7/ A
YA XN HREFEAE W, HENES
oMM, EHBZRMEIZ 20D E T AEY
ELTHEMAESN., MFAEYMTHO T/ LOEHE
BEHINRE S T2 Y, Ytk h Sz bk
DBERIIE S TR o 7208, BIETIZ Ross H)Y
BRYE L7c, MIRuEE 2 R AuiC L > CTHHIL L A Z A
RN T A RIC etz BB S & DL RBEIC Lo
THWE S HIN DK AT — ¥ DY th R 2 P EE L
AL TR RSB T 5 2 R REL 72 o
T2, 7aAT IRty hrAT YO0 L
BAIZ o TR, £27 7 AF0 EOfET
tHZ OfEEE T BAC 7 v — U ZEEENR Y Y —
A% 4% — (TAIR; The Arabidopsis Information
Resource) 7"H AF9° 252 LA TE D, 1990 14X
B BB HITEAT 2ERER A XF XS
THZ < HUEE - RNT S, HEWIC BT D3 A D
Sy TBIRFITEDES R & 7> T D 57,

IAFIIANEICE S THERBEM THY . <
5% < ORI SN TN D B IEREY O T VA
MThs, 2EEOED 2n=14), 4{5EO LD
(2n =28), 6f5HADHLD (2n=42) BHV . BifF
D% L DFBEEAIC L - TEL 2R T -2 &2
HMONTNDD, ZOREEALD L HOBIEMEHT
LD, NrALFELTHMLNDEE O AFT
6 KT, ALITHT 5500 F T AL AEENT- L ST
Wo, 1y b (TAR) OF 7 LTz 170 {EHE L
kEHL, EFICKRERT ) LTHLTEDT ) LT
0¥ =7 NMISET LT, EEEROBIEIZIT
EWHERAH L, T TIET A7 ha AT
DR K UEFIDR 6272 > TRV, 72 BAC
(Bacterial Artificial Chromosome) 7 @7 — 72 &
HAFARETH DH, AFRETIT 2K LEEZOND
1 hi/NE D Triticum boeoticum % L7= 9,

iz, %< OmEmEAYITHEERE T &
BB 81K (26 5 2 AMEAERNC K- Tty

©Research Institute for Integrated Science, Kanagawa University
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EAERMT, ZHET D LY OEREOEMBEZ 5
23, A U TR Al E —EICT 570012, B
B L > T, TORBTOREEREE FESE
THEL, BEOZIT MDD Y azE (I ST
DHTHY | PO AR 2 DIZRAI R 72 H O
THEH DM, BRI HOFER, Yetaffh—AK
THENST=Z0 . HAHWNID o720 LT Ed
W7o BN BN D KRE R fElatE o N TH B,

WEFIT—EOYRERERO%, EOSR
WEZD, TNENE—DH. F _HnHEETN,
AT, I, B KSR D, BEE SO
AT, GeE RS SRIRIC R XA DR (L
7 b7 W) MEYREARRAST U 7 LIRS DA
S (A T7 W) SER LT T R~ A
K% U CHRY AR LA B EESE T 5 K5
(CAEANS ) IR Rl N S g 139N ;iih- BT CR LN
S OICEHET AR (T e oW/ ERES
FIFERT DB (T4 7R AH) 550D
R bivs, RO R ERE X )
7 R RV EHAER EMEEN D EEIC L 5 T DO%ED
5O —HOMETEET D HA). #EARHNITIX
W BRI M 2 OFERAE T HR7%E (FT7 X
<) BEIEIND X HIThD, BEE—SRTHIC
W ARG AR IRE B U, BN R
KRR THI 2 DR~ BB+ 5, BERE—
Y EEHNZITE S TE R S HL, & O H CY AR
MEd 5. PR 0 2RI I X Y R T i OV 2
WD, B RFPIIIIBEIND Lo IT o
BARNE 2 OFRERNZIESNT D, HENCITA B IS
IRYL IR DO BEN KL Z 0 . T NEIIE D M~ &
BEIT 5, EHIZIE 1 OO 4 DR
TERR S A, &M 4 SOfaR - Hib,

WY S & ARHIRR /R D fe b BB R X — 4
ZARTHIC Spol11? (31 A X F XF Tk AtSPO11'?)
IZ X B Yetafk DNA & “ AREHGIMNhA F 2 Jdir 2
HFA FIFA M 2 S 2R LT R R R 354
THZET, ZOZ EDPHFIY IR D IE T 225y
Bl ORTHESRM: & 72 D, MIRYRERE LA L
8 BLAR RO 2 R — 3 H P I3 & o D £ THfERF
TRV BIRCIIAH R R O S BRI ET 7
0 (RoBE) . BE RS TRNERSIS, DFED
KAHILIE b ARG A TR Sz Mgk o
RAEZ IR — B I A £ 5 £ THERF L T 7
FAUER B 70, — ISR R AR R L TRk DL
Be, W — 0P oKDY F T T A~IT Lo
TOBRPNTVEILEDEEZEZ LN TWDHMN, [Io&
D& LA S 5 ) Tl Fox I3MIRIG A
KA L 2 AR L TWADITT a A 7 2 ETe

PERORGEHEETHHAREMEEZE XL TWD, Z0
F LRI STV W FE R R R 1 % etk £ Tl
f L. E7-Z O Z BHICRET 5 L B a2
LINZT AT, vaA XF AT L a AX ORI
R AR LT Dl (RofEfifgiE) % FISH
(Fluorescent in situ Hybridization) % & & B
BB L > TR Z &iT LT,

OB E T ik
ES1it7)
vuaA X+ ZA) (Arabidopsis thaliana) 1. #4543
JIREE « WFE OB D% ¥ XA N OREY) B BN
TH#HE: L72, 60 pmolm™@s™ @ [ 25, 14 KFf{ 10
R O BARE A, &R 24°C. 1BJE 60% D5 F T,
BB TIIA ARy 7 A BB —EE 2 2 h bk
L7c, #flf%, 5~ 7THEM B OO 28 L
7 7 —~—{i% (Ethanol: Acetic Acid, 3:1) . =i
T 20 REMREEE Z L ICk s THEE LT, ZD%k
13 -20C CTIRTF L 7=,

1K= X Th D Triticum boeoticum TFHHZ)I
KEFWEO DB D0 F ¥ LR ANICH DR E TR
L7z, 10 HIZv vy — L OFRTHE LR, iR
FROTEEICBME L., BT THREE LS 3 A
FANTIEE AT O KO IOREREE & KUR A FHET L
7o FOFRERNEBILZL, —HMO/NENDHEL A~
ZEELL, MR O Yeta R & FElE - — X o TYL
B LT, WS H D/MEEHEE LT, £ DO/
L% 77—~ —{CREE L7, FIRIZ 1 BR§HE L
7-#%. ACTHRTF L,

EB BRI E 2 5 4 FRA DR

A6 8y BE A AR o0 G o (R B0OBHE 1T Azumi © O F5
BT o o, BE LB 2 Milli-Q kK, &5
(1210 mM 7 = >V EfRE R (pH4.5) H1 T 7214,
cytohelicase (Sigma). cellulase “ONOZUKA” R-10
(Yakult), pectolyase (Kikkoman) (% 0.4%(w/v)) %
G RRER T, WENKE L2235, 37°C 3 K
fRIR L., AHFREEZYE L L7s, RFRENR Cleo7o1%. 4
CTRAFE LTz, 60% FERE I HRBETH L OSET %
BELme ATA FH T A LIC60% k& T L,
OHIZHE Y eEAB L, M E#HZ2ERL TEMDS
FiZ B0 HY U TRk L CHER R R & R S e,
45CHE— T By TIZATA RHT A% 1 5HiE
X, WA AT A RUZ AR g T=, 77—
~ R CPEE L, B LTz,

T —7 Ok
TuA7 a—FaAFIIb e X T AT



FET 27 v AT HEBROME D K LES] TTTAGGG
A=y b L, TTTAGGG % 6 [ml#§: 0 k4
AV IAX7 LAF K& CCCTAAA % 6 [l V) i
FVIAX T VT REERT 74 ~—& L TEH
L. Cy3-dCTP (GE ~1VAFT) % &TeKInikT
PCR =17\, fERk L7,

vu A X+ XFHBAC 7 v — 2 FIF13 134
— Yu 4 K @ 28245 kbp ~ 28309 kbp @ fH 1 %
F22G18 (X% — YL (. {K @ 270 kbp ~ 378 kbp O §&
%, F12G19 135 — Y& £ 1K © 1512 kbp ~ 1593
kbp @ fE Ik %, F15A17 1% 5 # 4% 4 {K @ 697 kbp
~ 796 kbp O fifilHk & #1 7~ 3A A TV 5, Purelink ™
Hipure Plasmid Midiprepkit (invitrogen) %
WT BAC 7 1 — 775 DNA Z #5851 L 72, Hinfl,
BmgT1201, EcoT14I, Banll, EcoRI (Takara) < ¥4
1t L7z, Amersham ™ Megaprime labelling system
(GE Healthcare) % f\>T DNA % &9 5 BRIC 85
L LCTHW, Cy3-dCTP (GE Healthcare) & 7=
Alexafluor488-5-dUTP (invitrogen) % &% X7z
DNA I[ZHV AE W72, =X — Vit wmliof
IZ& > T7r—7 DNA L L7-t. 50% 75/L A
TIFRR2XSSCITENLTNANATIVHAE—T3
VESIRAEAERL LT,

FISH (Fluorescent in situ Hybridization)

JAFL L2 AT A FIEREZ 7 7 —~—ik (HEfg: =X
J =L =1:3) 1230 iR L7cth, BER LT,
KEATA NEAREZ TE Ny 7 7 —IZ8 M L7z 100
pg / ml RNaseA # 50 pl 2 F L, /XT7 7 4L
LA =%, 37°CI2 30 R, AR LT, 8T
SV ERY BN AT A FIEARE 2 X SSC I
2T (BaMX 2E) PFE Lok, 10 mM K
/ 35 units / ml <7 (Wako) (2 2 /i L7,
2 X SSCIZiF LT (543X 2[B]) WEHtk, 4% /3
FTRILLT VT RICE AT A FEAZ 10 432
L7, £AT7A4 FEARZ2XSSCIZiRLT (5%
X 3| e L, =% /2 —LR50 (70%, 90%,
100%) 12 339 2R L THiKEIT- 7=, Wikt
D7 L /NT— MNIEE TR LT,

ATALBEE IS & 5 To 5 A T A REEARIZERLL 72
AT IVHEALB—T 3 UIREZ 20 pl To6 FL, /3
T AN T, BEATA NEEREZ 72°CIZ 2
SEEW %, 3TCITRIBSM T—BiE VT DNA
Tua—T LYK N T XA XS, E D%,
K AT A RERE 50% Hm/L L7 2 K /2 X SSC, 2
X SSC., 1 X SSC Iz 30 Zrff¥ 2% L THEE L T,
KTV XT—RMIZDAPLZH FLTCAHN—HT AT
EAL,

LRV fl . A ORI NG RO BRERENT 51

Qe ki HOLIMEE (OLYMPUS BX60, BX61)
AL CBIE Lz, REEBIE. 7V F 002
7 DFC300FX (LEICA) & ORCA C4742-95 (it
AR =27 2) MW TRE L, B OLEIZIX
Photoshop CS3 (Adobe) & Image-Pro plus (H A &
—3=) W,

&R 1 BB Bl %2

Albani O L2 I, TTAF v I vy — L
(IWAKI) #7 oo i/ LN, 0.9% (wiv)
a—TF 4 VIR EER U, a—T ¢ V7RIS
ATA RATA (BR) 21 0R L, 7130<5]
xR, MIRSEL LIk o TRATIA RIT AL
\ZTTAF w7 OEAFR LTz,

WML LIzt E Y ¥ — L LD 60%FEEEF I LT
%, WY REIOFELZREL, ALYy —L LD
60 % WEfE H1 TS LTz, #%D5 L CHER REMia 2
EHEsEr-ob, F9AF v 7 OEED FITB L,
45°COR v 7 Lb— b I 30 PRIARIR LT-, Kim
L7 7 —~—iRZAPICHE T L, EenciEMmS
With, 77—~ — R E T AT A eIy,
4% X5 7 F LV AT LT E R 0.05% TritonX-100,
PBS iR & M0 & HALE I T L, 20 2F=IRT
TRAF L7z, MUK CUEHAL ol ST, 20%HHER4R
1%%7 7 F . 0.5%IEMIAIR 2 MAaiZH L, 55C
DOF v b7 L— bk ET 150 RRIET 5 2 & T
Lz, BRKTHE L, RISk, Miiod s
DY & J1 > & —"THY | KFTHIFLD & 5
DT ERESE T, ETHEBSEBREHO ) v R
THEE A< U, B S ET,

7 18 T FE - WH % 8% JEM2000EX (JEOL) % Hl
WTHEIRZITW, I|RELTZ T 4NV LE AT Y —
THRVAKR, T VX NVEGZ S L, I
Photoshop (7 &) ZHWTITL7=,

Wik

va4 x> XF &R

vuA XFRAFIIEmRE LTS, RIEER 2
BN, RO DR ELT > T D Bk &
FIANDZENTE D, BT VWA &
NTZT2® 7 ) AOEEERSINRES L TEBY, &
J 5 EDIFEE AL OFEIC kG T D BAC 7 m—
MAFARETH D, v uA X X FOREGF— 5
oY A% DAPT TYete L CHEIZT 5 &, WK
S CHRRGARRERERE L WL L HICRZ D,
ZFITT AT O IR LEYIRLT 7 A 7T OE
Wlcxtd 57 e —7 %KL, FISH #1795 Z &I
FoT, Tu AT LfREEREE L OBREFHND
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vaA XFXFTOMIBIEE —LELD 5 ARD
Yutt iK% 2 KT ORI 0 10 KOY@ ik Z AT 5,
FNENORAKROBE R T AT NH D, F—
ekt bo A TAHTICIET B AT OV L
BEFINTFAET D72, 2TOT 1 A T Y K LE
ERHTHZENTENIE2 203 7 FAREES
o, L LBEE R TPH Claeakidt o &
LEHE L TWAH ), 2 ToRaRsRt+s 2L
R CTH -T2, 2L DOHFE 1005 20D 7

NEBETDHIENTE, vrA X T AT OGS
FRTRIGL A R R] LI X0E F 2 FT CEf ST s 2 &
DRENTEY ., FORO AT 0 LIBIZ A
2%, TIPAT OB S ORI ORI D &
OLEESTZHORAWE OFRICR 2%, T
AT DT T IATEFEER 53D 82 WIE < OF O
Kimc@igz sz (1B, 1F, 2D), W< Oh0
TRATIIHET 5 2 LT TERLS THRIERMRT
2 A7 OFREITHERIT S Z LN TE, FH LRE
KOT v AT & fefadfifgs & OBRER~5 Z &

B1. vrAXFRAFE-Yetafko FTIF13 BAC 7 n— UfHkIC kT2 7 r—7 %
W= FISH. b L7 a4 XF X FOWEMRBHIaEZ 25 A4 RH T AZEEL,
TaAT7T 7 u—7L FIFI3BAC /7 u—r7u—"7% 47 XA X&H7=. A, B,
C,D L E F G, HZZNZENECMEOEBRT, Wb — o2 o
Ja T b, A EDAPIE. B, F;, 5u A7 u—7 740 (GR). C, GF7F13
BAC 7 u— IR 2 7 u—7 oL 7 F 0 (§). D, H; DAPI Y@t 2
FarEERGDEZ LD, A —)1oN— 10 um.



T E T, WHER— WO AR TlI gL ak
ORI THEAEL TV D ERmT DI ENnTE
%

TH AT L EA&EFEREEOBSRE X AT
L7, Tu AT XN OB TS
7n—7%BAC/Z u—rnbERL, TaxA T
0—7 ERIFFICHEMN L CLEFISH 217> 72,
—Yefa (ko 270 kbp ~ 378 kbp DfElk A 21— N4
% F22G18 7 m— R0, HH—YA KD 1512 kbp ~
1593 kbp O fElk % =2 — 9% F12G19 7 1 — >,
B AR D 697 kbp ~ 796 kbp DfEKAZ =2 — K
T 5 F15A17T 7 a— 2 HWEEERE, WTh
DHBEL IR LOEEL Y b7 1 A 7 CHIFEYE
IR 308 LTV D 2 L ANV LT,

.
-
E F

LRARIE Al . RE) DRSO ZINGLEAR OB RERAEHT 53

HOLPAMBRIC X D BIEIT AR oS B (K 2 8152
L CWeWnWwo T, HEfEEEE X0 SR E TR
B OICEFHMEEAZAWS Z SIlC Lz, FEEED
Wwes L FEIERIC, MlaBEAE YA AU T —B Tk L
A RElaZ 77 AT 7 OFEREE EIZEB L, iH
FRERCYta L7 b O & Fil B E T BB CHlZE L
2o ZOFETBEINDIPEORITIZNETON
IS TR SN L O X LR AR L
oo W — 24 1 0 Fe i BERE O R R YL AR &
FHEER S DRI L > THIEBES N TH > TE
0. Z< ORERIIREGER S OH TEfE LT Y,
EOYBE S M2 ) RE R THEWICHES LT
DR SN - 7= (X 3A),

2. vrA XF R FOE—Rtbho F12G22 BAC 7 0 — U f8ICw T 57 n—7
AW FISH. Wb L=y aA X+ X T O REZ AT A4 K7 T 2R L,
Fn AT Fu—7¢ F12G22 BAC 7 u—> 7 —T% A7) X A4 ZXH7-.

