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[ 1
Drosera rotundifolia
D. rotundifolia
I GH19 N 20
Metl-Ala® (Val®Ser®®)
Pichia pastoris
P. pastoris
[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 Met1-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

Chitinase; EC 3.2.1.14 N- -D- Pathogenesis-Related Protein, PR

B -14
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1) D. rotundifolia

1
D. rotundifolia N 20
Met!-Ala®
Val?-Sers®
Azenta L ife Sciences 1
5 Nde | 3
Bam HI pET22b
pCold1 pCold IV pCold ProS2
(pUC57/Chitinase) Ndel BamHI
D. rotundifolia
(930 bp)
TE pET pCold
16 16
D. rotundifolia
Ligation high
(TOYOBO)
2) D. rotundifolia
2
D. rotundifolia S-S
7
[6]
pPIC9K
DNA

GAATTCGTTCAATGCGGTAGCGAAGTTGGC (
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GCGGCCGCTTAGCTAAACGGGCGCTGGTTG (
Not I ) PCR
D. rotundifolia
Eco Rl Not |
pPICOK
PCR



pCold 15 16

pPICOK/ Sall
LiOAc ( )
1. D. rotundifolia Talon
D. rotundifolia endochitinase (AMM76171.1) 300 mM
1 CAT ATG GTT CRA TGC GGT AGC GAA GTT GGC GGT GCG 10 mM Tris/HCI
37 CTG TGC CCG AAT GGT CTG TGC TGC AGC AAA TAC GGT pH 8.0

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 pET22b pCold I pCold IV pCold
145 GCG CCA CCA AGT CCA ACG CCA AGC CCG CCA AGT CCA  ProS2

181 AGC GGT GGT GGT GAC GTT AGC AGT ATC ATC ACC Acc  pCold | 2 Talon

217 CAG ATC TTT AAC CAG ATG CTG CTG CAC CGC AAT GAT 2
253 AAC GCG TGC CCG GCG AAC GGC TTT TAC AGC TAC CAA 459,10

289 GCC TTT CTG GAT GCG GCG CGC AAA TTT AGT GGC TTT 01 mM p-Nitrophenyl
325 GGC ACC ACC GGC GAC ATT AAC ACC CGT AAA AAG GAG  Penta-N-acetyl-chitopentaoside pNp-(GIctNAC)s 0.1 M
361 CTG GCG GCG TTT TTC GGT CAG ACC AGT CAT GAA ACG pH 55

397 ACG GGT GGT TGG CCA ACG GCG CCA GAT GGC CCG TAC 405nm

433 GCG TGG GGC TAC TGC TTC AAG CAA GAA CAA GGC AAT pCold |

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 (kpay M 1 2 3 4 5 6 7 8 9 10
541 ATC CAG ATC AGC TAC AAC TAC AAC TAC GGC CAG TGC 972
577 GGC GCG GCG ATC AAT CAG CCA CTG CTG AGC AAC CCG 66.4

45.0

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 29.0
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 143
793  GGC GTT GAG TGC GGT AAA GGT ACC GIT CCG CAA GTT
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 2 SDS-PAGE pCold I/
M 16
2,7 38
Talon 459,10 Talon
3) D. rotundifolia 1~5
BL21-Codon Plus (DE3)-RIPL
BL21-Codon Plus (DES3)-RIPL 6~10 SHuffle T7
SHuffle T7 Express Competent E. coli (New England
Biolabs)
50 pg/mL 100 mL 4) D. rotundifolia
LB 37 6
pET22b IPTG 1mM (Pichia pastoris GS115 ) MD
37 3 ( )
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G418 BMMY
(0.3-1.8 mg/mL)

