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[Abstract]

To investigate the function and structure of the digestive enzyme chitinase from the insectivorous plant Drosera
rotundifolia (sundew), we conducted gene cloning. From the genomic information, we identified a GH19 chitinase
classified as a class I chitinase derived from D. rotundifolia. Since the N-terminal 20 amino acid residues correspond to a
signal peptide, we synthesized a gene encoding the sequence from Val21 to Ser325, excluding the Metl1-Ala20 region.
The gene was then ligated into a protein expression vector and expressed in Escherichia coli and the methylotrophic
yeast Pichia pastoris. As a result, we demonstrated that expression in P, pastoris enabled the production of an enzyme
with detectable, albeit low, chitinase activity.

[Key Words]
Chitinase, Gene cloning, Enzyme expression, Carnivorous sundew plant, Drosera rotundifolia
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R LIZE ZA, N RICx T UAEG FAAL V2
L., 7 7A1 ¥FF—BIHESNS GHI9 FF)—
F(AMMT6171.1)% R LT-, ABERIL 325 72/ fRhk
FETHERR STV D) 32 kDa DR Th 5,

X FF—PIIME R A A L ORI X0 BFEDIK Sy
iR~ 7 2 U —18 (GHI18) LN 19 (GH19) D25
SN TWD, ST T —EIL. ki
EDFREIENOREL 5 DO7 T AZBEHINL T &
DT TIZHL N2> TND[4], 2T, MG
T ETHENDA FHEDZ T A 1 FFF—BDOF
WSS NWTABER DY VAT F R, F 45
B RAAL | R A A 2 fEFRIE, SS FEGONLE
DOTRZEITST= (H 1) , ZORER, AEFRRLE Glul49,
Glul7l THY, 7/ EESGTHIED SS fie
X7 -oCTho72 ®1)

Yoh— 19% &
TFURARACY
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1. D. rotundifolia AKFFF—E D KA A AEREORE
i, Proton donor & U CHERET D & Tl S4B fidits 5L
Gluld(Z7 % 2 B8 E149)8 KO8, K1 DREEME%
D D12 OITHERET D AEFREE Glul71(E171) %7~ LT,

2. fE R OB
1) D. rotundifolia B3kx% FH—E@ETFDI n—=2
71 (KIBEIZRT 2HIBErNREA)

FF T —EOHHE « BIEMTICIZ, KREOEERD W
FLRDHDT, Ju—=2T%{7H 2T, BBHX
XY G e K G BRI O CREICR B S8,
D. rotundifolia FAEXFF—E D N K> 20 7 2/ 1
PRI 7 FNATF ROT2D, Met-Ala® DT 2/ i
FEILAfRE LTZES (Val'Ser’®) % =— R 5 1
% Azenta Life Sciences | A&fH LAAK L7z (R 1), £7-.
NTABGEE X S AT Nde T Y4 b &, 3AGRT
Bam HI %A MUz, SRk LT85 13 pET22b
7 Z—E LD pColdl, pColdIV, pCold ProS2 ~7 %
—ZTA v a kB Tol, bbb, ANTLARGE
f5f(pUC57/Chitinase) % Ndel, BamHI THEEL, 7 H
1 —R7)VESPKE) LT, D. rotndifolia M7
— B D/ K930 bp) &2 8]0 H LT, B L,
DD TE /Ny 77—l L7, pET BL U pCold
A7 H—b R UHlIREER CUPE L, 16°C, 16 IFiA
¥ =2 ~— kL D. rotundifolia ¥ FF—E8Is & 7
A= a &7 o7, RGIZIE Ligation high
(TOYOBO) #ffff L7z, KGO E I L
VLT LTza e Ty e ERHWT, B— |
va v IiIE T To,

2)  D. rotundifolia B¥XF—ELREBEFDI u—=2
7 2 BERHZB B 0WRE )
B HHEY O X% T —BIIAKMISN OBERE TH D |
D. roundifolia F2xFH—BIX S-S fEA (PALT 4
A & 7T OAL TS Z &b, KIGHEDERN
TORBLTIF e, MIRAMI I WTELT DR ELR
DBEBDAEFEIZIE LT D E WV DD S H729[6].
BERESEHIN 2 Z—pPICK (27 n—=2 7 %47 -7,
Thebb, NLEEE T8 DNA & LT, 747
N 7 7 A ;
GAATTCGTTCAATGCGGTAGCGAAGTTGGC ( FH4T
X Eco RI 14 MBI, V=TT (4 ~—;
GCGGCCGCTTAGCTAAACGGGCGCTGGTTG (T ##
BRI Not 191 B)ZAEH L C.PCR CHiE 5 = & T,
HIBREEZEY A % D. rotundifolia B35 FF—l{s 1
WA UT=, ED1%., Eco Rl, Not TR, 7 Ha—
AFNVERGKEN L, ERE & [REEOD HTET pPICIK 7
H—ZTFA4 = a U E{ToTz, PCR #OHEREF|D
WeRBIE, HUERT: ARG S o & — O

=4 —
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RN AT o 72, £T-. BEROE AT

PPICOK/ FF—1 Ry & —% Sal 1 CESHRIZEINI,
LiOAc ik (iY77 AR AW T 572,

3% 1. D. rotundifolia =-F~7—8 OYEHFE

D. rotundifolia endochitinase (AMM76171.1)

1

CAT ATG GTT CAA TGC GGT AGC GAA GTT GGC GGT GCG

37 CTG TGC CCG AAT GGT CTG TGC TGC AGC AAA TAC GGT
73  TAC TGC GGC ACG ACG AGT GCG TAC TGT GGT CCG GGT
109 TGC CAG AGC CAG TGT GGT GGC AGC AGC CCA CCA CCA
145 GCG CCA CCA AGT CCA ACG CCA AGC CCG CCA AGT CcA
181 AGC GGT GGT GGT GAC GTT AGC AGT ATC ATC ACC AGC
217 CAG ATC TTT AAC CAG ATG CTG CTG CAC CGC AAT GAT
253 AAC GCG TGC CCG GCG AAC GGC TTT TAC AGC TAC CAA
289 GCC TTT CTG GAT GCG GCG CGC AAA TTT AGT GGC TTT
325 GGC ACC ACC GGC GAC ATT AAC ACC CGT AAA AAG GAG
361 CTG GCG GCG TTT TTC GGT CAG ACC AGT CAT GAA ACG
397 ACG GGT GGT TGG CCA ACG GCG CCA GAT GGC CCG TAC
433 GCG TGG GGC TAC TGC TTC AAG CAA GAA CAA GGC AAT
469 CCG GGC GAC CAT TGC GTG CAG AGC AGT AGC TAC CCG
505 TGT GCG CCG GGC AAG AAG TAC TAC GGT CGC GGC CCG
541 ATC CAG ATC AGC TAC AAC TAC AAC TAC GGC CAG TGC
577 GGC GCG GCG ATC AAT CAG CCA CTG CTG AGC AAC CCG
613 GAT CTG GTG GCG AGC AAT GCC GGT GTT AGC TTT GAG
649 ACC GCC ATC TGG TTC TGG ATG ACC CCA CAA GGC AGC
685 AAA CCA AGC TGT CAC GCC GTT GCG ACC GGC CAA TGG
721 ACC CCA AGT GCG GCC GAT CAA GCG GCC GGT CGT GTT
757 CCG GGC TAT GGC GTG ATC ACC AAC ATC ATC AAT GGC
793 GGC GTT GAG TGC GGT AAA GGT ACC GTT CCG CAA GTIT
829 GCC GAT CGC ATC GGC TTC TAC CAG CGC TAC TGC AGC
865 ATC GTT GGT ATC AGC CCG GGC GGC AAT CTG GAC TGC
901 TAC AAC CAG CGC CCG TTT AGC TAA GGA TCC

HIRREERE A N2 TR C, BRls - #4h= R &2 K5 C
LT,

3) KEHE % A= D. rotundifolia 3k FF—E D%
)

KM BL21-Codon Plus (DE3)-RIPL #£3 KO8,
SHuffle T7 Express Competent E. coli (New England
Biolabs) ZJEfisfa L= %I bz an =—% 14
ECRERY, 50 pgmL 722U UEAD 100 mL
LB A ChtE L, 37°CC 6 Wi 21772, %
Dk, pET22b X7 X —DIE1X, IPTG ZH&EE 1 mM
(2725 XA T 37°CC 3 KB O3 A E A T 1=,

pCold =7 X —Di5A . 15C, 16 FHEE#EZ1TH =

LIZE VX TFF—EORBFHFELIT o7, HEEEROK
R LaHHC IV ER L, WikE Y = —v a4
% Z LT X0 MR A T > T2, E D% DL HE A

HEESZRRIR & Uiz, T —E k84213 Talon =1L
N7 7 4 =T 4= T L&V, WHIZIZ300 mM A

V=NV, % ORESEIE 10 mM TrisHC
Ny 77 —pH 8.0 THHTEATV, BERIGIEOMERAAT
272,

pET22b ~ 7 #—F " pCold 1, pCold IV, pCold

ProS2 7 2 —ZAEH LT 6  FEBUSHER TE 12008,
pCold [ X7 #—Th 7= (X2), LML, Talon 7~

A =T 4= T LOEHE O R3S (K2,

— 459,10), BERIMENLIFHNIRNT L3S

MIZ 7 > 7, £ . 01 mM p-Nitrophenyl
Penta-N-acetyl-chitopentaoside ; pNp-(GIcNAc)s & 0.1 M
fgNy 7 7—pH 55 ZHWT, FFF—EDiEHllE
% 405 nm AT 7203, IEMEORIIT TE o7,

72, pCold I ISNDRY B —CHBI S 75/ I 3R

DIBUT R MERTE R o7,

(kDa) M 1 2 3 4 5 6 7 8 9 10

97.2
66.4

45.0

29.0

20.1

14.3

2. SDS-PAGE (Z & % pCold I/FFF—F D3eH, A5
DR, M ; o fE~Y—7—, 1,6 ; ¥FF—EDfla
e, 2,7 3 FFF—P MBS, 38 ; ¥F ) —F
O Talon A/L—,4,59,10; % FF—F ® Talon A HEY,

FHOOPIERSOFFF—E 2R LTS, 15 &
I3 KNG BL21-Codon Plus (DE3)-RIPL ¥RAf# ] L 7%
BUER, 6~10 FIL AN SHuffle T7 #RZ A L7381

4) BERZF\Z D. rotundifolia BRXFF—ED
INAR—)VBRE,

TR L% OF%RK Pichia pastoris GS115 ¥R) % MD %
KE GRS L—T 7 LT 5 2 L T,
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WEHAAD 2 7 V) —= 7 %AToT-, EHIT G418
HHE (03-1.8 mgmL)IZ L DAY ) —=2 T %479 2
& T, ERBEOEIG AT o7, 10 HOERO 20 =
— % ZNn N 1| mL BMGY ¥ H1 (Buffered
Glycerol-complex Medium)2)3 A 7250 1 AR s | AH
WL, 30C, 24 RS L7z, TOBERE L, Hik%
2 mL BMMY 55#h (Buffered Methanol-complex Medium)
I ARE | 3 AR AT o7, 3 AR X 24
IRFfH] Z L AT A 2 ) — VBRI 1%I272 5 K 5 1THN
THZET, FFF—VORREFLE LT,

WA — )V CRERE AR LTk, SRR ATV, RIE
D BMMY £s#hia 20D % % SDS-PAGE [T L2 & Z A,
FFF—BLTHIEND A RSO (K3), v
—2 3 DO—ERITIHIRD /R RISFRD HDHH, A
T TEEREE BB A VTV D72, SDS-PAGE D
U = R IR DNRA L2 AR E 2. 6% (1K
3o

&kbayM 1 2 3 4 5 6 7 8 9 10

270
175
130

66
52

37

i

16 ~

6.5

3. SDS-PAGE (Z X 2BERIFEBLR TR b F F ) —
BOHRERER, KANFTTH—E LTSN R,
M ; pFE~——, 1~10 ;1 F~10 FOFXFFF—F
DFTEH,

5) Native-PAGE % fi\ /= %5 —EiEiea

D EEERE TR DIEBLL T 10 DOFIER %
AT TFF—EB oI Raz{Tol, T7hbb,
0.05%TF L7 a—LxF o kRS F 1Y,
Wako) ZGderRU T 7 UNLT I R LEFILL , ksl
MF A AW CERIKE 2 1To 7=, KEMED S L% 10
mM Tris/HCI /3 7 7 —pH 8.0 12 30 /iR L7z, <D
%, TVEFT U RERA YRR (0.01% 17
2—/L7R T A b, Sigma) T 10 /e L, ZREKT
10 A E T, N7 AL LI F—H— (365 nm)
ZHRWCE T —BIEED > N EF T 12,

FERkE R HIE BMMY Bitth) (28 Fh b ¥F ) —8
ZHOWTEREAORER, 7 —Blck b FFon
IR ENTZE D OB R E LTRIETE TR,
X FF—UEEE RS 2 SIS LTS (1X4),

-y

4. Native-PAGE |Z & B & FF—¥ DiFMYet, 48
L RO S DT TFF—RIC L DIEM SV R,

3. BE

Ltk BURL AT RERNY) D. rotundifolia H1
XTI — B ORI EAIMEE Z I SN T D 72D,
FRE P pastoris % PV KERRRE (1 L~10 L) 2170,
EBICHFFUH T LERANTHRFF—E @I
W DVENRD D, Fio, FEamERTIZ T 7 i
HIZITKI 10 mg DOEflERERNSMEEL 725 Z Lnb,
BB A — IV OPER DI TH D,

4. 5| TR
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[Abstract]

Isovaleric acid is a malodorous compound produced by the metabolism of leucine in sweat by
Staphylococcus epidermidis and is responsible for sweat odor following perspiration induced by exercise or
heat stress. In contrast, perspiration from eccrine sweat glands occurs continuously even at rest, mainly due
to insensible perspiration; therefore, isovaleric acid is thought to be continuously emitted from the skin
surface. In this study, isovaleric acid released from the skin surface of twelve healthy young subjects (6
males and 6 females, aged 21-23 years) at rest was measured using a passive flux sampler coupled with gas
chromatography—mass spectrometry, and its regional distribution was examined. The dermal emission fluxes
at 14 body sites exhibited large inter-individual variability, and no clear relationships with resting sweat rate
or sex were observed. To explore the factors contributing to inter-individual variability, factor analysis was
performed, revealing at least five distinct regional distribution patterns. These results suggest that isovaleric
acid is emitted even under resting conditions and that clothing and posture may influence its regional

emission from the skin surface.
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BREHRT7 Z v 7 ZIRERBAMZEZLZ R L, EHREORIT & & ORISR, MEZEITEO o
7o MAMEZEOERNERD D, KT EiT oo/, D &b 5 DO R HEHAL B4R/ F
— U ST, ZIUD OFERIL, BEFRRICEWTH A Y HEERITEE S L, RESCERE AL
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1. Introduction substances responsible for sweat odor [1,2]. Sweat secreted from

Isovaleric acid (3-methylbutanoic acid) is known as one of the eccrine sweat glands is almost odorless; however, when sweat is
FHERFILE AP AR 25 108 2026 4F 3 A
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left on the skin, Staphylococcus epidermidis, a resident species of
the normal cutaneous microbial flora, degrades leucine present in
sweat to produce isovalerate [2]. Because the skin surface is
normally weakly acidic, isovalerate is released from the skin
surface as volatile isovaleric acid [3]. Isovaleric acid has an
unpleasant odor described as a “pungent, sweet-and-sour smell”
and an extremely low odor detection threshold of 0.0001 ppm; in
Japan, it is designated as a specified offensive odor substance
under relevant regulations [4]. In addition, since Staphylococcus
epidermidis prefers moist environments, isovaleric acid is a major
cause of foot odor when the inside of shoes becomes humid [2].
For these reasons, isovaleric acid can be used as a marker of
sweat odor associated with eccrine sweat secretion [5].
Perspiration from eccrine sweat glands occurs continuously
even at rest, mainly due to insensible perspiration, and isovaleric
acid is therefore thought to be continuously emitted from skin
surface. However, given the non-uniform distribution of eccrine
sweat glands and variations in skin surface moisture across
different body regions, the quantity of isovaleric acid emitted is
presumed to show regional difference. Previous studies have
quantified regional and whole-body dermal emissions of skin
gases such as ammonia [6], acetic acid [7], and volatile sulfur
compounds [8]; however, data on isovaleric acid remain limited.
Therefore, the present study aims to elucidate the whole-body
distribution of isovaleric acid released from the human skin

surface.

