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Reaction Rate Constant as Indicator of Antioxidative Activity

of Substances against Hydroxyl Radicals Produced
by Fenton's System
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Abstract: The activity of substances as antioxidants against hydroxyl radicals was studied
by electron spin resonance spin-trapping experiments. An exact expression was derived from
first principles to represent the antioxidative activity using the reaction rate constant. An
approximation to the expression leads to a well-known expression for competitive reactions.
By use of these expressions, some rate constants were determined for reactions of common
organic substances with hydroxyl radicals. Two expressions revealed that the ICs index, an
indicator of antioxidative activity, depended on the concentrations of both the antioxidant
and a spin-trapping reagent.
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Introduction
About two decades ago, the hazardous effects of
excess amounts of active oxygen species (singlet
molecular oxygen, superoxide, hydrogen peroxide,
hydroxyl radical) in the human body were first
observed. For example, Totter reported that
cancer may be caused through the denaturation
of DNA by superoxide ions or hydroxyl radicals
that are not inactivated in tissues". Martin et
al. and Boyce et al. found that lung damage was
caused by hydroxyl radicals*®. They also found
that desferrioxamine or dimethylthiourea could
prevent such damage. At about the same time,
it was discovered that some chemical reagents
were able to eliminate active oxygen species:
metallothionein eliminates superoxide ions and
hydroxyl radicals”; and ascorbic acid is highly
effective at eliminating them®. At present,
research is being carried out to find active
substances that can eliminate hydroxyl radicals
efficiently and also to examine the mechanisms
involved in their eliminative effects®'”. Such
substances are sometimes called antioxidants.
Direct electron spin resonance (ESR) observation
of hydroxyl radicals is considered difficult due to

their unique electronic structure. Indirect ESR
observation became possible, however, by the
discovery of spin-trapping reagents'>'?. Harbour
and Bolton employed 5,5-dimethyl-1-pyrroline
1-loxide (DMPO) in spin-trapping experiments
and observed hydroxyl radicals produced by the
decomposition of hydrogen peroxide with UV light
indirectly as DMPO-OH'". They also observed
the ESR spectrum of DMPO-OOH produced
from OOH radicals. By use of the same spin-
trapping reagent, Buettner and Oberley studied
superoxide ions and hydroxyl radicals produced
via an enzyme reaction, and hydroxyl radicals
produced in Fenton's system'.

These spin-trapping experiments indicated
that the activity of a chemical reagent as an
antioxidant was related to the reaction rate
constant. Marriott et al. determined the rate
constant for the formation of DMPO-OH through
competitive reactions using the reaction of

16)

methanol with hydroxyl radicals'®. Finkelstein

et al. also determined the rate constant of the

same reaction using the reaction of ethanol with

hydroxyl radicals as a reference'”. However,
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the expressions employed by these authors
involved reaction rates, which are functions of
time and difficult to determine experimentally.
In photo-chemistry and radiation chemistry, an
expression was employed for the same purpose to
determine the rate constant through competitive

reactions'®2”

. This expression appears in several
reports, for example, that of Bors'?. Since its
derivation is not given in those reports, however,
its reliability and applicability are rather unclear.

For some years we have been studying the
antioxidative activity of substance against
hydroxyl radicals by spin-trapping ESR, in the
hope of being able to represent antioxidative
activity quantitatively using the rate constant.
We approached this from first principles and
obtained an exact expression to determine
the rate constant by means of two competitive
reactions. An approximation of the expression
leads to the well-known expression in Bors'
report. The objectives of our study were to:
(1) determine feasibility of representing the
antioxidative activity of a substance using the
rate constant; (2) elucidate the relationship
between antioxidative activity and molecular
structure, for example, the existence of specific
functional groups; (3) derive an additive rule for
antioxidative activity, namely, the representation
of the rate constant of a molecule by the sum of
the reaction rates of its functional groups; and (4)
1dentify superior antioxidants or ways in which
to design them. In this paper, we present our
findings pertaining to the (1) above.

Materials and Methods
Theory
We used an improved Fenton's system to

2129 namely, a

generate hydroxyl radicals
reductive decomposition of hydrogen peroxide
with a diethylenetriaminepentaacetic acid (DTPA)
chelate complex of ferrous ions Fe(II)DTPA)
being used in place of the original ferrous aqua-

ion:

H:0;+ Fe(INDTPA) — OH- + OH ~
+ Fe(IDDTPA)* (1)

Since the direct ESR observation of hydroxyl

radicals is difficult, adduct radicals with a spin-
trapping reagent, for example, DMPO, were
observed indirectly. When an antioxidative
substance (SODL) was added to the system, it
reacted with hydroxyl radicals competing with
DMPO, decreasing the signal intensity of the
adduct. The amount of decrease indicates the
strength of the antioxidative activity; SODLs with
high antioxidative activity caused a much greater
decrease in intensity even at low concentrations.
We analyzed this measure of antioxidative
activity, that is, representing it using the reaction
rate constant. The experiments were carried out
in two steps:
(1) The first step was carried out without SODL
(control experiment) and involved the reaction
of hydroxyl radicals with DMPO. It can be
expressed by the following two-body reaction:

OH + DMPO — DMPO-OH ; rate constant k& (2)

Here, DMPO-OH represents the adduct radical of
OH with DMPO, giving a quartet spectrum with
an intensity ratio of 1:2:2:1. The reaction formula
(2) leads to the rate equation:

d[DMPO - OH]
dt

= k,[OH][DMPO] (3)

It is clear that DMPO-OH) after the completion
of the reaction is equal to OH) produced, unless
other substances that react with hydroxyl
radicals are present in the system. This can be
proved if satisfactory assumptions are made
concerning the reaction. One assumption is that
the production rate of OH is fast. In that case,
assuming that the initial concentrations are such
that OH)o = @ mol/l and DMPO); = b mol/l, and
that the concentration at a later time ¢t is DMPO-
OH) = x(t) mol/l, rate equation (3) leads to:

& k(@ - 00 - %) (@)

This differential equation can be solved exactly
giving the analytical solution x(¢). When the
reaction is completed, it holds that x(co0) = a for
a < b, or x(©) = b for b < a. In order to measure
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the total concentration of OH generated, the
condition a < b is required.
(2) The second step was carried out with SODL.
In this step, SODL reacted with hydroxyl radicals
competitively with DMPO:

OH + DMPO — DMPO-OH ;

rate constant of k1 (5a)
OH + SODL — SODL/OH ;

rate constant of & (5b)

In the reaction of hydroxyl radicals with SODL,
several different end products are possible. All
these are shown collectively as SODL/OH. The
competitive reactions (5a) and (5b) may lead to
the rate equations:

d [DMPO - OH |
dt

d [SODL - OH ]
di

=k, [OH][DMPO](64a)

=k, [OH][SODL](6b)

Assuming the initial concentrations of DMPO and
SODL are such that DMPO), = b mol/l, SODL),
= ¢ mol/l, and the concentrations of OH, DMPO-
OH, and SODL/OH at a time ¢ are such that OH)
= a(t) mol/l, DMPO-OH) = x(t) mol/l, and SODL/
OH) = y(#) mol/l, the rate equations (6a) and (6b)
lead to:

dx

W— kla (b—x)(7a)
4y _ _

11 kya (¢—y) (7b)

Taking the ratio of (7a) to (7b), and integrating
it with respect to dy, we obtain the following
expression without approximation:

In(1 -2
= ——®
In(1 -2

It can be shown that this expression holds true even
when substances that react with hydroxyl radicals
other than DMPO and SODL are included in the
system. While expression (8) always holds true,
the concentrations at the end of the reactions,
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x() and y(e), were measured in standard
experiments. If y(o0) could be measured directly,
then the first step control experiment may be
unnecessary. Since it is difficult to measure y(oo)
directly, it 1s evaluated by using the relationship
y(o0) = g(e0) - x(0), where a(©) represents the
total concentration of OH generated. This is equal
to DMPO-OH)- in the control experiment. Then,
we have

(-2 - A=),
c _ c

= ©))
_x(0)
In(1-=)

ks _
ki g X(®)
In(1 . )

Since in standard experiments the initial
concentrations of SODL and DMPO are set to
much higher values than those of DMPO-OH
or SODL/OH, the inequalities y(0)/c € 1 and
x(0)/b € 1 hold true. Then expression (9) can be
approximated by:

k| b{a(oo)—x(oo)}: b(l- f) (10)

ki cx (o) c

Here f ,defined by x(c0)/a(°), is the depletion
ratio of DMPO-OH) due to the addition of SODL.
Expressions (9) and (10) may be interpreted
as representing the antioxidative activity by
the relative rate constant; high activity results
in small f at low ¢, giving a large value of the
relative rate constant. In order to obtain the rate
constant ks through the expressions, the value of
k11is necessary as a standard.

Although the derivation of expression (8)
is probably not novel, we were unable to find
it in the existing literature. An approximate
expression (10), on the other hand, can be easily
found in reference 19, usually derived by using
the steady-state approximation.