10
1 mL BMGY (Buffered 4
Glycerol-complex Medium)
30 24
2 mL BMMY (Buffered Methanol-complex Medium) ﬂ
3 3 24
1%
BMMY SDS-PAGE
3
3
SDS-PAGE
3 e —
&DayM 1 2 3 4 5 6 7 8 9 10 4. Native-PAGE
270
1B
66
52 3.
L - D. rotundifolia
30 = '
P. pastoris 1L~10L
16
6.5
10 mg
3. SDS-PAGE
M 110 1 ~10 4.
[1] AS. Sahai, M.S. Manocha, FEMS Microbiology
Reviews, 11, 317-338 (1993).
5) Native-PAGE [2] K. Fukushima, et al., Nature Ecology & Evolution, 1,
10 0059 (2017).
[3] D.H. Paper, et al., Phytother Res., 19, 323-326 (2005).
0.05% , [4] T. Araki, T. Torikata, Biosci. Biotechnol. Biochem., 59,
Wako 336-338 (1993).
10 [5] Y. Kezuka, et al., Proteins, 78, 2295-2305 (2010).
mM Tris/HCI pH80 30 [6] K. Yoneda, et al., FEBS Open Bio, 15, 1930-1944 (2025).
0.01%
, Sigma 10 5.
10 (365 nm)
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Regional Distribution of Isovaleric Acid Released from Skin Surface
of Young Humans at Rest

Daisuke Sato”, Yoshika Sekine™?, Tomomi Osaka®, Akihiro Hosomi®, and Michihito Todaka?,
YCourse of Chemistry, Graduate School of Science, Tokai University,
2 Institute of Advanced Biosciences, Tokai University, ¥ R&D laboratory, AIREX Inc.

N RN 2 M FIED, MR RIS, 3
1) 2 , IAIREX

[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.

[ 1]

Staphylococcus epidermidis

12 6 21-23
14

[Key Words]
Human skin gas, Isovaleric acid, Dermal emission flux, Sweat, Factor analysis

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

10 2026 3
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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 wusing a passive flux sampler (PFS;
MonoTrap® SG DCC18, GL Sciences, Tokyo, Japan) in
conjunction with gas chromatography—mass spectrometry
(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) coupled with a mass selective detector
(JMS-Q1050GC MKIl, JEOL, Tokyo, Japan). Further
instrumental conditions are provided in our previous
publication [8].

The dermal emission flux of isovaleric acid at a
sampling site, E; (ng cm™2 h™1), was calculated as:

Ei=Wi/(St) (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 t 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.
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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,

3



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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N
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o
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9 [ J
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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  Factor 4  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
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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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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.

diallyl disulfide DADS
allyl methyl sulfide AMS
Sato et al., Scientific Reports,

2020 DADS AMS
DADS AMS @ )
B
B DADS AMS 8

[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
suppliers (Fujifilm Wako Pure Chemical, Japan).
Methanol was obtained from Kanto Chemicals (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
descriptions of the sampler design and trapping
mechanism have been reported elsewhere [6,7]. During
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
JMS-Q1000GC MkII GC-MS system (JEOL, Japan).

Volatile compounds were separated on an InertCap®
Pure-Wax capillary column (30 m x 0.25 mm i.d., 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 2 h 1), W is the
amount of compound collected (ug), S is the effective
cross-sectional area of the trapping medium (0.594 cm?),
and t 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
I

<> <« <>
2 % % % %
2 2 2 2

>R
) 2

[#) (2}
Z 2 >

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 a
and a linear terminal slope 3 [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);

tip=1In2/k Eq.(2)
where ti2 is a half-life and k 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 (t = -1
h) was 0.072 £ 0.024 ng cm 2h 1 (n = 3). During the first
sampling period (t = 0 h), the emission flux increased
markedly, reaching a maximum of 4.8 + 0.44ngcm 2h 1,
which reflects the uptake of DADS from garlic.
Thereafter, the emission flux decreased to approximately
0.4ngcm 2h tatt=2hand 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 is
metabolized in the liver to allyl mercaptan through

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

a slower decay phase (3 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 o phase and 32 h for the [ 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)
aphase | Bphase | aphase | B phase
DADS 13 0.022 0.54 32
AMS 19 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 (t=-1h) was 0.022 + 0.001 ngcm 2h t (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 t = 0.5 h, with a value of 2.9 +
0.10 ng cm 2 h 1, and then decreased to approximately 0.3
ng cm 2 h . This time course differed from that of DADS,
which peaked at t = 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 a phase and 18 h for the B phase.
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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 B 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 (f3
phase) of both VVSCs are significant factors affecting the
persistence of garlic-related body odor after ingestion.
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Scomber japonicus C18:1 n-9 C18:2
2022 11 n-6( )
Pagrus major