2. Methods
1) Subject Test

The subject test was conducted during the daytime
between late April and early May in a laboratory at Tokai
University. Twelve healthy young volunteers (6 males and
6 females, aged 21-23 years) were recruited. Multi-point
measurements of skin-derived isovaleric acid were
performed using a (PFS;
MonoTrap® SG DCC18, GL Sciences, Tokyo, Japan) in

conjunction with gas chromatography—mass spectrometry

passive flux sampler

(GC-MS), as described in our previous study [8].
Fourteen PFSs were simultaneously deployed on the
skin surface at 14 sampling sites on each subject for 1 h,
as shown in Figure 1. The sampling sites were selected
with reference to the surface anatomical regions classified
by Kurazumi et al. [9], including the head, neck, chest,

axilla, abdomen, back, lower back, upper arms, forearms,

hands, buttocks, thighs, lower legs, and feet. The room
temperature was approximately 293 K, and the relative
humidity was approximately 53%. During sampling, all
subjects wore short-sleeved shirts and skirts or long
trousers and removed their shoes. They remained relaxed
and quiet to minimize excessive sweating. The skin

surface was not specially treated prior to sampling.

Head

Axilla

Upper arms Back

Forearms Lower back

Hands

Thighs Abdomen Buttock

O :Sampling site

Figure 1. lllustration of 14 body regions referred to
the anatomical classification by Kurazumi et al. [9]
and sampling sites by the PFS in this study.

After sampling, the trapped isovalerate was eluted into
0.50 mL of carbon disulfide (FUJIFILM Wako Pure
Chemical Corporation, Osaka, Japan) by ultrasonic
extraction for 30 min. Chromatographic analysis of the
extracts was performed using a gas chromatograph
(Model 7890B, Agilent Technologies, Santa Clara, CA,
USA)
(JMS-Q1050GC MKkII, JEOL, Tokyo, Japan). Further

instrumental conditions are provided in our previous

coupled with a mass selective detector

publication [8].
The dermal emission flux of isovaleric acid at a

sampling site, E; (ng cm 2 h'!), was calculated as:

E=Wi/(S? (1)

Where Wi is the collection amount of isovaleric acid (ng)
at sampling site i, S is an effective cross-section of the
trapping media (0.594 cm?) and ¢ is a sampling duration
(1.0 h). The limit of detection (LOD) was determined
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using a signal-to-noise ratio (S/N) of 3, calculated from
the areas obtained from the standard solution and
Equation (1) and resulted in 0.014 ng cm™ h™!. Since the
dermal emission fluxes of isovaleric acid are very low,
values above the LOD were adopted, while those below
the LOD were treated as zero in this study.

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Institutional
Review Board of Shonan Campus, Tokai University,
Japan (No. 23048, 24012). Written informed consent has
been obtained from the subjects to publish this paper.

2) Statistical analysis

IBM SPSS statistics 25 was used to perform the
statistical analyses. Differences in the dermal emission
flux among sampling sites were analysed using Analysis of
variance (ANOVA). Unless indicated otherwise, statistical
significance was set at p < 0.05. Exploratory factor
analysis (EFA) was conducted to identify the underlying
factor structure of the measured dermal emission fluxes of
isovaleric acid at 14 sampling sites. The analysis was
based on the correlation matrix of the variables. Prior to
the analysis, the suitability of the data for factor analysis
was assessed using the Kaiser-Meyer—Olkin (KMO)
measure of sampling adequacy and Bartlett’s test of
sphericity. Factors were extracted using the maximum
likelihood method and rotated using the varimax rotation
to improve interpretability. The number of factors was
determined based on eigenvalues greater than 1.0 and
inspection of the scree plot. Variables with factor loadings
of 0.40 or greater were considered to be meaningfully

associated with a given factor.

3. Results and Discussions

The measured dermal emission fluxes of isovaleric
acid were generally very low. Of the total 168 samples
analyzed, isovaleric acid was detected in 90 samples,
corresponding to a detection rate of 54%. Figure 2 shows
the detection rates by body region. The highest detection
rate was observed at the lower back, followed by the
chest, abdomen, and upper arms. In contrast, the lowest

detection rate was observed for the hands.
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Figure 2. Detection rate of the dermal emission of
isovaleric acid at 14 body regions of 12 young
healthy subjects.

Figure 3 presents a comparison of dermal emission
fluxes among the sampling sites using box plots. The “x”
symbol denotes the arithmetic mean calculated for all
subjects (n = 12). The emission flux at each site
exhibited extremely large inter-individual variability,
with several outliers present. However, the outlier values
were not attributable to any specific subject. ANOVA
indicated that no significant differences were observed in
the dermal emission fluxes of isovaleric acid among the

different body regions.

35
30
25

20 |

Emission flux (ng cm?2 h-*)

Figure 3. Comparison of the dermal emission flux of
isovaleric acid emanating from 14 body regions of
12 young healthy subjects.

Regional sweat distribution in young male subjects at
rest has been reported by Taylor and Machado-Moreira
[10] and Coull et al. [11]. With respect to acetic acid,
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regional variations in the dermal emission flux of acetic
acid were shown to correlate well with those of sweat
flux [7]. However, in the case of isovaleric acid in the
present study, neither the mean nor the median regional
dermal emission flux showed a correlation with sweat
flux as shown in Figure 4, and no sex-related differences

were observed.
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Figure 4. Plots of the regional emission fluxes of
isovaleric acid from 12 young healthy subjects at
rest against typical sweat fluxes at each anatomical

region reported by Taylor and Machado-Moreira [10].

(a) Mean and (b) median regional emission fluxes.
Note: The lower back was excluded due to a lack of
available sweat flux.

Therefore, to explore the factors contributing to
inter-individual variability, exploratory factor analysis

(EFA) was performed, and five factors were extracted.

Table 1 shows the factor loadings for each subject for the
respective factors. In addition, the factor scores of the

five extracted factors are presented in Figure 5.

Table 1. Factor loadings for 12 young healthy subjects
for the five factors extracted by EFA. Values showing

strong associations are highlighted in light blue.

Factor 1  Factor2  Factor3  Factor4  Factor 5
Female 1 0.41 0.38 -0.38 -0.29 0.31
Female 2 0.96 -0.07 -0.01 0.01 0.00
Female 3 0.04 0.29 -0.30 0.79 0.19
Female 4 0.87 0.04 -0.01 0.08 0.06
Female 5 -0.25 -0.68 -0.17 -0.33 0.19
Female 6 0.09 0.18 0.92 -0.14 0.01
Male 1 -0.38 0.37 -0.01 0.40 0.47
Male 2 -0.09 0.88 -0.10 -0.14 -0.06
Male 3 -0.12 -0.10 0.86 -0.12 0.20
Male 4 -0.17 0.17 -0.15 -0.06 -0.87
Male 5 0.05 -0.11 -0.05 0.91 0.02
Male 6 -0.16 0.52 0.13 0.18 0.43

Factor 1 exhibited markedly higher emission fluxes at
the back, followed by the chest, neck, and legs.
Moreover, three female subjects showed strong
associations with this factor. Although the exact reason
for this pattern remains unclear, one possible explanation
for the markedly elevated values at the back may be
related to the type of chair used by the subjects during
sampling. The chairs used by the subjects included both
chairs with and without backrests. For subjects who
selected (or were recommended to use by other
participants) chairs with backrests, sweating at the back
may have been promoted, resulting in this characteristic
pattern of dermal emission flux.

Factor 2 showed relatively high values at the chest and
thighs, while markedly low values were observed at the
forearms. Male subjects showed strong positive
associations with this factor, whereas female subjects
exhibited strong negative associations. This pattern is
presumed to be influenced by clothing, specifically the
wearing of trousers and short-sleeved shirts.

Factor 3 exhibited a pattern in which emission fluxes
were higher at the feet, axilla, and back—body regions
where moist conditions are likely to occur and skin
microbiota are most abundant in such moist areas [12].

No clear sex-related differences were observed.
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Figure 5. Factor scores of the five extracted factors
(representing distinct patterns in the relative
magnitude of regional dermal emission fluxes of
isovaleric acid).

Factor 4 showed higher emission fluxes at the upper
arms and lower values at the forearms and chest. This
pattern is considered to be attributable to the wearing of

short-sleeved shirts, reflecting differences in the degree

RSt A A B AT T AL 2

of contact between the shirt fabric and the arms or chest.

Factor 5 was characterized by markedly low emission
fluxes at the buttock. Two male subjects showed strong
positive associations with this factor, while one male
subject showed a strong negative association; however,
the underlying reason for this pattern remains unclear at
present.

Taken together, these results suggest that even under
resting conditions, dermal emissions of isovaleric acid
exhibit at least five distinct regional distribution patterns,
as observed in a relatively small cohort of 12 subjects.
The findings indicate that factors such as clothing and
posture during measurement may also influence the
regional emission of isovaleric acid from the skin surface.
The present experimental results provide fundamental
data for the use of isovaleric acid as a marker of sweat
odor, and future studies should investigate the emission
behavior of isovaleric acid after thermally and/or

psychologically induced sweating.

4. Conclusion

This study aimed to elucidate the regional distribution
of isovaleric acid released from the skin surface of
twelve healthy young subjects at rest. The emission flux
at each

sampling site exhibited extremely large

inter-individual variability. Analysis of regional
differences using factor analysis revealed the presence of
at least five distinct distribution patterns. These results
indicate that, under resting conditions without excessive
sweating, factors such as clothing and posture during
measurement may influence the regional emission of

isovaleric acid from the skin surface.
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Kinetics of Dermal Emissions of Diallyl Disulfide and Allyl Methyl Sulfide
After Ingestion of Grilled Garlic
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[Abstract]

The body odor caused by the ingestion of garlic is known to persist for several hours to days. However, there
have been no reports of kinetic analyses of the temporal changes in dermal emissions of garlic-derived skin
gases, diallyl disulfide (DADS) and allyl methyl sulfide (AMS). The present study aims to describe the
kinetics of the dermal emission fluxes of DADS and AMS and to estimate their half-lives using previously
published data [Sato et al., Sci. Rep., 2020]. The dermal emission fluxes of DADS and AMS exhibited a
typical biphasic decay pattern characterized by a rapid initial decrease (a phase), followed by a slower
decline (B phase). The half-lives of DADS and AMS were estimated to be longer than 8 h during the slower
decay phase, which is dominated by metabolic processes in the liver. These results indicate that the long
half-lives are significant factors affecting the persistence of garlic-related body odor after ingestion.

=

=2 =7 ORI L > TAE L LREIL, BN S BICOT > T 5 2 EAMBLN TV D,
LNLRND, == HROZETATHLHYT VIV ANT 4 K (diallyl disulfide : DADS) ¥
FOT VNV AF AL T 4 K (allyl methyl sulfide : AMS) @ & K & ORRBFEALIZ DUV T, 3
FRENCIRNT U 723513 2V E Tl Zem o 7o, AWFZETIL, BER @7 — # [Sato et al., Scientific Reports,
2020] Z M T, DADS B LN AMS ORJEE T 7~ 7 AOEEE AT L, 235 Ol 2 HE
ETHZEEBME LTz, DADS B X O'AMS OEFERE 7 7 v 7 A, 20201 (o f8) 12
DTS2 (B ) Z 3 MU e AR ORCR 28 2R L7c, IFIBIC 3817 2 AAEhEFE 3
KHERY & 72 D BAHIZEH VT . DADS B L TNAMS O IT W s S 2B 2 5 L HEE STz,
INDDORWHREMN, = =7 BR%OKRENERMET 2 BHNO—>Th b LRI,

[Key Words]

Human skin gas, Garlic odor, half-life, metabolism, dermal emission

1. Introduction which are responsible for the characteristic body odor
Garlic itself has an imperceptible odor; however, once after ingestion of garlic [2]. The garlic odor is known to
chopped or crushed, its natural constituent alliin is persist for several hours to days [3-5]. However, there
converted to allicin through an enzyme-mediated process have been no reports of kinetic analyses of the decay of
catalyzed by alliinase [1]. Allicin serves as a precursor to dermal emissions of DADS and AMS, and the half-lives
several volatile sulfur compounds (VSCs), including of these skin-derived VSCs have not been determined.
diallyl disulfide (DADS) and allyl methyl sulfide (AMS), The uptake, distribution, and elimination of ingested
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chemical substances are generally described using
pharmacokinetic or toxicokinetic models, mostly based on
measurements of blood concentrations. However, highly
volatile VSCs such as DADS and AMS readily volatilize
from the bloodstream and are easily emitted through the
skin surface [6]. In our previous study [2], we clarified the
temporal changes in the dermal emission fluxes of DADS
and AMS following the ingestion of grilled garlic. The
present study aims to describe the kinetics of the dermal
emission fluxes of DADS and AMS and to estimate their

half-lives using previously published data.

2. Method
1) Materials
Reagent-grade diallyl disulfide (DADS) and allyl
methyl sulfide (AMS) were purchased from commercial
(Fyjifilm Wako Pure Chemical,

Methanol was obtained from Kanto Chemicals (Japan).

suppliers Japan).
Garlic was purchased from a local supermarket and
grilled in aluminum foil prior to ingestion, as described
previously.
2) Passive flux sampling of human skin gases

Human skin gases were collected using a passive flux
sampler (PFS). Briefly, the sampler (MonoTrap®, SG
DCC18; GL Sciences, Japan) was placed directly on the
skin surface to form a headspace, allowing volatile
compounds emitted from the skin to be collected by
diffusion onto the trapping medium (Figure 1). Detailed
of the

mechanism have been reported elsewhere [6,7]. During

descriptions sampler design and trapping

sampling, the device was gently fixed to the skin surface

without any pretreatment of the skin.

Figure 1 Sampling of human skin gases using the
PFS at a forearm of volunteer.

3) Sampling procedure and GC-MS analysis

Sampling was performed on healthy male volunteers,

and skin gas samples were collected for either 0.5 or 1.0
h. After sampling, the trapping medium was transferred
to a glass vial and analyzed using a thermal desorption -
gas chromatography / mass spectrometry (GC/MS)
system, as previously described. Thermal desorption was
conducted at 120 °C using a STRAP headspace sampler
(JEOL, Japan), and analytes were introduced into a
IMS-Q1000GC MKIT GC-MS system (JEOL, Japan).

Volatile compounds were separated on an InertCap®
Pure-Wax capillary column (30 m x 0.25 mm id., 0.25
pm film thickness; GL Sciences, Japan) with helium as
the carrier gas (1.0 mL min™'). DADS and AMS were
detected in selected ion monitoring mode at m/z =41 and
73, respectively. Further instrumental conditions are
provided in the original publication.
4) Calculation of dermal emission flux

The emission flux of DADS and AMS from the skin
surface was calculated according to Eq. (1);

E=W/St Eq.(1)
where E is the emission flux (ug cm™ h™'), W is the
amount of compound collected (ug), S is the effective
cross-sectional area of the trapping medium (0.594 cm?),
and ¢ is the sampling duration (h). Procedure blanks were
omitted because no target compounds were detected in
blank measurements.
5) Volunteer experiments and dataset used for
reanalysis
The present study reanalyzed data obtained from the

previously conducted volunteer experiment investigating
dermal emissions of VSCs after ingestion of the grilled
garlic. Three healthy male volunteers (A—C; ages 24-31)
ingested approximately 45 g of grilled garlic, and
temporal changes in DADS and AMS emission fluxes
were measured at the non-dominant forearm before and

after ingestion according to sampling schedule as shown

in Figure 2.
—— Ingestion of grilled garlic (45 g)
Skin gas
sampling
t=-1 t=0t=0.5 t=1 =2 =3 =6 t=8
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Figure 2 Sampling schedule of human skin gases before
and after ingestion of grilled garlic [2].
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No additional experiments were conducted for the
present study; all analyses were based on previously
acquired datasets. The previous study was performed in
accordance with the guidelines laid out in the
Declaration of Helsinki and was conducted with the
approval of the Institutional Review Board, Shonan
Campus, Tokai University, Japan (No. 16182). Written
informed consent was obtained from all participants
6) Kinetic calculations

The dermal emission fluxes of DADS and AMS were
converted to semilogarithmic plots versus time, in order
to resolve the curves into a linear initial phase of slope o
and a linear terminal slope B [8]. The half-lives for two
phases were calculated by linear regression of the
log-linear time curve of the dermal emission fluxes
within each interval with the latter or former phases
subtracted [8], following Eq.(2);

tn=In2/k Eq.(2)
where #1, is a half-life and & is a decay rate constant

derived from the linear regression analysis.