Experimental procedure

Hydroxyl radicals were generated using an improved
Fenton's system, which is the decomposition of
hydrogen peroxide by Fe(IDDTPA)**”. DMPO was
used as a spin-trapping reagent (purchased from
Labotec, Aldrich, and Sigma Co.). The experimental
procedures previously described in reference 23



4 Science Journal of Kanagawa University Vol. 21

were used: (1) In the control experiment, 0.1 mM of
an aqueous solution of iron(II) sulfate heptahydrate
(50 1 1) was mixed with 0.1 mM aqueous DTPA (50
1 1) to produce an aqueous solution of Fe(ID(DTPA)).
Then 50 21 pure water, to adjust concentration,
and 50 11 of an aqueous solution of DMPO were
added. The pH of the solution was adjusted to
6.4 using hydrochloric acid or aqueous sodium
hydroxide. Finally, 1 mM of an aqueous solution
of hydrogen peroxide (50 z1) was added. (2) In
the measurement with SODL, almost the same
procedure as that used in the control experiment
was employed, except for the use of a 50 21 aqueous
solution of SODL instead of pure water. As SODL,
the common organic compounds summarized in
Table 1 were used. ESR measurements were started
two minutes after mixing. A thin rectangular-type
sample cell for an aqueous solution was employed
(60 mm X 10 mm X 2 mm, 1501 in volume).
In order to confirm the validity of the analysis
described in the previous section, the dependence
of the rate constant on the concentration of SODL
was examined. The concentration range examined
depended on the type of SODL, as is summarized
in Table 1. The concentration of DMPO-OH in the
control experiments a(c©) was determined using the
aqueous solution of 4-hydroxy-TEMPO (0.01 mM)
as a reference to confirm the applicability of the
approximate expression (10).

In order to evaluate ks by expression (10) or
(9), a ki value of 5.8 X 10° M s was employed.
This was determined so as to make the k: value
of methanol equal to the recommended one
of 0.97 X 10° M s previously reported.'” ki
values of 3.6 X 10° M' s' and 4.3 X 10° M' s
were also previously reported in references 24
and 25.

Results and Discussion

DMPO purchased from the three manufacturers
produced almost the same results. The
concentration of OH in the control experiment
a(©) was determined to be 0.018 mM. This value
confirmed that two inequalities y(c0)/c € 1 and
x(0)/b < 1 hold true and that the approximate
expression (10) can be used for nearly all
substances except citric acid, methylamine,
and ethylamine. For the latter substances

in especially low concentrations, the exact
expression (9) was employed in the evaluation of
the rate constant.

The rate constants obtained in our experiments
are summarized in Table 1 along with those
reported in the literature. Almost all of the latter
values were taken from previously reported rate

20)

constant data®’, compiled up to 1986. They were
obtained mainly by pulse radiolysis experiments,
and none of them used ESR experiments. A few
reference data obtained after 1986 have since
been added?®. The reported values for each
substance are shown as a range, since several
different values due to the difference in pH or
other experimental conditions are published.
Our measured rate constant values of many
substances fell roughly within the reported
ranges. The value for formamide is new. It was
reported that the rate constants for acids and
bases are dependent on pH: formic acid and
acetic acid have greater values at high pH, which
suggests that the anions have greater values
than the neutral molecules. In the present study
we did not carry out pH control nor measure pH
dependence to eliminate the possible interference
of buffer substances.

Antioxidative activity

In this study, we define and characterize effective
antioxidants. Considering that rate constants for
common substances, for example alcohols, are in
the order of 10° M s, we may define effective
antioxidants as substances with a rate constant
of more than 10 M"' s'. By this definition,
none of the substances in Table 1 is an effective
antioxidant. Recently, a rate constant value of in
4.62 X 10" M s has been reported for a substance
the catechin group?”. A rate constant on the order
of 10" M's* seems unusual. By comparing the
antioxidative activity among substances with the
same functional group, it may be observed that a
substance with more hydrogen atoms has higher
activity. This observation suggests a mechanism
in which hydrogen abstraction is one of the main
reactions of antioxidants with hydroxyl radicals.
By accumulating more rate constant data, we hope
to determine an additive rule for antioxidative
activity.
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Table 1. Rate constants for the reactions of organic substances or reducing agents with hydroxyl radicals

Substance /(-5:1)11\1/[(: entration nggh 11\; 1“; olr k) k (reference)/10° M* s
methanol 35-570 0.97 0.78-1.0 (pH 6-10.7) [20]
ethanol 35-570 1.9 1.7-2.2 (pH 6-11) [20]; 2.1 [26]
formaldehyde 35-570 0.65 1.0 (pH 1) [20]

acetone 35-570 0.18 0.083-0.14 (pH 6-7) [20]; 0.21 [26]
methyl ethyl ketone 18-290 1.9 0.90 (pH 6-7) [20]

formic acid 35-570 5.1 0.13-4.1 (pH 1-11) [20]

acetic acid 14-910 0.10 0.0092-0.85 (pH 1-10.7) [20]
methyl acetate 140-480 0.13 0.12 (pH 6-7) [20]

ethyl acetate 21-710 0.64 0.40 (pH 6-7) [20]

formamide 35-570 0.22 —

acetamide 8.9-570 0.51 0.19 (pH 5.5) [20]

Rate constant and ICso

ICs0 has been employed as an index of antioxidative
activity, especially when the concentration of an
antioxidant is unknown?®® ??. It is defined as the
concentration of antioxidant required to reduce
the amount of an active oxygen species by half.
Although it is useful for the comparison of activities
of antioxidants at a constant concentration of
an active oxygen species, it is unsuitable for the
comparison of activities at different concentrations
of an active oxygen species.

This shortcoming can be seen by analyzing 1Cso
first by using the approximate expression (10).
Applying the definition of ICso to the expression
(10), we have:

ICs=

bk,
11
-y

This expression shows the dependence of ICso
on the concentration of the spin-trapping
reagent b. We analyzed ICso next by using the
exact expression (9). By the same procedure
used to obtain formula (11), we obtain the
expression:

This expression shows that ICs depends upon
the concentration of the active oxygen species a
in addition to that of the spin-trapping reagent
b. In contrast, the rate constant is, by definition,
independent of concentration.

Conclusion

The activity of substances as antioxidants against
hydroxyl radicals was studied by electron spin
resonance spin-trapping experiments. An exact
expression was derived from first principles to
represent the antioxidative activity using the
reaction rate constant. An approximation to the
expression leads to a well-known expression for
competitive reactions. Using these expressions,
we were able to determine some rate constants
for reactions of common organic substances with
hydroxyl radicals. The rate constants obtained
in our experiments are summarized in Table
1 along with those reported in the literature.
Our measured rate constant values of many
substances fell roughly within the reported
ranges. Two expressions revealed that the ICso
index, an indicator of antioxidative activity,
depended on the concentrations of both the
antioxidant and a spin-trapping reagent.
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Experimental Studies of Search Time Dependencies
on Several Factors in Hypertext
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Abstract: Search time dependencies in hypertext on the correspondence of the terms of
links, the number of hierarchies of links, and the amount of information on the last page
were examined experimentally. Among these three effects, the effect of the correspondence of
the terms of links was the greatest. In this experiment, the search time ratio of the best cor-
responding terms to the worst was 16 : 1. The lower the target information on the last page,
the longer the search time ; however, the effect of the amount of information is not so great.
Although the ratio of the greatest number of characters to the least number of characters to
the target information was 28 : 1 in this experiment, the longest search time was only 5 times
that of the shortest. ~ When the target information is located at the bottom of the last page,
it is efficient to divide information using several links to reduce the search time. On the other
hand, when the target information is located at the top, it is not efficient or rather has an in-
verse effect to divide information using several links

Keywords: hypertext, search time, terms of links, hierarchies of links, the amount of informa-
tion, Web

J¥ i

NANR=V IR0 ERAZREEOICEE L TR
it 5 BT CEIL, Web ZlaH & L THART 7
Vo—vary ETHEZ<FIHESh TS, 2Dk
D IpnANR—Y 7 RE R HE T CEORR
DOEZGHEICKIFTERE LTiE, V7 EEHOM
T, V7 BEOBS, MEZ L oEHE, S—
CHNTOFERELEE, LFORE S, BBl s
FIERERNPEET L EEZOND,

IO Ta—FORBEENE D 7 REOMA
PEITRBIEICEE R 2 R 7T L OBEM1H 5
L B ONEL Y v BEOBEAMEN R
RMEICHG 2 DB PEROICKRFTIL-HE LD D
D EEEORRTE & W o AR AR D D ST
FOREEIRCH RO TN —TI 2 RT A —H
WCEREToMROWELH D Y, L LIEH
DORBIEICK T DEBOBER O RELE BRI - &

B L, £OFOXEMER % FE L7=H6)
=R

AL T, 2—VOEKREX LY v 7 RED
HEME, Vo 7BEORS, ZEkX—TIcBiT 5
HEE M £ TORBHREL VD 3 DO S R
MIZRIETHEBIZ OV TERMICHRF L, 20
R, RO T —VORKREX L)
7 REOMEMEDORBENEEZ AT TRENVEEE
FIFTZEHHLMI LT, TLTAASLRN—1
7 RERRMHE T CETIEH, 2—ToBREEX
WA L2V > 7 REOREEDON D iR CHE
FCThDHEDOMBEREZTT> TV 5,

Jiik
Bt

KA OB LEL L TRER 7 Web Y1 b & H

©Research Institute for Integrated Science, Kanagawa University



8 Science Journal of Kanagawa University Vol. 21

BL, #fBEICREA 52 TZD Web 1 b0 5
HIEMAZRR ST, & L THBRE S BEHRZ
RS HETORRZEIHI L7z, 72d 12D Web
YA MIxF LT3 MO E 5 2 7o, i & LT,
B ZIETFEERDRETH H1F 0 8B 9 EDOIRMEIT 2 )
DESIREDT, TOMEITRKSED Web ¥ 1
NNIC BB REER L 72,