A, B & C,D,E, FIZFE UM, A, BIZXAH.C,D, E, FIZEEE— . A, C
DAPI 45, B,F; DAPI e li{@IC T 1 A7 7 u—7 D 7 F /1 & F12G22 BAC 7

o— L FuEEREDEELD. D Ta AT GFR).

E; F12G22 BAC

Jna—rv 7 F12G22 BAC 7 a—> v 7 v. Ar—/Ls3— ;10 pm.
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O LXT, 6 AT 42 ROYfafkz - T\ 5, Y
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WEEZ 72 5 DT, AW T 14 KOYEREZ R 2

ERa AXEFEH L, 2 AFOT AT L aA
XFAXFOT e AT LR UMY UESZFF-> T
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D2, RE VAR E Y EINKE L
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EFEULbNTEX (X7 AvEfE#NL - 2 CIHMES D
LT D), LL, < OBEE SR DY
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FTN), FT AEERloRr LM 2 E . Baidy
BA X F RS L a AX EERMEE LI 21T - 72
FER, T o AT REREEEICECBER LTV D 2k
IR T — X 215G,
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Abstract: Ginkgo and Cycads are unique seed plants since they produce spermatozoids.
Similar to animal sperm, the sperm of plants belonging to the genus Ginkgo (Gymnosper-
mae) have many centrosomes because of the presence of centrioles/centrosomes in their
spermtozoids. Recently, we found a novel DNA sequence in the sperm centrosome of the
starfish Asterina pectinifera. Similar DNA sequences were also found in the sperm of
several animals and bryophytes. In the present study, we performed PCR analysis of the
total DNA of Ginkgo biloba using a centriolar-specific DNA primer. This pair of primers
was designed to specifically amplify centrosomal DNA of starfish. We found that the size
of amplified PCR products was similar to those of starfish, i.e., approximately 500 bps. We
determined nucleotide sequence similarities in the DNA of these PCR-amplified products
of Ginkgo plants. The nucleotide sequences of G. biloba showed high homology (95% iden-
tity) with those obtained from the centrosomal DNA of starfish. Our results show that
plants of the genus Ginkgo have a conserved sequence that is similar to the starfish sperm
centrosomal DNA sequence and this unique DNA may exist in gymnosperms. We dis-
cussed whether this unique DNA sequence could also exist in other eukaryotic cells.
Keywords: seed plant, Ginkgo, sperm, centrosome, Gymnospermae
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HIs | W OMFEOFARBMEIL 2 K TH S,

B RIZI T 28 R OE T, T,
EAEDEEOELEBEESITTE L LTV,
Cavalier-Smith 5% 1%, I AT D KA A fEEkD
R RbTIC S & BEEAY IR, ETRICEY
DO FE FAEBERZ M) unikonta 72> DAY OFH SR E
AW bikonta NI L7=Z &2 Rx L TWb, B
AW OMEIZFL/ME (FUkD) B S, R
[CHULMA & FREN D REE IR, 2 DO HUL/IME (F107)
DHWIEAIMNET HEEE 2N E L0 E<JET
WEZ G DOEEgA T, PO/ IMEH LR 72
WHIRE 2> 5 13 HE BB IR S eV 2 2k,
BEAMICB IS4V ET E L TOFLMROEE
ITWEERTHD EBZ LN TS, HAFIZE N
THPOMEDOEENIMER K & 2 i, Margulis
(1970) 1%, BEEAEYOERGRE & L CHEORF %
A ~—ZEOFEEAY ORI LD B XY,
BEAMOHEN I Fa v R 7RERED L 5
AR TH L2 HIEI Far R 7RERAI
%77 5 DNA L3RI E @ DNA 2/ L T\ 5
Loz, RIS, AH MRS ORI E o
DNA BFET D AREMENR B 2 b D,

FxldA F~F b FFORTF RO E XV B
#F D DNA Z it - KR L7727, Z O¥i4 DNA O
WERSO—HZRE L, BsEZH LI CS 7T A
~—&REt L7z, REFLIZ7 T A ~—I3H 4 DNA
DHLFERF| DK 500 bp 2 PCRIC L W HlE T& 58,
CS 774 ~—IZLDPCRENTIZCED A F~FE
N T LUAMZ G R CEEZE D X7 7 = D12
WCREHT L7z & 2 A, fREZ S S M S
729, ZOCS T IA~—lC ks 7
7 =@ PCR EW OEIEELHILA F~F b b T DO
THOERIZ JBTET 5 #7147 DNA O3 5 E 51 & 98%
PlbEotRtER L, TOM. ~T A v aryda
U NI 8L L OBMAE S FEIEEIC PCR ESH N
HAME X 41 95% LA b O FE [FIME 2 7~ 3 3G S AL A1 03 ik
SNz, BT, BRI SO A2V Y
Hxdr (B ev=D4 (B8 OBTF1rLL
MHEES B SN2, Wb A F~Fke MDD
4 DNA O FLAL S| & 95% LL E O AR D B -
f: 10)0

A b=t b T ORSFLMRSHE XD FE R L7 HT
W DNA L, ZHETIZH /) LEFINZET LTS
FEEH, SOOI LT I EMICENTH Y7
AP OFOMKRIZFIET S DNA Th D 2 & HRg
ENTNWD ™ 22 TARFZRIZEMWC =2 7l & F
BRI T2 R T 2T OA Fa v & T,
EmIZBE N THA h~Ft FFOF0L & DNA

& IR 72 DNA BLAID R &2 D@0 a ] 5 iz
THZEEAME LI, ETCSTTA~—%HN
72 PCRIC KL AHE O A 2 i L, ARSI DL
WBa{Tol, o, BFHEMOA T a v & arkbiy
DOEFN DD 22, FEHDOE AV U TR AT
CS 77 A4 ~—IZ X 0 HE S NI ARSI & 4 T =
7 OEHNZOWNT b AT 217 > 72,

OB E T ik

4 FavOR%E

A F a7 (Ginkgo biloba L.) OHEAEITEE T i
HlC TSR & L TR S 72 b 0 LD 2010 4 4 7
(CEREE U 7o, BRAE L7 JEEIE- 30°C i1 L DNA
HHIZ T2, A F 2 v OREFEFTLO, )1k
=bOE AW,

4 F 2 %7 d DNA Hlih & k55
A F 3 7 O HEAE K OVHERE O BE @ total DNA (3,
QIAGEN DNeasy plant Mini Kit (QIAGEN #:) %
W T DNA Z it K O A 1T o 72, EEho
58 L7~ DNA IR IT-30°C THHRFE L. T D%
PCR ®#% DNA & L THW =,

PCR D54k

A F a v OREIED total DNA & OVHERE DZED total
DNA % # % DNA & L T. HotSar Taq Master
Mix (QIAGEN) # H T, 95°C 15 min, (94°C 1
min, 53°C 30 sec, 72°C 1min) % 35 cycles & D%,
72°C 10 min, 4°C 10 min CHES S EIT 72, A
h~%t T O H.0 K DNA OHEiE &L O, FH[F
Bl o HE g K QMR ESEC AT E 12 351) % DNA D Hi g
21X CS 7T A ~—% A\ CHiE S w7 10,

AR DFREE & U CHERMAE AR T D RuBisCo ™
Large subunit > DNA Y 3H 51059 350 bp D& HIZIE
forward primer; 5° -AGTAACTTTAGGTTTCGTAG-3’
& reverse primer; 5° “TTTCCAAATTTACAAGCAG-3’
iz,

B3 ICH O fiBr

v — v A Kt 12 1% BigDye Terminator v.3.1
Cycle sequencing Kit (Applied Biosystems) % ] \»
77e ¥ —/7 > A1 310 Genetic Analyzer THEMT L.
GENETYX-MAC, version 9.0 (software Develop-
ment Co.,Ltd., Tokyo, Japan) (LD 7T A A2 K
ATl oT,
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VA EDFRIRIPED 8 B Z & DR E T,

CS 794 ~—% M- PCROFE., Honi-
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420 ATA = ARG 4 HESEE A T 2 U0 489 HIEOMIFEIMEIL 95% T
298 u Gl 5 %3 (FavlbAYVUFRIrOMAME
i BB 400 IRAFIT 23 HEJEh 19 I IEMEER S D (B TOoR
L), A F 2 0 R ORI
1F AU RAOEER R B (FavREEAYYHRIT#E TR 4 EMEGR S ND.

VU R T IEEAL) . RFERICEBNT, £ F =
TEE AV ULRAD 2RO OV TE L
ToAER (M 2) 25, A F a VA O HGE BT
MWADFETHZENHPALE (K3, 45 3 Uk
B OHIEE AL ; BOFE A TR INTHE),

o

AFaIlBIIRTIrOE®R

BEREAWIZHN T, BUfFT 28HiiaI% 1 HEENE7E
R2%%&®E#$%i1%%$@E%A#$%
MHAELTZEEZLNTWD Y, —F, wESCar
ﬁ%@ﬁ%izm%@f%éo%%wﬁwgwi%
FEHHOFLMEDOH Y EELS BboTuns, [l
H. 1t oFL/IMED 7 DB DML ZTERT 5 H)
YfifE CIIHEEN 1 KR TH L DOITKR LT, M T

7 D HL MR S HEE DN S D T2 2 RO
ENFERIND, RO A T a U O 1I2IE
ZHOMENFET 205, TAUHIE 1 xf DL/ IME
MHZNZENIEMRESND 2 KROMENZEAFET D
NHETHDH?Y, ZOLIT, BTHHOALF a v

VTR LR MEERE LTS, L
L. Z DDA DRI L NMEE S o
TBYETEERT D Z E3E, g, B
TERRSTARDVIC, JEMEZES L, 1ERE M
ELTV%@W%@@@@LUEﬁé%%@ﬁmm
THFH5IWE (Lure) |ZX VIR E CEIND
AN=ZALEWHELIZEBEZ LN TS, ZHUCX
V. KBTI X DK LICHERED RS T DS 2 7]
RELZp-o=W, LovL, el b A Favick
WCIXEMW & BRI F DK DN Z I IE AR AR T
BV WEKICHEETGRE & L CHlEOR % ]
MR, BT B O HR & ARIR 7o AR NERE
MEATHER LTV B,

A4 FvF e b TORAEX T 5 HA DNA 5|

FexiiA b~Fb bTOKBFP LRIV FHEGO
DNA ZxHR L, CS 774 ~—% M= PCRIZXL
DRSO EZ T TE T2, ZETIZ, 7/
LENTOSET Lic~w AR a U ya U=/l
Ge, HEOBMREOM L Y 98% 725 95% ULk



WaE B AF a2 vicsdse b7 O H.OE DNA HIFEESIOHESE 61

OHFEMEEZRT DNA RS TEY, Zbix
FNENDS 7 5 DNA &I BN R DR
I Tholz, £z, FAEEMOBERICEEND Y
7 U ATE Y 95% LA ORI & oR 3[R RE O B
I anz2enn? 4 b~Ft FTOR
F MR RET 5 DNA IZE A OO BT
TRIESN TEZAREMERE W, mIco> VW TH =
TRMOBSEO e AY ) T Ay RLBEOE =347
IZRWWT, 95% DL EOMEESIA R S TR Y,
sy ) I HHRESI S B & D aTRENE I

%D\O

A4 F a2 9 SRS h 7O DNA HIES
b b o225 LT, BTrEATHA F =
TIX YT LA CHEALRIC ELBRIEOFETAEY T B
Do AMFETIIHIICHADICBNTH, A b~
b b7 O DNA & FHRIZ2EEE S 2 R S
oo ZOEFNL, Z< OB SHEMIC B RS
TV DD, RIFS N DELHIOFFEIMEILA T 95%
PLEDEWRIENEZ R L2 D, 2 ORI
I, PR E T D BEEAMICIA S EEIZRIT S
NTW5 DNA TH D A[REMENH 5,

AFavOBEEESEA F~F b b T OFOEK
DNA O FEEH D NS, A Fa vicBIT 5
FEEHLEENL 1K 500 bp N2 28 I TH o
oo TOIHLI19HEHEITA Favte Ay A
TT—H LT\, DFD ., 8 LY OE NI,
BERPE T Z 0 19 MO E N D 72 < & HIFTE
THEEZOND, M3IZIX, A Favibery
VR rnd@md a4 h~Fe b7 LRSI
HEHEHN 2R TR LTZ, A FavDs RKinb
GATT ® 4 R IT e AV U A x I L0 EHL T
W, BEXAY U AT D5 Kigli PCRICK ST
TA ~—DOEH R KOS TH D Z Lnb,
EAVYHRITIL, 2O 4ODEENKE LTV
LAREMER B 2 B D,

AFar T, EHICeAY I HRIAFr A b~
e hTWnIine bR ME O 4 HIOELNT
Doz, 04 OOEIEERIAIL 1R S B A
YU HxIAr LA hwX T E O ILERENL &
EHR AT o7, DFE D, DFH 500 HAE
OFT, HEWLOBRETE U ERERNMEES LD
D, F AT U B 4 R E A A 5t A E
Nz s, b, ZoEERESNIL. EEEHD
RFBRERD 2D OF T2 THRIE L L TRV
HhiebOTHDAREMZRIB L TW5D,

AFavOEFIEE AV T2 OHfi il
1% 98% AR TEWAHREMEZ TR L TR, Z O/

FNFHEM DAL DOBRICBWTE LS RESNTE -
Lo LEZLND, B EREERIC, Dl L LT
EHETDaTEME A F 3 TIZB O TREVVRIFEMEN
WO LT E WD FEIL, 2O DNA Ml b O HE
WRHEEEZ DO EEERT L EEX D, YTV
EAF a v LERRICHOEE R LT 2T HHE
PR HDNTHERTFIED B WELHI DGR HiL D T &N
P, SEBBEE DTV,

4 F 3 7 LEESBUCOE X h 2 LA BEN
BEEEI TN e Bl L7 B O ES T H
HEEZLNTWS, ZZTIHRERNo7=08, BE
WZIRTE A DOBERDOE =T 72O ThH, B AV
B EREEIC, Jelom LTz 19 S o @& #asiir
IFREFES N TV, 5o T, AWFFEIC L 0 i@t L7z
R DA F 3 v OMIFEBSNL 4 DDA F a3 Uk
A OB LINE, #EEHEIZE 8T 52
ENHSMNE o7, 5S rRNA IZ X W D45
RIEOFE RN SITREB DY ) b A Fa vl
FELT-EBEZLNTEY, 4%, &8E, 5Ll
BY ) T ERTTAMERH LW, V) I
I, BEEE, BEEICHAT, ERASHIIES -0 1 E
LV D B i bR R EE S TR Wi e &
ZHNDD, BEEmICITE > T 19,
AEfENT LT=A b~ t bT O+ F.0MAD DNA
BRI OMFIESI N A Fa vrb bR Sih, 72,
A F a VOMEIESE AV Y TRITrhbGEbR
T FRIAIEC A O] CHisd CTHLBALSIAR Z L, A Fa ¥
DEH & A F~F b T ORI & O E AL 2
23 HOFT A (1 F 3 VR OBEEENL) %
PR 19MEEN e AV Y I EB=a iz
THL—H L, ZOFEERL sy
F CHEW LB O EEROREEEZ R LTS, =
DX, aTEMN SR OA T a v ETH
DMEEAT 2RI, 4 v F TR HOE
DNA OFE[FIELFINARAT STV & 5 FHE,
DMARD DNA 23 b CTIAFEIPHIZ D72 5 2% < OEZA
MRS LTV D Rk 72, 2 LT THEE AR
DNA Th D Z & &R R T 5,

s E AT 2MMICBREE T h 5 DNA D&

FULMAIE S < OBEIIBICB W CRED ANV T T
ThH Y., M HEED G ZHROTG RO E 72 & O
FEREICIIR DR, AFRTERY EF7zay
oA T2 ik, B ERBRICH TIc X 2%
72> THEY ., EWIZBWTHEF O FLERIZEY
OHFLMEEFILERFEEZ b >2EEZOBND, 4 h~vF
t T ORI RIET S LR DNA o5
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FLFIAS Z 4L B ORI HIRFES TN D L D
HEIT, Z OB TR R BERE 2 4H 5 R
MOEREGTrE VN ZEEHBRLTWD, 4%
MiEAZ R L, MR E TR O RS L A
T DA PERSE  (nucleus associated body) . % Rk
(spindle pole body) 72 & DERAEWIZHOWT HFHEF
72 DNA BRFESN TV D NENEHREB L TN E T
W, E7o, @i, Mo E < RIESDH Z D DNA
Z X0 R B A ARIZ B WD THRERERIITERR,
B IE, SRR FRNT S D T2 D DF 1= 70 53 TR
EbZ b HIff SN, EHIZ, 2O DNAEH
MR DA RLSOREE DIRIFIZ B 3 D R F1 DM/ A
= ALEHTHAREMERH V| Z ORECH LMK
WE COMFEERER I L T, A% L <ML
TWSKERDH D,