3. Results and discussions

Figure 3a shows the time course of the emission flux
of DADS from three volunteers before and after
ingestion of 45 g of grilled garlic. The time points on the
x-axis indicate the start times of sampling after ingestion
(see Figure 2). The initial emission flux of DADS (¢ =—1
h) was 0.072 + 0.024 ng cm™ h™" (n = 3). During the first
sampling period (¢ = 0 h), the emission flux increased
markedly, reaching a maximum of 4.8 + 0.44 ng cm 2 h™,
which reflects the uptake of DADS from garlic.
Thereafter, the emission flux decreased to approximately
0.4 ngcm™2h" at#=2 h and remained at this level.

Focusing on the decay phase, the time course after the
peak was converted into a semilogarithmic plot versus
time, as shown in Figure 3b. The dermal emission flux of
DADS exhibited a typical biphasic decay pattern,
characterized by a rapid initial decrease (a phase),
followed by a slower decline beginning approximately 2

h after ingestion (B phase).
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Figure 3 Temporal changes in the dermal emission flux of
DADS before and after ingestion of approx. 45 g of
grilled garlic measured at the forearm of three healthy
volunteers. Modified citation from ref. [2], CC BY 4.0.

Figure 4 illustrates the possible formation of metabolic
pathways of DADS and AMS from alliin [9-14]. Allicin,
which is produced from alliin, is an unstable compound
and rapidly undergoes spontaneous decomposition in
vivo to form organosulfur compounds such as DADS and
allyl mercaptan. These compounds are absorbed through
the gastrointestinal tract and distributed to tissues such as
the liver via systemic blood circulation. During this
distribution process, they are rapidly emitted from the
skin; therefore, the rapid decrease in dermal emission
flux is considered to reflect the rapid decline in blood
DADS s

metabolized in the liver to allyl mercaptan through

concentration (oo phase). Meanwhile,
reactions involving glutathione and cysteine. Because
dermal emission also occurs during this metabolic process,

a slower decay phase (B phase) is observed. The decay rate
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Figure 4 Possible formation and metabolic pathway of DADS and AMS in a body based on ref. [9-14] and excretion routes.
Abbreviations: GSH, glutathione; TMT, thiol S-methyltransferase; INMT, Indole ethylamine N-methyltransferase.

constants and half-lives for the two phases were obtained
from linear regression analysis of the log-linear time
curves of dermal emission fluxes within each interval. As
shown in Table 1, the half-lives were calculated to be 0.54

h for the a phase and 32 h for the B phase.

Table 1 Calculated decay rate constants and half-lives for
the dermal emissions of DADA and AMS described by
a biphasic decay pattern.

Decay rate constant Half-life
(/h) (h)
o phase | Pphase | aphase | P phase
DADS 1.3 0.022 0.54 32
AMS 1.9 0.038 0.37 18

In contrast, the time course of the dermal emission flux
of AMS differed from that of DADS but was consistent
among all volunteers (Figure 5a). The initial emission flux
of AMS (¢ = -1 h) was 0.022 £ 0.001 ng cm2 h™! (n = 3),
which is approximately one third of that of DADS. After
ingestion of grilled garlic, the emission flux of AMS
reached its maximum at ¢ = 0.5 h, with a value of 2.9 +
0.10 ng cm2 h!, and then decreased to approximately 0.3
ng cm 2 h™'. This time course differed from that of DADS,
which peaked at + = 0 h, indicating a peak shift in the
dermal emission flux of AMS. This delay is attributed to
the fact that AMS is formed from precursor compounds
such as allicin, DADS, and allyl mercaptan (Table 1).
Focusing on the decay phase, the time course after the
peak was converted into a semilogarithmic plot versus
time, as shown in Figure 5b. The dermal emission flux of

AMS also exhibited a typical biphasic degradation pattern,

and the decay rate constants and half-lives for the two
phases were calculated, as summarized in Table 1. The
half-lives of dermal emission for AMS were calculated to

be 0.37 h for the o phase and 18 h for the B phase.
6.0

o
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»
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Figure 5 Temporal changes in the dermal emission flux of
AMS before and after ingestion of approx. 45 g of
grilled garlic measured at the forearm of three healthy
volunteers. Modified citation from ref. [2], CC BY 4.0.

It should be noted that the estimated half-lives of DADS
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and AMS in the B phase may be subject to uncertainty, as
they exceeded the 8 h measurement period of the subject
test; nevertheless, the results indicate that the half-lives
are at least 8 h or longer.

DADS and AMS are responsible for the characteristic
body odor observed after garlic ingestion. The persistence
of garlic-related body odor after ingestion can be
attributed not only to the amount of garlic consumed and
the extent of allicin formation (which depends on the
method of garlic preparation), but also to the metabolic
rates of DADS and AMS in the liver. In particular, the
long half-lives during the  phase contribute significantly
to the prolonged duration of garlic body odor.

4. Conclusion

Based on the kinetic analysis of the temporal changes
in dermal emission fluxes of DADS and AMS after
ingestion of grilled garlic, their half-lives were estimated
using previously published data. The results showed that
the long half-lives during the slower decay phase (B
phase) of both VSCs are significant factors affecting the

persistence of garlic-related body odor after ingestion.
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[Abstract]

Fishy odor generation was investigated using a model system consisting of fish oils extracted from three
fish species with different fatty acid composition (Mackerel, Tuna, Red sea bream) and mackerel blood. As
the reaction progressed, the residual ratios of polyunsaturated fatty acids decreased, while the amounts of
volatile compounds increased. Characteristic odor compounds were generated depending on the fish oil
used:1-Penten-3-ol in mackerel oil, 1-Octen-3-ol in tuna oil, and Hexanal in red sea bream oil. These
differences in odor compounds were influenced by fatty acid composition of the fish oils.

[Key Words]
Fatty acid composition, Volatile compounds, Fishy odor, Lipid oxidation
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TP CUfE ST R~ /X Scomber japonicus 75 .
~ XA fiiE 2022 4 11 AIZA—/S—THEA LT
FHE~ X A Pagrus major 885 (BH5) 2»HAEEY
ECHI L7z 2, ~ 7 ezl v aixm
Wt (BRI —) 2 LT,

2) NA T NRBOIERR & 535

FERMRY 10 mL A7) 2a—F v v T A T
JUIBIZ 10mM Y > FEFEE R (pH 6.0) 1025 pL,#5-FE
£l 75 pL,~ VNI 100 pl,50mM 7 A4 % 3 21—
VBT R U WA 200 uL EIRA L, =i 25°CI2 T
0,1,2,3,4 KefEI S S 7212-30C TIRAFE L 72, 1FRK
L 7oA T VBN N AR HE(40ppm. 2 7 v~
B =) I5uL M, E U~y RARX—2T]
Z 7% 80°C T 20 4[] SPME Ml 7 7 A /R —Z T
i L72%. GC-MS ICTHHr LT,

NENGBEAELRK « FEFEMER 7y & RIARICIR G LIER L
7234 7 VikE & Bligh&Dyer 10 Hanson&Olley
ISETNCAEOEE 2R U, fifitt U7 AR PR RE

@mg/mL /T H AT IV) 250 uL Mz, —
T IR TFRA L ) —NEHANTATF LT AT L
7e#%. GC \ZThHt LT, fbier—4&2xs&L
#at 7 h(Bell curve) ZfHEH L—IoltiE o4
1TV, Tukey IBIC L W HEEMREEIT T2,

3. fER

Table 1 \ZfEH L7= 3 FaFEo il oo R IGEREAL
Zor Uiz, <~/ @il Tk, C€20:5 n-3 (EPA) tb
2N, ~ 7 o fajl Tk C22:6n-3 (DHA) s, ~ 4

A fIATIE C18:1 n9 (LA UER) k& C18:2
n-6(V / — /) HAMhARE L D b A EICE ST,
AR AmE L & — A BaFn IR L1 d~ & A i
Wb <, A EFIEMIER T~ 7 v Mgl
KbEN-oT,

Table 1 Fatty acid composition of each fish oil (Wt%).

Mackerel Tuna Red sea bream
C14:0 391 £ 015 a 3.07+009 b 298+ 0.06 b
C16:0 19.37 £ 050 a 18.96 + 0.30 a 21.01 = 0.25 b
Cl16:1 n-7 440 £0.18 a 497+£0.10 b 531 +009 ¢
C16:2 n-4 .12+ 040 a 116 +£0.19 a 0.62+0.02 b
C17:1 n-8 0.46 = 0.03 1.11 £ 0.64 0.47 £ 0.03
C18:0 445 +£0.12 a 484 +£009 b 526+ 008 ¢
C18:1 n-9 21.92 £ 0.61 a 1745+ 036 b 2515+ 024 ¢
C18:1 n-7 4.04 £0.13 a 266 +0.07 b 322+007 c
C18:2 n-6 1.12 £ 003 a 1.17+0.01 a 10.68 +0.13 b
C18:3n-3 063 +£003 a 058+002 a 122+023 b
C18:4n-3 1.86 £ 003 a 094+003 b 071 +026 b
C20:1 n-11 262+ 008 a 238+005 b 180+ 0.04 c
C20:1 n9 0.34 + 0.01 a ND+ND b 033+002 a
C20:4 n-6 080 +£021 a 155+003 b 0.68+0.03 a
C20:4 n-3 089+ 004 a 062+003 b 0.64+0.04 b
C20:5n-3 790 £ 033 a 7.03+026 b 374+ 0.08 ¢
C22:1 n-11 2.65 £ 0.09 a 1.35 £ 0.06 b 128 + 0.23 b
C22:1n9 0.79 £ 0.06 a 038 +0.02 b 051+0.17 b
C22:5n-6 034 +004 a 1.04+004 b 0.52+02 a
C22:5n-3 2.02 + 0.48 1.80 £ 0.40 1.91 = 0.09
C22:6 n-3 13.90 £ 1.20 a 21.61 £+ 082 b 8.17 £ 0.27 ¢
others 4.48 + 1.03 5.35 £ 0.86 3.80 = 0.88

saturates 2773 £ 075 a 2687 £ 047 a 2924+ 036 b
3721 £ 096 a 3029 £ 040 b 38.06 = 0.56 a
30.58 + 1.62 a 37.49 + 0.99 b 28.89 + 0.26 a

monoencs

polyenes

Values are meantS.D.(n =5).
Letters a,b and ¢ indicate signiticant differences (p <0.05,Tukey's multiple
comparison test) between the data for the component.
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Fig.1 Residual percentage (%) of each fatty acids relative to time 0 after mixing each fish oil

with mackerel blood.
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Fig.2 Increase in major volatile compounds relative to time 0 after mixing each fish oil with
mackerel blood.

M Total aldehyde A :Total alcohol @:Total ketone 4p:Total hydrocarbon

Table 2 Amounts of volatile compounds produced after mixing each fish oil with
mackerel blood for 4h at 25°C.

Mackerel Tuna Red sea bream
Aldehydes(5)

Pentanal 0.053 + 0.004 a 0.064 = 0.008 a 0.091 £ 0.021 b

Hexanal 0.822 + 0.178 a 1.105 + 0.150 a 2.462 £ 0.741 b

Heptanal 0.233 + 0.044 ab 0.311 + 0.028 a 0.213 £ 0.068 b

Octanal 0.260 = 0.071 a 0.510 = 0.168 b 0.260 + 0.062 a

Nonanal 1.530 + 0.415 1.532 + 0.535 1.409 + 0.272

Alcohols(5)
1-Penten-3-ol 4,149 £ 1.200 a 3.326 =+ 0.797 ab 1.875 £ 0475 b
2-Penten-1-ol,(E)- 0.075 £ 0.021 ab  0.092 + 0.031 a 0.038 £ 0.012 b
2-Penten-1-ol,(Z)- 0.592 + 0.184 a 0.546 + 0.080 a 0.212 £ 0.050 b
1-Octen-3-ol 3.360 + 0.594 a 6.658 + 1.030 b 4.960 + 1.109 ab
2-Octen-1-ol,(E)- 0.208 + 0.049 a 0.515 = 0.068 b 0.236 + 0.056 a
Ketones(2)
1-Penten-3-one 0.122 = 0.043 0.117 £ 0.027 0.072 + 0.018
2.3-Pentanedione 0.725 + 0.103 0.466 + 0.040 0.637 + 0.218
Hydrocarbons(5)

Decane 0.049 + 0.015 0.063 = 0.011 0.048 + 0.016
Tetradecane 0.160 + 0.054 a 0.431 £ 0.140 b 0.071 £ 0.008 a
Pentadecane 2.580 £ 0.964 a 11.994 £ 2759 b 0.749 £ 0.192 a
Hexadecane 0.026 + 0.005 a 0.127 £ 0.031 b 0.013 £ 0.002 a
Heptadecane 0.200 + 0.059 a 1.254 + 0.237 b 0.190 + 0.034 a

Total aldehydes 2.898 + 0.689 3.520 £ 0.774 4.435 + 1.067

Total alcohols 8384 + 1.864 ab 11.136 = 1.888 a 7.321 + 1.634 b

Total ketones 0.847 + 0.095 0.583 + 0.053 0.709 + 0.233
Total hydrocarbons 3.014 £ 1.094 a 13.871 £ 3.006 b 1.072 £ 0.227 a

Values are mean+S.D.(n =5). Letters a and b indicate signiticant differences (p <0.05,Tukey's
multiple comparison test) between the data for the component.
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[Abstract]

Pregnancy zone protein (PZP) is a unique protease inhibitor involved in the pregnancy-related proteins
whose expression increases during human pregnancy. In this study, we established a severely
immunodeficient NOG mice which systemically expresses human PZP and examined if PZP regulates
xenogeneic graft-versus-host disease using the NOG-hPZP Tg mice transplanted with human peripheral
blood mononuclear cells (PBL-NOG-hPZP Tg). As a result, the fertility of NOG-hPZP Tg mice was not
largely changed. PBL-NOG-hPZP Tg mice possessed comparable number of human T cells and B cells,
together with the levels of activation and exhaustion of these cells and plasma immunoglobulin levels.
Immunohistochemistry revealed that the infiltration of lymphocytes into lung and liver tissues was not
significantly decreased. These results suggest that human PZP did not regulate immunity in the xenogeneic

reaction in the xenogeneic GVHD condition in the humanized mouse.
[Key Words]

NOG mouse, pregnancy zone protein, graft-versus-host disease, lymphocyte
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ZEHEIALNI L[4, Z LT FPZP E~—Ftk
N A2ML1 D& I IARREEDE A RIS | 2FF
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12, BHEGEARENOG ~ 7 AIZE h PZP 258l &H
72 NOG-hPZP Tg #HENL LT-, £ L CZDO~ T A|ZE
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TERR L, 255D > SBRBAHIC L W GVHD %758 L C,
PZP DEEHLAY GVHD 24045 Z LN TE 5%
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1) fREEEAR

AWFFEIT I 1T 52T OB ERRIT, CIEM B35
FRS UKRRES :17026) OERZFT, CIEM O
A RIA N TEMSI NIz, 72, b Mk
ERW-2TOERIL, CIEM mEEES OKR