HE L7 Web ¥4 b
FPTWeb A4 N T oY E 6 FIETE L,
o6 FEHEOaT Y ONKILT R D L
L (KxoFEIE, B, B, 771, AKR—
V. RO 6 FEFH) . FERI e Rk A B &I
— WD NDBRDITMRLRRED G b DL Lz,
ZLCZo6EEOa T YD LIIHL, b
Y T R=U 6 BREROFET D HRE—VFE T
DOREEES 2 Bk, 3 Mg, 4 Mg 3 fEEZ I E
L7z (Fy T R—=T L= L7 b O
@2 v T D), DEVAFITE X 3=18
FE¥ED Web A R & HE LT,
FIROMBIZBITT 272000 7 FKEE LT
UTFo2fEOLOEHE L,

(1) EXCHICHLEANZOEETREITR> T
L0, THIT). TWT) 2 EDOHESIEXOREND
BINTE D b0, LIk, EEBFRELEFES,

Q) HEABELONENOHEET HLEDOH D b
O (L%, MEREREEES),

ERLT- 6 D 2T YD H b 3 fkEIE (1)
DHFRTY 7 REEERKR L, 5750 3 BEHIX (2 @
FHATY v FEEER L, £LTEQ OFAT
ER LT o7 g, BT R& Y vy RENH
X ORZBIHEETEZ D00 (LAtk, 0HfEE & I
5. HEENFEERR b O (LIt HHEE LIRS HE
EMFEAERAREE B 2500 (LIE, PHHE L
FES) o3 FEHE L CTER L7e, Z OHEE O IR #E
SFREFFE OB TITo 720

BV A FORBELLEY) v REOH EE IR
T F1OWPETEOF T, ELTO [TAF—|
EWIFBEMIMNS [0 4 v B —RR—= | L) iRk
EREIZED) V7 ERGHITRIRTE DL LE X T,

HHEE ORI T, BEESCHR O T TH B v )
R Ty b EWHEEREREICETY v
7 BERARETH D L& 2T, — THRHEE OB TIL,
PO B EEFEOFEANLN] LWV FEAINBITY

F 1. B LTz Web YA FOREE ZDOBRELK Y 7 FEOH]

. EfRIZEL Y > 7 OFRE
Fo1 k - ﬁiﬂ@ﬂ%] [ 20D oy @k ]
01 REE 52 BERE %5 3 Pk
No.1 S—myNlhHHAT U FDE | F—r 36 717 [8] %7 v Z E[H [6]
T [TARTFAX L]
RBEETHD b~ MimE? | BEE (5 2F | 217 (7] k< b [6]
EHA | No.2 |[F2#] AU NP
72L) el
No.3 FERDBRIETH 51T 5 3 9 Vi | LEk D B [5] | T [7] E9 89 [7]
ook 507 ]
acay (M) oFEWRmEE | AR =Y HE —|KEHEE -~V |y 4 v % — X
WO, =, TR, | B Rk 5] | ARy - v | R [3]
FHEE | AE—REZHIAF—DT7 U — VR — AR—
AL ANEFEEIEIME S O A (6]
A—=rYTLxH>? [E—7 ]
20 {2 A, VIETENL= | FOYO FEL[B] | vy b O |20 ok H ] [3]
4z T 7 1505 EIFR TV ks (6]
NEOFMAME TLX D ?
[4 A 23 H]
BLEFOBRGEANYN LB |7 TN —E Bl |[EEOBEX—Z| ) 7 La—)
B e fiofb\éﬁﬁ?/v I3 Afr ¢ DB 7T, /|[8]
Lxro2? [vorTLr7] YT a— LA
7 )L (5]




B PSR e AN —=VU 7 2 W BE T CEDOFIIIREER 9

VU FRBIHEH STV BRI O S b B4 &
HEECTEJ, EOBIZIELWY 7 OFERAA
HMThDHEEXT, ZOX D RHEEOEES BT Bk
DEIITHHABFOFB THRE L DDIEN, Z DA
B O Z 4 PRI EE N E B 2TV D,

F72 () OEHERTIER LTz 7 Y T, 3
[ DR S DFRE DIFAES T & NI —
DOEF, FITA, THO3SHEICHEE L, SHI
BHEROGFT AR R E LzbD R ELIZL D
D2 FFICHE Lz, EEER, Ml s b4
AT Y OEREFISITE TN A TXTE L,

e
KFEAEIAE LT,

PFEANDOH A bW D M TH

Bl L7= & 912 Web o MIAF 18 FtE % ERk
L=, BHBREICIZZD 18 OO %2 2
T DRI L Web VA % 6 flifH (EPA 3
HH. B 8 ) B M CCERBREITo 70, T DR,
B R & IR R 2 D Web A b,
3 D Web %A k., 4D Web VA % 13 2% DY
THEoIC Lz, Lo X 5129 AOWERFIZHK ~
6 FlfEHD Web A F&E DY CTDT, 1ERLT
18 FEFHD Web 1 I~ 3 NO#ERE iRk X
Nic, £721 >0 Web %4 FH720 3 MOFREN
BRIESNTWD DT, BHERFITITRE T 18 Mo
FENE 2 BT,

b S

PRI o IEBHE

M U Web ¥ k725 (7 URREIC 2 AR 2 8 5%
T LHGEIT S, HRRIFH O SHE TR E O fE A
HRFE (Web ¥4 FOFIHBEE, BEJ17e L) ITK
ELEFTHEEBEZ OIS, T 2 THERE OMEAN
WEORBLZYRT 5720, LFO X5 REHIbE
1To7,

Yoty
T, = —— ™M 1
=2 M
< tkm> = tkm /Tk (2)

T TKIIHEBRE RS (1 ~9) ., mIigE Z ki
Bz -3 O@E LES (1~ 18), i, [3HERE k
Fom R H OEBEORRRR., Te I3HHRE k OFH
PRIRISFRR], < Bk > (3HCBRE kK D28 m R B O IESUL

PRI CTH D,
KL TIEZ D, <l > Z T Web &4 1 b
DERRIFR O PRl 21T 9 Z &1 %,

V) V2 EEOBMAETEDBE
Voo REOMTHIZar s oV micikns, F1L
Tars oy LB OMAS DOEIIHERE = L
B BL00, 6 HEOI LT UV ITETOWRE
IZ1OFToED LB THN TS, £ ar Ty
Z3ROMENEZ BN TWS, £ZTETHI v
7 BEES, WSRE R L ORREICR T a7 oY E
D <y > OWHE (Ut FHPRRRH & E5) %
B L7, 12037 i 2, BEEsk 38,
Mg 4 EvvH 320D Web A hDOFT—H 034 % 3
Ay, £721 NCoE 38 DT — 2 &N 5D,
L7z o> T 10Dy 0 ONHRRF RN 5
27T HOT =2 DIFHEE L TROLND, ZDFER
R LICRT, ZOX I IEHRRREITY v 7 &
DT HFIZ X » TR TRE S E b LTz,
[EREZDRING/E 3 Fd DRV ol I o A
TG PRI < . DL T IR R e, ]
PRI HEE, TIBR G HE & DNEIZ PR R IR 75 1
RKLTWLS, & DOEITARIEEROHFHFHN THRAK 16
fE\ZET 5, ERUCMBERFLZEKR L TH,
HE L e TR b4 [EDBRE NS D, ZnkHic
PRI E S T2 ) v REOE A
PIBD CREREBEZTLENE-T2, 2
D16 f5H LT 5.4 (5809 ik, Uik [8] o
1 CEBRT—H L TORISNTWAIE GEAE DK
HIRND D LGN D OERERERI D 22T R K THH
30% EatAIND) LVIEDEZMNCKRERETH D,
CHIEARERTHEA LT oY RBITOY v R
EOHEAEDZENCHR B8] Db DLV EZ Lotz
ZEERIELTVD,

fRE (HTEH) D~ — Vo hiil o

U v REOEATEDORENTIER U TH D EEA
[ZOWT, BRI MIE T IR — T TOMRE
DONEDOFEEE W Uiz, 22TV v 7 BRSO
WELZYRT 2720, BEH2 07 —%0h %
L7z,

MEJE S 2 2R LB, i — Y 0T
DHEEE 2 TIRbLEZL D, XFHORBEERD
JEWEPH T T 506 Th D, £ BHIHFEHRD
TFAESITX Web Y4 MMEICEFIZRE LD, X
HIZERE L2 LT\, £ T I TEEORE
LEDTHNT 5, X 2 1THEAN— T DI E D
O iR DAFTESG T £ TOSCTER & PR RIER (%



10 Science Journal of Kanagawa University Vol. 21

A
S

R

EE EE EE B AR R
No.l  No.2 No.3 GfffdE miEE 99

Uy REDR
1. PRBEERICRIE TV v REOBEAMEOFE,

EHULEERIERI OV > 7 Bk - sl -

0.35 A
0.30 |+
A o0
._.E:\\"
g; 0.25 |
= 0.20 F
=
.H‘—’v
@ 0.15 +
& 4.
~
E 0.10 +
oos @ @ st
' A RS
0 1 1 1 1
0 2000 4000 6000 8000 10000
£ COFH

2. PRI ST I — P TO BT #E TD
FHR O,

® Web ¥+ K CTZOFEZ FIT L= 3 NOYERF
D <ty > ONYHHE) Zomd,

B 2 12T K D ICFREDFAET D F TOLFHN
ZNE EPEBRRRFIIEL 25, LK 207
— X T, XTFHIIRKR TR 28 HEORE R H 5D
WZxt L, SEERRFEIIR R TR 5 FICiEE D, £
T2 HEERDP CHICHDIE I NERFICH D L0
SEEHRREF N E LS o T D,

