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This study aimed to investigate the effect of different types of oil used in emulsions on the supersaturated dissolution
behavior and liquid-liquid phase separation (LLPS) of active ingredients. Labrafil® M 1944 CS (M1944, hydrophilic-
lipophilic balance (HLB): 9.0) and LabrafacTM PG (PG, HLB: 1.0) were used as oils with different hydrophobicity.
Fenofibrate (FFB) was used as a model active ingredient that is poorly water-soluble. Cryo-TEM observations showed
emulsion droplets less than 20 nm in diameter and FFB-rich droplets ranging from several tens nm to over 100 nm in
diameter in each emulsion. "H NMR analysis indicated that M1944 had minimal impact on the molecular environment of
the FFB-rich phase. In contrast, the distribution of PG into the FFB-rich phase in the PG emulsion changed the molecular
environment of the FFB-rich phase. This change reduced the chemical potential of the FFB-rich phase and, consequently,
the FFB concentration dissolved in the bulk water. The present study clarified that LLPS of FFB occurs even in emulsions,
forming the FFB-rich phase. The LLPS behavior of FFB varied depending on the type of oil used in the emulsion. Highly
hydrophobic PG was liable to partition into the hydrophobic active ingredient-rich phase and reduce the concentration of
the active ingredient dissolved in the bulk water. To improve the absorption of active ingredients in supersaturation-forming

emulsion formulations, it is important to consider the effect of emulsion components on the LLPS of the active ingredient.
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emulsions by combined use of NMR
and Cryo-TEM

Keisuke Ueda

Graduate School of Pharmaceutical Sci-
ences, Chiba University
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ST IREBIZ O W T Rl AT . STV AR wizd)
THbo BlziE, Kl (O/W) Bloz< )Ly g ¥ 6
ZF 5 &y ARSI B O 2 RS A 2 &
2Ty FEEEANC X DR SRz I vz 5T 5,
EEFIE I O BHN B\ TH RIS I D3Ik Sy B I
T 5 & BRI TAREE TNV 7 KR R
T 5 EDSTEFUAKM & AR A AT A 2Bl & ke 2
T EBHEEIN TV S, 2 OBIG T E—H 5 (LLPS)
ENEEND Yo AR IR AR D) =N — &
LCHEREST 2 —T7. 7NV 7 OIRHIZ TR U 7= A R o5t
IS E AR CHEFF S N D 720, RIS X B WX
PR FIZLLPSIC X W HIRSh 5™, =<y 3 v ihTd
FIRRIC BRI EE D D b —E DIRELL FIC % B LNV
DRMD SHE B LLPS 22T 2 £ 2 5N 55 oil
EHLIVY g YIZBTAERMES O LLPSHZIZDoWw
T TH BRI TbIL TV,

Z 2 CARMFZETIE. SMEDDS S5048 5 i 23 234 R k. 45
O WFIFIE RIS R ITTRBONIZ HWE LT, &
AL (NMR) & OVRAEG I % 8 70 B8 1~ B SR (cryo-
TEM) Z#AGbE, T3V a YOS D5
IR O 2 m WM B . 2 B & L 72MEt 2175 72,
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2. 5 &

2.1. ABHAN

Oil & L T B K ¥ o % % % Labrafil® M 1944 CS
(M 1944, Hydrophilic-Lipophilic Balance(HLB) =9.0) &
" LabrafacTM PG (PG, HLB=1.0) # il \» 7z, Surfactant
& L T NIKKOL HCO-40(HCO40, HLB=12.5) } U co-
surfactant & L C Transcutol” P % Z 1 Z h 72, Oil,
surfactant, co-surfactant # ff® L., 40 CICTIRAT A Z

L 12 X ) SMEDDS #5] % 472 Fi# L 72 SMEDDS #5112

xf L C KRBT T VAR & L T Fenofibrate (FFB)

EINZ. SEICHRIE A2 & TFFBH A SMEDDS #

# % P L 72, FFBR#E A SMEDDS ##| % (" FFB #f A

SMEDDS ##l % PBSIZ 3k &4 % Z £ 12 X ) ME % i #

L7z ABOFEBEICLY, ol 28 F 2 WHCO40 I v

B Woil, surfactant & & F 72 > blank A 8 L 72
AL 7o KB OMK % Table 1127777,

Table 1 Composition of samples (unit: g). FFB dose in FFB-loaded samples represents in parentheses.

SMEDDS components
Sample PBS
Transc
M1944 PG HCO40 FFB
utol® P
Blank solution 1 0.1) 100
Micellar solution 0.2 1 (0.1) 100
M1944 ME
' 0.01 0.2 1 0.1) 100
(0il 0.01)
M1944 ME
' 0.02 0.2 1 0.1) 100
(0il 0.02)
M1944 ME
M1944 ME ' 0.03 0.2 1 0.1) 100
(0il 0.03)
M1944 ME
' 0.05 0.2 1 0.1) 100
(0il 0.05)
M1944 ME
' 0.1 0.2 1 0.1) 100
(0il 0.1)
PG ME
' 0.01 0.2 1 0.1) 100
(0il 0.01)
PG ME
, 0.02 0.2 1 0.1) 100
(0il 0.02)
PG ME
PG ME , 0.03 0.2 1 (0.1) 100
(0il 0.03)
PG ME
, 0.05 0.2 1 0.1) 100
(0il 0.05)
PG ME
' 0.1 0.2 1 0.1) 100
(0il 0.1)




A X hAY MRS Vol. 32, 2024

2.2. Cryo-TEMAIZE
JEM-2100F % H W\ T, Jn#&EE 120kV T cryo-TEM
iﬁu%’i’ﬁ’?o f:o

2.3. &% HNMRAZE

INM-ECZ600 (14.1 T) #H\WT 'H NMR#llE %47 - 726
DANTE presaturation i X A2 KH L ZHw, 37CIZBW»
T'HNMRAXZ bV ZREL 72

3. HR

3. 1. Cryo-TEMIZ &% FFB## A ME Of2REFHA

M1944 ME (oil 0.01) K ©°M1944 ME (oil 0.02) T
13, EAEK 20 nm O B I OV K O SN 2 Tl AR
150nm £ £ D K & kA 8% & 1 (Fig. 1), FFBi#
MO AR EN7ze 720 FFBE AM1944 ME (oil
0.03) TiF20nm A E O BHE I VI x T 100 nm #2
FE O FFB MR & ZE 2 SN DR THBg s N, —
F. M1944 ME (oil 0.05) & U¥M1944 ME (oil 0.1) Ti.
BEE20mMBEEOHHMI L LVOAPHEEINZ, 2D
DFEFH 5. M1944 ME (oil 0.05) K "M 1944 ME (oil
0.1) 1 TIZALAARFFB X TAGE I 2V iz isb &
N, FFBMAMPIER SN olz b EL L, Thb
He NS OEWPICBI D WA o FFBIE S E n iR
X FFBALAAIEEE (1000 pg/mL) ML ETH B Z & ARIE
Ehiz,