70 19-11) OERRZEGT, FAA FT A B L
THEhE Sz,

2) FRARIRE

AW Lo b ML, ERHCB N T
A7 —bFRarvr bEEELEE. ERIICK
O fEEEIRRE SRR S T B ) S IR A 2T T,

3) NOG-hPZP Tg
btk PZP s 1% CAG 7' BT —H — FICHARIA I,
Tg N7 2 —%Ff L7 /F# L7 ssDNA # NOG ~
T ADHHIIRIC A s a2 ar L,
Bonle7r =<7 2% NOG v~V ALRL
ZZHE L. NOG-hPZP Tg ~ 7 A Zft~r L7z,

4) HEHH

~ U AMEEE Y T E b, B R L 0.1%
MY VA ofEBICHER Lz, 7
UltiMate 3000 HPLC 3 25 A% Tk LC 4y B
LTV, IWH L7127 K% Q Exactive & S/ HTHT
THE Lz, T4 L7~ L7 Y —E&iX
Scaffold % V>, SwissProt 7 — & X— 2 & T [A
E LT,

5) t k PBMC D75

b MEEHE 2 4O REZF THRILAER L, 5511
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(2 U O EIE800 G, 20 min, 20°C) &4 T 77,
EOEES = b PBMC 53 Z B L, PBS % 40
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Z: L. RBC Lysis buffer(BD Pharm Lyse)Z 1% THfE L,
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Z 10mL INZARE L, Mz s Hl L7z, —EBlcoun
TE7e—%A MA MY —IZL D Y o gkpTm 7
7 A IVENT L=, PBMC D95 50x10° cells/head
% PBS 100uL THEE L, 428% NOG-hPZP Tg D2
ARAFIZERE LT (29 G),

6) 7r—H%A XK —
iz AT A RHTATREY 2 A A LTk, A v
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L. 0501450 G, Smin, 4°C) L7-, HEZEBREL.,
PBS % 10 mL A S8 L, Milfet 251 L7z, GHAIL
7= HIEHIRED 5 5 5x10 Scells %431 L, m050HfE(1450
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R U —THW=HURZ[F 1-for FCMITR Lz, &40
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o7,
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INHDOwT A EHANT, LEOFERET -1z,
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non-Tg

27513 | ND ND 14031 | ND ND

HEOHR L ) L 7Bk a7 7 A VOEAL
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[EE]
BIRRBRCHEARIT, & o T RO NS BITE D B VT A RHEYIRR ORGy CEME RS AT 57
Ual bty RTohd, T, £ OHEELHIEREIZRET 205872 b, Eix Do L~V TR AR
i D72 DWFFEA, KNI TOND & 51270 >TE T, ARTIEL, HL-60 AifE i 2 i pmfapki o3
DfaEErE L . 7 ZEY SIS invitro FETEMESS KWV insilico N & 2 VT a4T > 7o Fox OUTE
DI AAEIT T 2,
[Abstract]

Resin glycosides are characteristic constituents of plants in the family Convolvulaceae and are found in traditional
laxative herbal medicines such as Pharbitidis Semen (kengoshi). Recently, research has focused on the isolation,
structural elucidation, and evaluation of the biological activities of individual resin glycoside molecules. Here, we present
our recent findings on the cytotoxicity of resin glycosides toward HL-60 human promyelocytic leukemia cells, their in
vitro inhibiting activity against porcine pancreatic lipase, and in silico docking analyses.

[Key Words]
resin glycoside, Ipomoea, jalapin, convolvulin, cytotoxicity, lipase inhibition

1. IXCHIZ BEE DB B 2 S VAR O AR & - TR

1-1) FERCEEA &3

FHIRECHE(AIX, Pharbitidis Semen ([pomoea nil Choisy
T YA OFET), Rhizoma Jalapae (I purga (Wender)
Hayne ®#R), Orizabae Jalap Tuber (I orizabensis (Pelletan)
DY) 2 LITEEND eV ARHEEA DRSY T
51,2, BHEREEARIL, Y~ A FEO R EEOSUR
I Z 31T D REAEVED B AOFIR I b E EH T
Do AVFHNTIL, AR, A% RN, d L O
o SND 7Y al) vy NCEMREL AL
TWDIL2] » TORHEE 72D, 74 UIKSy
fECAERCT B A VHEIRRO A ) TEHEARECHER) & |

(T L ST 6 D(T L U VBCHERR) NMEREEA L
TRy T REOA ) Iv— B2 L TE 1,2, flE
BOHHARD LZEIFZEIX 19 R 3 —a v /X TUED
DAL, Mayer (2K > T, BHEBCHEALS ——7 L AlEEME
DY T ¥ (alapin) & REEMEO A AR ALT Y
(convolvulin)lZ KBl S 415 & it X Cui=a33], BifE
T, RERIRZ 7 NoEE AT v oesra4 7k
T VAR S AR T SRR £ D= R
WT Y U BATITKRBIS D2, BERCHEHAZ T L
YIRS iR, S HIZEEMKS MR LTS DD MRy
DWFFED K SIHIIZAT 4L, 2-methylbutyric acid |
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(E)-2-methylbut-2-enoic (tiglic acid) . isovaleric acid .
isobutyric acid, 2-methyl-3-hydroxybutyric (nilic acid)7 &
DA, 11-hydroxytetradecanoic (convolvulinolic) acid,
jalapinolic acid (11-hydroxyhexadecanoic acid), ipurolic acid
(3,11-dihydroxytetradecanoic acid)72 & DA TfEHAEE,
B LD glucose, rhamnose 72 & D HUESEA WAy & L
THRONMESITWD2], £, TAT VIVKGRED
TR LI DBERERRII I VAR AR T ) —D oA
HTH Y FRERD A F LT AT UREOFRER L L
T, HEHSSEIMTOND Z L2 V4,5], BlER
PERIL, HEDEMECH D Z L LD Z ORI LS
WEITIN A T, AE SNDEMEEZE 2 DFrF- L
JVCEHIES 2 720 DRI, ITHER SHUTRAIRIIZ
1Thhd X 917> TET,

1-2) RIARECEER D AMTEIERTSE

Fox OWIFET V—T1%, BIRECHEARD A EERTSE
D—8] E LT, /Va v T %A (Quamoclit
multifida)[6]. />~ VA (C. soldanella)|7]. =& /LFT
A(C. hederacea) I AASEENER8,9]7% HL-60 & hRTE
BEM: A sl e U CllasE 2~ 2 L 2 L
T&7z, o, NS EATAN0], ~NY T T4
muricata) SRS EBRCHEIR[4] 23T~ A T A LV AT
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Table 1 Cytotoxicity against HL-60 cells by genuine resin

glycosides and related compounds from the genus lpomoea.

Plant Name Compound Name MW. ICs@uM) Ref

L alba Ipoalbin I 1,020 100£35 125]

L alba Ipoalbin IT 992 7.76+£007  [25]

L alba Ipoalbin ITI 908 125+2 125]

Lalba Ipoalbin IV 990 3914004  [25]

Lalba Ipoalbin V 1,002 805+£026  [25]

Lalba Ipoalbin VI 974 3974006  [25]

Lalba Ipoalbin VII 974 753+0.12  [25]

L alba Ipoalbin VIIT 1,018 178403 125]

L alba Ipoalbin X 1,006 187+05 125]

L alba Ipoalbin X 1,008 18.0+0.1 125]

Lalba Ipoalbin X1 892 189+06 126]

Lalba Ipoalbin XII 878 395+1.0 126]

Lalba Ipoalbin XIII 978 693+040  [26]

Lalba Ipoalbin XIV 978 194+1.1 126]

L alba Ipoalbin XV 1,008 271+£55 126]

1 alba Ipoalbin XVI 1,008 311434 126]

L alba Ipoalbin XVII 978 684+037  [26]

Lalba Ipoalbin XVIII 762 408+23 126]

Lalba Ipoalbin XIX 762 679+05 126]

Lalba Ipoalbin XX 804 180+1.8 126]

Lalba Ipoalbin XXI 1,002 628+1.18  [26]

L alba Ipoalbin XXII 952 155+04 127]

L alba Ipoalbin XXIII 952 17702 127]

1 alba Ipoalbin XXIV 950 369+19 127]

Lalba Ipoalbin XXV 926 13145 127]

Lalba Ipoalbin XXVI 1,154 193+08 127]

Lalba Ipoalbin XXVII 1,006 194+03 127]

Lalba Ipoalbin XXVIII 1,136 321407 127]

L alba DC-2b 910 545+47 127]

I lacunosa Lacunosin I 1,598 278+1.1 128]

I lacunosa Lacunosin V 1,308 N.T 129]

1 lacunosa Lacunosin VI 1,336 N.T 129]

1 lacunosa Lacunosin VII 1,336 445+13 129]

1 lacunosa Lacunosin VIIT 1,320 >200 129]

I lacunosa Lacunosin IX 1,174 >200 129]

I lacunosa Lacunosin X 1,174 >200 129]

I lacunosa Lacunosin XII 1,368 N.T 129]

I lacunosa Lacunosin XIII 1,336 564+1.1 128]

1 lacunosa Lacunosin XTIV 1,350 793+19 [28]

1 lacunosa Lacunosin XV 2,060 214+02 [28]

1 lacunosa Operculin VIII 1,336 N.T [29]

1 lacunosa Simonin IV 1,320 N.T [29]
1 muricata Muricatic acid C 856 187+6 14]
1 muricata Muricatic acid C methyl ester 870 258+4.1 14]
I muricata Muricatin I 1,006 3.94+025 14]
I muricata Muricatin I 992 847+032 [4]

I muricata Muricatin V 922 151425 [30]

I muricata Muricatin VI 922 139+44 [30]
I muricata Muricatin VII 1,022 649+096 [4]

I muricata Muricatin IX 938 9.66+027 130]
1 muricata Muricatin X 938 135+0.04 14]
1 muricata Muricatin XI 938 412+1.0 14]
I muricata Muricatin XIV 776 7.80+0.18 [4]
I muricata Muricatin XV 1,022 681+059 [4]
I muricata Muricatin XX 922 8.59+0.54 4]
Quamoclit x multifida Multifidin IIT 1154  346+0.14 [6]
Quamoclit x multifida Multifidin IV 1,154 14712 [6]
Quamoclit x multifida Multifidin VI 1,348 13748 [6]
Quamoclit x multifida Operculin XIIT 1,182 109+14 [6]
Quamoclit x multifida QM-10 1,498 66.7+£02 [6]
Quamoclit x multifida QM-12 1,598 22344 [6]
Quamoclit x multifida  Quamoclinic acid B methyl ester 348 >300 [6]

M.W.; Molecular weight, ICso; half maximal inhibitory

concentration, N.T.; non toxic.
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Table 2 Cytotoxicity against HL-60 cells by genuine resin

glycosides and related compounds from the genus

Calystegia.
Plant Name Compound Name MW. __ ICo (M) Ref.
C. hederacea Calyhedic acid A 1,050 >300 [7]
C. hederacea Calyhedin IT 1,646 6.46+037 18]
C. hederacea Calyhedin I1I 1,644 631+057 18]
C. hederacea Calyhedin IV 1,806 9.80+2.62 [31]
C. hederacea Calyhedin V 1,306 8.05+0.21 [31]
C. hederacea Calyhedin VII 1,808 7.50+0.72 191
C. hederacea Calyhedin VIII 1,808 8.5340.39 9]
C. hederacea Calyhedin X 1,662 843+0.88 9]
C. hederacea Calyhedin XI 1,808 20.5+2.6 132]
C. hederacea Calyhedin XII 1,808 13.6+1.0 [31]
C. hederacea Calyhedin XV 1,792 17.7+£88 [32]
C. hederacea Calyhedin XVII 1,482 127+08 [33]
C. hederacea Calyhedin XVIII 1,482 6404049 [33]
C. hederacea Calyhedin XIX 1,484 741+£029 133]
C. hederacea Calyhedin XX 1,484 142+43 133]
C. hederacea Calyhedin XXI 1,630 114+40 133]
C. hederacea Calyhedin XXII 1,628 141+84 133]
C. hederacea Calyhedin XX 1,630 202475 [33]
C. hederacea Calyhedin XXIV 1,646 >50 [31]
C. hederacea Calyhedin XXV 1,646 129+28 [31]
C. hederacea Calyhedin XXVI 1,644 8.19+£0.04 [31]
C. hederacea Calyhedin XXVII 1,806 6.01+028 [31]
C. hederacea Calyhedin XXVIII 1,804 133+03 [31]
C. hederacea Calyhedin XXIX 1,808 9.73+0.70 [31]
C. hederacea Calyhedin XXX 1,304 6.96+2.10 [31]
C. hederacea Calyhedin XXXI 1,840 144+0.1 [31]
C. japonica Calyjaponic acid A methyl ester 918 >200 I5]
C. japonica Calyjaponin I 1,640 4.56+020 [34]
C. japonica Calyjaponin IT 1,540 7.60+0.14 [34]
C. japonica Calyjaponin IIT 1,526 468+12 [34]
C. japonica Calyjaponin IV 1,540 3.93+0.06 [34]
C. soldanella Calysolic acid A 1,050 >300 71
C. soldanella Calysolin Tt 1382 133416 m
C. soldanella Calysolin TIT 1382 126427 m
C. soldanella Calysolin VIII 1,528 145+3.1 71
C. soldanella Calysolin IX 1,528 5.75+1.01 71
C. soldanella Calysolin XIV 1,544 6.56+0.93 71
C. soldanella Calysolin XVI 1,560 69.8+9.5 171

M.W.; Molecular weight, 1Csp; half maximal inhibitory

concentration.
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Figure 1. Inhibitory effects of resin glycosides from Jpomoea

muricata and pharbitin on digestive enzymes (see [41]).
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Figure 2. ICsp values of four compounds from I muricata
and orlistat on the lipase inhibition assay. The data shown
represent the mean + S.D. from three experiments. Orlistat
was used as a positive control. Me; methyl ester, ICso; half

maximal inhibitory concentration (see [41]).
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(Review) Disulfide Bond Formation Networks in the Endoplasmic Reticulum:
Cooperative Enzymatic Mechanisms and Their Mimicry for Improving Protein Production
Efficiency
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Shunpei Iwamoto”, Kenta Arai?

Y Graduate School of Science, Tokai University, ¥ Institute of Advanced Biosciences, Tokai University

=

/MR (BR) 13, 02 o /37 BN S 8 B DOBACR 7 4 — VT 4 7 DEATS D B BUS
LThO, HEOTANLT ¢ K (SS) #hE % EMEICTERK « BT 5 @B il S 72 FHs %
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[Abstract]

The endoplasmic reticulum (ER) serves as the primary compartment for oxidative protein folding of
secretory and membrane proteins and contains highly regulated molecular machinery that enables the
accurate formation and rearrangement of multiple disulfide (SS) bonds. In the ER, SS bond formation is
controlled by a cooperative “SS formation network” composed of protein disulfide isomerase (PDI) family
enzymes, the oxidase Erol, and the peroxidase Prx4. These enzymes function in a division-of-labor manner
depending on the stage of oxidative folding, thereby coordinating SS bond introduction, isomerization, and
enzyme reoxidation to achieve efficient protein maturation. In this review, we summarize the molecular basis
of SS bond formation in the ER, with particular emphasis on cooperative enzymatic mechanisms mediated
by electron relay networks. We further introduce recent attempts to artificially mimic these network
structures, highlighting emerging strategies for reconstructing ER-like oxidative folding systems.

[Key Words]
Enzyme model, Protein disulfide isomerase, Selenium, Protein folding, Endoplasmic reticulum
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Synthesis of Photolabile Protecting Group—Bearing Phosphoramidite Reagents
and Investigation of Their Phosphorylation and Photodeprotection Behavior
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UDepartment of Chemistry, Tokai University, ¥ Institute of Advanced Biosciences, Tokai University
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HISEMEREEIT, BRERVICKGEHBETE, D ORMBREET CHRENFIETHDZ L2 D,
ERPOERCBIRIGEMHI TEL2FARFHEL LTERINTVS, FIFRETIE, HnEHREEZAFT
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[Abstract]

Photolabile protecting groups offer wavelength-selective reaction control and enable deprotection under
mild conditions, reducing byproduct formation and undesired side reactions. Here, we report the synthesis of
four amidite reagents bearing photolabile protecting groups and their application to the phosphorylation of
cyclohexanol. The photolysis of the resulting phosphate esters was systematically studied, revealing clear

differences in reactivity and deprotection efficiency among the protecting groups.