ARFFEIE, WFFCERRE TR %2 B9 5 (T =
7) BT DA b~Ft T HLKR DNA fHEE S
DOYRFE] & LT 2010 FEMA)IRFH A BT
AT LR IEBI AL % 2 1T CTITWE LT, TR B NS
FTE SRRV LET,
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Changes of Pigments and Plastid Ultrastructures in the Pericarp during Fruit
Ripening of Aucuba japonica Thunb.
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Abstract: The correlative change of pigments with chromoplast morphogenesis in the
pericarp of Aucuba fruits was examined by a pigment spectrophotometry and an electron
microscopy. As ripening proceeded, chlorophyll contents were decreased gradually, with an
exception of a little increase at the red-ripe stage. On the other hand, newly synthesized
carotenoids, probably chloroxanthin and/or its homologues were detected from the pericarp
of orange-colored and red-ripe fruits. The histological observation of pericarps with naked
eyes and a light microscope demonstrated that the red color of whole fruits was reflected
by the color of epidermis and two or three cell layers located beneath the epidermis. Since
the red color was observed even in the central vacuole of those cells, it seemed that the col-
or might be due to some anthocyan pigments, such as an aucubin. Plastid metamorphosis
was observed in relationship to the alternation of pigments in pericarps. In the pericarp of
green fruits, the plastids had well developed grana and intergrana thylakoids, as found in
the chloroplasts of green leaves. As ripening proceeded, in plastids, plastoglobuli increased
in both number and size, in contrast with the degradation of grana-stack and the fragmen-
tation of stromal thylakoids. The plastids of red-ripe fruit pericarps contained exclusively
plastoglobuli in various sizes at the center of stroma. These results indicated that the
plastids contained in the pericarps of the red-ripe fruit were the G (globular)-type and Y
(yellow)-type chromoplasts, and stored newly synthesized carotenoids in the plastoglobuli.
Keywords: fruit ripening of Aucuba, chlorophyll, carotenoid, pericarp plastid, chromoplast
morphogenesis
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BRI AE S B2 bIX R B aN D 2 ki
E26DT, ZIDOEE. TOEITEFIRDOMA
2 b EHBE L CTAEL, aRRITAAKE D
W Z O, b~ & Lycopersicon esculentum
Mill.*? % k7 5 > Capsicum annuum L. var. an-
nuum®® 72 EF TR RSN TEY, Zun 7 40
DHIFRITAE D BRI & O E T ITRERO T v F
A ROEMIZEY, BFEENTIIF T34 Kb
TR HNIERDAAE L, A b~ NIZHRRDR F 72 130

HER DRGSR, #PIR F 721X EHOIR OGS 72 &3
RENDZ ER BTN G 1810,

7 A% Aucuba japonica Thunb. [X, HAR® LI
ICHAEL, EAL LTHESEZ BTV D H koD
BARTH Y, FEIRDRRERZ RITH BT R EADENE
AR CAINTRAT 2, Zomfe T, REHikah o
58 L ABIROMHIREGE D & D X 5 I (LT D00
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TR ETHLNI SN TND XD RHENR AL
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LD DENITHEBRE, f5E & BRIBOMMIEEZ
b OFEEZB SN T D012, AFETIE, 7
F X REORRIM: O RELbE | Bk, Rk,
Wi, B, RED 5 BERHICED, KBEBEORK
mhruauZ gt hued )4 ReEmL, Zunm
TANVEBEEOEEEIOTF ) A FOEREZIT- T,
F 7. FBEOF RN O BB IR OIS % E
TS CRIZR LT,

BB 5k

IR BERE D IO & BB DR

RN RFMA O S O F v VR AICHET T A
F (1A 226, BT, xR REar 2T 5%
FEHERE LD, Bl L7k 512, BREORBA~DEE
WA b 2 REI1ICH &SN T, Bk (DG dark
green), ik (PG; pale green). %2 4 (PY; pale
yellow), & (OR; orange), 7R {2 (RD; red) @ 5 B¢
L L (K1B), ZNZNOEMORENLHI] %
HAWTREORERE Uiz, 728, BRkaREOx)
PRELCREE (X 1A) BHEEE LT,

rana 74 Vol L ER

smaua 7 4N ERICERD 0T A4 RO
1% Suzuki (1974) ¥ |2 X - TH& X i, 558 Tl
Yoshida & (2006) ? 1= & » TEIIIC M E S =
ERRAE LN TN D, BLUFICRIZE NS, &R
EEPE D Rz L FREED DA U723k A2, W E & (0.1
~ 0.5 @) MIEBICHLELNIZ AIL, FERHREE LS 1
DI=ODRIEH N 5 (0.1 g LAKEMEMZ, S

BT, I 90% 7 & R E 05 ml TOMZ b
FEWE U Tz, BRI % 1m8 0 (IWAKIT 23257015 /15 ml)
B L, 4 CTHHA LN L, =% (SAKUMA
SS-1500) |2 L ¥ ~3000 g T 10 Ay R0 L7z, Dy
BnD EEEZAAT7Z A2l L, EmO0EIZES
TR E B 90% T bz TR L., i
JEm Uiz, ZOEEE T EMYIRL, B Lz E
E iR oeBEE2 AAT I AaTERLE,

43 6 FF (JASCO-V630) 12 L V. 3 400 ~
700 nm (0.5 nm step) O #iFH % 7% E L CTHiHiR O
SR PE Uiz, MIEFREFHANOWRINED H 5, 663,
645. 630 nm D4 % SCOR-UNESCO (1966)" 0
ANRIZRAL, BEERl1gbZVYDOIRR T 4V
(mg) #FHHE L7=,

saF 4 Foful e etk

7y aua 7 U & RERIS, & R EAER B O F Rz 2
S L7 ER 0.1 ~ 0.5 g Ok 2 3Lk AL,
0.1 g DRI NV T LEVEORIERZINZ,

o

PG PY OR RD
X1 TAFEZORFTE, A THFLHFE. B.74F0

T2 BT AT, Rk (DG), HikE (PG), #
# i (PY), f (OR), 7Rta (RD) & &1L d 2.

B Y 7 asR ) — % 0.5 ml TR 7220 S EEE L
Too a7 4 VR & RISt CBERER &3m0 LT
D, LB OFEMTIIA Y 7 a8 ) — LoD iz~
o (~3mD EZHWE, ~FV oAl L DB S
LA TERDIRL, A YT asN ) =t
L Db EiEERE—EmOENICED, REkE
Mz ToRICHBESEZH 0% 4 CITHEIL7-ank
Dz L% VT~ 3000 g T 30 fhE.D Lz, 1=
D%, FEOANF Y AREHOBEOEICE L, BE
K ZINZ DEETA Y Fa ) — L 252
L1z, 0%, ~F VMRS U UL
ZMz., 4°C, ~ 3000 g T 34D L Chittig
MHKERRE LT,

I EF JASCO-V630) 2 fvy, ~FH o~
Z 7 MER. HE 250 ~ 700 nm O#iPHT 0.5 nm
T TR O A RIE L, WAL BAD
E— 7 W REICESWTEME? LT,

RS B 5k

KRB B D R EO LI LORE N DR L
To AR 2 /NRBRE N OZR B K RITIRIE L, KRR
TR AL T BAERIKE pH 7.2 DY R
ER AN L= 6% 7 V22— T T b K (GA) I8k
(ZHEHE U CRIEE L7, fRER Cleld L7tk 2%
A A I U A (0s0) KR CHRIBEIEL, 7 R
FHITHAK L, Quetol 812 iRIZEHE L7, Z Dk,
1t % 40°C T 24 FFfE, 60°C T 24 FFREINZA L C &
H3E, BEGBEAHERENL YL I 7 m h—
2 (Reichert Ultracut-N) TIE & 70 nm OEHY %
TERLL, EEfE D T o L 7 o VRN T EEA L., B
AL 9% EE JEOL JEM2000EX) THIZ2 L 7=,

b S
WREDORANE S P B L DALRE N BLgE
T A X OB NVREEIIRAEOGIZICHT 51T DR
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X 2. 7AXFREOMMBEL. A BRI . R
BENRROE L, RETROWEZID ATV S, B.
IREAR M WS . RO O bRETIIRAE 2T 50,
TRITSHEAE T a . C R FER L O Y2 Hk
S . TR E B FoEoMIIROE 2T 2
B, ZNEXY FREOMRITEG, KEA, Foidikka.
A= vt 5 mm (A, B), 100 um (C).

freaz B L, WIRE L OV FBMEEIC X 2 Rk
AOBLEIZLY, ZORGITREFITOMEHLY
FATe2 mm OREOEE KM L TND Z ERRIH
77 (X 2A), BEORBI LN, RADFKITHR LI
MWD, EBITHEAICENT AN, Zhb0m
BRI REOBE L Tz, Lol £
DHDORATRENET DAL TRARFORESH
PR AR TS R A RE & O T O#IaE O % [k
L72bDT, ZNEVERTOREIL, RHEARE

20 400
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?i 200
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R | 1
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BEORRREPE
3. TAXRLEO/vu 7 V8. JEM N er 7
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RD: R HE
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DODRETALNZAEID L ILICRVEAEZE LT
Wiz (B 2B), F7z, RREERSTIE, LIFLIE
TDO— MR E R T ZERNDH -T2, N
I L D RER O BoBEL, RErRTRAI
o INT-MIBORTEN, F & U TEREMaE S =
DEFIZHD 2~ 3EHE TOMREIZRE ST
B, 2RO OMARTIE, AR IO b IR
CEBENTWDHZ EER LT (K20), REHRR
oS B, BRI GE T M TIE, LI
LIFHER AN B S T,

REORBIPES R D FREL

A ZENELT D RETHT T b BEEDZ
NENORRICEEND 7 ma 7 4 VENHAE I
oo LT, BREE (DG) Tl 480.0 pglg fresh
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1% 75.2 pglg fresh wt., 77€ (RD) # Tix 224.1 pg/g
fresh wt. Th-o7= (X 3), Whktaliin HHEE A
MWFTCREOZ7aa 7 0 VEFMB LT, —H., 7
nr 7 VR, RO E Tty TR L7223,
RO TIIEA I VML Tz, 2o, %
T 5 L DI, REOHMBIZE T, FRRIIRFZEOR
PR D — I F kB o o 5 2 & DFRD b
ZE& (M2B) ERFRLTCWD EBbha,

AR E DR & T 5 7o O ICHIE S Av7z ik
DO/ vnr 7 VElE, 1512.9 uglg fresh wt. TH Y |
BEBEREOB LZ 3EENGTENL TV,

B4 1d, RERAEEBEORZIZCEENTWDL Y
aF ) A ROWIEAT R v (A 350-550 nm) %7~ L
TWD, Bk LR BDORE DAY FTIEIE
RUANF—rZmpRL, YalZ—%Ebl- A7 |k
JLE— 2713 412, 430, 449, 470 nm TH V. K
WL & — 27 1% 430 nm TH 72, —Ji. FRALZE
DAY MVTIE, B —27 1% 416, 442, 470 nm T,
HRRINE—271442 nm ThHo7-, I HIZ, 2D
27 [V TIE, 470 nm O ¥ — 7 Ik RORT
EITRR | WMAERKREWHERE—2 ThoTo,
WAL BEDORKD AR M E—21X, ZhE
. 414, 431, 449, 470 nm & 414, 435, 470 nm
ThO, KRR E— 7 1XZNE1 431 nm & 435
nm ChHholre TNHDARYT MLIL, FEBEZROL
D EYLREIWEMNZ 7 F L TWAHHBEN R S,
470 nm TIIHICHEE e —2 2R L, TOWIEE T
D RIE TR R L TR Y, RERELZOZ I
FIFE LWVMEA R LT, ZRHDRBED AT b L
DOEEIE. RERAD N O TH= /2 ha T
A REEPEHR S, BINT 52 & amme L,

REDRANE S P R A ORI GEZE b

B REOREAFRE T 572012, Rk
BEZE E D ERMIRAN SR OGS 2 8l52 L
72 (M BA), L XIRFITEFEMIKROIEREIAIT,
ERT~8mm C, HLLLEHDF T 24 FOEX

DWINBIRBEL DT TF LT T FMEERT DA
B =TT FFTaf Rnkgnied B LN
REE TN, A b a~<NIZIZES 50 ~ 150 nm
DA AI T LET T A NERIN S5 Tz
WD, T RN E R BN,

R DOMMBIE NS, RAREOREAFAITRIL
DORIBIZIRESNLTWD (X 2C) Z ENHfETH Y |
PIF, RO aFEOMHMIEERIEE ClIRZMiafE
BT, ZEmrbHE2EAIChrMiaicEEND A
FRE T D058 & L, REEIEEDFEMaN
R BN EFRT, BERENS5~6um & K& X(C

BWTORNWE Doy, 7702 —=7FF
F T aA Kb 72 NEROREREIIFEICRD
D EERERIZICE L Tz (K 5B), A ha~HNO
HAAI T LET T A NERLOR & G REED R
RENFITE Lo Ty, B3 ehotz, £, &k
FEDTERIAR & FRICHIER N BHE IZHZE L TV DI
L LT T RN E R BT, Rl
55 3 B OMIBINIZ b [FIER O BERA D L D723,
K RAIRAN O AFBIIRIEET, EFE2~4 um &/h
S, BEEOFT T a4 R b T T LG AT
Wigoo7z (K5C, D),

PO REOREMBANICRA LN AHFERL ST
T EEATERKRTH 57208, RO REFED
HRR L LERD E T T T EERTHT T 214 RO
X LR, VIR =TT FF T2
A ROBEHO0WD LTV D L H bz, —
7. A b~ NORZRABENMLLGES CixTF 7 =
A4 Folrh & Bbis L9 e/ ang kel sn-
(K BE), A A I 7 LWEF T A MR DO K E & &5
BLOT 7 R03FE E R B2 ORI AT —F D
AR LRI L CTH o,

WA RED REMIICE T 5 AFEERORIT
AT, EE3~4um &/hE<, NERITHE
RO RREEORE TRONTERA L 1TF LR
7o Tz (X6A, B), 77T 2R+ 5577 a4
KOOI V7, FT7aA A v 2—7F7FF 7
a4 R CiE7e <, TR RLL MRS 2~ LTz,
WAAITLMET T 2 MNERIORE S LRI ER
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Experimental Research into the Diagram Effects on Mathematics Problems
in Junior High School
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Abstract: Diagram effects on mathematics problems in junior high school were researched
experimentally using 173 subjects. Common problems, including diagram-drawing problems,

were given to all classes. Four problems were given to some classes with diagrams and to other

classes with no diagram. The scores of all 4 problems were higher in the classes with diagrams

than in the classes with no diagram. Almost no subjects without diagrams could answer 2 prob-

lems correctly without drawing diagrams themselves. The scores of the 2 problems were highly

correlated to the scores of diagram-drawing problem. This suggests the existence of common

abilities to many problems related to diagrams.

Keywords: mathematics, diagram, junior high school, experiment with subjects
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A Construction Method for Self-Reproductive HTML Pages
by Scripts in Onclick Property Field
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Abstract: The construction of self-reproductive programs is a well-known problem in
computer science. To implement such programs in JavaScript, there are several points
to discuss. First, considering the close relation between language and HTML page text,
several definitions of the region of "source program" and "result" could exist. Second, the
JavaScript language has many features to convet character strings into executable objects,
and many possibilities can be selected. In this paper, we propose a method with scripts
placed in the onclick property field of input tag elements. This enables the behavior of
scripting programs to be less dependent on HTML browser characteristics. We also intro-
duced a "launcher structure," which dynamically constructs the final form of the "self-re-
productive script" from parts of functional script segments, and enables clear understand-
ing of source code descriptions. We also discuss the merits and limitations of this method.

Keywords: HTML pages, script programming language, JavaScript, Self-reproductive pro-

grams, dynamic program construction, onclick property
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Abstract: Mollusks and bottom sediment were simultaneously collected by dredging Sagami
Bay off Hiratsuka at depths of 3 to 43 m. One hundred thirty five specimens belonging to 30
species were obtained: 12 species of gastropods, 2 species of scaphopods, 15 species of bivalves
and 1 species of cephalopods. All were warm-water species, 23 of which are known only from
Japan and 6 of which are distributed from Japan to equatorial regions. The seafloor with fine-
grained sand around 3 m deep was exclusively occupied by Umbonium giganteum. The bottom
sediment around 10 m deep was fine-grained sand in which Veremolpa micra and Nitidorel-
lina minuta were dominant. The substrate from 22 to 23 m deep was composed of very fine- to
fine-grained sand with pebbles, from which a variety of bivalves, not only burrowing but also
sessile ones, were found. From 30 m deep the substrate gradually includes mud and in muddy
very fine-grained sand Glycymeris imperialis and Episiphon suberctum are dominant accom-
panied by different kinds of gastropods.