FFB# A PG ME {22 W T cryo-TEM illl %8 % 1T o 72 %
BOEAZI0~-20nmBEE O I VI TEER
50~100 nm F£EE DR F 25815 S (Fig. 2). FFBigAiAH

M1944 ME (oil 0.01)

100 nm

M1944 ME (oil 0.05)

100 nm

M1944 ME (oil 0.02)

WHDTEATRIE S 720 MA T PGIREEA D &\ PG
ME (0il 0.1) @ cryo-TEM Bi{§H (23T b FFB i #i A
WCHRT 2HHSRD SN2 05, SHFHRL 23X
TOHOPGMEIZBWT, WA FFBIE A% #E X FFB
AAAEE (1000 ug/mL) LT TH A Z LAVREBE N,
W2, PGEROBNNI I FEB AT O3 4 XAV
S o722 Eh b, PGOIAFAFFB AR Y 4 X
IR RIET LB ON,

3. 2. "H NMRAIEIC & 35 FIRMETE

Fig. 312 13 FFB# A M1944 ME ® 'H NMR & X
MVIZBFAFFBO RS EFEER 7T b v #i5 OI KK % R
o M1944 #EFEHT0.03% UL F @ FFB & 4 M 1944 ME O
NMR A7 b VIZBWTId, KRHICHEM L 72FFB LW
FFBi&fiAICH KT 2 ¥ — 2 A2 hZhi#lo 5h, FFB
AIM 1944 ME HZ 35\ C FEB il i 2 B L 72 2 & 29R
SNz WEGHICE VLN EMOFFBOY -2 D
MFEfE A & A K O FEB g AH P IS £ 5 FFBR 2 5
L7z (Fig. 4a) o M 1944 & 0BtV KA o FFB
BEEEASHEIN L. FFBIgMAH RS L7ze Z O R H»
5. FFBEMMAA TIZBIF 52 MEROFFBEE, $ 74
5 R O IE S IR T 1T M 1944 O BN IS U T
THIEIIRENTZ. T2 M1944 BEFEA30.05% LA Lo
M1944 ME TI3iAf# FEB i EE A3 A A FFB L & [k
i), T XRTHOFFBAMEPICHEMRLZIRETH S
RS Nz,

FFBigfi i ICH kT 2FFBE— 2 D7 I V¥ 7
MEM1944 REEIKAFE T —E Th - 72 (Fig. 3)o HI,

M1944 ME (oil 0.03)

Fig. 1 Cryo-TEM images of FFB-loaded M1944 ME. The arrows indicate FFB-rich

phases.
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PG ME (oil 0.01)

PG ME (oil 0.02)

PG ME (oil 0.03)

Fig. 2 Cryo-TEM images of FFB-loaded PG ME. The arrows indicate FFB-rich

phases.

Raw spectra
-==== Aqueous phase
..... FFB-rich phase

M1944 ME (oil 0.1)

M 1944 ME (oil Oﬁﬂj\__/\

M1944 ME (oil 0.03)

M1944 ME (oil 0.01) "\ AN,
\_
e

4

M1944 ME (oil 0.02)

Micellar solution

S N
e

Blank solution

7.8 7.6 74 7.2 7.0 6.8 6.6 6.4
'H chemical shift {ppm)

Fig. 3 '"H NMR spectra of aromatic region of FFB in FFB-
loaded M1944 ME.

NMRZARZ M VIZBWTED HN/=M1944 ¥ — 7 DT
FEMEA HH M L 72 FFBE A M1944 ME O KMICHFAET
M1944 EiZHAAMINME B E —FLTBY, 1FIFTTT
DMI1944 DSRANHFIES 5 2 EWHERR S 7z (Fig. 4b)o
VL Eo#iRa 6. M1944 3NN FEBE#alH o FFB
DTSR RITE RV EAVRE N,

Fig. 52 FFB& 4 PG ME® '"H NMR Z X2 b VIZH
FAFFBOFEHFER T T b 5 OIRMEZ R PGIgEE
H0.05% LT OPG MEIZBWTIE, AEFFFBICHI®T
5 Y — 7 RO FFBiEMiMHICHRT 2 ¥ — 7 B2 N2l

(a) 1200 A

1000 - | e e -°
800 - $
600 | &

400 x --@-- Aqueous phase
\i\ --k--FFB-rich phase

200 - A

FFB concentration (ug/mL)

0 T T T T |
0.00 0.02 0.04 0.06 0.08 0.10

M1944 concentration (%)

(b) 1200 -

1000
»

800 - z
600 s

400 - .

M1944 concentration (ng/mL)

P 4 - & - Aqueous phase
200 A ¥

0@ : : : : .
0.00 0.02 0.04 0.06 0.08 0.10

M1944 concentration (%)

Fig. 4 (a) Dissolved FFB in aqueous phase and phase-
separated FFB concentrations calculated by the FFB peak
area. (b) M1944 concentration in agueous phase.

W HNTze —Ji PGEHREOMINIME . FFB A H
g E— 7 MRS 7 M L. PG ME (oil 0.1) ® &
7 M VIZBWTIEEMHDFFB ¥ — 7 O 5 BEDAT 2 7%
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Raw spectra
----- Aqueous phasc
----- FFB-rich phase

Ja\ A\

PG ME (011 0.1)

PG ME (oil 0.05) M

A
PG ME (oil 0.01) _J/ N/
Micellar solution _J/ }_ \

Blank solution J

7.8 7.6 7.4 7.2 7.0 6.8 6.6 6.4

11 chemical shifi (ppm)

Fig. 5 '"H NMR spectra of aromatic region of FFB in FFB-
loaded PG ME.