[Key Words]
Photolabile protecting group, Phosphorylation, Phosphoramidite
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WK EAMBI AT EE 5 1058 2026 4 3 H



7ote, WP, =R T 1.6 WFfEHR L7, ROSOELT
% TLC THER#%, ER LzitEas AR L, itk
XV BTN BT hra~ NI T 7 4 —IZX DK
MLT, HWY 6 %457 (Scheme 6) .

NMe,
(0]

/ 7
NalO, N
X
—_——
THF/H,0 SN 0 X0

SN o

K O (¢, 1.5h k

Scheme 6. L&) 6 DE AL
t&4 6 Ok THF Bk z = #5MK T, 0 C
WZIWHEIL, KB VFEF M) U LERINL#,
W, IR T 2 FEER L7, RIS O#EfT2 TLC
Tﬁﬁmu?’ﬁ faFnREE KSR T MU U LK N2 T
0 /i L, RnZEEIESEE, 2V THNE
iUVUﬁEwﬁ§A7m7%7§74~Ki@%
WL, H 7 %4572 (Scheme 7) .

6 (94%)

fo) OH
’
N NaBH, N
_—
P 0-X0 dryTHF N 0" X0

k r.t., 2h k

Scheme 7. {L&W T DERK
=AY ok THF BiR% ERZ 5K N T
0 CIZHEIL, NN-OA Y 7L F LT IR
m%, ¥4y 7aeenr7 I F L, 40 Cl
FIR LT 1.5 FEfE#EEE L, 3P NMR CTHHEME D
HREMGE LT, St THO0 ClamAL, Y=
FILTIBEIOTva—L 7O THF RiE & T

7 (85%)

L Tl T Wasist Lz, TLC TRISTEH 2 fErd % |

fUFRERAKFE T b U U AKEER TG EEIE L, il
HEVITNATAIa~ T T7T7 4 —IZLDKE
#LCHRMY 3d 457~ (Scheme 8) .

EI Diisopropylamine )\ J\

cl- ~ci DIEA, dry THF >

40°C,15h ¢ \C'
/\N/©\/EL )\ N\l
TEA, dry THF > >2
rt o.n.
3d (92%)
Scheme 8. DEACM &2 H T HHRAFa 7 I XA b
REEDA K

3) VBT IXTNDEH

v aaFt ) — b A FEEROSNEMAR AR e
TIAA MREEZANZY VR AT VOE K E R
LTz, YZua~xt/—Lofiikyrsaa 2z
Wi EBFRFHLAT, 0 ClThHAL, AAFrT 2
ZA FREEZBINU 2%, EHEEAE LT 4,5-0
TIAIFY—)VEMZTZ, 0 CT 1 Rz L,
3SIP NMR IZ X 0 tHREME DOWEKE MR LT, D\ T
tert 7 F /b R LA REMZ T 30 i
L, B LY V= ATV ERIE LTz, Kk
%, HHBLO Y B AL DT I avw NTTF5 T 4
—2k VY VBB AT L A& BEE - K8 L7~ (Scheme

| AN

RO” \OR
1) 45- D|cyan0|m’lc{amle

OH
dry CH,Cl,’ o H OR
2) t-Butyl h‘ysdroperoxme O/ (I)R

8

R=NB 9a:75%
R=DMNB 9b:57%
R = Npp 9¢c : 67%
R=DEACM 9d:72%

Scheme 9. U VT AT VDAL

1) BREDHEF

B LT 4 FEO Y VT AT T ONT,
PRERM 2 RMPICHRF LTc, £ VAT LD
# DMSO (DMSO-ds) #HRIZKF L, $72 D E DN
RN LTS ZEIT> 7o, S HIT, WO ELE
ﬁ?ékm\m%ﬁﬁ%#mowf%@ﬁbko
TR L7233 A 958 NMR T = — 7 ZE A L,
F 2 — 7 lED DA R U RS2 T S H e,
Ik, RS, Ly 7 A NMR F a2 —7 T
IR REEA OB EME S | BB~ D JEIS 2
FHATZ RN D TH D, KStk, P NMR JIE
IR RO Z R L, FRFITBIT 5
T%%%%ﬁ%?tt@ﬂ‘ﬁﬁ L 7= (Scheme 10) .

OBOR OHOH
C(em — 06.4

Scheme 10. U T AT )LD i f7#
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‘NBEZEHTB U VBT AT LVOME#E
NB EZ2HT LY VR 2T L& # LB

=R A LR IZRT (Figure 1),
100

. o o
o =1

NMRIE (%)

]
[=]

/

0 5 10 15 20 25 30
()
—e— 385nm
365nm
—e— kit 7 v 7(D20)

Figure 1. NB &9 2% U VEET A 7 VOl fi#

=]

—e— 395nm
385nm(D20)
—— KT T

RIEEL LT DMSO %V, 30 ARIERE 217 -
56 O BRERUS DU % e U 72, i J% 385 nm
DN T 58%, KERT o T HUF TIL 51% &
720 WTIOEMHFICBW T B AR TP RRE O
WZEEE o, —FH, WHE 395 nm TS 36%,
W& 365 nm TIX 20%THY, DO ETIEM
REDRITIRNZ LR E N,

THUTH L, KEETEM T CTHREEC 30 43HDE
W AT o7& A BRERINTE LS M E L,
I 5 385 nm TIIULHE 78%., KR T o 7 W TlL 88%
W L, ARKCRESEEDS AR SOS DO EIT 2 RIET 5 2
ERAENE T2,

- DMNB £%E% 53 U VBB X7 )L DRift#E
DMNB EZ2HT 2V VBT ATV a iR#EL-
BROUNZEZ LL N IZRd (Figure 2),

100
80
s
— 60
= 40
[
= 20
=
0 = ]
0 5 10 15 20 25 30
WEE (45)
—e—405nm —e—395nm —e—385nm
365nm —— KT v 7
Figure 2. DMNB M:aF4 % U VX7 /LD

it

AL L LC DMSO % Fvy, 30 ZrRDERRE 217 -
7=8%a. W 385 nm TIHUUE 43%, KT T
FHTIE 2% THoTo, T HOfEILZNB & bk L
T RTORFEIR T | R TIEMARERIS I
+IITEI T Lo T,

S BT, WA IKRGAFICAETE L CRERO R
%ﬁot#\ﬂﬁ@@%ﬁﬁi IO LT, W
DEFIZ L D MIREDROBFEITR O >T,

* Npp B2 EHTHY VBT 2T LOREE
Npp B2 HT 2V VBT AT V& iR LI2BED
I % LUF IR (Figure 3),

100
80

[=x)
[==]

NMRAGE (%)
=

el
= O
\

0 5 10 15 20 25 30
R ()

—e— 405nm

—o— 365nm

——LED

385nm

Figure 3. Npp &2 H 25 U VBT X7 )L DifriE

—e— 395nm

L LT DMSO # iV, JJR 385 nm D& MR
FL7ZEZA, 10 SOBRK T S1%DOBRENFED

bz, UL, SHICHRFZ#ET2 . B
OISR 5 BIA R O A AL S 4. 30 70k
WIXUE D 34% F TR F L2 MO EICE T,
PESHRF I O ZE B (SR BIAE B D AL R DS HERR S 4,

IR TOMREITER I R0 o T,

DEACM £%FT 3V VBT XTIV DRilt#E
DEACM K2 EHT AV LB AT VATRELT-
BROU % LL NIRRT (Figure 4),

R e EA MR AT R 55 105% 2026 4 3 H
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100
80
3 ‘--_____--'*
Z 60 -
= 40
&
= 20
=
0
0 5 _ 10 15
B ()
—e—LED —o—405nm  —e—395nm
385nm —o—365nm
Figure 4. DEACM 4 H 325V V= A7 /LD

it

L LT DMSO # HWERE 21T o7& 2 A,
R 385 nm TiX 15 45T 80%D Wiffi el T L7z,
51T, R 405 nm OYeE HW AT, R TL
15 Sy O RRECR#ENITIEEENICET L, 2h
HOFERIL, oo 3FEED Y VR AT L LR L
T, KB LY RIEE OIS LT gk
L, B TR RE SN Z L 2R L
W3,

— 05 IABE A KRS L CRIBEO RS 217
> 7oA 1ZIE, DMNB & & FIERICINER OB 72 ) |
ITFRD Ll no Tz,

3. FEH

S E VR SRL T D NB £ DMNB & Npp %,
DEACM A2 H T2 4 FEOFR AR T I X4 MR
FEKE, ZNHOREEH W7 maFY ) —
NDY BRI LT, AR LTz 4 O Y
T AT V% A TR E MR JE O BUARGE 5o 2 B
L7 (Table 1),

Table 1 JOIGSEMRERLEZAT LY VBT AT LD

i Rt 2 A1
Entry R solvent light time yield
1 NB D,0 mercury lamp  30min 88%
2 DMNB DMSO UV (385nm) 30min  43%
3 Npp DMSO UV (385 nm)  10min 51%
4 DEACM DMSO UV (405nm) 15min  100%
NB 2, DMNB %, Npp £, &' DEACM %%

AT HHHMY BT 2T L O RESE) & Ll

Lz, O, NB RE2HTHY U AT L
WK TKRERT 7% 30 HINT 5 2 & TRAFIC
RAPREDHETT L, 88% D EIECTHMM A 5 2 7,
DMNB 4 H3 2% Y g 27 /LClL, DMSO T
IR 385 nm D% 30 Sy B L 72 o2 B b i VO
JEMEZ R LT DO, IRIT 3% EF 0, @z
RIWIREIIZE S R0 o7, Npp HEAFTDHY >~
fe = 27 WAXRER D SAF T T 10 5312 51%DMifk
EDHER SN, RS OHEFTICEE N B H¥ D 43 iR
AT 30 3R ITIXILERDS 34%~ LK F LTz, — 7.
DEACM X% H$ 25U U A7 VX, DMSO H T
W 405 nm O EBETHZ LT, 1558 0H 8
Refi] Coe e IREN ER SNz, BLEX D,
DEACM HiIfthofRi#RL L kLT, KW EEED
Jeloxt UL CEW S EE R L, Bl 2 2h ) 72
iR 2 eI T D AR REETH L Z L5
Mmerioi,

4. FEBIRH

1) Bis(2-nitrobenzyl)
Ba)DAERR
EHRFHKT, B LI-=07 7 2 2|2k THF
%1z, Phosphorus trichloride (1.0 equiv.) Z ¥ L
72o JK# F. N,N-Diisopropylamine (1.0 equiv.) 35
U\ Diisopropylamine (2.0 equiv.) #ZZiL vV ¥
ZHAWCTH L, Z0O% 40 ° C DA A NANAHFT
1.5 h B #E L 7=, 3P NMR I & W (L&) DR
ERAL, BT 52 & RTRERICHW:,
ERFWART, WL =N 77222560
L&) & M4, KB T, Triethylamine (2.2 equiv.)
ZVU VT F L, DT i FRSFEZ VT
7Kk THF (Z¥Af# L 7= 2-Nitrobenzyl alcohol (2.1
equiv.) Z 1h 22T TMA, Wi, IR CT—BfE#R L
7zo TLC T & 0 RSO TER: Z st te . BafREEK R
F U T LAKEKAEMAZ TS min ¥ L7z, KEx
Fefg—F LT3 mfhi L, G- AH)E 2 fafm e
HEK CUEI iR, MK MgSO. Tz U7z, wliAl &8
AL BUE T CRME Lz, 30N TMAERYE 5
L7 o< k7T 7 4 — (Hexane/EtOAc, 95:5, 2.5%
TEA &H) THHEL. AMGa)Z AaEEs LT
7= (3.68 g,85%) .

diisopropylphosphoramidite
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NO, )\NJ\ NO,
0

"H NMR (500 MHz, CDCl,) 7.87 (m, 2H), 7.66 (m,
2H), 7.46 (m, 2H), 7.43 (m, 2H). 5.16 (m, 4H), 3.73
(dsept, J PH =9.8, J=6.2 Hz, 2H), 1.25 (dd, J PH=
6.2, J = 6.2 Hz, 12H); 3C NMR (126 MHz,
CDCly) § 146.8, 136.1, 133.8, 128.5, 127.8, 124.7,
62.5 (d, J CP =20.9 Hz), 43.4 (d, J CP = 12.6 Hz),
24.7 d, JCP = 7.2 Hz).; P NMR (202 MHz,
CDCl,) § 148.9

2)  Bis(4,5-dimethoxy-2-nitrobenzyl)
phosphor amidite (3b) DA%
EHRFHEKT, ¥ L= 7 7 222K THF
% N Z_. Phosphorus trichloride (1) (1.0 equiv.) % ¥Afi#
L72, K& F. NN-diisopropylamine (1.0 equiv.) ¥
& W diisopropylamine (2.0 equiv.) DJEIZ, ~ U ¥
ERHNTW-L VET LI, KISEGWE 40 ClZ
FRE LI A A WS AT LS h B L7274, *'P NMR
IZ X VLB DR ZMER LTz, 15 ORISR
BT T 52 &< EDOEFRLREBITH W,
BRFAKXT, wRLE-=yn 772328560
TAeEm@ e MmA, K FTr Y YafnT1®
2 1 9D Triethylamine (2.2equiv.)&Nx 7=, %
D%, i NS A2 AW TBLK THF (2 f# L 72
(4,5-dimethoxy-2-nitrophenyl)methanol (2.1equiv.)% 1
REEI N TN, iR C—Bfii# S 7, TLC TH
W D ARk A e L Ttk BafnfRERAKFE T B U o A
KEEZ Mz, IR T 5 RS, EEx M
WTCEE AR L7, &b ERIC, 7&K EZN
2T 15 S ¥7ztk, A% CHCls Z Tl
HZETW, o= AHE % MgS0Os THzE L7,
Hofft% . ARZITV, =R L—F — T2 8 %
L. H¥(3b) (7.56g, 113%) % ik (A 4 & L CH}

- )J\

o~ \0

diisopropyl

MeO OMe
Me Me

H NMR (500 MHz, CDCl,) § 7.74 (s, 2H), 7.41 (s,
W R et A A

2H), 5.22 (m, 4H), 4.12 (s, 6H), 3.98 (s, 6H), 3.79
(dsept, J PH = 9.8, J = 6.2 Hz, 2H), 1.28 (dd,
JPH=62, J=6.2Hz 12H).; '*C{*H} NMR (126
MHz, CDCl,) § 154.1, 147.7, 138.9, 131.9, 109.4,
108.0, 62.7 (d, J CP = 19.5 Hz), 43.6 (d, J CP =
12.6 Hz), 56.5 (d, J CP = 3.4 Hz), 24.9 (d, J CP =
7.3 Hz).; P NMR (202 MHz, CDCl,) § 147.3

3) 2-(2-Nitrophenyl)propan-1-ol (4) DAL

ERFHKT., L=y 07723k
THF & Phosphors Trichloride(1)(1.0equiv.)% il 2 T
i 7=, KIR T T N,N-Diisopropylamine (1.0equiv.),
Diisopropylamine (2.0equiv.)DIECTZENF Y Y
ZHWTIBHIC LT OMA 2%, 40CITRE L
TeA A VN AT LS RefHINEE#E S 72, 31P-NMR
EHOWT LA D AR A R L, BRI TH T
WO Wz,

2-Ethyl nitrobenzene (1.0equiv.)% DMSO (Z{&
fit X &, Paraformaldehyde (1.0equiv.).
trimethyl ammonium Hydroxide (0.08equiv.)%
Z. WAV T LMERT D77 A a2 HNT
B60CITRRIE LToAA W R AT, AT C— W nE i #
EH7z, TLC THEMOAER AR LI-%. 1M O

Benzyl

WA INZ T b S, KE%Z EtOAc T 3
[l L7, & bW 7o ARE K T L.