2) Table 1 Fatty acid composition of each fish oil (wt%).
10 mL Mackerel Tuna Red sea bream
C14:0 391 +015 a 307009 b 298+ 006 b
10mM (pH 6.0) 1025 pL, C16:0 1937 £ 050 a 18.96 + 0.30 a 2101 %025 b
75 uL, 100 pL,50mM C16:1n-7 440 £ 018 a 497+010 b 531 +009 c
200 UI— 25 C16:2 n-4 1.12 + 040 a 1.16 + 0.19 a 0.62 £ 0.02 b
C17:1n-8 0.46 + 0.03 1.11 + 0.64 0.47 + 0.03
0,1,2,34 -30
C18:0 445 + 012 a 484 +009 b 526+008 c
(40ppm C18:1n9 2192+ 061 a 1745+ 036 b 2515+ 0.24 ¢
) 75 UL C18:1 n-7 404 + 013 a 266+007 b 322+007 c
80 20 SPME C18:2 n-6 112 + 003 a 117 +£0.01 a 1068 £0.13 b
C18:3n-3 0.63+003 a 058+002 a 122+023 b
GC-MS C18:4 n-3 186 £ 003 a 094003 b 071+026 b
C20:1n-11 262+ 008 a 238+005 b 180+004 c
[7] C20:4 n-6 080+021 a 155+003 b 068+0.03 a
C20:4 n-3 089 + 004 a 062+003 b 064004 b
2mg/mL 250 pL C205n3  7.90+£033 a 7.03+026 b 3.74+008 c
C22:1n-11 265+ 009 a 135+006 b 128 +023 b
GC C22:1n-9 079 + 006 a 038+002 b 051+017 b
Bell C22:5n-6 034 +004 a 104+004 b 052+026 a
( e curve) C22:5n-3 2.02 £ 0.48 1.80 + 0.40 1.91 + 0.09
Tukey C22:6 n-3 1390 + 1.20 a 2161 +082 b 817 +0.27 ¢
others 4.48 + 1.03 5.35 =+ 0.86 3.80 + 0.88
3 saturates 27.73 £+ 0.75 a 26.87 + 047 a 2924 +036 b
) monoenes 3721 £+ 096 a 30.29 + 040 b 38.06 £+ 0.56 a
Table 1 3 polyenes  30.58 + 1.62 a 37.49 £ 0.99 b 28.89 + 0.26 a
C20:5 n-3 EPA Values are meantS.D.(n =5).
Letters a,b and c indicate signiticant differences (p <0.05,Tukey's multiple
C22:6n-3 DHA 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 2462 +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 0510 + 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,(2)- 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 2580 + 0.964 a 11994 + 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 8.384 + 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 meanzS.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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1) 2,3) 1) 1) 1) 1) 2) ,3,4)
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[ 1
Pregnancy zone protein (PZP) 100
PzP NOG
(NOG-hPZP Tg) (PBMC) PzP
graft-versus-host disease (GVHD) NOG-hPZPTg littermate
T B

T

pzP PBMC
pzp
pzp
GVHD
[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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(Review) Cytotoxicity against HL-60 Cells and Lipase Inhibiting Activity
by Resin Glycosides from Convolvulaceae Plants
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HL-60
in vitro in silico

[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
1-1) ( )
Pharbitidis Semen (Ipomoea nil Choisy [1,2]
) Rhizoma Jalapae (I. purga (Wender) 19
Hayne ) Orizabae Jalap Tuber (1. orizabensis (Pelletan) Mayer
) (jalapin)
[1,2] (convolvulin) [3]
[2]
[12]
( ) 2-methylbutyric acid

Bulletin of the Institute of Advanced Biosciences, Vol.10, March 2026
27



(E)-2-methylbut-2-enoic (tiglic acid) isovaleric acid
isobutyric acid  2-methyl-3-hydroxybutyric (nilic acid)
11-hydroxytetradecanoic (convolvulinolic) acid
jalapinolic acid (11-hydroxyhexadecanoic acid) ipurolic acid
(3,11-dihydroxytetradecanoic acid)
glucose rhamnose