Potze L L, cryo-TEM # H W7 /@M X V., FFB&
4 PG ME (0il 0.1) H11Z 3\ T b FFB i AH D K A3 R
ERTWBEZ EDS, PG ME (oil 0.1) ®NMR A X%
VT FFBIRMAH I R § % ¥ — 7 29K I L 72
FFBY — 27 L EZhoTW5h £ L7z, Fig 6a I[2I3HE
SERC XD RSN — 2 O X Y S L 72K RO
FFBiEAEHT O FFB R % /R 9o AKHH K 'FFB A o
FFBEIIPGHAAREZZL IR THIFLAL—ETH >
2o TOFERD S, FEBIRMAHAATE TICB T 5 KM O
FFBLEE, 3 7% b b W T O IE S4B R 12 PGILEE 12 )
PHOFIRFETH DI LARB I NI,

Jll bl X7 X 9 ICFFB#EMHICH R 3 %5 FFB € —
ZIEPGROBIMIEV A & AR > 7 b L7z (Fig. 5).
F 720 NMRWEHRFE OB 22 5. — D PG A FFB i
MIZHEHLTWA I LEARENTEY, PGORAIZLD
FEB A D55 T BRENZAL L 72 2 L 2VR S7z. NMR
AR PV EDPG Y — 7 OHFEED & KA K O FEB i
MO PGE A FHII L 72/HE (Fig. 6b). KK O'FFB#
MM CARAE 3 5 PG RIUZ I IC PG & BN BE - THhn
L 7z, FFBi&fwAl & L O FFB w1248 L 72 PG &=
75 FFBEMitH O FFBIC K $ A PCoOEEIL # /I L
7ok R (Fig. 6¢) PGAHAARREOHINZE, FFB i
O PGHERBINT 2 2 LAURE N2, fiE-> T, PGAEA
A DOENNIHE S FEBEMEAH~O PG AR & OB X )
FFBIEAMAH O F BB L ) K& <L L. FFBiEHH
HOFFB Y — 27 28 & DVIKRESMIANY 7 b L7z 5 LT,

(a) 1200 1
1000 -
g --@-- Aqueous phase
g 800 1 --k--FFB-rich phase
=
2
£ 600 A
g === cazzfRoc---@ - [ )
R S S S S N
S 400 A
m
=
=

200 -

0 T T T T |
0.00 0.01 0.02 0.03 0.04 0.05

PG concentration (%)

(b) 600 -

g 500 1 --e-- Aqueous phase
< -=¥--FFB-rich phase
2 400 - P
=]
e
s 300 A
g
- .
O
5 200 A - X
E ',‘,—’X-_‘—

100 _,—_%——

0 x“‘ﬁ’—"*
0.00 0.01 0.02 0.03 0.04 0.05
PG concentration (%)
(C) 0.35
2 0.30 //b
= -
a prag
S 025 Lo
- ’f
o0 &
& 0.20 .
= A
=) td
£ 0.15 -
: I”
$0.10 - L
: .
©00s 1 7
’I
/’
0.00 @

0.00 0.01 0.02 0.03 0.04 0.05
PG concentration (%)

Fig. 6 (a) Dissolved FFB in agueous phase and phase-
separated FFB concentrations calculated by the FFB peak
area. (b) PG concentration in aqueous phase. (c) Weight
ratio of PG to FFB in FFB-rich phase (n=3, mean £ S.D.).

4. &

Fig. 7 12134 MEHIZ BT %5 FFB IR O BN %2 7R
o M1944 ME H1Tld M 1944 2 E D3I W TE b S
N5 FEBREADM L. W F O FFBIF S E S % A3 b5
L7ze —75 NMRUERR K Y. FFB#AiAHO B35
EM1944 DIAFIZ I D 2L L 2 EAuRE 7z, Db
DFERNP S, M1944 MEH DNV 7 DK OB KFFBiE
BEIX FFBASK OISR IE (~ 4.5 ug/mL) T—E & % D,
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s FFBmolecule ) FFB-rich phase ® Surfactant ) Oil

a
@) Micellar

solution

Blank
4 solution

_________________________________ 0 A
: @ 0 o .
[ Sl
£ | FFB-rich O 0 Micelle/
Eé phase i * * 2 Emulsion droplet
8 T o W G
2 Q@ % ®
Sl N ° @ - F----
Bulk water| g a Y e e |
e ) ) @ | Bulk water phase
phase | o ° ° ° o e
M1944 concentration
(b) Blank Micellar PG ME
4 solution  solution

FFB-rich

phase

((
!

e e
phase - e e

FFB concentration

Bulk water| @ Y Y

——

Y @ | Bulk water phase

PG concentration
Fig. 7 Schematic illustration of FFB dissolved state in (a) M1944 ME and (b) PG

ME.

FFB i H OTLIK SR 5 472 M 1944 3% B2 #6 P < 13 W

R VASTRAL S 7250 75 IR AT SR IR (= T
DI EERIE) LR L2 R L, — . M1944
HE0.05% LL 1o ME #UB Tl FEB g fH AT S T
B59, RREBTHW/-FFBA A A (1000 ug/mL)
BME HIZ BT 5 BT OIS BEERIEICHE L T iwn
ZEARENTZ,

—77. PG ME TIZPGERIIHhDDb ST, AMITHEML
7ZFFBEDIT L A EZLET. TRTORICBWTFFB
AT AR S 72, M 1944 ME & i L < PG ME
WX FFBOWHEALEH S5 W Z EAVREN TS —F, 3
BV & L LT PG ME (oil 0.1) H128 T FFB##
JEAWFE L TWBLIEDRENTEY, L%l L PGR
Nz & FEB A LIEIZ5R o T b L HfESR SN b,
— 7. FFB# A PG ME ® NMR f##7 & V. PGIZ FFB i
FEHICHE T 5 2 EARENT WS, AR IEAEH~ND
RN B 55 53 B A Y 53 M b D A R o5 DAL 2R R
Ty VERT S8, AR & TEIRERICH B
NIV DK T ) — THEMRT 5 AR % i S &
BT EDVHMEENTYS 7, PG ME TIZPG & & BN

WP FEBigAiA ISR L 22 PGEZSHM L, Nvr @
KHIZ R RE 2 Ik K FFBIREDSRA L7 L& 2 b7z,
PGIEEERAFINZ NV 7 DK ER L 72 FFBIREAMET
L7258, B 3 VS X 2 W EALVE I AS PG i BEARAT 1Y
WCHEML 72123 2hb 53, T o FFB IS BUA R 1
2ZPG MEHIZBWT—EICh o7 EE L7,

5 %% &

NMR % W 72 fEFT I & ) ME H2 v % oil A5 &)
OB RBEICKE R BERIZTTIEIRSN
770 M 1944 OFENMNZ FEB D3V 7 DRI BT 5 st fl
ERT S5 AZIE/NE Do fz—F M1944 3 EEDS
WA, M1944 O FFB W LEEIIC X o T NL
7 OKFIZBIT A FFBBAMEIIMKT T2 2 LhmaEh
720 — 7. PGCOERMIZPG ® FFB M F~ D 5B X
) FFB O F) 3% 0 6 70 i KB A fI B 2 I IL T S 872,
CDXHIZTTNY 3 YO F A VIZE RIS OB
fRZRE R LLPS 8B IS K & e g% T L. 40 T IRTEFEAN
WO R TV Y g VHBGEIRAS, MEZ2GEM L7:
IR EICBWTEETHL EEZ LN, ALY,
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The periodic microstructures selectively reflect light and show vivid colors (structural colors) despite the absence of dye
molecules. Currently, we have intensively investigated the possibility of creating highly ordered dynamic photonic crystals
composed almost entirely of water by utilizing charged nanosheets. In this context, we accidentally discovered photonic
structures (photonic water) that can be prepared simply by dispersing plant-derived phospholipid in water. Conventional
photonic structures have low biocompatibility because the majority of the dispersion consists of colloidal particles, which
are reflective bodies for achieving structural colors. Our photonic water is a colloidal dispersion consisting almost entirely
of water (>98%), which quickly loss the structural color when sprayed on the skin. This means that the photonic water is
expected to have high biocompatibility. When the subcutaneous permeability and biocompatibility of this photonic water
was systematically evaluated, it was revealed that, unlike conventional photonic structures, it has a high potential for use in

color cosmetics.
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Photonic water cosmetics: colored
cosmetics consisting almost entirely of
water