MgSOs CHIEAE B 2 /o lz, Folftk, AmEITV,

TR —Z —CRIEZ R L, HAERMEZ T A
s~ 777 4— (Hexane/EtOAc, 80:20)%
WORERLL, Hr9(4) (2.58g, 85%) &t taifik & L
T,

OH

NO,

4) bis(2-(2-nitrophenyl)propyl)
diisopropylphosphoramidite (3¢) DA%
EBRFHAXT., L=y 077 23k
THF & Phosphors Trichloride(1) (1.0 equiv.) Zh1x T
Vit < &7, K T C N,N-Diisopropylethylamine (1.0
equiv.), Diisopropylamine (2.0 equiv.) DJET, <
no ) 2T I BRIC 1oz,
40 CITRRIE LT=A A A8 AT 15 BRI INE: S 1
72 "31P-NMR % W\ TILEW(2) D ARk % ffesd L
FERUIIT O T RO RISV,

BLEmFETAAEE 55 10 & 2026 4= 3 H



ERFWHRT, L=y n7 7 2aicfbohn
72t &) & MM A, K T T Triethylamine (2.2
equiv.) Z U U EHWTCIRMIZ 1T 272,
Z D%, W TR FHWTBiK THF IS S E 7
2-(2-nitrophenyl)propan-1-ol (2.1 equiv.) % 1 FEfE AT
T F L, =i TP S &7, TLC THMM D
AR TR L 7otk fafREEAKE T MY U LKEEIK
ZNZ T 5 R #E S, KE % EtOAc T 3 [l
L7 oo A RS 2 fafn R K Thei L . MgSOs
THRZAT o Tz, W%, A&tV =/ 3R b —
=T aRE LT, MAERME I Z L7 v~ b
7' 7 4 — (Hexane in 2.5% TEA) % AW TR L.
HHEI(3c) (3.57 g, 13%) Z e tiik & L Ti7,

JUN

2 2

'"H NMR (500 MHz, CDCl,) § 7.72-7.69 (m, 2H),
7.52-7.47 (m, 2H), 7.40-7.30 (m, 4H), 3.60 (m, 4H),
1.57 (m, 2H), 1.29 m, 12H), 1.01 (m, 6H).; *C NMR
(125 MHz, CDCl,) 6150.7, 138.6, 132.3, 129.0, 127.0,
123.9, 67.4 (m), 43.0, 35.4, 24.6, 18.1.; P NMR (202
MHz, CDCl,) § 146.6,

5) (E)-7-(Diethylamino)-4-[2-(dimethylamino)vinyl]-
2H-chromen-2-one (5)D &K

EHRFHKRT, B LI-=YA7 7 23K
THF & Phosphors Trichloride(1) (1.0 equiv.) Z&J1% T
VAl ¥ 7-, JKI® T T NN-Diisopropylamine (1.0
equiv.), Diisopropylamine (2.0 equiv.) DJET, ZN ¥
N Y VEHWT 1 BRI 1 TR,
40 CITRRIE LT=AA L 8 AT 15 B RINEE # S
7Zo F'P-NMR Z W TEE QYDA 2 fEad L. ko
AT O T RO KIS AW =,

7-Diethylamino-4-methylcoumarin (1.0 equiv.) % it
7K DMF |Z{&fi# X4, N,N-dimethylformamide dimethyl
acetal (2.0 equiv.) M, AL T LE LIE
L CHEETT 17 BFEINELER L=, TLC THRHO
AR A TR LTk, SRR KR T b U o AOKEHKR
AT 5 R S &, KiE4 CHCLT 2[Rl
L7, AbET-AHEL MgSO.THIR L, AHiltk,
TR —Z —CHEIEAEE LTz, 5O AR

W% v 8D CHCLIZHME S 1, Cyclohexane % /il 2 T
PRS2 ATV, AT C—MeERE Lo, AR L7 fG S
ZRH A1 X0 EI L, EEEA R £ LT HBPIS)
(5.70 g, 92%) =B EEE L L TR,

NMe,

Z

X
AN 0" X0

N

6) 7-(Diethylamino)-2-ox0-2H-chromene-4-
carbaldehyde(6) D&%

THF:/k=1:1 OIRAEIRIALEY(5) & N % CHfig
SH7-1%. Sodium Periodate (1.0equiv.) % - < 1
Mz, WEET, iR T C 1.5 R S/, TLC T
H 9 DA & fERe LTk, ER LT AL &
HARTE®IC L W REL, KE%Z EtOAc T 2 [HffiH
L7z, #VNT, SafnfRE /KT b U 7 SOKEHE 20
Z. KJE%Z EtOAc T 2 M L. &b -AHE
Z MgSO04 THiME LT, W%, AWAITV, =
RN —& =TIk EEL, MAERDZ DT L7 0
~ 27 7 4 — (Hexane/EtOAc, 80:20) % i\ T
L. Hi(6) (0.81g, 94%) & REIRMAE L L TH
7o

AN 0" X0

N

7) 7-(Diethylamino)-4-(hydroxymethyl)-2H-chromen-
2-one(7)D A AR
EHRFEKT, L=y n77 23t
(6) (1.0 equiv) &Mz, ik THF (ZHfig S 72, K
5 F T Sodium Borohydride (2.0 equiv.) &z, Bf
A, =i T 2 Rl #R S 72, TLC TH D AR
ZRERd Licte, faMREEAKIET Y O DKz
AT 10 i &, KE4 CHCI; T 2 Bl L
> BOY T A HEE A AT K TS L. MgSO0,
THRZEAT o T, HolfR. ABZATV, =/ R L —
X —TCRIEARE L, HAERME T Lo~ R
77 4— (CHCly) #MHWWTHR L, Bim(7) (1.63
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g, 85%) ZEEfaEikE L THT,
OH

AN
Z N 0" Xo

N

8) Bis-((7-(diethylamino)-2-oxo-2H-chromen-4-yl)
methyl)-N, N-diisopropylphosphoramidite (3d) D& 5%
EHRFHKT, Lz =vynr772aicfbn
TALEW Q)& M Z 72, K T T Triethylamine (2.2
equiv.) ) P E VT 1 BEIC 1 oz -
% . B K THF & W R = & 7z
7-(diethylamino)-4-(hydroxymethyl)-2H-chromen-2-one
(2.1 equiv.) Z i FIRF2 AW T30 000 Tz, =
IR C—Medir S 87, TLC THIMOAER A R L
Tete, fafnRERAKFET b Y U LOKEK AN A TS5 4y
IR S, KJE % EtOAc T3 [EfhiH L7z, Hbt
7oA HERE & fI R B K TR L. MgSO. CHEMR 21T
Sfc, W%, AEEITV, TR L — X — TR
rEEL, MAEBME N T L~ NI T T 4 —

(Hexane/EtOAc in 2.5% TEA, 75:25) & H\W-CRRLL |

HAr%(3d) (2.90 g, 92%) % it iRk L L &7z,

) Y
| |

"H NMR (500 MHz, CDCl) §7.30 (d, ~10Hz, 2H)
6.55 (d, £10Hz, 2H) 6.50 (s, 2H) 6.25 (s, 2H ),
4.76(m, 4H), 3.73(m, 2H), 3.41(m, 8H), 1.23(m,
24H); '°*C NMR (125 MHz, CDCl,) § 162.4, 156.3,
152.7, 152.6, 150.6, 124.6, 108.6, 106.4, 97.9, 61.8,
44.9, 43.7, 24.9, 12.6; P NMR (202 MHz, CDCl,) &
147.3.

9) U VBRT AT IVDERK

EXRFHRT, Bl =Yn77 22l
cyclohexanol Z iz, Wi/ CH,CLIZIEME S H7-,
RAFRBT IFA FRELMA %, KIBTT
4,5-Dicyanoimidazole (1.3 equiv.) Z %, BFAT, =

IEC 1R S 72, 2A31P-NMR (2 L 0 FE D
K% e L7=1%. tert-Butyl hydroperoxide (70% in
water) (3 equiv.) % ik CH,CLIZIEfR STz,
IR T 30 S E, TLC THHMWO £k
MR L7, /KJE% CHCl; T2 mfii L., &btz
AREJE % fafn R K THEE L, MgSO, TRz 21T -
Too WilEth, AWMZATV, =/NKR L —& — Tl
BEL, WMESME LT Lrsa~ NI 7 40—k
IR L CHMIM AT,

5. 5|FHCHER
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Non-invasive intervention method for EEG brain activity using deep Al-generated video:
using a video processing autoencoder pretrained via contrastive learning

A R 129, K H
DR, DRI o ¥ —, VAR BRI, AR SN
iR

Hiroki Kurashige'>%, Nagata Eiichiro>?
USchool of Information Telecommunication Engineering, Tokai University, ?Research & Information Center (TRIC),

Tokai University, YInstitute of Advanced Biosciences, Tokai University, ¥ Department of Neurology, School of Medicine,
Tokai University

=
BRI = 2 —F L%y b U — 2 | IRERERORTISE D 5 5. :m%%mﬁé*&f VEE = o —
TAFY FT—Z MOV I 2 L—2 & LCTBE 5 5. Z0EZICHED, AL TRA—bxr =

*ﬁ@@@@%ﬁ@E::~?w*y%U—ﬁ@myn—§%&m%@%ﬁméﬁ FHUTHSN
TT a—HE~DA I ZReFT 252 LT, FEOMIEE 2358 28l 24T 25 v AT A E g
L7z. EEG EBRZ MV, ZoO#EEOEERSHfHFINOMEEIZFE L 252 2R LTk,

[Abstract]

There is a functional correspondence between the brain and deep neural networks. By leveraging this, deep
neural networks can potentially serve as simulators of the brain. In line with this idea, this study constructed
a system that generates videos designed to induce specific brain activity by aligning brain activity with the
encoder of an autoencoder-based deep neural network for video processing, and then designing the input to
the decoder based on that alignment. Using EEG experiments, we showed that presenting the videos
generated by this method can elicit the expected brain activity.

[Key Words]
Deep neural networks, Generative artificial intelligence, Electroencephalography, Non-invasive intervention

1. IZIC®HIT HOET IV ’tiﬁ%ﬁo[s]

WHED Al HiiORBTHLIERBE=2—TF L% LU s, T, MEEE=a—T 1%y
v bU—20%, b H A ORI HE A %U—7Li%ﬂuﬁ®ﬁUﬁ#%é:k#ﬁﬁ
B2 Lo IR snT&z[1,2]. #Hx0FE INTE4,5]. ThbbiiErELUETHS.
2=y MIMRPHRBERO=a—mr 2k M, ZHUFREICE 20, W U RN A N & R =
VI T AN ORE EFREGE T, A 7 FRAE 2—TNFy NT—=Z R Lz &, RALED
ZHEROTEEALBES TRILLTET U v 7 &N WKINETDHEVNHIZETHD. ZZTRILE I
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F-value | Num DF | Den DF | p-value
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DesignedxTarget | 0.1089 1 1 0.797
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Fabrication and Evaluation of Biocompatible Gel Nanosheets Containing Antioxidants
for Preventing Aged-Related Body Odor
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ARFFETIL, P (-7 A2V EVEE: ASA) 233 SETAREAES VT EEZAIRIL, IE
DITH DA ERET D, BANIZIE. 7AXVEET FY U4 (Na-Alg) ERY E=A 7 a—L
(PVA) DI 5T o 7 VHRERIT VT ) BIEEZ G L, ASA L L CORREMZRSD, TORE,
Alg/PVA 1307227 VT ) BIEDRIBUC ) Lz, BbhicT ) EIRIZIEEZA L TRY ., AlgiREIC X
D RE A ERICHIEFTRE TH o7, ASA % Alg/PVA F/V ) ) HEIE EIZEINS 37210 T ASA 288 T 5
TEERFFELT, SHIT, IMERFEAROBEICHEI L., ASA-Alg/PVA 7V} ) #IEIX trans-2-nonenal O
RAEZIHITE DT/ MEITHLZ L ZHALNI LT,

[Abstract]
In this study, we propose a biocompatible gel nanosheet impregnated with an antioxidant (L-ascorbic acid: ASA)
to target the underlying cause of age-related body odor. Specifically, a dual cross-linked gel nanofilm composed of
sodium alginate (Na-Alg) and poly(vinyl alcohol) (PVA) is designed and evaluated as an ASA-loading layer. As a
result, we successfully developed an Alg/PVA gel nanosheet. The obtained nanosheet exhibited high transparency,
and its thickness could be controlled by adjusting the Alg concentration. We also demonstrated that ASA could
be effectively impregnated into the Alg/PVA gel nanosheet simply by adding ASA onto the nanosheet surface.
Furthermore, a model system for age-related odor generation was successfully established and the ASA-loaded
Alg/PVA gel nanosheets effectively suppressed the formation of #rans-2-nonenal, indicating its potential as a
functional nanomaterial for preventing age-related body odor.

[Key Words]
Polymer nanosheet, Antioxidants, Age-related body odor, frans-2-Nonenal
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Fig. 1 Macroscopic images of freestanding ASA-Alg/PVA
nanosheets at the ASA concentration of (a, ¢) 10 mM and (b,
d) 1 M. (Nanosheets were prepared at the Na-Alg/PVA
concentrations of (a, b) 10/2.5 mg/mL and (¢, d) 20/5 mg/mL,
respectively.)

/o= TF ) EEX, IET 5 2 & e < RO
EHEFFL QU2 ASA 252 SH72E 2 A, 100nm LU
DS 7 FEEECIIEIMEZHERF L e (Fig. 1a, b),

—J5. 100 nm LA EDT / I CHIRIREED ASA %517

SRTEAITEINEZ A L QO (Fig. 1), iR

PO A LUV (Fig 1d), 72, AEME

FENAIED T — 2 I B A S H-L 2 A, L

F ) HFENEICE CTER SN T2 EnD, ZOHE

Ei% ASA HFERTERT 2 b0 LR Sz (Fig. 2.
(a) (b) ;

500 pm
E———
Fig. 2 Confocal images of Rhodamine B-loaded Alg/PVA
nanosheet adhered on the coverslip. (a) and (b) show 3-D and
projection images, respectively.

500 pm

2) ASA EFEOEER

BV TTUBRT =T LIKIAIR %) U R TK
FH VT LIKER (02%) . HilE (2.5 M) ZAFE (3 -
1:5) CRELIEERET) 7T o7 —5madk e L
Tz~ BT 2 —7\THIE DI THR L 72 ASA &7V
F E L AREEK (500 uL) 2N (1 min) L7=0
B, #HE (5°C, 3 h, EET) L, ASA #iAHSH7-, &
W, B 7T U738 3K (500 L) ANz, U
—H—/ 3R (40°C,20 min) TREIHET, TO%, -
AR OEEFHC TR 880 nm OWRSEEE A HIE LIREF
BAEHE LT,

ZORER. ASA DEHRIREED FAITHE, ASA fHfrE:
Iz, 2, S BIRORED EFIZ X - T
# ASA OFEEFRIIHIINL TV2 (Fig. 3), S 512, PVA
S 70 57 ) WFED ASA fHEFREHE LIZ & 2 A,
Alg/PVA 7V ) EIROZUTITE SR> T2 2 L inb,
ASA OHEFHTI Alg 7 /VEWNERN ThH 5 Z L AVRIR S
72o LXKV Alg/PVA 7V 7 HlEA~D ASA Offie
X, BT DO L O HEFEE TS D Z LS
AN LTz,

30

—@—Na-Alg/PVA (77 nm)
—A—Na-Alg/PVA (292 nm)
—-only PVA (86 nm)
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Fig. 3 ASA contents loaded into Alg/PVA or PVA nanosheets.
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3) MR FEARHI RO

IEEIEAER L LT, 2L F LA U (POA, 393
umol) (27 P HNFAEPE LT tert-7F /v e Ra~bt
&3 K (TBHP, 2.3 umol) 7 & h> (500 pL) IR
fift « JRA L, BE (37°C, 1-7days) L7=, &Y~
NEEWN LT A a~ N 757 0 —JIE (—=HA
T AR, GC3220, KULEEIREE: 250°C, 71T LA —7
AREE: 150°C, FID FrHigs: 250°C, &+ U 7 H A Ny) 12
LU, MERRL Y pans2-nonenal OFAEEFH LI,
Z OFE, TBHP ZUSN L7220 % (POA DZ: 39.3 umol) %
PaSERHIR & L7z,

POA DHHEHAT O~ N7T 7 4 —mhfifiiLiz & =
A, REARIE DD trans-2-nonenal 23MEH 7203,
ZOBITHINNT DEENTR X A2 o7 (Fig. 4@, FHRUE
BOETHIE)., Ziud, sEEREREIZ LY POA 23D
TR LT B 2D, £ T, POAIZT
DANVFAEIR & 72 Dl A (TBHP) 2L & 2
5. trans-2-nonenal ARG L7- (Fig. 44), Zil
I3, TBHP (2 Y POA OREAb/EIMERES T Z L IZ K
Y trans-2-nonenal 7NFEAELTZEEZ B, IEIEED
FHROREFU D Lz &k LT,

20
-8-POA

%‘15 -A-POA+TBHP \
=
£
=
g 10
=]
o
T
N
s 54
=
g

0e - o o

o 1 2 3 4 5 6 7

Day
Fig. 4 The generation amount of #rans-2-nonenal in the

aged-related body odor generation system.