Keywords: molluscan fauna, bottom sediment, dredge, Hiratsuka, Sagami Bay
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ARLTWEDR, ZOHMIEL., 5l CTEIE
B H 57, SRERESNTZ S T T3+
INMIVERREAY A RITEL TR Y, FEHENCTEIL C
WD FREMED E, SEEIP T H & o 0 30
FEIZEELTWDEEXLND,

KR 10 m (T ORIV E N S IXe A 7 274
UV, DAY ZRERFEINTEY, ZOKET
I 2@mBAEEECTH D, KIFE22 ~ 23 m
WTINDIINT XA, IHXXTA R ED MK
HEMNBRE SN, 2007 EORE T, ZIERLT
KENONTBZ A B FITA, B TH
AR EOTHHEENRRES LTS Y, ZhbiEE
NENR 7 DWIRREICERT 5, Hl2iE, ~7 4
T HANTEEATE L, Y FI AV T A
IR, 2 X~ A IIRIEICIEI TS D, Z DK
RO JEE MBI 2> DABARRIRD Td 525, 1RIKANE
<. HERRPRAEGT, LIZ2- T, PRWEIHIC SR
WEERRENH D . T ICkEx 2 R EENERT D
ERBND, ZO0kD, BHESRHRE 2o T
LHDOTHA9H, KESOmLUETIIr Y Y 7Y )07
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ARIZ~FATANEET D08, BEEOZEERM S
B, IR TH D | BESITHBI LTI
%< e n, BEITROZWEAT THENZS < 78 &
NTWDNR, BEEZLGLEATTHEL TR,
JEERBEIIMT L HHE Tlidiawn,

A AR SN FEEUT 2007 AEDFRRE ISR D &
MRV ZHIFHEH LRy YDA vy 2t
A ZAMKEL, FFICIEZ & T0EIERSEREY T, K
A XAPNENWFEE FSICBRETE RN o720 T
HAHI, T2, 2007 FEDOFHAEIZ BV TKES ~
183 m CHEIN-FVIRSEITEBEE IR
Moo= RO ZFOEREIZ DV CIEBIRES T & 2
TR,

RN Ly DI KD EAEY) & IEHERE Y OFREIZ DN
TIE, FRBREME O/NARIRKIZ T /1 2 TH
7o JEAEMOHS T, U A NOERKRIZOWTIL,
2010 FREHEMEEIEE 1 (BARE - U ERTEE)
ZIBE LA S HATEN -, 2 S DS &L
LV E#HERL BT 5,
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Abstract: Computer programs are regularly used to design primers for polymerase chain

reaction (PCR) and to evaluate the qualities of the primers. Primer3 is a well-known program

that suggests PCR primers, and Electronic-PCR (e-PCR) maps sequence-tagged sites on ge-

nome sequences. This report introduces the application of e-PCR to predict the specificity of

the primers selected by Primer3 for Arabidopsis thaliana genes. Using various experimental

examples, we discuss the usage of these programs, and the factors to consider for primer de-

sign and PCR optimization.

Keywords: annealing temperature, electronic-PCR (e-PCR), melting temperature, Primer3,

sequence-tagged site (STS) mapping

J¥ i

AU AT —EEH G (PCR) (2 L 5 DNA HElgE D
B & AT DRROERNLT 7 A ~— DR FEMET
b, TORGHIKOEERAT v T7D—DLFR
Do FIAY—KiNIT 0 77 L&+ 200 FE
fikroTHH, REMNLRELDE LT Primer3? X
Oligo? (http://oligo.net!) X 5, 7/ LA XD
RKEREWZENR LT HHAITITT 0 7T 2O
DRI N TV D, Fiz, nx.:Jrﬁxfi S CRELIRE RAE 2
M CE 572 51X, KV EZED b D

IR SN D, SRR E THIT 2 HEODE D
X BLAST R° FASTA 2 EDOR_XT YA XT T A 2 A
Y REMATLZETHD, £, STS (sequence
tagged site) ¥ > & 7 D 7 1 7 7 A Electronic-
PCR (e-PCR) 1Z 7T 14 ~—i4H 6 PCRICEIT 5
HWEED 2 T+ 5 Z LICHATE 5, Mhb—&
—HTH DD, T LDEYIDSRE LT AR U
TET T4 ~—ORRMEATNT 5B & 22 513 T
Thb,

PCR O S A BRFHI SIS O E AL T L7203,
— T T A ~—ORFIRE (Tm) (X7 =—Y 7
IRE (Ta) ERENTHBELTWALETTHY, i
i Ta # EBRAICHENO TBMLERD D, iz,

FrELMEOIN B 2 BT D A S RO IR AT ZE B A N
ZT-Wi, ol Ta BETHZ 652 Y, i,
B CIZEE U CRONEARA Ta IZ 52 28 H %5
B LB S0,

PCR O JFBED Bl X LFBRIEIEDO i E S 1Tk~
TITA~— O EFHE, & L TCEREDOERBEIX
FRIONPNDIEETH DL, L LAanb, Z7r—
=27, BANRED D VILERMNT 2 B E Lz
PCRZiZ. T b OFFRITIMBEMROIT L7225
THA A9, AFE Tl Primer3 Z W=7 T A ~—

D% Er & e-PCRIZ L 2 K EME DO RN LI DWW T
AT 5, BT, PCREMAZKREHT 2BEOEER
(2 DN THEER ﬁé

PEREE T3 i

LTI

v u A X+ XF (Arabidopsis thaliana) O iEA5 1

AT2G23970 OFtha KU BHE 2 =7 YV U #&im £

T, AT4G01985 ® 22— ¢ > 74k (CDS. # 1k

a Rrzate) L2oNEHEE, LT AT4G19770
4 CDS (#lk= Noagte) ZIEMESIE Lz,

Yeto R LA E S EEESIRITZENEI, 2 Y i

©Research Institute for Integrated Science, Kanagawa University
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1K 10,199,698 FHE 6 D 1,264 bp., %5 4 Ytk
866,387 FHiHEA5 1,740 bp. 867,001 FHEFE 5
1,000 bp. K1} 10,753,310 HFH K5 872 bp TH
%, iy TAIR9 @47 /7 Afid%] (GenBank refseq:
NC_003071.7 %X T* NC_003075.7) &1 L 7=,

7514~ — Dkt
7T A < — D& 21T Primer3 (http:/sourceforge.
net/projects/primer3/) &\ 7=, [X] 112 AT4G01985
@ CDS # H Wi 4 & ¥ % Primer3 ® A ) 7 7 A
NDONEZ AT, ANDEERIBELHNC I, BB 5
O ERTFRENZENIC2Kb 200 2 7285 & v
Too BERIBLHN O % 8G9 5 L 9 12 SEQUENCE_
INCLUDED_REGION |22 ESI DO E & K S &
& & L. PRIMER_TASK |Z pick_cloning_primers
EEWIN LTz, BT TA~—0 3 Kilind G £721%
Ct725% X 5izL 7= (PRIMER_GC_CLAMP=1) ,
EETIT7A~—DOTm OEFTLCIZNEDIHTE &
L. AfifsA A KOV ANTP O 1% Ex Tag DNA
polymerase (¥ 57 7 /N4 A4) OHELEPRE 2.0 mM
Mg* } V0.8 mM dNTP & L 7z, dNTP & B (3 4
dANTP DOREDF (dATP 0.2 mM + dTTP 0.2 mM +
dGTP 0.2 mM + dCTP 0.2 mM) T & %, Tm &t 5
DEyDINT A —R T —T )L & IR R TFIR A E 1
fif71 & SantaLucia 1998 % #4R L 7=, 8- K ui 5
ExOBRKF T A3 F— (-AG) 1T 4.5 keal/
mol (1 cal=4.184J) & L7~ (PRIMER_MAX_END_
STABILITY # 7 OAED HALiE keal/mol TH 5).,
AT4G01985 D N AL AIIZ DUy Tid, CDS (2 %)

SEQUENCE_ID=1:NC_003075.7:AT4G01985(866387,1740)
SEQUENCE_TEMPLATE=ggttatatataaactgcttcgacattaataat...
SEQUENCE_INCLUDED REGION=866387,1740
PRIMER_TASK=pick_ cloning primers

PRIMER MAX TEMPLATE MISPRIMING=12.0
PRIMER_PAIR MAX TEMPLATE MISPRIMING=24.0

PRIMER PRODUCT_SIZE RANGE=1501-2000
PRIMER_GC_CLAMP=1

PRIMER MAX END GC=5

PRIMER PAIR MAX_DIFF_TM=4.0

PRIMER_TM FORMULA=1

PRIMER_SALT DIVALENT=2.0

PRIMER DNTP_CONC=0.8

PRIMER_SALT CORRECTIONS=1
PRIMER_MAX END STABILITY=4.5
PRIMER PICK ANYWAY=0

PRIMER EXPLAIN FLAG=1

PRIMER FIRST BASE INDEX=864387

1. primer3_core D A7 7 A NOFLbFA. FLa—
RIZ—&#B1 712 TAG=VALUE O Ttk L, Z2H1T%
G, KHEO =) 1%, 0L OOMAEORKEE =T
Z 221X Primer3 O MIREN DIEAZZER L72HH D7
ZRLTND.

T 5D ERBEDRRIE TILI T T A ~— Bl 23
HT& 2o 7=, PRIMER_GC_CLAMP % 0 2,
PRIMER_MIN_TM. PRIMER_OPT_TM }
PRIMER_MAX_TM #% % iU £ 11 60.0, 63.0 & Y
66.0 . PRIMER_MAX_ END_STABILITY # 5.0
WCENERERE LIZGAICL 7 74 ~— iSO
o724, PRIMER_PICK_ ANYWAY %# 112 L
CHRMHIBI A 2 28T S H e,

AT4G19770 5TV TIE, FERYEL S o F0|
W7 T4 ~—%i5 L7z, SEQUENCE_TARGET
WCEEHECH O E E RS ERETDHET, 2D
SN 7 Z A ~—D % EF &5, SEQUENCE_
INCLUDED_REGION (Z (X4 /51 > ¥ 50 bp
ONLE L FEELS XL U B 100 bp BVMEZ Ady, 12
BB A1 O [ i 2> S 4 50 bp LN T I 4 ~— %
M+ 5 X 9Lz, PRIMER_GC_CLAMP #% 0.
PRIMER_OPT SIZE % 24, PRIMER_MAX_SIZE
Z 30 \CAF L, ik AT4G01985 & [AkE & L 7=,
AT2G23970 137 A ~—REOREE T 1 77 hH)]
HIEIZ R L= DAL, AT4G19770 [AAE D J5dt & 7%
ETiEI LT,

a2 K%

$ primer3_core input_file

FEREZHTNR AT WEATH IS5 5
IE -format_output 47> =a U EMHEHT S,

Tm OFHE

Tm OFFFICIE, WHERE 8T A —F [ Ko7
BOEEEZT 418 OFRGTBE R EZ Vi,
& Dl Primer3 O EIZA 1, SantaLucia @
NF A — 4 L2 E A Y |2 Ahsen-Wittwer-Schiitz
DA A IREEBR Y 2B EDEHFIETH D
(NN-1), 77 A ~—RatHE L [, —fli1 AR
FE 50 mM., AfifSA A4 2.0 mM., dNTPs &
J£0.8 mM, “ARSHA Y THE 50 nM & L CREE

L7, % 1%, Owrczarzy % DO FHH X9 2 H v,
RT A=A DEMEITNN-1 LR LT & L7z (NN-
2). % =1%. Rychlik-Spencer-Rhoads o &} 5 . 7
& Breslaver 28 D /% F A — & O Al L, HiEE
BEWIAT e TNS—ifA 4 IR E 50 mM & L,
Fo, TREEHA U TEREIL 50 nM & L7 (NN-3),
HEOEDIFINN-3 LA L FIETH DM, Sigma-
Aldorich #:TO R MBI AR A Y FPRE
% 500 nM & L7= (NN-4),

NN 7% & o el 0 212, Wallace % (W) & %GC
HEIZED Tm bk, %GCEDOHEITIZZ K
DIEDFIET 20, IR EA SN TWHLLTFORX
Z - (GC-1) .



Tm = 81.5 + 16.6 log[Na'] + 0.41 (%GC) — b/L

Z 2T, INa'l XIS P OB A A v ' VIR EE,
%GC X774 ~—fsF D GCHFENN—FEY I,
ZFLTLIZF 94 ~—DREETH 5, [Na*lix50
mM, HEKFHOEE Db X500 & L, Fiz.
GC-1 12 Ahsen-Wittwer-Schiutz Z . Z @ H L 7=
(GC-2), —Mli kO AMiBA A & ANTP DI
NNEOHA LR L E LoEE b 13 631 THHHE L7z,

TI 4= — 3- K 5 HHXT DA G DR
7T A ~— 3 K 5 HIEXT DA G % e e okt
EIC L VEE L7z, 35E 55X Primerd & [A K,
SantaLucia ® /N7 A — % Z i [l L 7= %534 13 helix
initiation % # & L 7= SantaLucia @ &t % % H
U (dG-1) . Breslauer %5 @ /X5 #* — % |27 helix
initiation & &8 L7\ H1E Y & Hviz (dG-2) .

SISy vV

FEFFRMEE O AR ZHE T 5 %12 ePCR
(http://www.ncbi.nlm.nih.gov/sutils/e-pcr/) 12 & ¥
STS~v v vy 7 %ito7-, AT —%DSTS T —
AR=ABXT 7 A WVIFELA T TA~—DXT D
., —FHDTFIFA4~—DHDENLTXT il L,
ETNHIZOWTHLRAEL (®2A), #—F v M
YA XFTAFTOS ) AELSID FASTA KT 7 A
Nz, <~ v BT ORI, £ 74~
FINTIRRAEOI A~y FEFFHFL, Wiffshd
g FEEY R+ 2,000 bp O&EIPHDO LR 2RI 5 =
Ll L, BEATXTOMRFEMRIILELGT 74~
— T OWRFEMEAER L, a2~ RiX

$ e-PCR -m 2000 -n4 -t3 sts_file fasta_file

Flo, TIA~—LIBENEINOT T4 A Nt
DT, t DB EE 4 ITAEE L TIHIT L,

F 1. THEEOHFECL>THELE Tm

gk i PCR 77 A ~—0Dikat & FrEMETH 85

’r' 7 & DNA Ol

25°C, 4P OM A ST CTHRE LY 2
A4 XF XF (=2 ¥ A7 Collumbia) DIENH
%" 7 2 DNA (gDNA) #% f#i 5 CTAB ¥£1Z & 0 fili i
L 7=, 50-100 mg @ # % 100 pl ® CTAB #% % %
[100 mM Tris-HCL, pH 8, 20 mM EDTA, 3% (w/v)
hexadecyltrimethylammonium bromide, 1% (w/v)
polyvynil pylolidone (MW 40,000)] ' CHE#: L 7=,
400 pl @ CTAB #Eflifik 2851 L T 65°C IZT 30 47
FIALER L7, 500 pl 7 m e ARV A& L.
IR T 30 MR ICHIREIR T L 72, 17,000
xg CHEIRIZT10 @m0 L, EEKEZ8 L
VINTF a—TIKE L, ZOKEBEKRE 0.7 &
D 2- 7R —L LR L TEIRIC 10 45 iE L
Tk, FEEO L, EEkE 70% =% ) — /LTl
X, 37°C T 5 HyMJEe: L7=1%. 20 ug/ml ® RNase
A %5 T TioEo1 (10 mM Tris-HCI, pH 8.0, 0.1 mM
EDTA) 20 pl (ZiAf# L 7=,

AV X T —¥Hgkn (PCR)

PCR IR DM Tl o 7o, BONKRARLALIZ 0.5 ng/
ul gDNA, 1x #& % , 1.6~2.8 mM MgCly, 0.1~0.4
mM each dNTP, 0.2 uM each primer, 0.025 unit/
ul DNA polymerase & L 72, DNAKR U * 7 —+F
X Ex Taq £7-13%7+ v b A% — NH Ex Taq (¥ 7
TNAA) | FEMEWIT Ex Taq buffer £ 7213 LA
Taq buffer (¥ 717 /344) ZMH L7z, BEYA
27 7 —I%iCycler (BioRad) # i L7z, 3 A7 v~/
PCR O USHA 7 1% 94°C, 2~4 47 5 25x[94°C, 30
5 Ta, 20 B 72°C, 1 %3 /kb]; 72°C, 343 L L, Ta
13 48~68°C DT 2°C IR TIT /e o le, 7T
= > F PCR T3 48~58°C & 58~68°C ® __[a[iZ 5y
F72, 227 v 7 PCR D YA 7 13 98°C, 2
4y 5 25x[98°C, 5 %5 Tx, 143 /kb); Tx, 8343 & Lz,
R SOSRE Tx 13 68,70 £721% 72°C TIT72 572,