YV IR DR
Voo g & BRIREFE O BR OV T, IRAANLE D
ER=TDOLEFHIIHDLIBLDE TFTHIIHDH DI

0.35

0.30

0.25

0.20

IRFfE] O WSR2 )

0.15

&
R

0.10

IERUEER

0.05 |

W fe 5%

3. IPRSRIFRIC RIT TV 7 B E OB (A AEHAS
).

0.25
B4 No. 3
958 404
& 020
B
jo
& 0.15
S
by
iy
% 0.10 }
8K
=
B
™ 0.05
0 1 1 1
2 3 4
P e £

4. VPRREERNCKIET ) o7 Bl o (RRfE s
£5).

FTHNT 5, ZOEHTNTHOHE IR B 2
» Web Y%A ks TOMEDNEIZFEDSNTIT- 7=,

AIEN & [RIERIC U > 7 REOE A MO B % PEbR 4
LI, EER OB E SRS ET 5, EFEHRIC
AW Y A b TiE, S—=Y FHICBENFETD
DIFETERPUIMELEZREL T\, £Z2CTZZT
IMRENETTHDLODIE T 2 ortg s Lz,

X 3, X 4 12 HHIEROFAER—Y EOLEN
FOHOETHDOEDODOEELREREHM (2O E%
FAT L2 3 NOYIRE D <ti,,> OFEIfE) 0V~
7 BB E R~ T, RLar7 o Web ¥
A ORI UARETEH, BEBEROZ WA h Tl



s fh . ~NA =V 7 N E T SCEOTRZER 11

NR—=VOMRENMBEIT LY EHFICBET 2HEEICH
b, LTER-TH 3, K4 T, &7y FOfEIC
A DFIET DT E COXTH A #li L7z,
RBNLBINN— T HOBE, K3 IRTLHI
VoM E %< L THEE COXTEE VR T
% Z & CEYRREERIIEL 22D, — 07, RENE
D= EFOEFAITIEK 4R X512 7B
JE %22 < T 5 L Elo TEHERRER NSNS 5, =
AUIIFE £ COXTFHDB VI 0GE . Vv 7 i<
W TWL 3EH S TREBNRDINAET-DTHAH, A
EBOMERIZTTIX, Vo7 oBEEINSECH
PIE OB 22— D L HFA~BET X E H )
D— A7 HIBI R EL R ET H Z L IXREETH 5,
LUK 3, K4 DOFERNS R HRY . 1000-2000
XFEHZVNR—2DORRERVZE S TH D,

o

ik X o2 v BB R EICR T 5 B
WETOBFRE RRFCiIses$) bLERIFMIC
REREBEZL5 25, LhLa—FoBRREREY
VI RBEOMEVEORBIZETNO L VIEE0ITKE
Wy L7EM o TONA 8= 1 7 & DT G AR ik
BT XEOHHEFIL, RV LET 02—V
BREX &V 7 REOWAVEIC OVl e i%qt
EITHRETh D,

AHFFETIT o 7o FEBR IR I RE 2 52 5
TLICEVIRRERNETOREL, TORRER L
DA MEE EHICEIE L2 v 7 BEEZER LT
EBrAEIT o7z, Lo LHEOHERER ClE=2—F 0
BEREMIZHETHY ., 1 >0OERICEDbETY &~
I REEPDDZ EIETERY, o TTEHET
%< D2—FORBEXNGHEET DV v 7 KEEH
BTHIENAELE 2D, NS HBORKOBE
TbhD,

E R )
INAR—=U 7 T T E T CEORBRE I L E
TR B[R O RO TR - B &SR LTz,
Z DRER,
(D FRESCZxT 5 ) v 7 REOBAMEIC L > TH
SRIRFRIC e K 16 5 OB & 3 FHAl = 7z,
(2) Ffe— D H G OALE E T O SCFED
LT EBRBREINE L 7eo Tz, 7272 UARAZE CfT
ST FEBR T, XFHIIHR R TR 28 TH DL DIT
st URZR R I3 R TR 5 fFlc b F ~ 7,
3) BHMIEMONMNENN—Y FHFOHEZ, V7
DOFEFEEDIENINT 5 & BRI L7z, —H H
G ROLE S N— EHFOSEX,. U o7 OREEE
DN % & BRERIERIITIEIN L 72,

INED . NAR=V T EHWEE T CEOR
RIFM 2D S L%, Vv REOEEMER B
DO EPBO CEETHDH Z ERRE-TZ,

SCHR

1) Pirolli P and Card S (1999) Information foraging.
Psychol. Rev. 106: 643-675.

2) Chi EH, Pirolli P and Pitkow J (2000) The scent of
a site! A system for analyzing and predicting infor-
mation scent, usage, and usability of a web site. In:
Proceedings of the Conference on Human Factors in
Computing Systems CHI2000. pp. 161-168.

3) Khan K (1998) Searching through cyberspace: The
effects of link cues and correspondence on informa-
tion retrieval from hypertext on the world wide web.
J. Am. Soc. Info. Sci. 49: 1248-1253.

4) Parush A, Nadir R and Sthtub A (1998) Evaluating
the layout of graphical user interface screens: Vali-
dation of a numerical computerized model. Intern. oJ.
Human-Computer Interaction 10: 343-360.

5) FHEA, H&A R (2007) U = T EEORLT S
ICBET RN LRl OEV. XTFOREE, 7
N—Tk, BEEE, TA 7T AOREGE U
THMOMRY 0T S DR, B FHE 7= s
J90D: 788-797.



Science Journal of Kanagawa University 21 : 13-16 (2010)

mE =N

HA D SNS FlH# O 238 Aad o0 3 5 EBIVEEE DR A
FYE R AR
Research into Users’ Subjective Reliability on SNS Articles in Japan
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Abstract: Users' subjective reliability on SNS articles in Japan was researched based on
a questionnaire. Reliability in 3 categories (game, medicine, job hunting) was 50-60%. In
medicine, it is possible to increase reliability by obligatorily posting the job, age and sex of
the article writer. In job hunting, it is possible to increase reliability by obligatorily post-
ing the job, qualifications, affiliation, age and sex of the article writer. Moreover, voluntary
posting of qualifications and affiliation in medicine and voluntary posting of a mailing ad-
dress in job hunting should be encouraged by showing the effect of increasing reliability.
On the other hand, in game, no method to increase reliability was found.

Keywords: SNS, reliability, posting of profiles, restriction of participation
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Abstract: The creation probability of the universe was calculated based upon the variable

speed of light model. It was shown that with particular numerical values of parameters, the

probability becomes lower when the amplitude of vacuum energy density becomes larger. Al-

though the estimation was performed using a greatly simplified model and the employed equa-

tions are just phenomenological, the result that a universe with a tiny amplitude of cosmological

constant can be created and our universe is not so rare seems to be very interesting.

Keywords: creation probability of universe, vacuum energy, VSL model
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Development of an Optical Observation System at Shonan Hiratsuka Campus (SHC)

Observatory and Transit Observations of the Extrasolar Planet HD189733b
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Abstract: An optical observation system for imaging and photometry was installed at
SHC (Shonan Hiratsuka Campus) observatory. This system consists of a 35 cm diameter
telescope (Meade LX200R-35) and a cooled CCD camera (SBIG STL-1001E) with an addi-
tional guiding system. For performance verification of this system, we made observations
of a transit of extrasolar planet HD189733b. A clear signature of the transit was success-
fully detected, and we derived the planet's radius Rp = 1.17 £ 0.08 R; and orbital inclina-
tion I = 85.6 = 0.7° under simple assumptions. These values are consistent with previous
studies demonstrating that it is ready for further observational studies, such as monitor-
ing the variation of orbital parameters due to perturbation from other planets. However,
it was also found that the measured photometric accuracy was much worse than expected.
We showed some improvement plans for observation and data reduction, which will con-

tribute to the improvement of photometric accuracy.

Keywords: optical photometry, extrasolar planets, transit
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A New Growth Procedure of Carbon Nanotubes
from Fe Nano-Particles Formed by Hot Ion-Implantation
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Abstract: We have investigated a new procedure of carbon nanotube (CNT) growth from Fe
nano-particles formed by hot ion implantation at 600 and 1000°C in a thermally grown SiO:
layer. An advantage of this method is that the size and the density of the nano-particles are
readily controlled by the conditions of ion implantation. We found in the present study that the
cluster formed by the 600°C implantation had a significantly uniform size with an average di-
ameter of 2.6 nm and standard deviation of 0.6 nm. On the other hand, the size distribution of
the 1000°C-implanted sample was slightly scattered around 3-13 nm. The cluster size mainly
depends on the substrate temperature during implantation. We clearly observed some CNTs
in the 1000°C-implanted sample treated by a micro wave-plasma-enhanced chemical vapor
deposition (MPCVD) method. The region where CNTs were observed was limited to a narrow
area however. In contrast, no CNT structure was observed in the 600°C-implanted sample.
Carbon nano-wall (CNW) was grown on a bare SiO: layer by the MPCVD method. It is sug-
gested that CNW growth is responsible for radical species of hydrocarbons generated by irradi-
ated micro wave.