Noriyuki Uchida

Affiliation Tokyo University of Agriculture
and Technology
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Squalene and squalane are compounds in demand in many industries, from ointments, health foods, special lubricants,
nutrients and pharmaceuticals to biofuels, as well as in many cosmetics as a skincare ingredient due to its excellent
emulsifier performance and outstanding stability. Highly efficient and stable microbial production is required as a highly
efficient and sustainable supply method for these compounds. However, squalenes maintain a large Cso skeleton, and the
cells had to be disrupted to extract the squalene from the cells, resulting in the contamination of countless impurities in the
extract. In this study, we developed a system to synthesise mini-squalenes was created, for enabling the hyperproduction of
squalene-like compounds via continuous extraction and the creation of novel squalene altermatives possibly wth the better

quality as cosmetic ingradiants.
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This study aimed to expand the surface nano and micro-patterning techniques of highly dissolvable painless microneedle
materials such as hyaluronic acid, collagen, and other substances in imprint lithography techniques using the developed
inorganic gas-permeable porous molds for cosmetic applications. The microneedle materials have superior properties of
skin appearance and transdermal drug delivery systems. However, because hyaluronic acid and collagen are either solid
or semisolid at room temperature, and because the use of water and volatile solvents in microneedle can be a cause of
pattern failure in surface nano and micro-patterning techniques, these materials have been of limited utility as microneedle
for high resolution cosmetic applications. Excellent resolution nano-microneedle patterning can be achieved by diluting
water or volatile solvents in imprint lithography techniques using the gas-permeable molds. Based on this study, acceptable
chemistries for the imprinted materials have been expanded, which will be beneficial for future applications with various
cosmetic and pharmaceutical materials containing dilution water using the gas-permeable porous molds.

1. #

e7va YgERSETAIYA 7 u=— Vit AR
Bl 2 AF 9 EFH b 2 BRI G- F B L LT bM<
ERMDIA 7H A TV A5HTERSATWS MY, b
TR YRR a3 ) S vh yO—FfTD-7 v
VEREN-T7 2 F NV -D-Z N3V I O R UK EAL
“HENO L ZHHROE ST EHETH Lo EARNIZB VT,
g, [, IREROMTERICE A, RAMEDIERIC
el 1gM4720) 2~6LOKEHFL TEMEZEDF L &2
KTEDLIEND, KEOKRGHRFRREEH OO R,
BepE 2 72 L TWb, b7 sERIE, BN &
STHPTHIENMESINTEY, ZOBIPEIFD Y
TRIHAMMIKELEEL TS, YIRELAL EDL
AR WET A0, 7O VBARBNICEE S
EHZEPROOLND,

LUy B8 DM e AE 3 5 A BB & ol
BRRYOBAZR SN THREEZ AL TWb, AEREIX
I F Y RWHEIRY YV 2T 3 FRPEIRE D Sk
Do TBY ., KEEWE 55T 243500 LU EOWE 0%
MEHIRLTWE, 2o, @EICEEETHY . 57T
BA500 LT THAWE TR, MEREL2BETS S
ENRTERV, 511500 % 2 2 KEMALEWOREE
BYEIEO TS, b7 e YO L) KENESTO

[l

Development of Highly Dissolvable
Painless Nano-microneedles Using Gas
Permeable Porous Molds

*Satoshi Takei, Rio Yamagishi, Sayaka
Miura

Graduate School of Engineering,
Toyama Prefectural University

R~ DZEIHETH S L ST 5,

LHERREHRMICBVT, B TEOGRE S 24 E 7
M I 2 e LTk, BRI o2H AL
Ny arR)RY—LOMKTFx ) 720 5bHEY R,
EEEOHEMICE ) A ZMBANNEAT L L 7 b aR
—L—varyiE?, BARTAVFE—Z2FHE L TEDORKE
BEEERAETHA A b7+ LY AEY, BEEE A
L72v 7 7% L ALY oWy Bk i WU i 753 i &
NTwab,

LALa2S0, TN HETIER, HGRIHE 2 268
EUBRETLEV)RENHH I LR, BE - BEHEICX
BPE DR N T ORE, AR T OLEE M -
ANORENBEENTVD, 2T, ¥f70=—F)
7R IR AR S T b, v/ 7 u=—
v Eid, =4 70 x— MU A ZOiBHEHNEE % B2 8 128
M3 52 &0 AERECHUNMLE B BRI % K
NTHI S HE5ETHL, vf 70— FILVo#FEH e
LCe7ra yBEHEHLEZDO. 2388t
WCervargEra—s4 v L 0FBEEICHETT S
LIk, StokumaABEBICEN S, T va SR
HBEAEBICRESELIENTE S,

YA 70— ViR RERG O E LT, #4
PO GBI L ) ARG F R THL L, =
— FVofyMEic X DA Z DT, BilA ke nwZ &, 3
Yoy Fat - ARG EARE O W I bR AR S, K
BHROET TR T IROWE Z RZENICRETE LT L,
BT BANC X 0 R4S - Wk IR TH B 2 & ARk -
HOWmMEoWs2MH Lz~ 4 70— FLiZBnTlid
S OREEBEREY O 3 A MHIEATRETH B 2 L ABIT
b, EAACHAETRRENTWwWAEY S 70— FK1L®D
SR, =AadE,. SR, Mk ML 2L



HTH 5. HHNOER OB EIVNSWIZE XL
S D, BERRHEEREAIDPRVE STV,

LU BEAEG IS AR ICFE T B9 4 X Th Y #H
W DI AR Z P ) FREIC R 26055 5o BfFD~
4 70=—FLosoRkE i, KIEE2H 150 um ~
900 um. =A% 200um~ 350um TH b, ZhiE, IE
Bt & IR L Cld 2 2 ©d 2 A% Ak ool 5 Fk e
WCENET Y4 XTH D720, HEHEORACENRE 4
LdLw)yRundsd (K1),