[2]
[45]
1-2)
(Quamoclit
multifida)[6] (C. soldanella)[7]
(C. hederacea) [89] HL-60
[10] (.
muricata) [4]
[11-13] [14] [15]
I. batata [6] I
aquatica [17]
a - [18,19] l.
cairica a-
[20] 1B
[21]
1-3)
10 2026

28

2.
2-1) HL-60

HL-60

[22,23]

[24]

Table 1 Cytotoxicity against HL-60 cells by genuine resin
glycosides and related compounds from the genus Ipomoea.

Plant Name Compound Name MW.  ICoxuM)  Ref.
I.alba Ipoalbin | 1,020 100+35 [25]

I.alba Ipoalbin 11 992 776+007  [25]

I.alba Ipoalbin 111 908 12542 [25]

l.alba Ipoalbin IV 990 301+004  [25]

l.alba Ipoalbin vV 1002 805026  [25]

l.alba Ipoalbin VI 974 397+006  [25]

l.alba Ipoalbin VIl 974 753+012  [25]

I.alba Ipoalbin V111 1,018 178+03 [25]

I.alba Ipoalbin IX 1,006 187+05 [25]

I.alba Ipoalbin X 1,008 180+0.1 [25]

l.alba Ipoalbin XI 892 189+06 [26]

l.alba Ipoalbin X1 878 395+10  [26]

l.alba Ipoalbin X111 978 693+040  [26]

l.alba Ipoalbin XIV 978 194+11 [26]

I.alba Ipoalbin XV 1,008 271+55  [26]

I.alba Ipoalbin XV1 1,008 311+34  [26]

I.alba Ipoalbin XV 978 684+037  [26]

l.alba Ipoalbin XV1II 762 408+23 [26]

l.alba Ipoalbin X1X 762 679+05  [26]

l.alba Ipoalbin XX 804 180+18 [26]

l.alba Ipoalbin XX1 1002 628+118  [26]

I.alba Ipoalbin XXII 952 155+04  [27]

I.alba Ipoalbin XXII1 952 17.7+02 [27]

I.alba Ipoalbin XXIV 950 369+19 [27]

l.alba Ipoalbin XXV 926 13145 [27]

l.alba Ipoalbin XXV1 1,154 193+038 [27]

l.alba Ipoalbin XXV 1,066 194+03 [27]

l.alba Ipoalbin XXV 1,136 321+07 [27]

I.alba DC-2b 910 545+47 [27]

1. lacunosa Lacunosin | 1,598 278+11 [28]

1. lacunosa Lacunosin V 1,308 N.T. [29]

1. lacunosa Lacunosin VI 1,336 N.T. [29]

1. lacunosa Lacunosin VII 1,336 445+13 [29]

1. lacunosa Lacunosin VI 1320 >200 [29]

1. lacunosa Lacunasin IX 1174 >200 [29]

1. lacunosa Lacunosin X 1174 >200 [29]

1. lacunosa Lacunosin XII 1,368 N.T. [29]

1. lacunosa Lacunosin XIIl 1,336 564+1.1 [28]

1. lacunosa Lacunasin XIV 1,350 793+19 [28]

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

1. lacunosa Operculin V1Nl 1,336 N.T. [29]

1. lacunosa Simonin IV 1320 N.T. [29]

|. muricata Muricatic acid C 856 187+6 [4]

|. muricata Muricatic acid C methyl ester 870 258+4.1 [4]

1. muricata Muricatin | 1,006 3941025 [4]

I. muricata Muricatin Il 992 847+0.32 4

I. muricata Muricatin 922 151+25  [30]

I. muricata Muricatin VI 922 139+44 [30]

I. muricata Muricatin VI 1022 649+096 4

1. muricata Muricatin IX 938 966+027  [30]

|. muricata Muricatin X 938 135+0.04 [4]

|. muricata Muricatin XI 938 412+10 [4]