Tm (°C)
Set Primer sequence Length GC% NN-1 NN-2 NN-3 NN-4 GC-1 GC2 W
1 LEFT TTAGCGTCGTCGGTTTCCC 19 57.9 60.6 63.1 63.4 67.1 57.3 59.7 60
RIGHT ATGGGAAAATTCGTGAGAAGGG 22 45.5 59.2 61.1 63.5 66.9 55.8 59.2 64
2  LEFT CGCCTCCACCTCCGCCAA 18 72.2  65.3 69.0 70.3 74.2 61.7 63.8 62
RIGHT GGAAGAGGAAGTGTTGGTGTTGG 23 52.2 62.1 64.4 64.2 67.7 59.6 63.2 70
3 LEFT TCGGATGATAAATCTTAGTATATTTCCA 28 28.6  57.0 57.8 59.6 62.4 53.8 58.4 72
RIGHT CTAACAAAGACGCGTTTGCATC 22 45.5 59.6 61.0 62.0 65.5 55.8 59.2 64
4  LEFT AACAACAACAACAACAACAACAA 23 304 575 58.1 58.1 61.7 50.6 54.2 60
RIGHT TCCAACAAGTAACACTAAAGACGA 24 37.5 58.6 59.9 58.1 61.4 54.4 58.3 66
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A

#- sts left primer right primer size note

Setl TTAGCGTCGTCGGTTTCCC ATGGGAAAATTCGTGAGAAGGG 1740 Setl

Setl L. TTAGCGTCGTCGGTTTCCC TTAGCGTCGTCGGTTTCCC 1740 Setl:Left/Left

Setl R ATGGGAAAATTCGTGAGAAGGG ATGGGAAAATTCGTGAGAAGGG 1740 Setl:Right/Right

#- sts left_primer right primer size note

Set2 CGCCTCCACCTCCGCCAA GGAAGAGGAAGTGTTGGTGTTGG 1000 Set2

Set2 L CGCCTCCACCTCCGCCAA CGCCTCCACCTCCGCCAA 1000 Set2:Left/Left

Set2 R  GGAAGAGGAAGTGTTGGTGTTGG GGAAGAGGAAGTGTTGGTGTTGG 1000 Set2:Right/Right

#- sts left primer right primer size note

Set3 TCGGATGATAAATCTTAGTATATTTCCA CTAACAAAGACGCGTTTGCATC 932 Set3

Set3_L TCGGATGATAAATCTTAGTATATTTCCA TCGGATGATAAATCTTAGTATATTTCCA 932 Set3:Left/Left

Set3_R CTAACAAAGACGCGTTTGCATC CTAACAAAGACGCGTTTGCATC 932 Set3:Right/Right

#- sts left primer right primer size note

Set4 AACAACAACAACAACAACAACAA TCCAACAAGTAACACTAAAGACGA 1264 Set4

Set4 L. AACAACAACAACAACAACAACAA AACAACAACAACAACAACAACAA 1264 Set4:Left/Left

Set4 R TCCAACAAGTAACACTAAAGACGA TCCAACAAGTAACACTAAAGACGA 1264 Set4:Right/Right
B

#- seq sts strand start end act/exp mism gap info

Chr4 Setl + 866387 868126 1740/1740-1740 0 0 Setl

#- seq sts strand start end act/exp mism gap info

Chr4 Set2 + 867001 868000 1000/1000-1000 0 0 Set2

Chr4 Set2 + 866551 868000 1450/1000-1000 3 0 Set2

Chr4 Set2 + 867001 867403 403/1000-1000 4 0 Set2

Chril Set2 + 8550251 8550308 58/1000-1000 5 0 Set2

Chr4 Set2 + 866551 867403 853/1000-1000 7 0 Set2

Chril Set2 + 1478185 1478398 214/1000-1000 8 0 Set2

Chrs Set2_L + 832747 833692 946/1000-1000 6 0 Set2:Left/Left

Chrs Set2 L - 832747 833692 946/1000-1000 6 0 Set2:Left/Left

Chr4 Set2 L + 18123114 18123700 587/1000-1000 8 0 Set2:Left/Left

Chr4 Set2 L - 18123114 18123700 587/1000-1000 8 0 Set2:Left/Left

#- seq sts strand start end act/exp mism gap info

Chr4 Set3 + 10753273 10754204 932/932-932 0 0 Set3

Chr4 Set3 + 10760943 10761866 924/932-932 3 0 Set3

Chr4 Set3 + 10759941 10761866 1926/932-932 4 0 Set3

#- seq sts strand start end act/exp mism gap info

Chr2 Set4 + 10199673 10200936 1264/1264-1264 0 0 Set4

Chr2 Set4 L + 12821078 12823025 1948/1264-1264 2 0 Set4:Left/Left

Chr2 Set4 L - 12821078 12823025 1948/1264-1264 2 0 Set4:Left/Left

Chril Set4 L  + 28131853 28132959 1107/1264-1264 3 0 Set4:Left/Left

Chril Set4_L - 28131853 28132959 1107/1264-1264 3 0 Set4:Left/Left
C

#- seq sts strand start end act/exp mism gap info

Chr4 Set2 + 867001 868000 1000/1000-1000 0 0 Set2

#- CGCCTCCACCTCCGCCAA. . .959...CCAACACCAACACTTCCTCTTCC

#- LEELECEREEEEEEre 959 L UL P LT

#- gcCGCCTCCACCTCCGCCAA...959...CCAACACCAACACTTCCTCTTCCat

Chr4 Set2 + 866551 868000 1450/1000-1000 3 0 Set2

#- CGCCTCCACCTCCGCCAA. . .1409...CCAACACCAACACTTCCTCTTCC

R e N

#- tcCACCAACACCTCCGCCAA...1409...CCAACACCAACACTTCCTCTTCCat

Chril Set2 + 8550251 8550308 58/1000-1000 5 0 Set2

#- CGCCTCCACCTCCGCCAA. . .17...CCAACACCAACACTTCCTCTTCC

#- LECLECEEL LELE 27 LELELLEE TE DL T

#- acCGCCTCCACCACCGCCAA...17...GCAACACCACCACCTCCTCCTCCtc

2. STS 7 —4#X—2A L ePCR OfER. b ¥ 7RIV EOEHET A N THDH. A 774 ~—t v hE&id
HLTZSTS T —H =R, # THEDLITITa AL FERARSRT—4% L LT, B, ePCR O IFER, Setd
WL CORRIZ—HDAH R L. C tD3 A 4L L TePCREEITTILHETIA~—LIEWMERFIOT T4 A
VERLELND. 3-KEN - EH LR LD, SAVYTHAREMIZNENEE y FLTLE Y AIZEE. BECIX
ruby IZ KX VAER A~ CTEIELTHD.

Wik

Tm 5HEILD g

Primer3 % H T 4 H ORI Z L ZHisDo0n
T7I9A4~—ky hegilt L7 (£1), TmLff
AT 5FECEIVRRS, NN-1LICL-oTHELD
Tm (X% 5 I Primerd TR S NL7ZfE L [F U T
o, ZIZTHWERIREGETE, P Tm 3L

%#.GC-1<NN-1<NN-2=~NN-3<NN4 t7~o7,
Wallace iEE X8 K & GC SR TRE < Z{L LI
TERU,

GC-1 ®» Uz Ahsen-Wittwer-Schiitz @ 25 #1 3 %
W L7z GC-2 X, RERMICIZES D % 600 7> 5
650 FRE 95 & NN-1 LiTVWMEIC 25, GC & &
M 40~60% T & 20~30mer OFcH| 2 2 > B 2 —



AT U NER LT Tm A3 E L 5HE. b &
630 Biif4l2 5 & NN-1 & L<EfRlL7=, % 1121
631 Z AW FE R AR LT,

38 Ta HiPH & P Tm O g

Tm 7> 5 FEEED Ta N TR FREN E 9 D 5 7=
DICIRESRMEEZE27-PCR 21T 71=, T DHER,
Ex Tag DNA polymerase THELE X 2 SO
TlE, Setl O Ta &iH X L% 58~66°C ThH YV
(X 3A). NN-4 & GC-1 LISAMEL Z O #PHIZIL E -
7o L22L, ANTPIREA TiF 5 & Tald EA L.
ANTP EE % EiF 5 & Ta 3K F4 %, ANTP jEEE
DEBFIZEDLETMg? 2EFT 25 LIEHERO Ta
2R D,

Set2 DA, BHEDOHFIETE T ITA~—XA
~—DNEE L, AR OMESR 2R T S (K
3B), #&f#iti % LA Taq buffer % 7-1% KLA buffer'®
AR LTI — VAKX — Nk (EERERT FriF
2576741) E=MHEHT L, T TA~v—F A 7 —N
B L, WIEENLET D, Ay hRAZ—F 22
T v 7 PCRTCIZTIA~v—FA~—IT7 Ha—2A
TOVERIKE TR TE W L~ LIK T L7z,
i Ta X P Tm KV &0 EL<, 3AT v
PCR TIXEIFEW A HINE LT, FIPEY O i
A1 68~70°C TH ., 25D 7T A ~—D Tm D
RNV Z OFPIZITV DL NN-4 DR TIHh - 7=,

Set3 TIT62°CLL F CHMED G LN (X
3C). Wallace IR FIZ oL bEmWABETH -7,
Setd XL OIEFF R FEY S 7o, BT A4 X
OFEYHHE L7z (X 3D), NN-4 & Wallace il &
I, ROEZ2IEESE Ta L0 bE< AL o 7=,

3- Koo ¥l

B GIETT 8- K 5 RO AG 1T R D0, £
HLHDOEEYL, Setl DELAT T A ~—L Set2 DIE
T4 ~v—TH< ., Setd DETFA ~—NbiE
VWETH -7 (£ 2), dG-2 D 7% TiX -37.7 kJ/
mol £V bW E T T A~ —DRRICERET D & X
520, Setl ITIXUTITESR) -7 (¥ 3A),
—Ji. Set2 TIET' T A ~—X A ~—HIFEW I H
T, MIGEHOEFERLETH -7 (X 3B),
Ta & OBRTIX, 3~ Kl 5 MDD AG DKW TZ
A~v—%Fty bT, Tl Tm(NN-1) LV % Ta
D3E < 72 BN A BTz,

STIS~v v v 7 TPMIh7=RwED L FEBD
PCR 12317 5 WE/ED
Primer3 O FHEHR TIE, Set2 (IZBWTIRTZ

gk i PCR 7’7 A ~—0Dikat & Fr BTl 87

#£92. TIA4=—03 -KiibsEEDA G

Sequence of 3'- AG (kJ/mol)

Set terminal pentamer dG-1 dG-2

1 LEFT AAGGG -16.6 -40.6
RIGHT TTCCC -16.5 -40.6

2 LEFT GCCAA -18.9 -41.8
RIGHT GTTGG -15.8 -34.3

3 LEFT TTCCA -14.8 -35.6
RIGHT GCATC -16.4 -33.9

4 LEFT AACAA -11.8 -29.3
RIGHT GACGA -17.6 -33.9

dG-11%37°C, dG-21325°CIZBITDETH 5.

A X T ORFEMED RS ST I RE SRR 5
Npmolz, L., 2BV EIcRE L
HEFTHDIND, BT T A ~— R TR
WATREMEIZE D,

HRIAS T4 TEITLZePCRIZL D
STS ¥ v B> 7B\ T, Setl TIXHIFFEME =
2,000 bp LANIZEER LIS D FEEW I F R S e v o
7= (X 2B), SHEMETFEBRICEBW TS Ta Z sl
TR Y BIED IR S vz h o7z (K 3A),

Set2 TYRINZRIEMD H B, 1,450 bp D
MTIXETTA~—NICEEND I AV Y TFIL5E-
KIml M- TH Y, 3 KimANIIER RN T =—V
T ORREMNE 2 b (X 20), FEERIZ, I
WCERT D EEZONDEIEMN 3 A7 v 7 PCR
TR L (X 3B), MOFEIED LTl & KR
RBRTUTLL—HKLAahotz, FRIAY Y THEE
LT, b L EFry v 7E2HFRETH (g4 7
a &) 72 L e PCR ORRIE & KR 5 LE N H
000 LR, HDHWE, FRRAOS L IXFERFR
B EEYN T T A ~—L LTHELCLE 720
REMENEZE Z BN D,

Set3 TIX =D IEFFEAHIES PRI (K
2B), K774 ~—HNOIA~yTFIX1 X2
e, A7 I~ —IC2WELNELS, 2SR
BT 22 R DITHY Bz, EFEDPCR T
1,926 bp IE5A EHAME L 722y 72728, 924 bp 1THERY
Bogl & 1R U Ta &FH CHEME L7 (X 3C),

Setd I T T A ~— DN TXT TELE DI
A TSI (X 2B), FEERD PCRIZH
WCHET T A ~—OHTIEFFRABEES L SN
(I 3D),
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A Ta ('C)

48 50 52 54 56 58 60 62 64 66 68

= =z
E q,
] —
o 3
Z =
-
C
non-digested Kpnl Kpnl-EcoRV
]586052645850525458505254Ta[13}

B Ta('C) ™ (C)
(kb) 62 64 66 B8 TO T2
2.0 -
08 E
0= [5+]
B
8
0.1- Z
2.0-
0 5
.8 - ]
-
Q
=
E
s}
B
I
D Left Left  Right
Right Let  Right

48 50 52 54 56 58 60 62 50 658 50 58 Ta('C)

g B e — —
e e —

: -”H“-“H"

3. 4MHDOT T A ~ =X OR RN IR RN A Setl Z MV /2 PCR. dANTP IRE &< 725 & TafliX &~ 2.
dANTP ¥45r Mg2+ 21BN+ 5 L b LICRD (2BH L& FE). B. Set2 ZM\ /= PCR. ## DJ7ik (£) 7> &R

WEEEL, 7 —IVAZ—EITRD

() &, T4 ~—2A~—0ED L THEIERRM R

(F) Ry bAKZ—

NCIET T4 v—F A ~—lTRHSN7enoT-. WMOIERERPEEIL 2 A7 v 7 PCRIZT D &Mz b7z, C. Set3 ®
MR PEY) 2 ISR SE LB L7, HB9PEM (932 bp) 1213 EcoRV H 4 R 3% 0 Kpnl ¥+ NI, THISN-EIEY
(924 bp) TN THDH. HHEMES LN D E Ta i 62°C TH IEFFRAIIE SR Sz, D. Setd & v /= PCR.
e-PCR CTHIENI-ELBY, KT T4 ~—sHIHT 2RIFEY N L5 HE L7-.

o vl

4y hOFTFA~—I22\TC Tm 8. AG 3+
M OV AT HI 21TV, FEEED PCRIZK T 5 Ta
HiPH & IR AR O A&l 2R L, 2o dlk
s, FRICIHEE TR AthH5 0o, PCR
T I v — DR L SR EROFEIC A & B
2 BiD,

Primer3 @ Tm gH5EICBI3 % 3¢€
Tm & Ta @ g 3 X O Primer3 O H 3 %
Tm 5 IFENS, Primers 5 ARFIZIXLL T DRI
HMETXETHAH, SantaLucia D/XT7 A — X %
R J 2% Wpid, SantaLucia & 72 (% Owczarzy %5 O
HEXZFEHT 2, £72, TEL TV ARIGKROME
& ANTP O JE % 3% E L T Ahsen-Wittwer-Schiitz
DEBZE G LT ) Ta #EE I BRI kR %
Bohsd,

— J7. Breslauer & ® /X 7 X — & /p 5 iF

Schildkraut-Lifson i (F2( ' 2 FV 5, Z OFAAA
D CITHERELERAZIT ) LHAEAREPEL 20T
LA H Y . ARG A A & ANTP ORI
VIHE 0.0 NERWEEbND, “ARKEHAY IX7 L
AT FIREEL, @FEIIHHMED 50 nM THED R0,
Set2 O Ta IX @A - 7275, FEAIEEHIIT A GC
GERMAEL, IBREELCWEEEZOND,
Tm OFEL 3FCEm< LTREFLED, Z0kH%
BRI I3 D5 2 25 v 7 PCR 2 487E L 7=
Tm IZHEL THE ERWDNE LIV,

Primer3 1251} % 3’- Ron LD FE

T A= —D 3 K 5 WX DA G PENF ER
ERZARBEIR L, HERENT T I T hE &
fZ L9 <725, Breslauer &0/ A — X % [
WCHEA & 72 AG 28 -37.7 kd/mol X 0 LKW & F
BT T 4~—L L THRELR2VATRIERD D 9,
HbHAMAG HLEZTHY, KWMETH->THT