4) ASA-Alg/PVA T/ FEIED NNl LRI SEREAT

AITEE 3) Rk L7 R 58 AR 12, ASA-Alg/PVA 7L
F/ 5 (Na-Alg/PVA = 20/5 mg/mL, ASA: | M) & 758
7K (1020 pL) #hiZ. ##&E (37°C, 3 day) L7=, F7z.
ASA G2 Alg/PVA 7V /I EHR ST D ASA
EIHIZRIED ASA KERE (80 nmol, 10-20 pl) % &
FEARITINA LR L [FERICHHE LT, £ 0%, HiH 3)&
FREDRMICTH A a~ 7T 7 4 —IZTHIE L,
trans-2-nonenal =& & H L7~

N RIEATRIT ASA-Alg/PVA 7 /L) A RN L
72& 2 A, RIS (control) & Lb#E LT trans-2-nonenal
DFAERZEHRANIH LT (Fig. 5), ZOZhWRIL, Pulg
{ERED & 5 ASA KR Z TN L7 RICPEH L T e, &
FUL, 7 ) TERICHHE S 72 ASA DI AR

\ZHEH L POA DB fRZ I LTz Teb LB Z Hid,
LarL. ASA ZKIEIED 20 pL DF trans-2-nonenal 23HEHN
L7z, ASA [3UKIRIE CIIALETH VIR ASA L 72
%o P T, ZBRKOIINENSLTE S & ASA DR LA
{3 trans-2-nonenal M L7 Z L ICERT 2 &%
ZDND, ZEEK20 UL I UTZBS0 7 v T 7 iR
THHOT T rans-2-nonenal D3I L 7= Di3EHEDEEH
Th D ENRENTZ, DL EOFRER LV ASA 512 Alg/PVA
VI IR, trans-2-nonenal DA ZHIH| LS5 T/
MECH D Z L AL LT,

12 B ASA aq
< ASA gel nanosheet
g 10
£
= 8
=
2
5 6
7
a4 ]
N
£
g 2
0

control 10 15 20
Amount of D.W. (uL)
Fig. 5 Inhibitory effects of ASA-Alg/PVA nanosheets or ASA
solution in generation system of #rans-2-nonenal 3 days after
POA oxidation by TBHP. The abbreviation “D.W.” on the
x-axis denotes distilled water.

3. B¥
ARFZETIL, FUR LA (ASA) &R SEI-T 27 V28

B REAPE VT A AL L RO D
HOMFAAEARRE L=, TORER. AlgPVA 0557
VT HEIEOABU R Th U -, S5 n7=7 /7 E LB
PEEHLTRY, Alg B X R AR CHfE A6
Tho7=, ASA % Alg/PVA 7 /v / i B2 572
T TASA 5B TEXHZ L EFFELZ, Fiz, WINd %
ASA JBFEEIC LY ASA HEFREZHIET S Z L3 A[EETH
olc, IHIT, Ml RIEAEROEGITHRI L,
ASA-Alg/PVA /v 7 3dillEE trans-2-nonenal DAL
HlcE 2T/ MEFCHD Z EEHALMI LT,
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NOG-hIL4-Tg = U A IZAE L7 I35 Silibinin DOZRNROAT

Saoui

Silibinin effects on immune cell engrafted in NOG-hIL-4-Tg mouse

HEEOBRREFD, OKE EJY. HE P D, o M. BB B2 SR ERT Y,
==Y, fRE Y, BUES ey, B BAEYD, Ak ALY M4 KB, Ban E£E
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Misaki Higashiseto?, Tomotaka Mabuchi®, Hitoshi Ishimoto?, Takashi Shina,>”, Yoshie Kametani*”
YUDepartment of Obstetrics and Gynecology, Tokai University School of Medicine, ?Department of Molecular Life
Sciences, Tokai University School of Medicine, ¥ Department of Dermatology, Tokai University School of Medicine,
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=

Silibinin (SLB)IZ 7 77K / U 7 ARG TH D | PLosAAEH & U TZ R L DPREER S SN T D43 TH
%, FxlX, in vito T SLB 2SINHLHIAIIEAS A3t U CHUIERZN R 2 7R 2 &1z, & NMyEBREs ORI
179 Z L 2Bt AR A2, £ 2T, ABZE T in vivo T SLB 230 RICE 2 DB AT H Z L2 A/
L L7, b b IL4 Z3H 5 EEGERE NOG-hIL4-Tg < 7 A ICt RN ML EAZEREHE & [ I NEARAMAA S ARR
ES-2 #4H L SLB X #5-L7=O b7 a—4A h A N —ThEiiia > v 7 7 A VAR LTz, & Of55: SLB 13,
invivo \ZIBWTHAJREETH & b T HIIL M bA(RE L, H3iRES K OV ERED S\ apiifluss: A € U —T il 2 Hhn <
BDZ DRI, PLEOFER LY | SLB X T MlROBTEISI S EZ ) E w5 2 L2 X0 filllgeass 2 i+ 5]
REMEDVRE 4T,

[Abstract]

Silibinin (SLB) is a flavonolignan compound mixture derived from milk thistle that has been reported to exert anticancer effects as
well as immunomodulatory activity. In our previous in vitro study, we observed that SLB exhibited antitumor effects against ovarian
clear cell carcinoma and also suggested a regulatory effect on the expression of human immune-related molecules. Therefore, the
present study aimed to investigate the effects of SLB on the immune system in vive. Human peripheral blood mononuclear cells
(PBMC:s) and the ovarian clear cell carcinoma cell line ES-2 were simultaneously transplanted into severely immunodeficient
NOG-hIL-4-Tg mice. SLB was administered orally, and immune cell profiles were analyzed by flow cytometry. The results showed
that SLB enhanced the differentiation of human T cells in vivo, even under tumor-bearing conditions, and increased the proportion of
stem cell-like memory T cells with high proliferative and differentiation potential. These findings suggest that SLB may enhance

antitumor immunity by improving the intrinsic responsiveness of T cells.

[Key Words]
Silibinin, YPEBAMRAN A, ERHIIOER A € U —T Hil, NOG-hIL4-Tg, #A#5E-
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1. IZT®HIT

PIRAFNZIL, KR, FRTHECHRT 5 b D03%
SEEND[], HTHLT TR A RidEdskoEEm
774 MrIANTHY, RN T =/ —/UHEEE AR
LT 5, InHOEME. TEMEIER. HTUIEER,
EETPUHERZRF O Z EBAS BN TERY . BAICE
\J D MERE LD ELE T L TS AAER 2568
%[23]. Silibinin (SLB) I, /L7 ¥ AL (Silybum
marianum LYDOFEFIZEENDL T TR/ A KOYVT 75
AToHDHT TRV TF ARG T, #2000 F2H720
FHIR B DIRIRICA N DINTE A TH D08, s
YER b e ST 5[4-6],

Texl, BARTRACZE ORABEED @, HHEMEDD
AT 2% RGN A DIPER Z T LT X 72[7), &L
TEDWFET, in vitro THIHIIEAS AR 3 FEIZ351F 5 SLB
OOHAHETESIH IR ARRAE L. S00uM O Tl 3 f
A CCSLB IZHUESZN RN 5D = L A MG LT Grst
FRtEET), L2aL, [A—JREETE h PBMCs OIEMAEIC
XD A Mo UPEASRR AR LT L 2 A, T LT
2T _TCOVA S IA L OIEPRHRAMELL R
F I STz (T —FARKHE), TOFERND SLB 13,
W &R UEZh R A R IR T, U Bk A |k
A CEEARRIZR L BRI~ B2 R AT
NI NIz,

—J7. GHELBIAIREAS AL, FEPIIRAE &\ D FE AT
PRSI 2 g AR & BRI B LT v . NIBSE
BRI AR E 72 D RTREEM R S TN b, &
ZCHR L, FEIBEED S YIRS A~DBAT A
FHIFIZIGEIT 2 7201E, @Ot R ohins Al
HCi3e < INRABAZPBRL © DR aim b3 2
Z e, UNEEHREAS A TRAC D70 D B 2 T2,

Z ZCAHFZETIE, Frea BEFE Lo, B MRS HEZ
£K (human Peripheral Blood Mononuclear Cells: PBMCs) %
B LTt b THlRR L OB MlaZ iR L < AESED
t Mb~ 17 %, NOG-hIL-4-Tg ~ 7 Z[8-10] % HI\ VT, SLB
DA THRIERETE T 2 2 &R TE HHITo0
THER L7,

2. prkE B
2-1. fRERAIAGR

AL, ~ R ESE IO MEREREDTZD
(B AAROBFHHAUNDOH A KT A ATt TEMiS
Nizo WFFE7m b UL, BRI iR SR B
(21R277-004H / 21R277-005H)5 L OB @ b2 ERT

(08-0)DAGEZ Tz, T COYWBRE N D EHICL DA
V7 g—b Rarkr M EER, TRTOEWERIL,
B R FE SRR E I CHEIL L SRR B =
BRZEE122(250208 / 241061 11 / 1 22-011-27R3)F L OV
B ) 42 Hh U AIF 28 FIT(20045) D KGR & £ 7, ABFZR X
ARRIVE #A KT A AZHERL L CHEfi <7,

2-2. B FRAHIMEMERPPBMC; human peripheral blood
mononuclear cells) DOFFEL

MRS ORAEREO 22 Ml R —0 6 KMy
YV (®I30mlE, ~NU &2 ETe Vacutainer ACD T
=—77" (Becton Dickinson, Franklin Lakes, NJ, USA )|Z£RHX
L7 U7 /UEEBIZ 10 ml @ Ficoll-Paque PLUS
(Cytiva, London, UK)IZ B L, ARG L7HE (500xg,
20°C, 30 49) C4y#f L PBS T4 L7= (300xg, 4°C, 5 59),
ZNb?D PBMCs Ziifilfk, EHIC~ T AEE~BEL
7

2-3. O #e5-H SLB DFFHd

SLB (., Silibinin ( S0417-10G, Sigma-Aldrich) & A L T3
BRICHH L7z, ~ 7 ADOKRETFEHNZR 20g &L,
60mg/mlkg DILEEIZ72 5 K 912 SLB A JRE/KIZIERE LT,

2-4. HEluEER

b NINEEAAIRAS AURIRRR ES-2 A, 10% FCS,
Streptomyein (0.1 mg/mL) & Penicillin (1 U/mL) ( Meiji
Seika 7 7 /L~ RS, B, AAR)ZIRINLTC
McCoy*s5A 5l (SH30200.01, 7' 1—/LF A 74
ATV AT Y ) ao—RAV SRS, O,
HA) T 37°C, 5%CO 54 N CHEE L7,

2-5.NOG-hIL4-Tg < 7 2~ PBMCs 35 & ) ES-2 &4

AIFETIE, NOG-hIL-4-Tg ~ 7 A % B FH
BE LA 1 B9 BE 901 T A VY L—HF—B I
RS — v AT LTS - fiE Uiz, HIAE 6 TR
PRI H IR DNA 2l L, &k IL4 ¢ Genotyping
T AT -7, BEEERIC VT B IL4 X 20 'E
J& % % Human IL4 ELISA Set BD OptEIA Kit (BD
iosciences 1)z FHWTHIE L, 211.8~1064.1 pg/ml D E
IL4 ZPEET D~ AEMEH~T AL LTRE LT (&
1),

8~9 T, & b PBMCs % 5x10ells/head CTREHIR
FOBMEL, & MUEREZYH BiFe, EA. 5x10°
cellshead T ES-2 24 AR TRAE LT (X 1A),
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PBMC K #—| SLB | M |IL-4(pg/mL)|[SPLiEREEL
i — ¢ 368.4 4.11x107
F+—1

+ J 2923 1.35x10°

— ¢ 211.8 9.07x10°

_ + g 314.7 8.63x107
K+—2

+ ] 370.0 2.24x10°

— 7 609.5 4.50x108

F 540.3 6.56x107

‘ Iy 653.0 5.35x10’
K+—3

- J 1064.1 1.46x10°

— Iy 981.9 3.77x10"

1. XWHE LIz TR

Wetge e Ulow v AD—i% | Ve R —, WuE, Ml 58195
IL4 O, PR S SR, 3 AW R-—0#iH# PBMCs
ZRWT, 2 ha—Uf - SLB $eGRHE 5 DU (fE 3 POl 2 PO,
BE10VCD~ 7 2% -,

2-6. ES-2 BHANOG-hIL4-Tg = 7 A~0D SLB#Z O 5%
FORE & IEFAEORIE

t k PBMCs & ES2 #4E 7= H XV, 60mg/mlkg
DIRFED SLB #2152 Bk L. 3 BIZ—E, &5t 9 [,
ES-2 B 5 E & T T o7, SLB #5800~ Az
%, 12mg/150ul i Khead C, 22> ha—# D~
AUZIE 150l E K /head TR 21T 572, BRI,
fEEl GE RN AR ERE & B T IESHATRORIE 21T > T,
PSRRI, R x R x R x 12 TR, 1 #EFED
PEREGH AR Uz, BEHRK T#H, v v A&2%
BIES TR L, Il 0 AR A L, &
MMuEMZ 72— N A R —TR#T L7,

2-7. 7a—¥%A b A MU —fiEhT

HEEFEEPTE N 7 a—TF iR (mAb) % H
W, R —PBMCs 35 LU U AJiligeth o 7 o e k
SR & [RIE L7, M A 3Tk~ w7 A5 b mAb
& 4CT 15 A v F2—hk L, 1% (w~) BSA
(Sigma-Aldrich)Z &7 PBS T4 L. BD LSRFortessa™
/T FZ A % — (BD Biosciences, = = —3 ¥ — I,
KE)Z VTR L7z, AfmERiZ e b CD45 FBUHS
WCH— bk LTz, & MR~ —%—(%, CD3, CD4, CDS,
CD19, CD25, CD45RA, CD45RO, CD62L, CD95, CD127,
CCR7,PD-1, PD-L1, PI & f\ /=, 5 —# % FlowJo v10.10.0
(Becton Dickinson, ==—Y % ——MT7Z7 7 1A
7 A, KIE) & TR L=,

HHE RSt A A B AP TR T AL

2-8. HEEHET

TP RS L TFRR L, 2 B
HOE I3 Wil Student ¢ #UE A AV, HERHIETIR
Microsoft Excel (Microsofit® Excel® 2016 MSO)Z TITV Y,
BEAKEL p<0.05 & L7z,

3. R
3-1. BE5HMF DO~ U 2R DEEDOHERS

PBMCs, ES-2 Z##fH, EH) 0 SLB #RA#5-% BRIk
L. ES2 BA#f%f 5 & CIREAFHHI L7, #ERD
(REEEHANE SLB B GERNIATV, v 7 ZADKEZE X
1B, C IR L7z, 2HIfIZRWC, (REITED 3 ED >
7oo WEZIBWTIX SLB #5#R 2 he— Ui L v
oA BUVMERNH V. ISR L7223, BEZOWTiE
SLB #5-O M TR GBI b Bt - F CIREICAE
137ehote, R —I2 &k W W TEEOE N B2 BT,
R —IOFE AT T E 2o Tz,

L EDOFER, ARIBRIZISIT 5 SLB B H-E I S0
REOZIECRNT EAVRIB SN,

3-2. R TIEBEAREOHR

SLB 73 ES-2 ik Ext U FUEEZNR 25 >0 % in
vivo TIRRIES % 725, SLB #5852 ES-2 OFESHAR 51
HIL7= (X 1D) .