Keywords: carbon nanotube, ion implantation, micro wave-plasma-enhanced chemical vapor de-
position
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Quantitative Analysis of Bound Water in PEG-H:0 Mixed System
by High Frequency Spectroscopy
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Abstract: Application of High Frequency Spectroscopy (HFS) to the quantitative analy-
sis of bound water in a PEG-H:0 system is presented. HFS measurements were made
during the melting process from a frozen state at -150 ‘C. Two obvious changes in reso-
nance frequency f have been observed, one around -30°C, and the other between -20°C and
0°C. These were assigned to the melting of bound and free water, respectively. From the
amount of frequency change (Af), the changes of permittivity (Ae) for the melting processes
were estimated. In region Xw < 0.7, the increase of Ae¢ arising from the increase of water
content was relatively small, showing that water molecules are strongly bound to the poly-
mer chain of PEG. On the other hand, at Xw > 0.7, the increase of A¢ is large, showing the
existence of free water molecules. These results were found to be in good agreement with
those by DSC measurements.

Keywords: high frequency, quantitative analysis, dielectric constant, polymer, bound water,
differential scanning calorimetry
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Fig. 1. High frequency spectra of various water mole
fractions (Xw) at -150 °C . Curve (a), (b), and (c) show
the spectrum of Xw = 0.50, 0.75, and 0.94 respectively.
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Fig. 2. High frequency spectra of various water mole
fractions (Xw) at 20°C . Curve (a), (b), and (c) show the
spectrum of Xw = 0.50, 0.75, and 0.94 respectively.
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Fig. 3. Resonance frequency change against temperature
of PEG-H20 mixture of Xw = 0.75 at melting process.
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Fig. 5. DSC curves of the sample of mole fraction (Xw)
0.50, 0.71, 0.85, 0.88 and 0.91.
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Synthesis and Design of Cationic Cluster-Containing Sandwich Compounds
Utilizing Lacunary Sites of Polyoxometalates as Useful Chemical Reaction Field
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Abstract:
wiched between two di-lacunary a-Keggin polyoxotungstates were synthesized and
structurally characterized, i.e., [{M(H20)}2AM(H20)2}2(u-OH)s(us-OH)2)(a-1,2-PW10037)2] ™
M = Zr (1,2-Zr4), Hf (1,2-Hf4)) and [{M.i(u-OH):(us-0)2(H20)4}(a-1,4-PW100s7)2]* (M =
Zr (1,4-Zr4), Hf (1,4-Hf4)). The former was composed of tetra-M cluster cation species
[{M(H20)}2AM(H20)2}2(u-OH)s(us-OH)2''* sandwiched between two 1,2-di-lacunary a-Keggin
polyoxotungstates [a-1,2-PW10037]”, while the latter was composed of another tetra-M

Two types of tetra-zirconium(IV)/hafnium(IV) cluster compounds sand-

cluster cation species [Mi(u-OH)2(us-0)2(H20)4]"" sandwiched between two 1,4-di-lacunary
As for 1,2-Zr4 and 1,2-Hf4 as Lewis acid
catalysts, their catalytic activities in the Mukaiyama aldol reaction in acetonitrile/water

a-Keggin polyoxotungstates [a-1,4-PW10Os7]%.

mixed solvent at room temperature in air were evaluated.
Keywords: 1,2-/1,4-di-lacunary Keggin-type polyoxometalate, zirconium(IV)/hafnium(IV), tet-
ra-nuclear cluster, sandwich structure, Lewis acid catalysis
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Platinum(II) Complexes Derived from a Benzothiazoline with Chiral
Substituent
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Abstract: A new benzothiazoline was prepared from the chiral aldehyde (1R)-(—)-
myrtenal. The reaction of the benzothiazoline with [Pt(hfacac):] in toluene afforded the
sulfur-bridged tetranuclear platinum(II) complex 1. The molecular structure of 1 was de-
termined by the single-crystal X-ray diffraction method. Crystal data were as follows: a = b
=¢=18.473(5) A, V=6308(3) AS, space group = P4s, Z = 4. On the other hand, a similar re-
action in methanol led to the deep blue complex 2, which was characterized by absorption
and 'H NMR spectra, the results suggesting that 2 has an electronic structure of semiqui-
none form.

Keywords: benzothiazoline, chiral substituent, platinum(II) complex, X-ray diffraction,

semiquinone
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An Immuno-Electron Microscope Study on a Ca-Binding Protein in the
Sarcoplasmic Reticulum of Mytilus Anterior Byssus Retractor Muscle
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Abstract: To examine whether the sarcoplasmic reticulum (SR) of Mytilus anterior byssus
retractor muscle (ABRM) contains calsequestrin as a Ca-binding protein, immuno-electron
microscope observations were performed by using the anti-calsequestrin antibody. For the
immuno-electron microscope study, the ABRM fibers were chemically fixed with a paraform-
aldehyde solution, dehydrated and embedded in Lowicryl K4M resin. Ultrathin sections were
treated successively with anti-calsequestrin IgG and goat anti-rabbit IgG conjugated with col-
loid gold. Then they were examined with a JEM 2000EX electron microscope. In the ABRM fi-
bers prepared with the conventional fixation procedure, the SR located along the inner surface
of plasma membrane contained many clusters of numerous electron-dense particles in its lu-
men and on the inner surface of SR membrane. When the sections were stained with antibod-
ies, the gold particles recognizing the existence of calsequestrin were exclusively found on the
clusters of electron-dense particles in the SR. This result indicates that the major Ca-binding
protein of SR is calsequestrin in the ABRM fibers, and is located not only in the SR lumen but
also on the inner surface of SR membrane.

Keywords: Mytilus anterior byssus retaractor muscle (ABRM), Ca-binding protein, calseques-
trin, sarcoplasmic reticulum (SR), immuno-electron microscopy
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Dynamics of Protein and mRNA Expression of Androgenic Gland Hormone in
Juvenile Terrestrial Isopod Armadillidium vulgare
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Abstract: Male sexual characteristics in crustaceans are induced by androgenic gland
hormone (AGH), which is produced in a male-specific organ, the androgenic gland (AG). In
this study, protein and mRNA expression of AGH in AGs of the juvenile terrestrial isopod
Armadillidium vulgare were examined using immunohistochemistry and RT-PCR, re-
spectively. AGs of 7th and 8th instar larvae were immunostained with an anti-A. vulgare
AGH antibody, although no positive reaction was observed in the AGs of 5th and 6th larval
stages. On the other hand, AGH mRNA was detected in all subjected larval stages (2nd to
8th instar larvae). Amplified cDNA was detected as a faint band in 2nd to 4th instar lar-
vae and as a thick band in 5th to 8th larval stages. This discrepancy of protein and mRNA
expression may be due to the detection sensitivities for AGH of immunohistochemistry and
RT-PCR. These results suggest that AGH regulates the development of male characteris-
tics at least from the 7th larval stage.

Keywords: androgenic gland hormone, terrestrial isopod, Armadillidium vulgare, immunohis-
tochemistry, reverse-transcription polymerase chain reaction (RT-PCR)
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Abstract: In the tadpole shrimp Triops longicaudtus, the morphology of the trunk
limbs, which are used for feeding and swimming, was observed, and their detailed move-
ment was analyzed using a high-speed camera. While swimming, the 5th and posterior
anterior trunk limbs push water backward, propelling the animal forward. While feeding,
the 1st to 4th anterior trunk limbs seek food just in front of and under the body by stir-
ring sediment. Large food particles are soon placed in the food groove by the endites of the
anterior trunk limbs, whilst small particles are carried by the current induced by the pos-
terior trunk limbs and converge at the end of the food groove at the base of the 11th trunk
limbs. The 5th and posterior anterior trunk limbs form a ‘food-trap funnel,” narrowing
backward converge at the base of the 11th trunk limbs, and this structure guides the food-
carrying stream into the posterior end of the food groove. The concentrated food particles
are subsequently moved forward in the food groove to the backward opening mouth.
Keywords: 777 hx— b, i, EARE tadpole shrimp, Triops
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Sea Condition in the Estuary of the Sagami River and Its Effects
on the Distribution of Phytoplankton

Masafumi Kodama! and Yoshihiro Suzuki?,
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Abstract: Stratifications of the sea water-body and distributions of phytoplankton in

winter were estimated in the Estuary of the Sagami River. Fresh water from the river

made a cold but low-density water-body, which covered the surface of this area to 40 m

depth. Vertical mixing was limited in this layer and water-bodies in this area were totally

stratified in spite of the cooling of surface water by low temperature air. Biomass of the

phytoplankton was maintained at more than 2.6 pg/L in this layer.