L7 74 ~—HERE LA nbil TidZe < (F 2,
X 3A) ., IGKFEOEE CRRT 255 H D (X
3B), LrL., THOIRTTA I T On[HEM %
59 &9 BT, 3 KDL EME DRI E OB
SR 25 2 CITE%RNH 5, PRIMER_ MAX
END_GC # 7 Zffiv>, 8- Kui b Iz E T b G/
C DEAERIRYT 2 HEL®H D,

DT 2 =B E AN G EIITEN R D,
SantaLucia 75 CTIZA G % -19 kd/mol F£E L Fiz4
DONLEFE LW EE DS, Primerd (I AT &
H-AG TH-oT, HIZERTHD, £, BLIX
kecal/mol TH 2 Z LIZEE S NIZVY,

STS vy &V 7 %M L 7=%e 2Pl
77 5 DNA =8 LT 585468 —RHIZIE 20mer
PLE, 7 ua—=r 7 Fi&TiL 26mer UL L3 HESE X
nNTnWs, BTE57 74 ~—TRRENMEL, JE
FERWNT T A IV TICERD AREERE VNS T
D, LIDLEENS, Setl D— DT T4 ~—[%
19mer L2 WAAREIES I TR ST (K 2B).
ERIZRFRABIRE 2S5 5N (1 LXK 3A),

—7J7. Set3 & Setd Tl Tl & 7= Bl EEW A Ha e
L7z (M 2B, X 3C, D), EIEDDEI DT T
I FREER LB L > T CE 52 L b D3, H
WITHRET21EINE, Setd £7 T4 ~—IC
BT 5 (CAAN D L H 7 AKELHIHEHERE O #uK L ELS
ITRFRMEDIRNZ ERE L, BETHREXTH D,

INHORERIT, FRENMEESN D R HIXES
WD MET W AR LTS, e PCR & fif
I L7= STS ~ v "> 7' 1% PCR O ENM:F A
ThdEEZBLND, 72720, Set2 TR OHNTZ X
2T, FHENRVEIEYOEMbEZY 552 L
IEEBHHICBNWTEBLRETHA D, EH - BAIE S
ICEDEZBREDLENS L,

e'PCR O FHICEE L CHLDEE T & fiE, 2
A< FEPFREMIZIE > TR, T4 ~—
D3 KUHZI AT v T OB D, AKITHEEL 720
FEMNEGEENDAREETH D, tA TV a o5k
AT HIE, EEIMRTT208 774 ~— LR/
BFIDT T4 Ay MR TE 5 (X20),

Tm S5 & #1] Ta DYSE

Ta §iHREFZROMERIL, TR Tm 24T LHE
i Ta &I E 2D TIERNZ EZR LTINS,
LU D, AL T2 Ta ZRET DHICHTD
MW OFHANLRR Y S22, (1) Wallace IR 135
FRIZIR Y D720y 20mer AT DAY X7 LA
FROWH Ta & LTHEMATES, (2) NN-1HD

gk i PCR 7’7 A ~—Dikak & FrEIETH 89

WL GC-2 2T 211X Tm 2> 5 2~3°C & W
EAEHEUEL TS, (3) NN-2 & NN-3 Ti& Tm % %
#L92%, (4) NN4 CTHEINZ Tm MHHEKT
5°C MR WIEE, D0 ix (5) GC-1 LV 5°C
BRESWEBEZEELTL, InbasfLl LTE
5°C THEt L., EBREFIZ TR TR R 51T
B2 5°C IS THRET VX, FAE DA ICE i Ta
EROLNDHTES D,

GC-1 |2 Ahsen-Wittwer-Schiitz ¢ ¥ i i 25 #a %
WAL= GC-2 1%, B SantaLucia {E4 VLTV
LHGEE D, P CHEEARHEEZLEL LIZRFICH
WHENZDORBZZGEOND, T ZITIIRS 2o
727235, Ahsen-Wittwer-Schiitz ¢t 2 %GC % ? 1%
NN-2 & %\ NE NN-3 (20 Vil % H9,

BOSSRIED R#E{bE Ta IS+ 2 %E

B BAOBIIE X AR 7 T A ~— I > TV D,
FOSEAR SO A 7 VEREDBRIK L 72 o TS Z &
LdHV1Gs, 774 ~—, ANTP, % DNA H %
VIR Y AT —BDIRENT o AU TR & Fr
Bk BEED L WVIIHEERZIKR T SE5, £z,
FER O, MO RESE L REREBEL 525
BAND D, RESNIEZFETHLETTA ~—
THEBESRMFOBRRIVNT LLES TER2VA, B
W7o RS- DIITEETH D,

NEXCRF RN EZYWET DA ICEREZET LI
V. WIN AR U= E Ta ML L. R4
WMEETHZENDD, I E LTRELFIHIN
% dimethyl sulfoxide (DMSO) (Z X % Tm X F
1% 0.75°C/(%DMSO0) & S5 7,

Mg 1z KXV b TmBILORTall b2 5%
HREL, 1 mM Mg (Z—Alk5- 4> 120 mM #H
BTHDY, o T, Mg¥ IBENBIRICED D
AIITEEAET 5, ANTP 13 Mg* & wiAME S
REERK L CiliElf Mg BIEZ KT SE 505,
ANTP I EZ A H 42 & TaldZ(b4 5 (X 3A),
EDTA & [RAtkOZEZ 5| S Z 3 maetEnH D . K
BEOFFLIALR D L GEITEETRETHA D,

FL¥

Bl/N— 3 > @ Primer3 Tl% SantaLucia @ 3 &
T A—=EPHRINTEY, AFTH Iz Hn
oo LU, MOFIEICLD 2 Uy OER
D D72 BIE, FIVTHEDRWEA S, fk & FEHm
WCERL T, XN TA—=FE2RhxH LI TEL
ZENHETH D, £le, EOXH>RTvr I 0%
THITLDOHTHLING, ZDOFMEZ B L THIH
T5Z L MTEROICHERT L2 ZEPHEETH D,
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20 LR R OEROT — 4 &% I T,
BRI 3T 57 1 7 5 DO SRR EREIE R
FIFIROMELI D L W S5,

it iF
BRIkt LB S F & - 7o B TR R IR L %

ﬁ‘o

AMFZE D —EFRIX I O S BED 21T 72 2010 4FFEAH

ZNNRFILRNFTELE BB [l ks o1 7 5
—OEL L DNABEOSERE] (CX ViTWE LT,

SCHR
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Test Aquaria to Assess the Salinity Adaptability of Teleost Fish

1,2,3

Kimiko Ichikawa'?? and Tsuyoshi Ogasawara'~
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Japan
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Abstract: We developed novel aquaria to examine the salinity preference of fish. These aquar-
ia are called preference boxes. The aquarium was half-filled with fresh water (FW) first, and then
salt water (SW) was infused through a tube set downward along the wall of the aquarium. The
horizontal interface of the waters was observed, and the mass of FW was pushed upward as the
amount of SW increased, which indicated the significant separation of FW and SW. In the im-
proved model, stairs were made at the bottom of the aquarium so that the aquarium had lower
and upper levels. The aquarium was filled with FW, and SW was introduced from the lower level
through a tube until the interface reached the upper level. FW and SW were clearly layered, as
seen by the difference in relative density, and did not become contaminated for two days. In the
aquarium, the fish are able to migrate between FW and SW. Using these devices, it is possible to
clarify how the behavior on salinity controls the osmoregulatory ability of fish.

Keywords: teleost fish, salinity adaptation, behavior, preference box, natural environment

J¥ i

EE 5 teleost fish OIRIKIRIBIREE L, AEBKIIC
Wb 6T USWEKRBEIRIZLTWD, 7w
T e IIME &I & 2 EET S RETH D
HEAE 2 TH AT MR L TR C B K T b IRIRIR %
B Y, 0 XD e falE A IR b
W9, =R A XTI Oryzias latipes ROEF B —7
7 4 T ¥'T7 Oreochromis mossambicus 7 E 1%, #/K
WZAERT 2 03 KIC bG35 O TR KM &
WO, EAXHFIAZ I OEMEKTHY ., R4
BIITBEAEEL VAT CE D, AMEITRERE
FEI ORI AT 72 DT, bbb RFEICDz -
TEEHL TV,

ARAAFEITHIK D HIEAK~DEERBATITIEIMT 2 720
3. V2K & o Te AR AKIZE IR EE LT
SUEKICEITT D & L<HEET 52, ZhE P
Jit> preadaptation &9, U T = LU ARy 7 A
preference box (PB) XKk &K & NREE LW
FOWCTRLUZERPAECTH Y | SRR IR
DT D ZODOKBABRIZBEIT L Z L TE D,

Z DIEE T B R O g i OB ki &
720 BRI ERE 2 B ET A -0V L D =
ERBHD, —RIITKERBRG R ETHAIND K
B0 2BEETH D Y, A X DI EIA TEN S A
LIDMNE I DI ARHTH D03, PB & H W Tl K
JSBEDIEBIERE & BT TEN E OBV 2 L 5
L EFEBEENDD, AT/ =HNV /) — Tl E
BREAICEL S S E /M PBOFERELE, £
OMREEZ T A R LI R A2 HIET 5,

POBEE T3k

FPFHROBEARY T AKEEFRHA L=, RIZT
7 UM (3mm JE) ZYIHF L., B35 L Ol & (R
L7z, WEENSCMME R, 77 VIVRPETIC
ROGEITE, BEA K L. (st o
FT )y T VIMIH T ALRZEOHAMLEZ HH
N GEE (E) EOUTThL, EM 2 ERF
LCREDICHEETDLZELARETHY, HIORRED
FHRME B R D DT, KEOHEME LI TH

©Research Institute for Integrated Science, Kanagawa University
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5o 10 mm EDOT 7 U AT TR0 HES N D D
M. 3 mm ETHIVT LIRS ’If’ﬁfﬁ’(“%\ N
RO KRE N T3 D5 ANEIC bR D 7,

B ik AE

LA RERR RS

AAEA (X 1a) ; HRO Y 7 ZKFE (35 L; wad X
d27 X h30cm) (2K (K 14 L; /K 12cm £ T)
T NI, IKFEDREZAR DRI G, HEKD LD
FlE DK ZFENTE,

AKFEB (X 1b) ; kD H T 2 KMIZHAK (K
14 L; K 12 ecm £T) & A7z, AMEEEHRIZE A
LizE=—F =2—7 (N4 mm) ZI L THK
DT 5B KAE OB AR OWE K ZEAN LT,

KHEC (K 1e) 3 Tl ZHZ =T 7 U L siEH
Kl (40 L; w40 em X d25 cm X h40 em.) & /EHL L
7o FEBOKIL L T & OB BRICIZ A Y » k(2
em i8) ZF%T72, AU v R&I LTt & S25ok
BUFERE LT D, TR & EBOKIRICH S22 U
YK Z WL, K ZED HEELONIIEK LT,

Jedi oy B AR

KD (¥ 1d) ; K@C®¢%’ﬁ@@ﬁ%ﬂf

%%ﬁﬁ%&ﬁ DOXBENZ 3T T2, B0 Rk
WL PO AY v LV H 2em &< Lz,
FIXENZH B0 COHKE OIL, TIREIC BT

2 K X O JETN S HEK & F M IEA Lz,

A R B 2R IR R
KEE (Kle) ; ZOT7 27 VUNLKME 431w
50cm X d 25 em X h 35¢cm) (Z2OWCTiE7 27 U b
WE%Z 10 mm (2 L, HERCOEME/ D THEE
FIHERAEE L7, K lelIRT X1, 2k
K COHBRTHD, DFEV ., KEOHIZHAE
FREZR T 7 U VBOR (w20 cecm X d 25 cm X h
mnm)%W#~%:$%LTV*’&%%OHEO
WK LR DOFEKRILEZF T, PRI ——7
~®t®®ﬂwwm£%ﬁbﬁfto
HONUDBAKEVNTEE, RITEHOEKALL
X0 KEMZ =, KiED EFHT D & Tl ok
Fa—ThbbsNTHH SN,

H#isise

WAKICEHEBGBSE (AFLr7—, 2mgl) ik
U CEEAK DSBS X OBE R O RE 2 B HE15R
L. GHE#xE L7~ (COOLPIX 990, NIKON),

Cl )& e
KENOBREKDOCIA 4 v EEZHE L
(DIGITAL CHLORIDOMETER, LABCONCO),
WK &K DO BERREE L B 7z,

Wi L Bl

F W72 K3E7K O Cl IR EE X 0.280 mmol/L, % 1%
0.98 g/mL T - 7=, #KITZE N ZE I 550 ~ 566
mmol/L 38 L0 1.02 g/mL Th-o7z,

LR R KRR
oK EHEK TR ITRN R D DT, RS

WCEER 2 BHREBIRT D Z Lk, HIROT 7 A
KEEZPH L7k A (M 1a) TlX, o TCHA
nNTEWEEK (K14 L) OErHEK (14 L)
RV, WKITMOK IV iAA, BOELICE
L C, RAEPICITE A AP CE R I n Tz, A
F LT N—THEELTHRBKOMM A 27 (X
2a), BFENMEI D EVIKIEIZD > THANRX IZ
R ote, CLIBEIIWT IORKNALE (KA B35
£V 6,12, LV 18 cm) THENEN 176, 275 I
F U399 mmol/L TH Y, #/AK (0.280 mmol/L) &
7Kk (550 ~ 566 mmol/L) [XiRG L CIEHHRIE ER<
7o T, KA O X5 Al 7okl TITRK &
WKk%E LT 305 2 EIIRARETH D,

—J5. KB (HRAT 7 2K (X 1b), B X
CEELEZAREC (K 1e) Tk, Fa=a—7%2LB
U CRFEIERTIC K 2B Uz, WERDNRAKD FIZ
AV IRAF, WA E R AT L EF 7=, KiEC iz
TR A 3% T 72, M KE D ERR D HIREIC B L
THEID DAY v FOMEE TET D &, WKITA
Uy FZd ) Pfl OuwKOER~BE Lz, D%
V. MEAKOEEREIZIAY v MIEX Y EF LA
ote, AUy b ER UGS SRS THIRR 2255 5 m
MBS N, 24 FE#ZIZI30KE B T3S fm
BEBRIC 72 W iER Ley, AKMEC TiX2 A THER
REPHER STz, HO LK EEANL TR

DREREST-, KiECOTHETIIAY v FhOF
HiZAF L7 —TH< A3 (K2b~e),
CligEZfRE LT 5L, KB, C&bYWITHE
K EMEARDIZIESBE LFERE Lz, 2 B BITI3KME B
TIXR A2 5.6 mM (KE F 6 cecm) £FTEHL
723 JKFE C TiL 3.0 mM (KM F 9em) TH-o7-,

HEHMNUOBAKETEAN L, HAKBLD A S UK
IBAT D L PIBKETEICT D 2 LRk D, Ot
JEITIC L AR OFN, A6 L-iko BE8
B0 ClIREOFPFER L —F Lz, ZTHIFBEHICE
DRRERDS, AKFENTOHK LMK EEO BZ2 L 720



ANESEF, NER R AR I TEIRNA O 72 0 O FHOKIE OB 93

K
a
YKk
7K I
ik W
C
gt YK I
A2 l\‘[
7K 3k
<4 |
WAk Wk
Bk b
YK I
gt
AV b
i 7Kk 4%
g~ |

5% 2 & amd, Ptz 7o Lok Ok
O TiE, wokeike 2 RERICO Y REESS
HET %, WK LR OBISE TA U D HELR A,
2V v bEBETTPE~RIL S D720 & Bbid,

JeA Sy RERIK B

AKX F = — 7 %4 U CE 2> DK & EV
72 (M 1d), wAKBZH L BT TlERRAD | ¥ -
WK DB AR H 5 biiz, K C & FERIC
BEREAAY v hOESZ@BALHF IR oTo, FE
BRI ] % J8 L Cg /K 23 K X S R 9 2 bk

b WK Y
R Kk
7K dk
<4
d 7K *
29y M
T | Kk PRI
4/

1. KEORES L OKOEAER. a. KA, b. K
B, c. KK C, d. Kf# D, e. K E. a~dIZ2oWTIX
FNF 2 —7 2 L TCHAK L. e lC DWW TIIKFESEEZ
BT TF 2—7 SR [T viEKLE.