I. muricata Muricatin XIV 776 7.80+0.18 4

I. muricata Muricatin XV 1022 6.81+059 4

I. muricata Muricatin XX 922 859+054 4
Quamoclit x multifida Multifidin 11l 1154  346+014  [6]
Quamoclit x multifida Multifidin IV 1,154 147+12 [6]
Quamoclit x multifida Multifidin VII 1,348 137+8 [6]
Quamoclit x multifida Operculin X1l 1,182 109+14 [6]
Quamoclit x multifida QM-10 1,498 66.7+0.2 [6]
Quamoclit x multifida QM-12 1,598 223+4 [6]
Quamoclit x multifida  Quamoclinic acid B methyl ester 348 >300 [6]

M.W.; Molecular weight, 1Csp; 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, 1Cs (UM) Ref.
C. hederacea Calyhedicacid A 1,050 >300 M
C. hederacea Calyhedin Il 1,646 6.46+0.37 [8]
C. hederacea Calyhedin 11l 1644 6.31+057 [8
C. hederacea Calyhedin IV 1,806 9.80+262 [31]
C. hederacea CalyhedinVV 1,806 805+0.21 [31]
C. hederacea Calyhedin VII 1,808 750+0.72 9
C. hederacea Calyhedin VIII 1,808 8534039 91
C. hederacea Calyhedin X 1,662 843+0.88 91
C. hederacea Calyhedin X1 1,808 205+26 [32]
C. hederacea Calyhedin XII 1,808 136+10 [31]
C. hederacea Calyhedin XV 1,792 17.7+88 [32]
C. hederacea Calyhedin XVII 1,482 127+08 [33]
C. hederacea Calyhedin XVl 1,482 6.40+0.49 [33]
C. hederacea Calyhedin XIX 1,484 741+029 [33]
C. hederacea Calyhedin XX 1,484 142+43 [33]
C. hederacea Calyhedin XXI 1,630 114+40 [33]
C. hederacea Calyhedin XXII 1,628 141+84 [33]
C. hederacea Calyhedin XXIIl 1,630 202+75 [33]
C. hederacea Calyhedin XXIV 1,646 >50 [31]
C. hederacea Calyhedin XXV 1,646 129+28 [31]
C. hederacea Calyhedin XXVI 1644 819+004 [31]
C. hederacea Calyhedin XXVII 1,806 6.01+0.28 [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 1,804 6.96+2.10 [31]
C. hederacea Calyhedin XXXI 1,840 144+01 [31]
C. japonica Calyjaponic acid Amethyl ester 918 >200 5]
C. japonica Calyjaponin | 1,640 456+020 [34]

C. japonica Calyjaponin Il 1540 7.60+0.14 [34]

C. japonica Calyjaponin Il 1526 468+1.2 [34]

C. japonica Calyjaponin IV 1540 393+0.06 [34]
C. soldanella Calysolic acid A 1,050 >300 M
C. soldanella Calysolin Il 1,382 133+16 M
C. soldanella Calysolin Il 1,382 126+27 M
C. soldanella Calysolin VIII 1528 145+31 M
C. soldanella Calysolin IX 1528 575+1.01 M
C. soldanella Calysolin XIV 1544 6.56+0.93 M
C. soldanella Calysolin XVI 1,560 69.8+95 [7

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

concentration.
2019-2026
100 Table 1
Ipomoea 62 Table 2
Calystegia 38
UM
muricatin

I[4] ipoalbin V- ipoalbin V1[25] calysolin IX[7] ICso
4-7uM

dodecanoic acid lacunosin V

operculin VIII 200 uM
(28]
muricatic acid C[4]  calysolic acid
Al7] ICsy  200-300 pM
[35]
[4,10]
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[36,37]
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[38-40]
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muricatins V, VI, IX IX
muricatic acid C methyl ester
(Figure 2)
muricatins V, VI IX
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/ m Resin Glycosid
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Figure 1. Inhibitory effects of resin glycosides from Ipomoea
muricata and pharbitin on digestive enzymes (see [41]).
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Figure 2. 1Cs 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, 1Csp; 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 IwamotoY), Kenta Arai*?
D Graduate School of Science, Tokai University, 2 Institute of Advanced Biosciences, Tokai University