Keywords: sea condition, the Sagami River, phytoplankton, chlorophyll

J¥ i

FIROB I E RGO iR 2R CTEREBICE
5. KVEFEZLh->TRMINTZETH D, ZDED
AT TN AL, KR A& 22 )10y BRI T
Do ZOTOBENITEMRBREZER L TWD Y,
FCY, PEBETELOWEICIE., ZOBICHRAT S
FHEW ) O—2>Th DFENBHA L TWD, &
O AT TIE, B ETEILT 2K DFRAR
W e LICLY | BENMMICEH T LN THR
END, ZOWHRICERT AW, BN rHES
N5, BEOTFTTERELTWS, KT, BEEINRE
BEE N L2V T T v N TR, ZOEH)
THERBEANORENBETH DL EEZ LD, AU
ZETIR. W HIROREEERI T 2877 7 b
VORNEETARD 0, FOREME L 70 DFAE) I 1
B O FEEARBREEERICOWTHIE ATV, 24 e st
ST THE T > 7 b DA DRITE 1T 12,

PRt e Ttk
2009 4F 12 A 16 H @ 9:00 ~ 13:00 & KF [ N 12,
PUF O FINE-CHE %2 Fht L 7=,

e s

T 1 23 5 SR A #2200 m £ T, £ 150 m

MkE CradbF M o AR B, HE A % 20 SR
E L7, RHERBIGL S 27 A (GPS) @k (FG
0530,EMPEX 1t HA) Z MWW T, HEHROAE
R LT,

FRAREEN (EXUSE - g - KE (CTD))
aanu74Wﬁ%ﬁE®M%

BB W (GREH 1700 ) Rz, B
A S EE B (BEAT) &2 %Lto_n
KM ERY — v (CX-7S, T P~fttHA) %
HELTHES T T & L, &BIEHMSICH
Eth, 20w 4 »FEFHLTCTD H#llE &
(OceanSeven316,IDRONAUT £t Italy) % —E D
BWE (1.0 ms") THHENSUBIEE LETEF L,
O, [ UHE CHmE T&E LIz, 2o/,
1.0m ZEICEREYEE, RE, JEhrsen7 g
JVE IR A2 JE Uiz, 5D ER R, WE
BABEDOY 7 P = TIC L 0 EEE, KR, KRS
ryuan 7 0 VIREICHRE Uz, BIEPICHER L2k
JELRRE LY WIEMSAZFH L, 005 o
ZEFRE L=, A5 OfFEE & KRR X ORI EM
DOfR%E Y 7 v =7 (Gsharp,dlp fLBEA) % H
WTKFRIEL, v Z—~<v 7 TERLT,

©Research Institute for Integrated Science, Kanagawa University



66 Science Journal of Kanagawa University Vol. 21

A2 5 OREEE (m)
A
7K
?’/‘B
(;nK) EEE (%)
0 ey 5.'
.|B C
7k4ﬂ
7w
(m)

B4 1. FRFIT QAP UTHE T OHE A . AL ARBIT 02 B O REEE & KTRIC X AHRIRE 02 k. R OIS ER EoHE
TEIRE (%) KT . WEZXRTHHELEORNA (W) 1L, ZoOREE EOWMEOB CHEZIToT=Z L2 RLTND.
B. WO TOEEEOHESF. C. MhE 2200 m TOEIEE DOHNE SR,

b3 el 2 2
MBREHE O AL TG i D KRR D ZEAL

[ 072 5 FE 5 2000 m A+ &£ T oL S5 1\ O KGR
I, 3BT L L. phtETe T & RITKIRD N
L7z (K1A), 9, WA 54 800 m £
TiE, 2.0 X 102 OFE TESMITHER L Tz,
IAC38.7m Th oo KL, W4 800 m T 19.6
m&olm, WIT, ZOHENSHE 1400 m £ T
OFRNE 7.3 X 102 L7225 7-, 5 1400 m TDHOK
635 mIZiELE, ILICHE TR, ERE 155
X 10?2 L AT o7, ZDO7HilE 2200 m THK
WX 290 m 12 L7,

SRS D53 A

20 7 AT ORI E S CHEIRE O BE S Z RO, 2
NHORERNL, WHOHBEOSFERDZ (K
1A), MBI DA T DK OFEE L Kb K& <
DT DI AT TR, Wi O MR X 20.0 ~ 23.0
%o T o7, HIREEIIKGFEE & BRI ER L,
KIE 1.5 m T 34.0% 2L, WE 73 miIZiET 5
FTIOMEIZRE 2B 20 - 72 (K 1B), — 77,
PARKDEBENFEH/NESNWEEZ BN MHPE 2200 m
Tid, WEEOEIREIL 32.0% Th - 7=, HIEEIX

AL EHICER L, AKHE2.0m T34.0% & 720,
Z D% IKE65.9 m T 34.4 %o & 725 £ T, HBES
WL D07 IRV DSHERF STz, KT
50 m fFiE T, HIREN —FRFAYICAT LT 34.3 %o &
7potm, UL, K65 m IR CTHOEREN E
HL., Ki%E80.4m T 34.5% & 720, KiZ110m £
TRIUEZ R L (1C), M HfHT#E ToE
FEIXIR A 7K 100 m {3, 34.5% D3 L &4 T
Hotm, L., AKELSmUETIE. D985
%IZFELTERY . YWAKDEEITREDODOT 72K
IR TV, —J7, #HE 2200 m TH, HOT 0
T 2 2N O E X H L 0 {Ero 7z, 72,
KRB0 ~ 65 m CHIREN —FRFICIK T L2 &
X, I OEEEE 5 1 T AR IR E O KL AR D
RO VKD TIZAVIALTWEZHTHD &
EZHND, FRIZAVAATIROEREE ORI,
A 1500 m U725 2200 m IZF8 0 iz, K
HWRE ORI, 4 1500 m THE/KE 20 ~ 60 m
LA0m DESICRIEL D Z ENTEn, MEIZ
TRIZEEEREORIIHL 2o7- (K 1A),

WK IR D5
20 & AT ORI EH S TKIBEDOE S A KD, Zh



VRS, SARtEGL o ABBIT DIROWEIL LA 7T > 7 kDA 67

7 6 O RERE (m)

7K
S K@ (°C)
(m) 16 18 20 16 18 20
’ >
B
204
40
/4
e 60

(m)

100

X 2. AHAEIR O AFUTHE R OZKIR. AL FRAR TR O 25 B O FEEE & KR X B KIEOZE L. Kb OB X% EiR EoHEE K
BAEERT. WEE2ETHREORNA (M) X, ZO8EE EOEBROB TRIEEZITo7-2 2R LT W5, B. A
fHETOKIBOERES . C. 6 2200m TOKIBOENE 5347 .

SOFERS, WHOKBOSAEREH L (X
2A), FHE) D S FEAT HIKIRORK DR Z )
DI AU Tk, MR OKIEIX 11.8 TTH - 7253,
KEE EBITAMIC EH L. A 3.0m T20.0°C
WEE L7z, ZNLIETKIBIZRE I T L, WK
7.3 mfHiFT19.5CE -7 (K2B), —J. #K
DORENRB/NSWEE X HLDHHA 2200 m T,
W OKIRIE 18.8 CTH V. AKIITAKGFEE & biC
EH L, K34 m T20.0CE A7z, KIES0~
48.8 m TZ OKIRIZKE R EIT /20T, &6
RS 72D &, KIBIFHRA KT L, KE110m T
16.1 CIZIE T L7z (X 20), % m O/KIEIK
Mmole, Ziud, KEOAKIZE VW mEIESN D729
ThHZENTRIND, FOHED S HIZKED
FEAKIE, DDA T DARIROWK DR L=
FT W27 ThsreEEZLLND, ZNLDIKIRD
FEOTIZH 20°CLL T O s R IR 0 KBS (F1E
L. 20COKID FEZ - Tz (K24A), Hg
AR D KSR D AR I, MR K 0 AR EIR FE Ok 3
Doy Lt LTz (K 1A), T H 2264 500
m F TiX, Z ORI E ) HEE TR b,
S HIZIHA TIE 20°C O KILD FIZAKIR DKL DAF
FEL., KEL EBITKEMET LTV (X 2A),

bi7% S 113

MEKOBEE (kg/m®) 75 1000 5\ CT#E L
KBEEDFRE? (§) ZHPEE & KE, KiE (E
71) MOHEMLE, X, 20 » FTORIE
ST O DESARRD B, S5, RO § D
SAANEM S (K 8A), W OfFEDOWERE D 6
£ 16.0 ~ 17.0kg/m® TH Y . KEL & HIZAMIZ
EH U, /K% 1.0m T 24.0kg/m? 23 L=, FHLL
WTIHITE A EZENIT2 <, KE6.0m T 25 kg/m’
Lol (K3B), —F. & 2200m TlE, Wik
? 6 1% 23.0 kg/m® TH Y, /K 6.0 m T 25 kg/m?
WCE Lz, 0%, KEXRETICONTEN L &
HASHE R ITHM L, CTD JIERAAKETH D
110 m T 36kg/m?® (2 L7z (X 3C), 2H|E HiS
T 26.0 kg/m?® AT DR FE D IKBEAS EEICSAETE L
Too IR IL, M) E OWKDOFEEL KE L
AT B O AT CIREEIC £ TE L, A 1700
m 1T T E L 2o =28, 14 1000 m LLiE
T 30 m DEXTEIT -7 (K 3A),

raa 7 4 Vg
20 7 FTOWER STy va 7 ¢ VE O E A
ZHREL, RO a7 0 VIRED S & HH



68 Science Journal of Kanagawa University Vol. 21

7> 6 O RERE (m)

K —
20 }EPZ?!(EEJIR; ( G )22 24
@é 0 L .-'_\_ L — - "I"'L
(m) N 5 B o
X |
i 0|

(m)

100

X 3. FHAE) IR AT OHEKRE L. A Wﬁ}lliﬂD#EODEE%’EJ:*?‘ KoM KEE (6) OZfe. KO FIEHE

ERR EOHERE 6) 2RT. WEEZR TR EORNA (W) |

I, ZORLELOWEROR THIELIT 122 & 2R

LTW%, B. iAARETOWEKEE (6) OfnESs . C. #hE 2200 m TOWEKEE (6) DOIESA.