RN NoTn, AF LT —HEKEHANTYH
[FRRDORER DG DTz, T b, BIMRZRE 5 w2
MEFF S AL, MRAKEREAIND FIT o7 (K
2f,g), CLIREZfRIEE L T2 L, RiE 2 HEDOHEK
FAXE (KE F 18 em) 1E 1.3 mmol/L Toh Y K
WA~DOWEK OBV BT LRI N D, TRl
E W - WK Xl & A AR A REEIC L 0 . ok
&K % BTN A I L T

LR B KR
o5 U K&l - TREICRKE AN TE
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X 2. - ?’fE7k ,\/\:JbJZU\Cl/)i%WODfXE#Tﬂ: PRI LU %I//7/I/_?§@{’ﬂ?c7k%&b\7i a. KH A BRIEIE. b.
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Guest molecule
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insoluble in THF.
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Synthesis of azaheterocyclic compounds bearing two long chains substituted with anthracen-9-yl group at the @-position
Seiko Abe  (FA[ER
Background

¥ ) Department of Chemistry, Kanagawa University

This work

> ooy — ~
&5 P st olsculs
fullerene 88¢) 88¢)
Taws-porphyrin o 5
e
Host molecule '9) Nt 8 Ayt (@=J ® ( el
@ - o~
Ro
b & "32{“ “ S S50 g0 s o s g Card
fRepReeh i e S “The designed molecule would undergo photocycloaditon and thermal
rewocycloadion. “These molecules have o loag chains bearing an anthropl group together with a
wgloshane ) “Fullerene i only slightly soluble in various solvents such as dickloromethane and practically has o long cheins beasing an o-anth igoup, andittakesa  tiptycene core,

f Lath

- “For ezample,

AW show here synthefic pathway of these v,0"-bisaathryl compouads.
“The firststep in the synthetic to crown ether denvative

«fnthracenes form biplanemer by photoirradiation.

it

alang chain undergo

give novel dendrons.

Synthetic pathway

andthen
“Thus, molecule cauld transport the guest expectedly fo other place and release it there
0 thermal retrocycloaddition.

o
J
hyv
seel @é}g

of tyrs . “These twra aromatic group were joined to each other through tiethylene glycol unit or
1,10-diaza-15-crown 6-ether skelton.

eyclize load

andundergo
retrocycloaddition

Photocycloaddition

el " T

in MeOH -THF

in KBF, / MeOH T

photocyclization.
“When we irradiated the erown ether high-pressure mereury arc in henzene,
did 4

by means

bisthydroxypropyantoracene |
TPk fevahve i et it by e e
“Deprotechon of THP in mgtyoene 3 was camed out by HEl 1o gve riptycene 4
Side chan i Soeylte and

crown ether derivatve

“The thus-sythesized side chin was similarly joined to rethylene glycol vt
of spectra

of fullerene in the presence of a host molecule

_round bottom flask
|__[ substance (1.0x10°* Mor 2.0x10°® M in CH,Clz ) : 4 mL.
Ceo (1.0x10° M in toluene) : 4 mL.
ncentraton
— cHCl @mL)
filration (membrane filter)
measurement of UV / VR spectra

co

Solubility of C,

] [Cagl. molL

026 036107
oluene: 28 359x10%
THE 000 (0.006) 0

“We aftempted to investigate whether or not these open-cheined

dycol derivative

diaza crown ether to give

Fullerene solubilized with the aid
of bisanthryl compound

50 550 650
Wavelength / nm

“Blue lines show absorption spectrain the presence of this crovm cther

“Orange line i reference spectrum of fullerene

eAmiziuse of the crown ether denvative and fullerene initally showed absorption 2t 450
aim, and then, the absorption gradually decreased and reachei to a stationary stae affer

Effect of building brocks on solubility
of fullerenein CH,CL, ()

T @

Wavekngh /.

“waveengn/om !

oo ® o
2 408

Initial

} After2h @ i ,

@ <

05

o

cHyl, salubility examined in
blocks of crown sther derivative in CHyCly
«As shown here neither crown i effective

become solublein CHyCly

Effect of building brocks on solubility of fullerene in CH,CL, (1I)

+A¢ shown here, building brocks having an anthracen
unit first appeared to be effective for fullerene to
become soluble in CHCly

L o T—

650 350

450 550
Wavelength / nm

Electronicabsorption spectra of fullerenein the
presence of various building blocks in CH,Cl,

750

450 550 650
Wavelength / nm

absorption the
building blacks as well as combination of fullerene with bisanthryl crown ether

Ve can see that this crown ether derivative is effective fo dissolve fullerenein CH,Cly
Furthermore, we thought that joining two anihryl building blocks through a spacer should be
effeciive 1o solubilize fullerene.

“The his-designed compound is shown here.

' <3
After2h | @& {This result showed that these build
%ﬂmM&m,wm,pm,,m

w0 s 750
Wavelength / nm

Electronic absorption spectra of fullerene in the
of triethylene glycol in CH,Cl,

fet

\\Z' =

Injtial Afer2h 463
\ 24
2

Q

-

0

850

w0 50 70
Wavelength / nm

“This figure shows that thic compound was as effective as the crown ether
dervativesto salubiize fullerene.

+However, when the irradiation was caried outin the presence of KBy in
MeOH / THE, the desired ring-closure product was produced selectively.
“These 'H-NMR spectra show the features of photo cycloaddition of the

wn ether

ok

“Fortrethylene glycol derivative, photochemical intramolecular
cyclization took place effeciively, when simply dissolved in benzene

cho

inbenzene

in KBF4 / MeOH -THF

£

s

Time course of photocycloaddition of bisanthryl compound

8%&
1

4
oo oo

tine couse of

B Fhobeyadiiion

e,

500 550

0 450
Wavelength / nm

Thermal retrocycloaddition
g C:}e%? * %”&Fw
1Y =1t

B
o
f*
o) WPON N N

“We investigated thermal retro cycloaddition of this macrocycles. “Similarly triethylene glycol derivative underwent retrocycloaddision.

Summary

« Joining two m-anthryl building blocks through a
spacer was found to be effective to solubilize fullerene
1 CH,CI, or THF.

*Photochemical ring closure of 1 is appeared to require
the coordination of K* to diaza-18-crown 6-ether
analog presumably because of steric demand.
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Synthesis of triblock copobymer using photodegradable heterobifunctional
crosslinking reagent by double click chemistry
Department of Chemistry University of Kanagawa (Yamaguchi Lab.) HOSODA Mai
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Photodegradable hetero bifunctional - N=N
crosslinking reagent; PHBR —Ny b =) St NSO

azde akyne triazdle

‘Michael addition Reaction
-Q
QN [ +vsQ —> Q-
O o
maleimide il

]_ Photodegradable
finker : PDL /

~PHBR
P=azide JJ =a|kyne§ ‘:maleimide 4= thiol

Pluronic® BASF (Badische Anilin und Soda Fabrik)
ﬁm 7T R Foly(emylene oxide)
~PPO) =
=5 gl s
Hydrophmc polymer Hydrophoblc polymer Hydrophilic polymer

PDL PEO

oL —C PrPO D)
Sl

IH-NMR spectrum of 1
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CHN Elemental analysis of 1
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UV -vis spectrum of 1
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Photoirradiation of 1
"
A>320 nm 100 mW / cm” 05 - Before photoirradiation
sl \ R, G g
\
| |
- £ was obtained
\X\ by absorbance
5
tzwasobtamed ;’l g S
of by e
Ay W 3A10m  m =
esrepim)
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g

S o

-

Q S—(CHy);~CHy.
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- Patterning of cell-adhesive and non adhesive regions is achieved by photoirradiation hydorophobic Ac=eyX Cx I+ g5 (Go— CYX | C
substrate modified with photoresponsive triblock copolymer. In < =hoct —
= . =0.0476'5
-Apolymeric micell from photoresponsive triblock copolymer is also applicable to a drug delivery TR :t ?X 22):‘ L X
_._.T]”sstu[ly PRSP - -
MR spectrum of 2 GPC charts of 2 upon bzﬁm and after photoirradiation
D[ om [ e s o8 R @
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click chemistry s
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MO G, 9 (Gt Characterization s F L
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PR NO, 4
U UV-vis spectroscopy
. et compornil’ §, \CHN elemental analysis UV-vis spectra of 2 upon p
27
2
Summary 15320 nm 100 mw /o 0s
n THF (10.0 mg/ 10 mL) X X
The model compound 1 was synthesized and characterized by 'H-NMR, CHN elemental & ;; hennoinetease oflabsorpfioninear370.0m
. N ——30s | Iderived from the produced nitroso compound
analysis and UV-vis spectrum g%ss was observed after photoirradiation for 90
-Photodegradation process of 1 was monitored by UV-vis spectra g s .y 05—90s seconds

~The triblock copolymer 2 was synthesized and characterized by 'H-NMR and gel
permeation chromatography (GPC).

-Decrease of the peaks was obsereved by
further photoirradiation.

Photodegradation of 2 was monitored by UV-vis spectra and GPC, but 2 was not cleaved

01k
completely. 200

- Experimentalsection .
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Development of Molecularly Imprinted Polymers Crosslinked
by Non-covalent Bonding Between Functional Groups

Masaki Katoh Nobuhiro Kihara
Department of Chemistry, Faculty of Science, Kanagawa University

Molecu larly imprin tlng method Effect of initiator for the preparation of MIP

o0 ® - Composition of MeOH extract
° %°, ] polymerization
() — — -
LY .. + //. n_ Initiator g Target L(pg/M1gMIP) D(ug/1gMIP) L/D
monomer -
Template molecule
functional monomer 448 1.29
desorption ¢ ‘absorption _|_N=N
. . .. . CN CN
Facile construction of recognition site
Most of must be crosslinker 385 1.1
= 2.5 mol % for
monomers
Crosslinking by non-covalent bonding
—_— ! Q 158 130 1.2
molecularly imprinted polymer : N OH
(MIP) = . ___
Cr linking by walent bonding
*r) J;((] 489
_H,, Me N:N
d N o g COOMe GOOMe
)=O“‘" Me” R
R
hyd(otgen t:pnding acid-base interaction 3055
interaction 5.0 mol % for
= . monomers
Use of monomer mixture
Q 2827 1587
Bl oH
N
H o

“MIP can be constructed without crosslinker

]
“Highest selectivity was observed for (;)lm OH (template molecule)
monomers He

Oy polymenzatlon $ l:e'i" ‘ *Recognition ability was improved by using _i_: _,_om@ as the initriator
\ I 5
!:" szl;_l / \INH’ / Effect of the template and-solventused for the adsorption
emplate E
non-covalent Soxlhet extraction
interaction by MeOH Composition of MeOH extract
e \
/<OH | Template  Solvent L (ug/1g MIP) D (ng/1g MIP) UD Appearance
\ we, MIP-L  CH4CI 3893 3140 (124 | Powder
\ Me"/i MIP MIPL  MeOH 213 182 Rubber
} B ‘ MIP-L @ CH;CI 640 676 Powder
\ ] H 3
et 8 MPD  CHCI 735 630 Powder
MIP-DL CH;CI 1104 1151 Powder
Results and Discussion a)MIP recoverd

. - *Recognition ability was lost during recovery.
Measurement of recognition ability

“High reproducibulity was observed.

=Interaction between MIP and target molecules was suppressed by MeOH

MIP was collected and \
extracted by MeOH Summary

1. Molecular recognition by MIP without covalent crosslinking

2. MIPrecognizes target molecule used as the template
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Synthesis and chemiluminescence of dioxetane bearing a sterically crowded bisnaphthol moiety
Hidehisa Kawashima (JI| & % X)
Department of Chemistry, Kanagawa University

Background

cooar

WA e T

/< o LA
e
i - ;;j— "

o Ji:[ s‘)—(; @ 4 ﬁo
R

excltd moleculs Y B P a1

o Change of stereochemistry ro
[\‘ ’ J 1 @159 .
.ﬂ,% B %—“—“ %% —-%Q@% +  Light \ L i
B P d d I
BB Faoisbllucoll ’ Change of Bl e e o — L,
 Charge-Transfer-Induosd Dacomposion N :Hesrste ., Sx. . Aot 2405716120 - ;
chemiluminescence properties
© One magical phenomenon in nature is luminescence of organicms such as fireflies and jelly fishes.
© How such a bioluminescence oceurs s one of qute ieresting problems forus molecular recognition
O Now, we believe that the bioluminescence of the irefly occurs by the mechanism shown here. O To develop high-performance chemiluminescence substrates, we have been studying such phenolic dioxetanes.
O Patticipation of this dioxetanone intermediate is the most important pointin this mechanism. O In the cousse of our investigation, we found that optically active bicyclic dioxetanes bearing a bisnaphthol moiety
© Afterthe proposal of the dioxetane intermediate, many chemists have been stadying underwent chiral-induced decomposition in the optically anisotoropic environment. O For example, when we treated individually isomers with op! ethers,
the four-membered ring peroxides s a high-energy molecule. we observed characteristic chemiluminescences
© We also have been studying manly of design O These h here.
o with duced gve bright light O Thatistosay, duced
. y

This work Chemiluminescence properties of dioxetane

———————————————————————————————————————————————————————————————— . 566nm 5830

554nm

Mg(OMe),y

Normalized intensity

00
Wavelength / nm
speteaaf doastane

: ®  Wavelength/ .
iength / nm
o Fig 1 Chemtomncsconce specraof deartze 1Am) Fig?.Chemibaminesoene sasraof siokeshe 1B MOH
#\D ° - Tl 1 Cheiluminecence popestiosof Goxct 1A MeOF D
o +( Light 7 Ca— oo 5t o ] =
0 max /00 Ps KO/ tils imax /0 @ o5 )OTO/s tipls
© OO L4 TBAOMe | 5816310 27x 107 24x107 18x10° 380 TBAOMe | 581 ~65x10° 27x102 24x107 26x10% 270

MeONa | 583 48x10% 25x10% 1.9x10" 19x10° 370 MeONa | 583| 50x10° 25x10% 20x10" 26x10° 270

16
Base <TBAOMe, MeONa, £-BuOK, Mo(OMe) €TI0z Charge Transter indaced Decomposiio #BuOK | 83| ™5 0x 109 25x102 20x107 19x10° 370 tBuOK | 83| 30107 25x102 20x107 27x10% 260
Mg(OMe), | [566)-51.0 x 102 (6.3 x 10%) (1.6 x 10™) 26 x 10 2700 Mg(OMe), 1.1 x 102 (6.3x 10%)(1.7x 107) 4.4 x 10 1600
Y - o
(Cha"gem chemiluminescence p"‘)pemes ? ) O Thus, we carried th of TBAOMe, MeONa,
#-BuOK, or Mg(OMe), in MeOH.
O Asa further of such a chiral-induced 5 O When we an lkzoxide, we observed
o congested ol TEACMe.
O Next, we examined base-induced oft koxid Oon  when we M(OMe);, we observed features
metalion on O Thus, for the Mg system, of TBAOMe system and chemiluminescence efficiency increased.
Chemiluminescence properties of dioxetanes
554 nm566 nm 00 o0
Basc = Mg(OM I, Base 3 T
o e MBS}z ot —Base . GoAy + CLight
o § 1B 1a o MeOH o
ESeCeH : Base - THAOME, MoEOMel,
o, g
el g Teble: 3 Cheiluingiceice propetion/of dibdeinsy i MEOHD Table. 4 Chemiluminescence properties of diozetanes in MeOH
1A1B g
HO-ArQ Base Ima/nm gt (0 g g0 HO-Arg Base ImaInm  FL FOyT p0s
e T . - i o  TBAOMe 56  65x10° 53x107 13000 Wo. TBAOMe 593 = 43x10% 12x10° 600
LT 1A miTBabn ) K28
. Mg(OMe), 5271 Not estimated Q Mg(OMe), 552 ¥ 12x10° 53x10* 1300
‘}\n Oo 586 nm
o Base =Mg(OMe), O o
0 N 24 0 TBAOMe 581 = 63x10° 18x10° 380 FASS TBAOMe 607 =25x10* 21x102 33
{ = N L7 " &
§ e “Mg(OMe)z 10x10? 26x10* 2700 T Mg(OMe), 43x10" 44x10° 156
£ o 0
H 20 - TBAOMe 581 C 65x10° 26x10° 27 S TBAOMe 807,l 26x10* 24x10% 29
e X 1.7 HO, X 1.
Mg(OMe), 554 11x107 44x10* 1600 S Mg(OMe), | 586 ~45x10% 47x10° 150
i = e e i 1B (dastereomer 2) 28 O e A
MTIW
Figd Chemizscre speets oFsehoe 24 s 28 MK JO— y [Ev—
O In addition, for the Mg(OMe), system, th other. O This of of] betituted binaphthyl dioxetane 2,
n y d 2 © Basesused here were TBAOMe and Mg(OMe),
O A sterically congested moiety of dixetane 1 presumably affected the chemiluminescence property, O Thus, we eth emission

Summary Synthetic pathway
% OO ¥ NG OO | e (o) gt Nabity P PTOH-HO  MeO. o MeO
% Light M@Oé (Meowue) - wm)kwe SRR, m - g

When the dioxetane 1was treated with Mg(OMe);, chemiluminescence spectra shifted to blue from the case of |

H 4 Na 1o
TBAOMe system and chemiluminescence efficiency increased. H OO Q — Meo\./\.! G W —> M“’“YM