L 1
ER
SS
ER SS Protein Disulfide Isomerase PDI
Erol Prx4 SS
SS

ER SS

[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

1) 1,2)

&) 2)

Haruka Kobayashi?, Shinichi Koguchi® ?
DDepartment of Chemistry, Tokai University, ? Institute of Advanced Biosciences, Tokai University

[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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Table 1
Entry R solvent light time yield
1 NB D,O mercury lamp  30min 88%
2 DMNB DMSO UV (385 nm) 30min 43%
3 Npp DMSO UV (385 nm) 10min 51%
4 DEACM DMSO UV (405 nm)  15min  100%
NB DMNB Npp DEACM

Phosphorus trichloride 1.0 equiv.
N,N-Diisopropylamine 1.0 equiv.
Diisopropylamine 2.0 equiv.

40 =C
15h 3P NMR )
2 Triethylamine 2.2 equiv.
THF 2-Nitrobenzyl alcohol 2.1
equiv. 1h
TLC
5 min
3
MgSO,
Hexane/EtOAc, 95:5, 2.5%
TEA (33)
3.68 g, 85%
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NO, )\NJ\ NO,

OO

1H 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, JPH=9.8,J 6.2 Hz, 2H), 1.25 (dd, J PH=
62, J 62 Hz 12H); 3C NMR (126 MHz
CDCl,) § 146.8, 136.1, 133.8, 1285, 127.8, 1247,
62.5 (d, J CP = 20.9 Hz), 43.4 (d, J CP = 12.6 Hz),
247 (d, JCP = 7.2 Hz)., P NMR (202 MHz
CDCl,) 6 148.9

2)  Bis(4,5-dimethoxy-2-nitrobenzyl)
amidite (3b)

diisopropyl
phosphor
THF
Phosphorus trichloride (1) 1.0 equiv.
N,N-diisopropylamine 1.0 equiv.
diisopropylamine 2.0 equiv.

40

15h 8P NMR

O]

2 1
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THF
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15 CHCls
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(3b) (7.56g, 113%)

NO, )\EJ\ NO,

0~ MO

MeO OMe
OMe OMe

H NMR (500 MHz, CDCL) § 7.74 (s, 2H), 7.41 (s,

10 2026

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,
J PH =6.2, J=6.2 Hz, 12H).; 13C{*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, JCP =
12.6 Hz), 56.5 (d, J CP =3.4 Hz),24.9 (d, JCP =
7.3 Hz).; 3P NMR (202 MHz, CDCl;) 6 147.3
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1 1
40 1.5
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equiv.) 1 1
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0~ ™o

1H NMR (500 MHz, CDCly) § 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,) §150.7, 138.6, 132.3, 129.0, 127.0,
123.9, 67.4 (M), 43.0, 35.4, 24.6, 18.1.; 3P NMR (202
MHz, CDCL) § 146.6,

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

THF  Phosphors Trichloride(1) (1.0 equiv.)
N,N-Diisopropylamine (1.0
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1 1
40 1.5
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acetal (2.0 equiv.)
17 TLC
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®)
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N
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2-one(7)

(6) (1.0 equiv.) THF
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10 CHCI; 2

MgSO,

(CHCI,) (7) (1.63
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g, 85%)
OH

PN

N

8) Bis-((7-(diethylamino)-2-oxo-2H-chromen-4-yl)
methyl)-N, N-diisopropylphosphoramidite (3d)

)

(2) Triethylamine (2.2

equiv.) 1 1

THF
7-(diethylamino)-4-(hydroxymethyl)-2H-chromen-2-one
(2.1 equiv.) 30

TLC
5
EtOAc 3

MgSO,

(Hexane/EtOACc in 2.5% TEA, 75:25)
(3d) (2.90 g, 92%)

1H NMR (500 MHz, CDCly) §7.30 (d, J=10Hz, 2H)
655 (d, E10Hz, 2H) 650 ( s, 2H) 6.25 (s, 2H ),
4.76(m, 4H), 3.73(m, 2H), 3.41(m, 8H), 1.23(m,
24H); 13C 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, CDCls) §
147.3.