L7z (K4A), A5 4 1000 m fHif £ ToO
HE H S Cld, MEIE & C 34pg/L UL EofEE 3~ L
7o SHIIMETIR., ZORIIREICHEL 2, ¥
4 2200 m TIEAKEE 20 m LLFIZ72 > 7243, 2.6ng/
L 2L BB KR 40 m P THfERF STz (X
4A), WRO 7 mw 7 ¢ WREE, KEE EHIZE
U B 7.0m 107 T 4.6 ~ 6.5ng/L L 722> 72 (1K
4B), —7F. M4 2200 m TliE, AKiE42.3 m LLiE
TrZun 7 o VBN 3.1 ~ 4.2pg/L OFFHIZH -
7o AKEA0 mUETIE. 7 m a7 4 WRENME T L,
KIE90.1 m TlE7 v nm 7 ¢ La el E S h
-7 (X 4C),

b T30

2009 =12 A 16 H OF#& TIL, iy miR (20.0
C) OUFAKITAKIE (12°CELF) O JIAKAFA L
WELEHZ2 Tz, FFo, REBHE mIZiTE LK
mfﬁ%g@@wmﬁﬂfwﬁlfmb6ﬂf(.
3A), BT, LT MITHIEE DR AKIEA, KIE
60m LI ICIFE L Tz (K 1A), HIRE DT
FENTIZH DN, ZOKIBIZL YD FHFE)I 0T
ITEEIC L D RESE AR S TV (K 8A),
BV T, AWICRBORENMET L, &

EN LRSS SWEIRANEE D Y, HIEEED
7K 100m 0)7k{m7b\}oct7c 16 CThHYH., ok
RAKIEN11.8CTHHZ a2 EZDH L. DU
DEEIRAE DKL 100 m LA EE 72 B AHEME S B
%, L., oWl REKITARDUEK
o TETHETET, BEDOKEITEME<
o TWiz, IBERTICLDZEED EFHIZTH 20
Do AR R E O R EHE KD AN O UWEK DR E
PLEIZiZ e b7z Th b, $hEIREG O KIEDN
BWEHWY T 77 b EREE TBENT S 2
Ll KEOEWERTITHWEY 77 7 ko
DAEMEMET T2 Y, Z oW TIE, M7
I N BOEREL D 7 an T ¢ VR
ACEL, MAETRWMERARD b, TD%E
N E L, ZoWRAER T, WD HKE 40.0 m
FTIEE-EOEWVWZ a7 4 VBENHERFS N
Tbﬁ;(l4Ah _t)LtﬁJ REEM T T 7 b
DAL, MEIRAN ZOKELEICRESH
fwéT EMEZ L TW5D, Fx O 6,
N D OPWKDPRAIL, AW OHEIRS DORE
ZRELTEBY., ZOME, WO —RAEFEL S
SER-TWBZ EDRBEINT-,



VAR, ARHESL o AR IR OWEIL B 7T > 7 b D434 69

7> 6 O RERE (m)

x 20027 <ILRE (pgll)
Y% . 0 ‘2 4%’--? 0 2 4 Ef
o .|B
404
&
i 60
(m)

80+

100+

4. MBI OATER O 7 v 7 o VERE. A A 025 OfFEEEE KEIC K D57 an 7 o VIREOEL. K
OBENIFHEER EOHEE 7 v 7 ¢ ViR (ng/l) #RIMWELZET. i EoRA (W) X, Z0ME E RO
DR THIEZITo1-Z LA RLTWA. B, M OfHETHO 7 v 7 ¢ VIEEOHRESAN. C. #4 2200m THOZ a7
A VIR E DERE AT .

it B SCHR
A COREEEMT D7D, &) &R 1 Elzti{ﬁ@??/ﬁjﬁ (1985) H A EB[E 4 /A ERE. TR
EMRMLG & AFTURREAD SH AP RARTL i , AU

R . N 2) Protocols for the joint global flux study(JGOFS)
R
FIMEDO EAE L LURIGESEH W= LET, 3) Lalli CM and Parsons TR (1995) Biological Oceanog-

raphy : An Introduction (Open University Oceanog-
raphy Series). Butterworth-Heinemann Ltd., Oxford,
UK.



Science Journal of Kanagawa University 21 : 71-76 (2010)

BE ZMB 2007 ~ 2009 FEEZS) 1 KA LR LR RIBL RGGR SC

ERRIE T Btk & R B & F O 7= feb BRI L 35 1) B
WMETRBR Bk OIBBEELICB$ 5 W%

RHEREY HMETE' MR e 150 KE—R2

Analysis of Morphological Change of Meiotic Chromosomes in Pollen Mother
Cells Using Transmission Electron Microscope and Atomic Force Microscope.

Yoshitaka Azumi®?, Chiduru Kusakabe', Hitomi Ayabe', Ko Kitamura®
and Ichiro Ohtsuka?
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Abstract: We have been engaged in analysis of chromosome behavior at meiosis of
pollen mother cells of wild-type and meiotic mutant Arabidopsis thaliana using light mi-
croscopes. In order to examine the structural changes of chromosomes during meiosis in
more detail, we tried transmission electron microscope (TEM) and atomic force microscope
(AFM). Meiotic chromosomes stained with silver nitrate were successfully spread on a
plastic membrane and clearly observed under TEM. AFM analysis revealed that synapsed
homologous chromosomes at pachytene contained a specialized structure, in which homolo-
gous telomeres were connected.

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

atomic force microscope
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Time Table

Opening Remarks, Professor Terumi Saito

9:30 . .
(58, Dean, Faculty of Science)
9:35 A Yo/s?\miorl Sugitani, Professor .
(450, Department of Chemistry, KU)
10:05 .0 Hiroto Kudo, Associate Professor
' (L7 N, Department of Material and Life Chemistry, KU)
10:35 L3 Kung-Ta Lee, Associate Professor
' (&= Ei£, Department of Biochemical Science and Technology, NTU)
11:05 Coffee Break
11:15 981 Sgao-{Arlﬂ Hua, Graduate Student‘
(£ #%, Department of Chemistry, NTU)
11:95 999 Chlh-is‘lang ngng, Graduate Student
(&5 &#E, Institute of Zoology, NTU)
11:35 353 Yoshiteru Kawakami, Graduate Student
' (Il E###, Department of Chemistry, KU)
11:45 SS4 Mj‘sato Kikuchi, Graduate Stude'nt
(B E N, Department of Chemistry, KU)
11:55 Lunch
13:00 Poster Session
15:00 4 Makoto Kazama, Associate Professor
' (E[# H, Department of Biological Sciences, KU)
15:30 L5 C‘}\nen-Yuan Pan., Associate Professor
(% @R, Institute of Zoology, NTU)
16:00 Coffee Break
16:10 L6 Richard Ping Cheng, Associate Professor
. (P %, Department of Chemistry, NTU)
16:40 7 Tatsu\ya Kawamoto, Professor .
(JIIAZ#E, Department of Chemistry, KU)
Pi-Tai Chou, Professor
17:1 IL ’
710 8 (8 &%, Department of Chemistry, NTU)
Closing Remarks, Professor Kazuo Yamaguchi
17:40 (b @ Fn, Chairman, Department of Chemistry, High-Tech Research

Center)
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Invited Lectures (IL 1-8)

Yoshinori Sugitani (IL1)
Hydration in Macromolecules: a Case in Pullulan Solution —«-ocoroeroemerrmerenereeeens 1

Hiroto Kudo and Tadatomi Nishikubo (IL2)
Synthesis of Ladder Macrocycles Based on Dynamic Covalent Chemistry System
and Their Application for EB and EUV Resist Materials — -«-correoereereeeemeeeeees 2

Kung-Ta Lee (IL3)

Metabolic Engineering of the Lignan Biosynthesis in Hairy Root cultures -+ 3
Makoto Kazama (IL4)
Mitochondrial Changes in Sea Urchin Spermatozoa during Fertilization -+ 4

Chien-Yuan Pan (IL5)
Interactions between Calmodulin and Calcium Channels ««wreorrerrrereemeeneeeans 5

Richard P. Cheng (IL6)
Effect of Highly Fluorinated Amino Acids on Secondary Structure Stability --------- 7

Tatsuya Kawamoto (IL7)
Reversible Electronic Structural Transition in a Cyclic Copper Complex — -«+-:---- 8

Pi-Tai Chou (IL8)
Recent Development of Materials in My Lab Toward Energy Relevant Issue - 9

Short Speeches (SS 1-4)

Shao-An Hua (SS1, P9)
Probing the electronic communication of linear nickel string complexes by utilizing
two redox-active [Niz(napy)4]3+ INOLELIESE  vrrrrrrrrrrer et 10

Chih-Hsiang Tzeng (SS2, P41)
A Revision and Phylogeny of Trichiurus (Perciformes: Trichiuridae): Utility of Mor-
phological and Molecular Data  «««-««+-wrsrrrremremrarsi 10

Yoshiteru Kawakami (SS3, P14)
Meta-Selective Friedel Crafts Acylation of Phenylsilsesquioxane ««:«««-toeoeeeeees 11

Masato Kikuchi (SS4, P15)
The first synthesis of thermally stable sulfanyl-, sulfinyl-, and sulfonyl-substituted
bicyclic dioxetanes and their base-induced chemiluminescence ««-««-xooereereeeenes 11
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Poster Presentations (P 1-47)

Hisako K. Tjuin
(P1)Mass spectrometric approach to chemiexcitation in CT-induced decomposition of diox-

etane .................................................................................................................. 12

Michiko Ito (P2)
Development of Microarray using Photolithography: Synthesis and Application of Surface Modi-
fication Agents containing High Sensitive Photodegradable Group — -«--ororrererrrorremereeeeeens 12