ES-2 ##ifi 2 IR ITIE, X8RO 10 Pir 9 PLiz-ounT
NSRRI AEFE DR S 4L, 72D D 1 PLiZHW TR 3
BRI AEED MR STz, 2 br—)LEE, SLB #5-
BRI CIRFRREEIC A > THEEI R L, =2 b —L
& SLB #5-REDI CIEGHARI A B2 T S eh
ST, WEHERA LT 2 & HED 3 I - Tl
AR NS MECH - 77,

PLEOFER, ARFEBRITIIT 5 SLB 52 ClE, SLB I
ES-2 1ot UL A BEARPUEEZNR e 2 & AVREE ST,

3-3. JERY v BRD T v 7 7 A AT

3-1,2 AR D, HUBENFRIIFF 272078 BfEDME
WERIEIER SN0 T, Wi, PIBCAES LIZE b
CD45 Al Cdh 5 b b FMERKIIEA & X 5 7efiE
DV 2 EREET AT LTz (K24, 3A), 2 TOfEE
IRV, AR L7- CD45 BRI (& b A iER)
DOEETX 5% % 2 TV /- (data not shown), SLB %512
FU . THIE, HCH CD8 FoEDRMRafE M T Al
L. CDI19 B5tE B Al O CD4 BotE~~Ls S—T @3
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| Day1 | | Day2 | |Day3~ |
® & ® © ® @
hPBMCs#1E ES-2B1E - SLBRO®RE i)
(RER) (RTF) 60mg/mL/kg Za—HA1 k
5x108 5x10° (1.2mg/150uLHE7K) | x Stimes AR —FEAT
cells/head cells/head /3days
- REEIE
- BESATEATE
B C
Mg - BRI/ T K =30/

——1 —e—2 —o—3

23
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z
=
3 19
=
17

Weight(g)

Fot
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#E5E%
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REEH
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Week

Bk MBS <7 2
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¥ 1. SLB R AHEIZ X B & MEbv U ROFIEEE

A FERT'a oL, B e - ERI O AMEROERERER, € R—
B~ o AMEROEERERS: SLB #eb-HED~ 7 ADIKEDHER &7+,
foth: (KT(g), 1l SLB 3G, ZED7 T 7 M - RUERIOEAE
B L, REHRDMEE, ©o o CRRAME RS = b o — VR
5, FEEHS SLB BeGREAR T, KEMHYEE(E): £ n=3, YL U@
MY, K n=2. D7 T 7. RF—RIOVEE R L, BEJMI R
F—1@=2). FERIE R —20=4), AL UL R —30=4)?> PBMCs
EAG Ulo~ 7 AOIRE T, D. MRk - USRI IBEHAROHER: ~
ABCTIEGD, 1 RO VAREORERS &~ fidil AR em’).
Tl ES-2 BEAEtR OWIHIA | R, AKEHDHE o2 G,
TeA 1 b — VBB, SRS SLB 584K T, KMk
BYFSHR (B 45 n=3, © 7 (YRR (M 45 n=2.

— g

BT ARSI (X 2B), F7-, CD25+PD-1- T
HOR 2 AIUREM L T #f, CD25+PD-1+ AR A L HEE
LR & B L LT & 2 A, RS BRila oSS
I% SLB ORI CEAL L7/ o72A3, CDA+T i+ LY
CD8+T A% NG LRI DTG X SLB I Tl
T HMEENCH -T2 (K20),

S5 T HilaE S LB~ —h —Chta L, 7a—
PA B A BY—THHT LT=DOBK 3A ORIZER LT

L, L7z (X3B), 57%%. O CD45RA+CD62L+:
T A —7 T #fE+Tsem #HfE, @ CD45SRA—CD62L+: &
v I AEY T flid, @ CD4SRA—CD62L—: =7
=7 H— A ) —Tfild, @ CD4SRA+CD62L—: L7
> M TS Uiz, SLB#INC L 5 ENENDOEIG DL
{b%[X] 3B |27 L7z, CD45SRA+CDO2LHHEIE CD4+5 XL
N CDS+T i 1230 T SLB #&5HETlRUME I CTH
-7z,

—J7. CD45RA+CDO2L+#lfEIE, 4 —7 T #ifa
(CD95-) & dch AE U —ififa & L TOIMLERE D i
HIAR A £ U —T HII(CD95+; Tsem) & &de, T D7=8,

Z DO — MNOFIEE CD95 DIEBLOATMEC/yHH L LEiL
L7z, Tsem OEG 1, CDA+T A CI1IA I 2N, CD8+T
I CIEIMER Ch o7 (K3C), B F IV AEY—
TR, E& UTRIE Y o SN BAET D Tsem D
WIZAE Y —flif & LT fbBREDO RV TH D |
SLB (2 & 0 42 av@izz s v (K3B, C),

L EOFERIN G AT ZI1T 5 SLB $¢5-5TlE, SLB
1 in vivo \ZEBWT T fillad A€ U —Hifa/ ki 2 L,
AT Tsem ISR 2 2 LAVRIR ST,

4. B
AWFFETIE, & M~ 7 AIZ381F % SLB Offiifais
S HVERZMGE LTz, T ORI, 60mg/mlkg DFEE T
@ SLB #R A EIZ LD | T AR EAMERE S 41, Tsem
HNT 52 BN E T2,
AEOFE D% 5T, SLB 1% ES-2 1Tk LA E AR
BNRITRE R o Tz, ZDTEMD, ZOFRETT
SLB [FEEHx L, MlEEE A RS R0 Te B2 b
%, Fio, KEITEHREL XMT HFEO—D>Th D
. ABFZECIE, SLB #5412 X 24 B REOHRI R
) %hfﬁ IEHHIC BRI E L QRN e B
2 BTz,
—J . O RIEG O 2T 2 L3RV ailiE
BRI S 72 & D SLB #5-8C, st
A7 Lk b THIBIX SLB I X 0 89hga & 72 0 1% 1
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Reduced selenoglutathione has glyoxalase 1-like catalytic activity

G T, B R
VIR T T, 2R TR0, O R it T

Akiko Kanamori*?, Shiwen Chen®
Y Department of Bioengineering, School of Engineering, Tokai University, ? Graduate School of Engineering, Tokai University,
Y Institute of Advanced Biosciences, Tokai University

[EE]

AFNT Y FFH—L (MG) TR LEEPIAGES)DRIBMATH 5 & & BT, DNVR=VA N L ADJFRWE Th
%o ERIITER, MG ZERLT57) AX YT —B L AT ABFEHE L, TRy ChHETA I VA T4
> (GSH) ZFIH L TMG % D-#Le~ L 25495, Z DFRBIE L7 ) A% %7 —18 1(GLO 1) 12 & % SHactoylglutathione
(SLG)DAERSULTH Y . GLO 1 OFBLE(X FoIEMAN T & 597 & OBh#EN#HE s, Fex i3z, Eoilt L
I INEFA L (GSeH) MIERAIFURIZ K- T MG IR T AR L, /050D GSH A7 FCIIzhiiins & 0 =R
Mkt SN DR A7, ARl GSH A7 FICB 2 US4 D ESI(H)-TOF-MS ST X 0 SLG ORI MR S,
GSeH 73 GLO 1 BROMMETEM: 2492 Z & 28I U=, GSeH |3AIZE C GLO 1 OSREZ (R T Hipkeik & LT
OIERAB RSN D,

[Abstract]

Methylglyoxal (MQG) is a precursor to advanced glycation products (AGEs) and a causative agent of carbonyl stress. Living
organisms are born with glyoxalase system, which detoxifies MG by conversion MG into D-lactate using reduced glutathione (GSH),
a major antioxidant molecule. The speed limiting stage is the production of S-lactoylglutathione (SLG) by glyoxalase 1 (GLO 1), and
it has been reported that the decrease in expression and activity of GLO 1 cause disease. We previously showed that reduced
selenoglutathione (GSeH) promotes MG concentration decline by non-enzymatic manner, and the effect lasts longer in the presence
of sufficient amounts of GSH. In this study, the formation of SLG was confirmed by ESI(+)-TOF-MS analysis of the reaction
products in the presence of GSH, and it was newly discovered that GSeH has GLO 1-like catalytic activity. GSeH is expected to be
used as a therapeutic agent to replace the function of GLO 1 in the cytoplasm.

[Key Words]
methylglyoxal, selenoglutathione, glyoxalase 1, S-lactoylglutathione, non-enzymatic reaction
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[Abstract]

River water around Sakurajima volcano, which frequently emits volcanic ash, was collected and analyzed to assess
the impact of volcanic ash deposited in the river basin. Principal component analysis was performed on the chemical
composition, and it was estimated that the first principal component reflects human activity in the river basin, the
second principal component reflects the eluted components of volcanic ash, and the third principal component reflects
the behavior of As. No influence of harmful metal ions originating from volcanic ash was found.
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Volcanic ash, River water, Principal component analysis
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Neurofluid BiRE D € £ 77

Quantitative evaluation of neurofluid dynamics in the mouse brain via texture analysis
between magnetic resonance imaging and two-photon microscopy
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fMSEENIZEIT D neurofluid (XA EFEY OFALIKEEZ > TR Y, ZOEIE 133 pm/s FRED
FEFIZENLDE SN TS, BRILEEBRLED—>TH D Q-space Imaging (QSHIT L 2 3 FEH|
FEIWZL - T, =T AMENT 10 pm/s LT OKGT OB E 28 2 7228, Z4178 neurofluid BiiETH 5
DE D INORRFEN LB TH > 7. AWFIETIL, B ONTRESROZERR RS g Ry T —7 &
ARG T2 Z 15 H Uiz, ZOBEMEAZRRGET 5 72 O3 FBE O E /o AnEiE & EEfZ bt
B DUEARRIR TS, LonL, — I 2GS & CliRfg S 5 kil i /g & i, 22
M fRRECBRE /2 EN B2 5720, HHEEREONEETH S, & T TRV A r— /WK L
7RI TE E LT, Gray Level Co-occurrence Matrix (GLCM) & H =7 7 A F ¥ T 2 /a5 LT-.
GLCM (28T 5 4 DO & (Contrast, Correlation, Energy, Homogeneity) #5452 &2k v,
JRALER 2 6 BRIERIC X D A5 0 An D KB A% & R E At OB EZ Red 7z, BIE 25
T R TIE, EEDAM & OFFEORRZERE N K 20~25%IE L. —HFTELT 4R Y —
LB K 0 /i AE #BRE L, BN 10um L0 & KROFEERME DA ZRH L2 miE TIE, Fric
Contrast 72 & TN Correlation (23 W T & B < —F L, FRERENIE 5% AT IR S .
IHRHORRIT, THE TICR SN HE DM AMEENO neurofluid BIBZ D LD THLH Z L%
EHIRTHDTIERY. LMLRBL, AUFZEICEY QSIIZ X 23 Em )Y, BAMME XY HK
WL DR > BT — 7 & @O ZERBEEIE 2 £ 2 & N EREMIT R S .

[Abstract]

Neurofluid motion in the brain parenchyma plays the role of neural waste clearance. The motion is thought
to be extremely slow of the order of several um/s. Velocity measurements using Q-space imaging (QSI) , one
of the techniques of magnetic resonance imaging (MRI), captured the motion of water molecules under 10
um/s in the mouse brain. However, there was no clear evidence that this movement was due to the neurofluid
activity. In this study, we focused on the visual similarity between the spatial characteristics of the QSI velocity
distribution and the vascular network. To verify this relationship, a quantitative comparison with actual vascular images
was necessary. However, because MRI and wide-field two-photon microscopy used for vascular imaging have
fundamentally different spatial resolutions and acquired physical quantities, direct comparison is difficult. Therefore, we
introduced a scale-independent comparative approach combining morphological processing and Gray Level
Co-occurrence Matrix (GLCM) texture analysis. In vascular images containing all capillaries, the error rates of
W RAE oA an R FEAT RS 55 10 %% 2026 4F 3 H
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the four GLCM metrics (Contrast, Correlation, Energy, Homogeneity) compared to the velocity distribution

reached 20~25%. On the other hand, when microvessels were removed using morphological processing to

extract only major large vessels (larger than approximately 10 um in diameter), the distributions showed

strong agreement, particularly in Contrast and Correlation, with error rates dramatically reduced to less than

5%. These results do not immediately indicate that the obtained velocity distribution represents the

neurofluid dynamics within the brain parenchyma itself. However, this study quantitatively demonstrated

that QSI velocity images exhibit high spatial similarity to the network of blood vessels larger than capillaries.

[Key Words]
Neurofluid, MRI, QSI, GLCM
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	2)  D. rotundifolia由来キチナーゼ遺伝子のクローニング2（酵母における分泌発現用）
	表1. D. rotundifolia キチナーゼの塩基配列
	3)  大腸菌を用いたD. rotundifolia由来キチナーゼの発現
	大腸菌BL21-Codon Plus (DE3)-RIPL株および、SHuffle T7 Express Competent E. coli (New England Biolabs) を形質転換した後に得られたコロニーを白金耳で掻き取り、50 μg/mLアンピシリン含有の100 mL LB液体培地に植菌し、37℃で6時間培養を行った。その後、pET22bベクターの場合は、IPTGを終濃度1 mMになるように加えて37℃で3時間の発現誘導を行った。pCold系ベクターの場合、15℃、16時間培養を...
	pET22bベクターおよび pCold I、pCold IV、pCold ProS2ベクターを使用した場合、発現が確認できたのが、pCold Iベクターであった（図2）。しかし、Talonアフィニティーカラムの溶出画分のバンドが薄く（図2、レーン4,5,9,10）、酵素が僅かしか得られないことが明らかになった。また、0.1 mM p-Nitrophenyl Penta-N-acetyl-chitopentaoside；pNp-(GlcNAc)5と0.1 M酢酸バッファーpH 5.5を用いて、キチナ...
	4)  酵母を用いたD. rotundifolia由来キチナーゼの　　小スケール発現
	5)  Native-PAGEを用いたキチナーゼ活性染色
	少量培養で最も酵素が発現していた10番の素酵素を用いてキチナーゼの活性染色を行った。すなわち、0.05%エチレングリコールキチン（水溶性キチン；基質, Wako）を含むポリアクリルアミドゲルを調製し、精製酵素を用いて電気泳動を行った。泳動後のゲルを10 mM Tris/HClバッファーpH 8.0に30分間浸した。その後、ゲルをキチン特異的蛍光染色試薬（0.01%カルコフロールホワイト, Sigma）で 10分間染色し、蒸留水で10分間脱色を行い、トランスイルミネーター (365 nm) を用いて...
	酵母培養上清（BMMY培地）に含まれるキチナーゼを用いた活性染色の結果、キチナーゼによりキチンが分解された部分のみ暗いバンドとして検出できており、キチナーゼ活性を検出することに成功している（図4）。
	(Review) Cytotoxicity against HL-60 Cells and Lipase Inhibiting Activity
	by Resin Glycosides from Convolvulaceae Plants
	Reduced selenoglutathione has glyoxalase 1‐like catalytic activity
	桜島火山の周辺に位置する22の河川において河川水を採取した。図2に採取地点を示す。
	図２　鹿児島河川水の採取地点　[2]
	P1からP8までの試料は、2024年3月27日に採取された。P9からP22までの試料は、2024年3月28日に採取された。河川をまたぐ橋の上からロープに結び付けたバケツを河川に落とし、引き上げることにより河川水を採取した。バケツを引き上げた直後に熱電対温度計で採取した河川水の温度を測定した。何の処理を行わない河川水（生水）を250mlのポリ瓶に保存した。0.45μm孔径のシリンジフィルターで河川水をろ過し、100mlのポリ瓶に「ろ過水」として保存した。0.45μm孔径のシリンジフィルターでろ過した...
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