<4 7= — FLodtEgl L Cid, 312 Droplet-born
Air Blowing (DAB) 752\ & Molding /730 2 > O #kiin 1.
FHFIC KRB E N b, Droplet-born Air Blowing (DAB) J
KTk, 1 v 7 Y=y Ml wCe 7 va VB o
A RYE AR ) < — R O W & FE P S IR A S 2
ZOLICHOHMEE R - VX8 7, HIEOEW
R 7= S EIE S, BRI X D BAEKE
FigEsgsrZ T 70— LV EE8T %, DAB
FiRTIE, WHEO5&E EIFICX D ERT 5720, =—
DR SRIIRITHIRAH 1« 5 EE MK < Sl 25
THHI LR, Z—FLOFIIZIEL2ENHLT L. B
W 22 REEATTIN Z & DR IED D 5 o

—7J7, Molding ixid, v 7o yBoESMER) <
—VEH R BN L5 S 2 &R LiAs, 72134
ALY T, M LEfbs2 &Ik~ 47u=—F
N EVEET 2 Y, Molding 17 MMM TANT & %720~
A 70=—=FVOHELR LML TREE 25, L L. i
W B BMOER %M § 25K D Molding il o#fE T
. MBEEDRRERNC & 5 7 ADFA, BIEAR, &8
DOWHRDOEN B - 72 FlZ, e varigeas—rv
DEFFROFERBITIIEMETH S Z L RERIRKEH
WTHHEZ T2 2800, ACEMRE~Y A 7u=—FLD
WAL DSHEETH % & v ) BHED D - 72,

FIT, AT, BIEEHC AR L ERE S EROMICE
XAINEHAZKET DI EHHER [ A EEMELIL
Bem ] 21 Molding#Eo—M<Thr{ 7)) v
M)V T T 74 EHGACERE~Y A 70=— FLoSy
F OBEEA & W L7,

KiFFE T, MEHER Ti0,-Si0, % 4 2 & @M% L8 &
BiZkyerre Y BEMOBCHERE~ A 70=—FL
ZIAFEDOR 205D 1 LT O A4 B S % 5l %
W3 5. BARMIZIE, Bl LB oO—fEThr 4 v 7
VUMV TT T4 2 HCTEBREl~A 70 =— FLVofE
BWhARATze A7)V PNTIZBWT, EROIET R E
WSR-S BT OT A DB EZ ALY
IR B & E U % A5, #7218 L 72 Ti0,-Si0, & 7 A
FEMELILVEEBERAR Y ~— & 3RIOLERETRE L
WA EMVES R & LA D72 Ti0,-SI0, & A & M

AZREAMERIC LSRRV ERS/ Y170 NLORRE

BER BfMdvsso0=——FL

(10~15 pum)
B (100 pm)

— = _______} HK
e ®o—®_® _® — (1~3 mm)

K1 EEOKMEREREFECBSAFREvr/7O0=—F
WDHAX

HZAZEBHZAESROFANY

cBEPERED ERWA

EHREBEEESR OE. UV g ggéﬁﬁ%i
HRABBEEH LGV FESR
[ 'rxls, [ & & |
BT R
N e
—

cSU

* BIERROHE

* BB R DAEHE

- LR RET AT AE
BREMESEMRS R AR
- BEREROET

ME. UV/ B - TENRATIE Y DR A TTRE

BEOHHDH
eErae | PP

« HREBEEE

HAZEBEZAEERIZLS

A48 =_—FIL O - T BoE

ARBBEBL
‘Bean oon SRCRT 14

# i Y
/ : ¥

=

20005 —
- w —

X2 B : AXEBMZABELBICLEZYI7O0=—-RILOHM
f1t - R AR E

ZIUEMRRERME MWL &, BAELLTAIERDOLIL
P il LSRN BRSNS 720, RIEARZ K
HTE (K2,
2. 5 &

2. 1. TiO2-SiO2 R AZ B LA EEERER
WALF & >y ) Y TRIEBAL T A T v T v TH
FRGEBY NV -TFVESEITV, Ti0,-Si0, R 7 A &#M
SILEMAER R ) v — 2GR LAY, FAE NS
BEROLUERE L BWWRE L ~ 4 7 0 =— FIVEG D
e7va YRE ORI ZENEN N L — FEF 7 OfRE
bz, B~ A 70— FVoRBEHICH 2401



XA MY MRS Vol. 32, 2024

BeEF & i L 72 Ti0,-Si0, 52 A A & 8Pk % fLH 5% % 47
ZFA%E L7z Ti0,-Si0, %A A &4 fUE IEHR &R o
SAUVEIE R B S 5 72012, ek 2 A3 2872 %50
TR%E, M~ A4 7a=— Vo) EEfEZ2 BT 5
TiO,-Si0, R A A & k% fLE B R AT 1R B L
720 Ti0,-Si0, A A ##1E2 FLE HERR R F R o %
FHEEEE (TR - TR - Ul - 3G BOS SRR - K
WL RS - ROCHEIRIIE DBREE - BEMYBREE - 7 A &M -
W T -7 i & 2 H AR A - 7 A BV T R &
DOFEAEE - FT AV F—) 2DV TR &M% i L
2o AL 72 TiO,-Si0, R 4 A 3% 8 1 £ L ke %
L BUER & i A & 72 B Ti0,-SI0, 5 A % 8 1tk % fLE
MERR SR R % I L 72 (K1 3)o TiO,-SiO, % H
AE ML ILVEER 2 v, (EROF 205D 1D A X
DA 7 B=— FVOEFROEEICLY ., EFICHERT
5 B O AR BRI O, TR KIS X 2 BB 50

@ 0,50,5 xza- R
ZHEBRRERLEE

R, R R, Ry Ry
|
—Si‘O—Ti-O—Si—O—SIi—O—Sli-

Ry Q R R Q

—o—

I |\ .
[
R, Ry O

REMR L2 B L7z

2.2. HAEEUZIELUICKIEARNERS/
Y17 O0=—RNILDOBLEE
Ti0,-Si0, R A A E WML IVE A, Bice 7rm v
BRI ) < A 7 0 = — FUAOBERE 2R
(K4), KWFeTHiHIF /4 TV V)V F57470
2k, OB E~ 2 7 — &/l %, 3WoceEE: cfE
& U720 A Z w4 0R R g AR 2 Ti0,-Si0, 52 7 R &
WL U IERER SR R EHC RS L. TiO,-Si0, %
A B BNEL VR ERR ST PR AR 5 TRE, @
Ti0,-Si0, 5 7 A 37 ¥ 1k £ L8 5% % 4 2 % il BE ok
SfRe T va YEBROBEICHRE T 5 TR 2 BERE TR S
Nb, OOTHRTIE, MWAKE~Y R ¥ —&R % Ti0,-Si0,
A A VS LB MR A L R e TN L
EE 7213 UV IS X Y B L3 % & & TTi0,-Si0, %24