-Inaddition, for the Mg(OMe), system, chemil pectra ofth i from

each other

5o
o S,
e OO o = "0 ™ CO

ais: u..rm 2

~The color modulation of chemiluminescence for dioxetane 1is due to the coordination of phenoxidewith Mg e0 OO ccsiene iniiiiectil; OO
ion, which sh o y 1 lwnulcu:uo, HO T
HO. acelme HO.
n I — S— CO 4 CO o e

congestionin dioxetane 1
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Synthesis of Macrocyclic Sulfoximine for the Recognition of Cyclic Amides

Kohta lijima, Mobuhiro Kihara
Department of Chemistry, Kanagawa University

Introduction o-Lithiation Followed by Stannylation
yH0 R 1 NH=O. R
‘“T" R ,S/ ‘\T’ N HoSOy _ #-Buli Q’
RzJ%o TR T LI | S8

amide-amide dimer sulfoximine-amide complex

AH for the complexation [(Semiempirical, PM3)
-4.73 keal /mol -1.36 keal /mol

Design of Macrocyclic Sulfoximine

Sulfoximine unit

Guest maolecule
cis-macrocyclic sulfodmine

barbituric acid complex diketopiperazine complex

Macrocydic sulfoximine Is expected to recognize cydlic
amide such as barblturic add and diketopiperazine

Imination of ortho-substituent Sulfoximine

Far
. Bochg, mucmsy
G—(’M

Imination did not occur because of
the steric hindrance of ortho-substituent

Buzsncl Q:P

trons- macrocyclic sulfoocim ime-

m'fmunp ?
CHACN ©

j hiH

3% é WH

Double ortho-lithiation

of diphenyl suffoximine is possible

a-Lithiation Followed by Boronation

QP lithiation rsppant 3 borone reage
G“NH ; THF, a0

R = Bror Obde

Difflcuity In Isolation

Direct Fluorination of Sulfoximine

Q,p PiDAC Q;a saloctiuor

¥ =MH, NBoo

B

Acylation of Lithiumu Intermediate

OR
1) +-Bull
'Ilmagaﬁ WH '9359[ R
OR DMF H
Acal) CHy

Perspective

R
1) Baeyer-Villger oxdation o
&

GO
e e S L
N 2} hydrolysis “WH
COR
ey
el 1) metathesls ] 8]

o 2) Hy, PUIC @}H MH
] [u]
M W
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Development of length-selective acylation catalyst
using hydrogen-bonding between amide

Department of Chemistry, Faculty of Science, Kanagawa University
Noriaki TSUZUKI, Nobuhiro KIHARA

- Introduction Wajﬂ%
BH, H H,0, , NaOH H

HZB\/K/\ HO\/K/\ 1or O N\_\/N (NMD
)—(CH2)pOH + S mot% HN O>—<
OH R
e~ 0. 15804 PPN 2 \Hk )k( CDC|3 O}/,_(CHZ," d

47 mmoIlL 10 eq.

N

The selectivity occurs based on the P
Regioselective reaction?? ms) chemical properties, but not on ) 0 o m wm w w
the position of the substrate ﬁ/

o 5
Differentiation of functional group with similar reactivity is very ‘ | ([Al) " >

difficult although enzyme realizes the high position-selectivity

—— This Work i 2800m .

Recognition unit L 90 min Rate constants of acylation.

(min™")
cat.  (rmin kaclkze
K\ . 2c (n=5) 2e(n=7)
30 min
Substrate NMI 53 x 10% 1.5 x 10%

~ i £ 1 13x10* 05 x10*

Change of *H-NMR spectra on the
acylation of 2 (300 MHz, CDCl5) ‘

Complex of 1 and 2¢ Complex of 1 and 2e

The rate of acylation depends on the length
of methylene chain of w-hydroxyamide??

— Results and Discussion

- The hydroxy group of 2e is located near

b—/) the activated acyl group

A
X
N al er 2
5 64 % from 5a K/ solvent
89 % from 5b 6 b | 1 n

N a b c d e f g h

3 4 5 6 7 8 9 10

CHCl, O x O O O x x «x

CH4CN O 0O O 0O O x x x

/ THF O x O «x x x X x
“—Q_\ ‘Q_\ diethyl carbonate O x % x % x % x

fet)arlct:%?]shlra 10'5"175';5 \ ethyl acetate O x O x x x x x
9 1,2-dimethoxyethane O x O x X x x x

benzonitrile x x O x x x x x

Sonogashira reaction N nitrobenzene x x x x x x x *

run  reactant catalyst yield (%) \/) sulfolane! O O O x x x x «x
7 % PaCLPPhy) 0 propylene carbonate x x ) x x x x x
2 6a  Pdy(dba);*CHCl; 10 O zm: g 8 g 8 8 8 8 8
DMF O W @ w @ o O o

—— Conclusion

(o)
CN |
o :—@—\ o
* 1) Sonogashira reaction O O H
OninH—N

gN 2) Hy0,, KoCO3, DMSO )—(CHy),-OH Reaction field 1
—; =)

10 9 2step 28% acylated 2e selectively
compared to 2c
Synthesiggbiighstrate. -
W+ /
KCN H,0, Ho(CH J? K/N\‘('Pf
HO~(CH,),-Br e ROy ON o or B T Ny 5 Reaction field 1 can recognize
3 4 2 the length of methylene chain

of substrate
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Influence of salt on interaction water-soluble polymer and water
* Mayumi INABAD Department of Chemistry, Faculty of Science, 'Kanagawa Univ.,

Tsuchiva Hiratsuka Kanagawa 259-1293

Introduction
Polyethylene glycol (PEG) Salt ! NaClKCl
HO{CH,CH,0)xH MgCla, CaCl:i
k etc

*Environmentally and biologically friendly materials
*Highly hydrophilic and viscous polymer
® An ether oxygen forms complexes rolling around metallic ions
and PEG is used for the ion extraction to organic metals
®The two layer system
(PEG-water / salt-water or PEG-salt-A-water / PEG-salt-B-water)
is noticed to good environmental analysis method
PEG-salt-water system have been applied to industrial or biological use

Salt concentration

PEG-salt-water system

A helical structure is broken Hich Low
g

The property of PEG is changed Phase separation Homogeneous !

- Previous study
@ PEGG6000(molar fraction of EOX(X)=0.02)-[NaCl, KC1](0.10 mol/L)
*PEG-water interaction was weaken

and the water molecule bound PEG was decreased

*PEG-water interaction NaCl<KCl

% The behavior of water molecules in PEG-salt-water system
Intension of interaction of PEG-water and quantity of water
bound PEG by melting of PEG-water eutectic

Water with hydrogen bond by Abs at 1200 nm

Mobility of water molecules by relaxation time(772)

Purpose

We investigate the behavior of water molecules in PEG-salt-water system
and the interaction of containing salt
Summary
@ Melting temperature of PEG-water eutectics was fallen by addition to salt
= Interaction of PEG-water was weaken
@ Melting enthalpy of PEG-water eutectics was decreased by addition to salt6
C—=>The water molecules bound PEG were decreased
@ Abs at 1200 nm was decreased by addition to salt
The water molecules of water bond were decreased
PEG6000(X=0.02-0.14)-[NaCl, KCl; Mg€la;:CaCl2](0.05 mol/L) and water
@Melting temperature of PEG-water eutectics was risen
at around 0.02-0.06 molar fraction of EOX,
and reached at steady state at around the 0.06 molar fraction of EOX

@ Abs at 1200 nm was risen at around 0.02-0.06 molar fraction of EOX,
it was reached steady state at around 0.06-0.10 molar fraction of EOX. and risen

PEG6000(X=0.02)-[NaCl, KC1, MgClz, CaCl2](0.01-0.10 molL) and water

@PEG-water eutectics could not observed
> The water molecules bound PEG become minimum
Interaction is stronger salt-water than PEG-water
Hydration water of PEG was used for hydration of salt

@Melting temperature of water-PEG eutectics was minimum
at 0.07 salt concentration

@Relaxation time(!70) of PEG-NaCl, KCl-water system were showed
the constant value, PEG-CaCl2-water system was showed the rising tendency

@Potassium Chloride

@®Magnesium Chloride
o > Influence of salt concentration

Experimental

QOReagents OProcedure

®Polyethylene glycol 6000 ® PEG6000(X=0.02)-[NaCL, KC1, MgClz, CaCl2] (M=0.01-0.10) and water
@ Sodium Chloride =) Influence of molar fraction of EOX

®PEG6000(X=0.02-0.14)-[NaCl, KCI, MgCl2, CaCl2] (M=0.05) and water

Measured temperature : 133~373 K.
Heating rate : 4 K/min

Wavelength range : 850~ 1300 nm
M dtemy 298K
Scanning rate : 100 nm/min

Resonance frequency : 54.10 MHz,
Measured temperature - 303 K

@ Calcium Chloride Cumulated mumber : 5000
Results -
o 0.01 ] H
S |
g Eutectic of PEG and wat b n U |
Z s SRS ESE e Ry 2 ool \\\P/:a'k/ofhygo nbond /o Relasation time |
O 12 Intension ofinteraction of water-PEGand ! ater i rogen Bdd Y Mobility of watermolecules |
A 1 antity of water binding PEG 0.02 % L 1
20 0.03 = — IR i
18 203 5 353 7 200 1?00 1100 1200 1300 7.5 5.0 25 |
T(K Wavelength(nm) i ppm |
Fig.1 DSC curve Fig 2 NIR spectrum Fig 3 NMR spectrum i

PEG6000(X=0.02-0.14)-[NaCL KCl, MgCla, CaCl2](0.05 mol/L) and water

[ e B |
Abs at 1200 nm

Melting e perature

[ iy |

ONMR

@ Melting temperature of PEG-water eutectics was fallen by addition to salt

Fig.6 Abs at 1200nm vs.
mole fraction of EOX unit.

Fig 5 Melting enthalpy of eutectic
of PEG and water containing salt.

Fig 4 Melting temperature of eutectic
of PEG and water containing salt

Pt T U ® . a5 b " 3 @ Melting enthalpy of PEG-water eutectics was decreased by addition to salt
gZW B ) * - % @ Abs at 1200 nm was decreased by addition to salt
. s
Bucly iyl 2 : N H . . ! TS
85 . L Iy Eaed i I M 4 @)Mlelting temperature of PEG-water eutectics was risen
E 5 . -
§ o | - . ol o w| B v W at around 0.02-0.06 molar fraction of EOX,
Bl 4 ‘ i = oo b | g = oo H o] & ¥ §= and reached at steady state at around the 0.06 molar fraction of EOX
= w = ¥ N 3 ¢
W ‘u', s o o ,,,'2 s % e @ ,Lv,z =R S s .T bsat 1200 nm was risen at around 0.02-0.06 molar fraction of ‘EOX‘
Ploftim LBt Mdelitiom ot Mdfefmer R et Plefxin RN it was reached steady state at around 0.06-0.10 molar fraction of EOX, and risen

Fig.7Relaxation time vs
molefraction of EOX unit

Fig 10 Absat 1200nm vs.
salt concentration

Fig.9 Melting enthalpy of eutectic
of PEG and water containing salt.

Fig 8 Melting temperature of eutectic
of PEG and water containing salt.

PEG6000(X=0.02)-[NaCl, KC1, MgClz, CaCl2](0.01-0.10 molL)) and water
- T
Melting e perature] | Mehis snnslny | | Abs ot 1300 um ‘ [ Relssotisine. |
= 7 @\ elting temperature of PEG-water eutectics was minimum at 0.06 salt concentration
g M n <®
% - fis | Esfe - @PEG-water eutectics could not observed
g i, .
E 23 8 o] < A £ [] ®
g x . X +
S x E R
: L] o ; = | + @Relaxation time of PEG-NaCl, KCl-water system were steady state,
B e e R % om o _om om PEG-CaCla-water system results tendency of rise

Fig.11 Relaxation time vs.
salt concentration,
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Analysis of the Cell-adhesive Activity of BMCP30,
a Larval Cuticle Protein of the Silkkworm Bombyx mori

Yuichi Kawamura', Michiko Ito?, Kazuo Yamaguchi?, Tsuyoshi Ohira', and Susumu lzumi’
1Department of Biological sciences, 2Department of Chemistry, Faculty of Science, Kanagawa University

I . Insect cuticle

MR — epicuticle

«—exoctuticle

N-acetylglucosamine copolymer J. Blackwell & M. A. Weih (1980)

IV. Amino acid sequence of BMCP30

1 MRVFLAICLS LTVALAAETG KYTPEQYNRV
Signal peptide
31 YSTVSPFVYK PGRYVADPGR YDPSRDNSGR
RYD sequence
YIPDNSGAYN GDRGDRGAAG GFYTGSGTAG
RGD sequence

GPGGAYVGTK EDLSKYLGDA YKGSSIVPLP

VVKPTIPVPV TPTYVASKVV TPTYVASKVV
10 amino acid repeat

PPSGAGYDYK YGIIRYDNDV APEGYHYLYE

RYD sequence

TENKILAEEA GKVENIGTEN EGIKVKGFYE
Extended R&R consensus region

YVGPDGVTYR VDYTADENGF VADGAHIPK 239

30

60

61 920

91
121

120
150

151 180

181 210

211

BMCP30
Treatment of purified BMCP30 g NS
or bovine serum albumin (BSA) ﬁfv %73 N

to chitin paper.

1

Seeding of Bm5 cells
on the chitin paper.

1

Washing the paper.

1

Observation with phase-
contrast microscopy.

IX. Experimental strategy (in progress)

Modification of glass surface
of coverslip with photosensitive
silane coupling agent.

4

Fixation of BMCP30
to the glass coverslip.

4

Installation of the coverslip
into a cell culture dish.

$

Cultivation of insect cells
on the glass coverslip.

Silane coupling agent’
coated glass coverslip

cuticle

VI. Cell-adhesive activity test using BMCP30

II. Larval cuticle proteins of
silkworm, Bombyx mori

ca.70 a.a.

evcpsoll T T [amme

procuticle
«— endocuticle BMCP22 H BN

epidermal cells BMCP18 .:-
basement membrane .____:D

Chitin Cuticle protein Chitin microfibril BMEPTY

OH NS> =

w9, o i H M Signal sequence  [10 a.a. repeat region
L Raave 3 &&on [l RYD sequence [_] Pro/Ala rich region
= = o:< n o I RGD sequence

M Extended R&R consensus region

V. Cell-adhesion and RGD sequence
of extracellular matrix (ECM) proteins

RGD sequence; Arg-Gly-Asp

Cytoplasm

"

Adhered cell
—

filament
Anchor protein

Cell b
Integrin

Extracellular matrix (ECM) protein
(e.g. collagen and fibronectin)

(D UV exposure

BSAor

Glass covershp-

X. Summary

+ Primary structure of BMCP30 bear an RGD
sequence that is important for the cell-binding
domain of a number of ECM proteins and the
region around this sequence exhibits striking
similarity with the sequence found in vertebrate
collagens.

*BMCP30 possesses the extended R&R consensus
region, about 70 amino acids region conserved
widely among cuticle proteins mainly from the soft
cuticle of many insect and arthropod species.

VII. Application of photosensitive silane coupling agent for cell culture
@Photocleavage @ Protein fixation @ Cell adhesion

Silane Coupling Agent
Photocleavable
group\ UuvVv Pluronic Cell /
Hydrophilic -
group <
Alkyl-siloxane. i‘
0066060

condensmg agent

/1\’
NO:

II. Extended R&R consensus region

B3
BRI

. BMCPLT
Lepidptera| pyesy
HOCP12

)

) DRuCRSAE
Diptera { DrCRGART
Looutl

Orthoptera| ot ‘

cmmss
D%

Decapoda
HaAMP4

consensus

c residue; h:hydrophobic residues
BMCPs: B. mori residues;  o:residues with Ofi-group
HCCP12; Hvalophora cecropia
MsLCP14; Manduca sexta

DmLCP65A ;

DmCPGART| Prosophila melanogaster

Leeut?; Lucilia cuprina

SgAbd-1; Schistocerca gregaria
LmABD-4A; Locusta migratoria
CPAM1198; Cancer pagurus
DD9A; Penaeus japonicus
HaAMP4; Homaras americanus

VI. Purification of BMCP30

Larval cuticles

0200 ® mMNal
<7 M guanidine-HCI,pH7.0 * 10
MOy ¢ o
31
Ppt. Sup. <
a
17
Ppt. Sup.
1) )

Chitin-affinity chromatography
DEAE-cellulose chromatography:
MonoQ FPLC

BMCP30

—m
i m

" A e i

= u
0 5 0 5 » B3 N Ba

) Partial purified BMCPs.

G,
4 \

Cell adheswe

R: Protein

.y

o

» To analyze details of cell-adhesion activity of
BMCP30, we purified BMCP30 by use of both
chitin-affinity and anion exchange chromatography
from cuticle proteins, which were solubilized from
the cuticle of the 5t instar larvae of the silkworm.

*Insect cells of the established cell line clearly
adhere to the chitin paper coated with purified
BMCP30.

* By using the photoactivable substrate for cell
culture, quantitative analyses of the adhesion
activity of BMCP30 are in progress.
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