Yoshitaka Sakai (P3)
Mukaiyama aldol reaction catalyzed by zirconium(IV)/hafnium(IV)-containing polyoxometa-

lates as LeWiS acid Catalysts ................................................................................. 13

Seiko Abe (P4)
Synthesis of 1,10-diaza-18-crown-6 ethers bearing two long chains substituted with anthra-

cen-9-yl group at the w-position and their clathrate ability «-=---orooeerrrreeens 13

Shotaro Aoki (P5)
Synthesis and Molecular Structure of Keggin Polyoxometalate (POM)-Based Inorganic-
Organic Hybrld Compound .................................................................................... 14

Chia-Pei Chung (P6)
Reactions of Ruthenium Cp Phosphine Complex with 4,4-Disubstituted-1,6-Enynes: Effect
Of Methyl Substituents in the Oleﬁnic Fraction --cccooererrerrrrrme e 14

Daisuke Fushimi (P7)
Synthesis of photodegradable polymerization initiator to fabricate patterned polymer brush-

es on inorganic surfaces ....................................................................................... 15

Cheng-Chih Hsieh (P8)
Probing the Excited-State Intra molecular Proton Transfer Reaction of ortho-Green Fluores-

cent Protein Chromophore by Ultrafast Time-resolved Mid-infrared Spectroscopy -+ 15
Shao-An Hua (SS1, P9) Short Speech Section (P.10)

Qian-Rui Huang (P10)
A Comparative Study on Charge Transport Through a Single Molecular Wire Based on
Multinuclear Extended Metal Atom Chains: A NEGF/EHT Approach -«-«ocoeoeeeeeeeereeenen 16

Masaki Katoh (P11)
Development of molecularly imprinted polymers crosslinked by non-covalent bonding be-

tween functional GIOUDS 7o r e e s st e s e e e 16
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Tsuyoshi Kawaji (P12)
Synthesis of Substituted Anthracenes, Pentaphenes and Trinaphthylenes via Alkyne Cy-

Clotrimerization Reaction ....................................................................................... 17

H. Kawakami (P13)
Thermoelectric properties of Perovskite-Type oxide Cal-xLa2x/3 []1 x/3MnO3 system having
A-site VACATLCY * 7" "t ettt e s s 17

Yoshiteru Kawakami (SS3, P14) Short Speech Section (P.11)
Kikuchi Masato (SS4, P15) Short Speech Section (P.11)

Youhei Koyama (P16)
Synthesis and Chemiluminescent Decomposition of Dioxetanes Bearing a Phenanthryl or
Benzophenathrenyl Moiety .................................................................................... 18

Wataru Kuwana (P17)
Syntheses and Molecuar Structures of Silver(I) Clusters with Pentachlorobenzenethiol and
Triphenylphosphine Ligands ................................................................................. 18

Koichiro Mikami (P18)
Helical Folding of Poly(naphthalenecarboxamide) Bearing Hydrophobic Side Chain --- 19

Yuhei Miyazaki (P19)

Water photo-reduction reaction using MMX type Ru coordination polymers «««-:-coeoeeeeee 19

Kentaro Nagashima (P20)
Synthesis of Oxidatively Degradable Polymers by Oxidative Coupling Polymerization 20

Yutaka Nanashima (P21)
Catalyst-Transfer Polymerization for the Synthesis of Poly(2-alkoxypyridine-3,5-diyl) with
Controlled Molecular Weight and Low Polydispersity «--««««-«--weeseremmmimmiis 20

Yoshihiro Ohta (P22)
Synthesis of Well-Defined Hyperbranched Polyamides by Condensation Polymerization of
A2 MIONOIMIEE -+ c## o r#nresnseean e et ettt e et et e e e e e e e e 21

Satomi Onuki (P23)
Application of Novel EGA- TA MS with Skimmer Interface to the VOC-Adsorption and Des-
orption Properties of Woodceramics Prepared from Cedar ««-«-rorormrrerrrrirmn. 21

Takafumi Shimizu (P24)
Synthesis and Nano-structural Analysis of Crystalline-Amorphous Block Copolymer 22




86

Science Journal of Kanagawa University Vol. 21

BB IR IR R - (BN B T RN Ao

Keita Shimura (P25)
Syntheses of Silyl and Sulfonyl substituted Open-cage Fullerenes -«-oworrrrerererrmemeeeeees 22

Hiroshi Tanaka (P26)
Synthesis of three dimentional Ruthenium coodination polymer and Hydrogen evolution by

water phOtO Chemical Sphttlng .............................................................................. 23

Masatoshi Tanimura (P27)
Thermodynamic profiles of thermal decomposition and charge-transfer-induced chemilumi-
nescent decomposition for bicyclic dioxetanes bearing a 4-(benzothiazol-2-yl)-3-hydroxyphe-

nyl moiety ......................................................................................................... 23

Chi-Wen Tsai (P28)
Ni/NiO Core-Shell Structures of Nitrogen-Doped InTaO4 for Solar-Driven High Efficient
COZ Reduction to Methanol ................................................................................. 24

Yuhji Yagi (P29)
Oxide-ion conduction and dielectric relaxations in Ca-doped ZrO2 system — «+-coorreeeeeenes 24

Junya Yasumatsu (P30)
Syntheses of silacycles using enyne metathesis reaction ««=«-xoxormrrrrrrrmree 25

Mao Yasutomi (P31)
Interaction between Amino acids and Hypochlorous acid — =r-rererrmrmererrmnn 25

Kota Banzai (P32)
Molecular cloning of cDNAs encoding insulin-like androgenic gland factors from two fresh-

water prawn species Macrobrachium lar and Palaemon paucidens -«-cocvoereemrremeneeeees 26

Shun Hayakawa (P33)
Analysis of Homologous Chromosome Behavior during Plant Meiosis — -reoreoreeeeereeeees 26

Hsing-Yen Huang (P34)
Arl6ip1 functions in differentiation, mitosis, and ER-stress mediated apoptosis during

retinogenesis Of Zebrafish embryos ........................................................................ 27

Takafumi Koganei (P35)
The structural analysis of microtubule-binding domain fragment of MAP4 using NMR -+ 27

Yu-Mei Lin (P36)
Study of tomato signaling pathways and genes involved in defense against bacterial wilt ------ 28
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Chih-Hui Lin (P37)

Universal multiplex-PCR based genetically modified crops screening system ««:--coeeeee 28

Kazuya Nemoto (P38)
Taxonomy and Palaeoecology of the genus Linthia (Echinoidea: Spatangoida) from Japan --- 29

Masaya Saitoh (P39)
Relationship among Morphology, Mode of Life and Habitats in Spatangoid Echinoids -+ 29

Michiko Shiga (P40)
Functions of the components of thiosulfate-oxidation multienzyme system in the green sul-

fur bacterium Chlorobaculum tepldum .................................................................. 30
Chih-Hsiang Tzeng (SS2, P41) Short Speech Section (P.10)

Takahiro Ushioda (P42)
Normal development and the regeneration of the barbels of the catfish, Corydoras aeneus --- 30

Manabu Hayatsu (P43)

Electron Probe X-ray Microanalysis Studies on the Gravitropism in Soybeans Roots --- 31

Kimiko Ichikawa (P44)
Saltwater preference and adaptation Of the flSh ...................................................... 31

Kazuyuki Matsushima (P45)
Interaction between a neural isoform of Microtubule-associated protein 4 and actin fila-

TNLEIIES v e et ettt e 32

Kazue Mogi-Toyoizumi (P46)

Invasion by matrix metalloproteinase—expressing cells is important for primitive streak for-
mation in early Chick blastoderm ........................................................................... 32
Keiichi Uchino (P47)

Metabolism Of polyhydroxyalkanoates ..................................................................... 33
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List of Poster Presentations

P1 Tjuin, Hisako K. P17 Kuwana, Wataru P33 Hayakawa, Shun
P2 Ito, Michiko P18  Mikami, Koichiro P34 Huang, Hsing-Yen
P3 Sakai, Yoshitaka P19 Miyazaki, Yuhei P35 Koganei, Takafumi
P4 Abe, Seiko P20 Nagashima, Kentaro P36 Lin, Yu-Mei
P5 Aoki, Shotaro P21 Nanashima, Yutaka P37 Lin, Chih-Hwu
P6 Chung, Chia-Pei P22 Ohta, Yoshihiro P38 Nemoto, Kazuya
p7 Fushimi, Daisuke P23 Onuki, Satomi P39 Saitoh, Masaya
P8 Hsieh, Cheng-Chih P24 Shimizu, Takafumi P40 Shiga, Michiko
P9 Hua, Shao-An P25 Shimura, Keita P41 Tzeng, Chih-Hsiang
P10 Huang, Qian-Rui P26 Tanaka, Hiroshi P42 Ushioda, Takahiro
P11 Katoh, Masaki P27 Tanimura, Masatoshi P43 Hayatsu, Manabu
P12 Kawaji, Tsuyoshi P28  Tsai, Chi-Wen P44 Ichikawa, Kimiko
P13 Kawakami, H. P29 Yagi, Yuhji P45 Matsushima, Kazuyuki
P14 Kawakami, Yoshiteru = P30  Yasumatsu, Junya P46 Mogi-Toyoizumi, Kazue
P15 Kikuchi, Masato P31 Yasutomi, Mao P47 Uchino, Keiichi
P16 Koyama, Youhei P32 Banzai, Kota
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Cheng, Richard P. L6 Kudo, Hiroto L2 Tanimura, Masatoshi P27
Chou, Pi-Tai L8 Kuwana, Wataru P17 Tsai, Chi-Wen P28
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