A AEBETEERER

. y,
3 Ti0,-Si0, A XBBM S EEERLE & HESME 700 LB
OB ETRI— SR mE
O) NS IRV TP
HRBBE FrLe
saEmgy BAASAAK RAASAARA "
ST AR SAERBREE
ttt1t
Eimse
@ ME
A )
EHECTILOVE AR T
Ng SASA A eASACA) W& /TAO=—F )L
(R4 =——F)LO#A1E)
t I

K4 HAEBMZABELE e TIOVERST /v 70— RILOSEE



2B MBS UL ERGR SR R A 1572, @O TR TIE.
7O Y REROBIRG I 2 WA L7235 s, OTIE
B 72 Ti0,-Si0, % 7 A& 1 £ fLH 4% R A % Fe &
TMEL., REZBRICEI D == PRy — 27z, U
—DODHAEBEEANZ L YOO THREEZHEY KT LITX
5Ty BEHI~A 7 0=— FUo8y FOREEEDTRE &
7o % Bk AWM L7z,

3. # R

3. 1. kG@Be7ZIOVEITAI7OZ—RILEIXD
127 MEEIRTFYE
Ti0,-Si0, R A A FE 1% fUE MAS R A 2 v Tk
L7, EHEA13um. &3 24um FERDOF 205D 1 D
T A ) OEFEMAKSE e T Ve LM~ 4 20
= — PV B 5-lli %2 17 - 720 Ti0,-Si0, 55 4 A % 4 %:
2 SUB RS TR 480 2 FH o 72 BRI T SR e O [l FAaA
ERERERT (M5), (EROMBAHE< A ¥ — 4T % 1§
LTI LG oMM~ 4 7 10 =— F)Lid, KLH%E
HEH OB X D OLEmPR->TELT, WEARE

MBREIRZ—SF

KA BET I OUEE

{ BT (/0=—FL
14EEH \

HREEMERICSLEIESEHEERS/ 70— FIVORESE

HELTWwD, —JT, Ti0,-Si0, R4 A % # k% fLE Mk
BB A L7726, i $ Tka e 7 a v ghs
FHINTEY, BEARDPUESINTVD I LD 505,
%72, Ti0,-Si0, R H A & #VE L L MR GRIZ M L
72k e 7 va YIBADEE % 14 E#E )Rz 2
2, 1EHE 4B HOEREHERICKE 2ETR S0
5720 ML—2DFRTHY K LIEEHDWHETH S 2 & h
5. TiO,-Si0, R A A & # 1k % fLE WA R S G HERH
BChBIMAKGRE Tova VgL OBERIEICER, &R0
H - HEERB L TE 5 2 EPFEIESNT, REBTIE,

FEIOF /A4 T MINTTH oA HEIDOF /4 ¥
T v MNEEEREH LA S5 R 2EE KON EA
FEHTELWRMELD Y. EEHN O 2 5HAED S,

3. 2. MKABeEFILOVEADA 7 NI
BOBSE - LEEH

ke 7va Y ERBRM~ A 7 0= — FVEIER
DEG R - ALFEVE R R T 5725, 80T, 90 4o
BETRICBT Bk e 7va Y go 7 — ) TR

SImITERRE

_EEFR

L 20 pm g

5 TiO,;-Si0, RAREBM LA EERREBEHWIMKIBETIVOC B~
JOZ—RKIVBIRD 1 > 7 ) > MEIEREMS



XA MY MRS Vol. 32, 2024

s (FT-IR) A2 bVEBEIE LR 2 X6 1217,
MEHTD 227 F VTl 3400cm ™ (O-HiEA) . 2880cm™”
(C-H#EA). 1740cm™ (= A F V), 1649cm (7 3 FI
). 1554cm™ (7 3 FIIA), 1045cm™ (C-Of54) ¥
— 7 P & NTze MBBED 2 XY P VIZBWT RIS
3375cm ! (O-HiE#). 2885cm ™! (C-HfEA)1735ecm™ (=
AFV), 1640em™ (7 3 FIAD, 1551cm™ (7 3 FIIHY),
1033cm™ (C-OE&) 12V — 7 2 S, i X 200
Kofe 7va Y BoORGE. ALFEEFIZEAERS
NN D5 o720

3. 3. ks @Ee7ZIOVEOBHMM~I/7O=-—R
IWOBREE

ARG R 7 e YoM~ 4 7 0 =— VRS
B a REABREEIC L VIE L RZKT7 IR T, (a)

Normalized absorbance

Je O (b) & JEHO—BORES2364um. # S 25346 um
OWHW~A 70=—=F, (d) & BEEIHL3um. &5
A3 24 um OB~ 4 7 10 = — )L oA E T B o 1
BCH b HHOTA 70— FLOEHIZR->TES T,
ARG R 7 v e v~ 4 7 0=— FLodki s b
BWLCTHEHTH S,

F72, 31C, B9 ~ 95 % DEIE T THIE L 2B D
KA 70— FVOEBREEITOWT, (e) MK H
e7va BEMOBHMMI~ A4 2 a=— PV GER) &,
() e7nayiF b)Yy ADIENIT, BT T CHML
RTVWIEEEEZEO YY) YR TF LYY a— i
EORMEMP 2 BE Lichilo~ 4 7 a=— F)L &k
(2. 35 [ TR D 60 % LA EDSIEIR L Twize L7255
T NMKGfRe 7 va Y BEEM oMM~ 4 7 a0=— T
. B ERET 2RMAMEATH IO DL, X

4000 3500 3000 2500

2000 1500 1000 500

Wave number (cm™)

6 A>T ML BHRMINEFER TOSMENKIBE 7V O S BROICFZEED

HmiRO~</o0=——FJL

E(UL)

M7 EERETERET

250 pm

""" Sodhm Regul 2.00KSE(UL)

TOY A 70— RILDRIREEND LS

Ko @Ee7 IO ER
BHM</oo0=——FL



HREEMERICSLEIESEHEERS/ 70— FIVORESE

L

@ext generation electronics

( Ti0,-Si0, Gas permeable mold A
Gas impermeable mold Pattern error
Imprint function m X s
material ‘ » - » | as
Gas permeable mold Accuracv pattern
m o

Antibacterial functional

Nanomicroneed ‘

q

lication to

s, MEMS, and NEMS
» Bacteria

3D culture medium

All-round nourishment

Microfabricated

—_
. - — -—
agar medium =

Moth -eye structure o

Waterproof and antlfoullngr fil
Surface water-repellent stain
prevention sheet for solar cells

= =
= 12 Spoiled food \
[ poied oo | \,{
Cell a9 o a‘
More than 1000-fold increase in cells Bacteri? Food loss
k due to increased surface area reduction)

I needle

Penetrates deep
into the skin
without pain

Nanomicroneedle

Stratum
corneum }.