9)
cyclohexanol

CH,Cl,

4,5-Dicyanoimidazole (1.3 equiv.)
10
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1 N31P-NMR
tert-Butyl hydroperoxide (70% in
water) (3 equiv.) CH.ClI,
30 TLC
CHCI; 2
MgSO,

5.

[1] A. Patchornik; B.Amit, R. B. Woodward, J. Am.
Chem. Soc. 1970, 92, 6333

[2] A. M. Gurney; H.A Lester, Physiol. Rev., 1987, 67,
583

[3] G Wang, et al., RCS Adv., 5, 28345(2015).

[4] Gang Wang et al., RSC Adv., 2015, 5,
28344-28348

[5] L.-M. Herzig et al., Phys.Chem.Chem.Phys., 2017,
19, 14835-14844

3



\“stitut@

2
s Al EEG
&

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

1,2,3) 3,4)

Hiroki Kurashige'->®, Nagata Eiichiro®*
DSchool of Information Telecommunication Engineering, Tokai University, ?Research & Information Center (TRIC),
Tokai University, ®Institute of Advanced Biosciences, Tokai University, “Department of Neurology, School of Medicine,
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EEG

[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. [3]
Al

[1,2] [4,5]

(6]

Bulletin of the Institute of Advanced Biosciences, Vol.10, March 2026
47



Electroencephalography EEG

MRI

[8.9]

[7]

EEG

[12]

1
EEG
2.
1)
2
20 -21
5)
3 1
EEG
[10,11]
Vimeo https://vimeo.com/
18 5
21 21
16 53 23
41
6) EEG
10 2026 3

48



P

Ridge regression ;

A) EEG
VA ©
(D)
Z
EEG 32ch Polymate V ( ,
) 'Fpl' 'Fp2' 'F3

'F4' 'C3' 'C4" 'P3'" 'P4" 'O1' 'O2' 'F7' 'F8
T3' ‘T4 'T5'" 'T6' 'Fz' 'CZ' 'Pz' 'AFz' 'FCH'
'FC6' 'FC1' 'FC2' 'CP1' 'CP2' 'CP5' 'CP6' 'PO3'
'PO4'
MATLAB MathWorks, U.S.
EEGLABJ13]
1Hz 50Hz
ICA

7) CAV-MAE
Contrastive Audio-Visual Masked
Auto-Encoder CAV-MAE

[14] EEG
CAV-MAE
CAV-MAE
Transformer
CAV-MAE
11 10

b

®
CAV-MAE
EEG
E)
(]
1
11 CAV-MAE
14x14
64x8
768 CAV-MAE
8)
F3
P3 40Hz
40Hz
[15]
40Hz
40Hz
[16,17]
F3
[18] P3
9) CAV-MAE EEG
CAV-MAE EEG

Bulletin of the Institute of Advanced Biosciences, Vol.10, March 2026

49



40Hz dB

10
CAV-MAE
CAV-MAE EEG 2
CAV-MAE
10)
40Hz
1 0.1
CAV-MAE
CAV-MAE 10
FILM  [21] 30 /
EEG
11)
EEG
F3 P3
40Hz
2
[19,20] 2 2x<2
50 200
9 2
40Hz

out-of-distribution
within-distribution

10 2026 3

50



subject 1 subject 2 subject 1 subject 2

40 Hz power spectral density (dB)
40 Hz power spectral density (dB)
40 Hz power spectral density (dB)
40 Hz power spectral density (dB)

for inhibition inverted for inhibition inverted for inhibition inverted for inhibition inverted
F-value | Num DF | Den DF | p-value F-value |Num DF | Den DF | p-value
Designed 984.4 1 1 0.0203 Designed 25.08 1 1 0.125
Target 200.7 1 1 0.0449 Target 0.1679 1 1 0.752
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Fabrication and Evaluation of Biocompatible Gel Nanosheets Containing Antioxidants
for Preventing Aged-Related Body Odor
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[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, #rans-2-Nonenal
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[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 vivo. 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 ir 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.
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Reduced selenoglutathione has glyoxalase 1-like catalytic activity
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[Abstract]

Methylglyoxal (MG) is a precursor to advanced glycation products (AGESs) 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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