Epidermis

Breakmg the &

Discoloration in
response to bacteria

Porous micronee
Biomarker

8 TiO,-Si0, RARXEBBMEZ AL EEMR

DR TR T A M THERNTH 5 2 W5 h o 7z
RELZIR R e 7 v e BB~ A4 0= — F
NAES
ORFICEARALR BB S L HEMAMN -/ ~ 1 2
O =— NV & 7% % 0 7 205 SR A5 7z,

4. BER - -FE&®

WA DALRES - ERRE 02N - ESAIn L 2 8
L s (BB ZWEIMICEHETES Lem? %4720 100
FARD FEomnmiiEEr /v~ 4 70— FLVE2HIBEL

Ty #7212 F%at & i L 72 TiO,-Si0, 52 77 A & # 1 %
LIRSS X 2, Uit OBRl~ 4 7 0= — F

WISy F O 2R EFERAR 2 IRETE 72, BRI
Ti0,-Si0, R A A & # % fUE WA R SR O IS ;0
KD 205D 1 DF A4 X0~ A4 7 a=—FLoD
WA EBTE S & 2l L, Gl TEER 72 K
OB 2 iMEi L 720 T AR T 752 V2R EAD
BBV - AREORHE R & X0 RREEE 7 2R A AV SR
LSBT o AWIZER R, LR EICEEELT, &
MEMASMREe T VO VRN - < )2 2ELT, A
VAN VEQEG RN FRIEN - WA BAF e
TIU CBIEICER SEMM L2 A2 LI2L ). H
OG- HEA D A & £ T R P 5- I~ J B s 1]
[HFCELEEDNG,

F 72, TiO,-Si0, R A A & WML fLUE MR ERNL, B

BRIZEPTHRAZEDT, @1 KR LI CHEfE L.

LTRSS/ INIIC L RMREOEERR

IbF % v EBALr A DA 7)) v BMUICE 270 %V 7
WEOHNCEN DRI mLH ) STEEOL AT X
LENTK - HARBRETE LN AEZBSEEHFT L &h
5. BRI S ORI 2 W REE L, B TE A
SRALIIECE B EZ 2505 W BAAIIZIE, TIO,-
SiO, ZA A E B L VR EERREREZ W/ -7 b
ST ANSTA T A T Y A BN O THA 0 BAR
WM SN HEZXSIIRT, @M~ 7o0=—F
VOBFEOMIZH . EAT A MEEEMNG LRtk 7 2
7 4 VAR D N R 2 RAET 5 3 kTR, &
J6E B B L A 1 A ORI BT & B AR v W
ADIEHAWIFR S, IRIE WO F R B 2 LT
W SR X D7 e AR OMES L 2 LTS
N5,

(51 FAZi#k)

1) 1. Saha, V. K. Rai, Carbohydrate Polymers 267,
118168 (2021).

2) S. Miura, R. Yamagishi, R. Miyazaki, K. Yasuda, Y.
Kawano, Y. Yokoyama, N. Sugino, T. Kameda, S. Takeli,
Gels, 8, 785 (2022).

3) H. Zhou, D. Luo, D. Chen, X. Tan, X. Bai, Z. Liu, X.
Yang, W. Liu, Clinical, Cosmetic and Investigational
Dermatology, 14, 867 (2021).

4) X. Chen, L. Zhy, R. Li, L. Pang, S. Zhu, J. Ma, L. Du,



A X AT RS Vol. 32, 2024

Y. Jin, European Journal of Pharmaceutical Sciences,
151, 105410 (2020).

5) A. Liatsopoulou, A. Varvaresou, F. Mellou, E.
Protopapa, International Journal of Cosmetic Science,
45(2), 117 (2023).

6) D. Park, H. Park, J. Seo, S. Lee, Ultrasonics, 54 (1),
56 (2014).

7) J. D. Kim, M. Kim, H. Yang, K. Lee, H. Jung, Journal
of controlled release, 170 (3), 430 (2013).

8) H. R. Nejad, A. Sadeqi, G. Kiaee, S. Sonkusale,
Microsystems & nanoengineering, 4 (1), 1 (2018).

9) S. Takei, Kaori Yasuda, Appl. Phys. Express,
13106506 (2020).

10) S. Takei, Applied Physics Express, 12 (4), 046501
(2019).

11) S. Miura, R. Yamagishi, N. Sugino, Y. Yokoyama,
R. Miyazaki, K. Yasuda, M. Ando, Y. Hachikubo, T.
Murashita, T. Kameda, Y. Kawano, S. Takei, Journal
of Photopolymer Science and Technology, 36, 3 183
(2023).

12) R. Yamagishi, S. Miura, K. Yasuda, N. Sugino, T.
Kameda, Y. Kawano, Y. Yokoyama, S. Takei, Appl.
Phys. Express, 15, 046502 (2022).

13) R. Yamagishi, S. Miura, S. Takei, COSMETIC
STAGE Vol.18, No.1 (2023).

14) R. Yamagishi, S. Miura, M. Ando, Y. Hachikubo, T.
Murashita, N. Sugino, T. Kameda, Y. Yokoyama, Y.
Kawano, K. Yasuda, S. Takei, Journal of Photopolymer
Science and Technology, 36 (2), 83 (2023).



RIF 2 M)y 72 AWLMo SIREX v 7

PO LR

o #h =

In recent years, the development of ultra-sensitive sensing technology for volatile organic compounds (VOCs) has
extended beyond environmental monitoring to encompass a wide range of applications including cosmetics and food quality
inspection, body odor analysis, fatigue and stress marker detection, and hazardous substance detection. In response, there has
been significant progress in the development of compact devices targeting various VOCs using semiconductor manufacturing
technologies such as MEMS. However, existing VOC sensors like gas chromatography have been unable to meet the
demands for real-time detection, miniaturization, and ultra-sensitivity. Therefore, this study aims to create an ultra-sensitive
bioelectronics VOC sensor that meets inspection needs by integrating target recognition molecule design techniques with
biosensing technology on two-dimensional atomic thin films. Initially, peptides binding to nonanal, a major component of
cosmetic fragrances and a key contributor to aging odor, were explored. Functional materials capable of efficiently capturing
nonanal were developed by modifying the surface of ZnO nanowire arrays with these peptides. Furthermore, graphene
field-effect transistor (GFET) sensing using peptides binding to other aldehyde molecules identified previously, such as

benzaldehyde, demonstrated ultra-sensitive VOC detection.
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2. 1. VOC#HAEXNTF RDIEHR

JFF=VEGERTF FOBZIE, 77—V T4 A
7L 454751 — (NEW ENGLAND BIOLABs, Phage
display library kit) ZfEH L7zo WM, IN—FF A%
MilliQK & =% 7 — ) T2EF DG L T70C T 1HER
MRSz, RIZT0O% TS 7 —)Lhi2 0.1 MOBEEE 72
LXK FF—VEHEHEL, WFHFLIZAN—FFTAD
FI2400uL ARy b L, I AKHEERIITI &ML L 720
ZORETIOHTHEBEL, =7 /) — VoL ELIZ)
FF—VEWESE, TOHR, TREOS VT LRT
FREZRRL TV 77— VHEWZHT L. 60 75 5iE#.
Tris buffered saline (TBS, pH7.4) T6 k& L7z KIZ,
Gly-HCI buffer (pH2.6) % 500uL % ZK > b L. 20 5°[#
HHE 3 5 2 & THRRENS 2 FF — WABHIER WG L7 7
— V%ML 7. 77— DNA % MILL DNA B % B
BB LT, 2= VIBEERICE WEGREER DR
7F FEA % [ L7z

2.2. ZnOF /74 V7 L1 DERENTF NEHF
YA VEWREIZANNY ) 72X o TTidE, Au
B, ZnO IR Z NI L. Bl iz 2 &2k, &
EHNATAMP BV, T0H. 0.9% DR =F )L
43IV, 6mM ANFHAFL YT T3 (HMTA). 24
mM AR HE $7 75 K FI & MilliQ (2B L 72 SO I ZEM &
BEL, T /94T VA 2R EE, MELAZF /T
AXT7 VAL EARETHME (SEM) THlgsh, £
DOFRMFELZHL L7,

GWENTZZn0F /7 TAXYT LA ZHESI N
JFF = EEEENRTF FTHBE L 7. BARNIZIE,
3-aminopropyl-tri-ethoxy-silane (APTES, 1%) % il # L.
15 5 B E BT, 20%Zn0F /2 74 YT LA
MR RE L 30 M OS SE720 KInfk, MilliQ (2 1 [
T4y 7L, 100CT1IRBMET S Z & TR L7z €
DO, MW EMIlQ & T ) —VTERZEN 2 [TEE L.
70CCc—Mnzl 272 (M3),

~R7F N (5mM in DMF), HBTU 10 mM. DIEA
20mM, &7%22 L) KREERBEML., 73/ BB L
In0F 2 74X T LA B A RIS & 2 R[OS S &7,
FE.DMF, 2 ¥ J =)V CENZE 4 P L, Jildz Lz,

E 8 %= PRI 5 Fmoc 21, 20% @ piperidine {2 50 45
MRESESHZ & THAEL . B L 72 mi L.,
30l nm TOWSEEZRNET S LT, BisNiz_TF
FExER L7,

2.3. GC/MSIZ&KBXTF NEEHZNOF /1 +¥

ZLAD) FF—IEEEEEATE

R L 72 RTF FE#iZnOF 2 94X 7 LA D FF
— VIHRE % G A 72002, Bafll 2 S — VK (p=
49.3 Pa) IZ5 MR FE L7ze 2Dk, GC/MSIZ & - Tl
Wahiz/Fr—nmiEm L, X7F FEfligHgco /s
FF = VR EE R L 720 N4 T VIO RIS TR Z
fED . RTF FIBHiHERE EOWNIIZAN, N1 T IVHRIC
WAkD ) FF— a2z bZ iz, ffll) FF— Vg

Fmoc R T FRIEEf

Fmochi fR3&
Fmoc
/
e NU N
Peptide Peptide
(0] O=(
m0F /74 NH, NH NH
5 mM Fmoc-peptide
10 mM HBTU

1% APTES i 20 mM DIPEA i 20% Piperidi i

,S| N m /SI o iperidine /S| N

Milliq DMF DMF
— 30 min, RT & 2h RT 50min, RT m

K3 Zn0F+/ T4 YT LA DORTF KB E
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LUSRTF FIBHiiF 2 T4 X T LA W ERE L2, ZD mm® &L TR SHEDORETH 572, ZhITE D F 7
%, 400CT200MBAT B ETEHELL ) FF— V2 74 XYREREIC X ) RINEZ NS5 2 L CHALIED 72
Bige S &, GC/MS TXAHAND 2 FF— v ZEHI L 72 DORTF FISigEL M L TED T LhRENIze —H
TEEEE LTIZ20MH 50120 LT, Bi%gEDn
2.4. NXT7FRZFALEXRVZATZILTERD B 6HBRIETH o720 THIE. F /T4 T LA EEfICiE
GFETt®>> >y R & 2 BIBRASEAE S 5 DIH Ly ARTTHE TIEIES
GFET 2l LT, X7 F FOMEEMZ G L 720 ¥ B> THEN . RTF Fip LD T OWEBEHHIR
@757« VIdBMLEEMERETER SN, VYV r T T R, BHIBIERIET LTV A EEYEH B, XTFFD
4 —HMEHWTY A 7 OEMEREMSIE L LT, B ST A X TREXRTFFTL5mmBETHY., 45
fRE %2 E L72e ZDOGFET #EAALF 2 IV PICRE T FEH L7277 74X 7 LA OB E KT 5 &+
HIET, V972 VICHEBREZHMT 52 LA hEL BT THEH, F /T4 XREXEES (73 7 %)
% %o GFET KIIZH ML TF FaBiiL, MBI L TV D, BHE LTRSS TWnD T &
YAT VT FOREIEER 7T 7 = v OBLIEEEE 5. WHEBEHSUMICLAHEZEETLHE, F/TAXT
DL TNE A LHE LTz BERGFIHT B AR5 TIIERPUG HAD e DT WD D %0 L D RT
F-OBEEEARAEE (1 pM~10 nM) 2 5 R5A 4 & 2 B F FIBHEEOm LA S8, 20l okt
Al % & & BT, ARG PR 2 AT & 0 L BUELEZ 5N,

7:0
3.3. NTFREHMZNOF/JA4V¥F7 L1 %=RLE
=+
3. BREER JFF— LR
3.1. JFF—IEEETF ROER ) FF = VEEGHERNRTF FX KTy ba— LT F

I FF—=IVBHiERICH LT, 77—V FA AT LA S FAAAA ZHi L7-ZnOF 2 74X 7 L A EME MR T,
A7) =iz Ah, SR L-2470—-2D 7 FF = Vg O 2 GC-MS % W Tit - 72,

Ib, ETORHNBRTF FXThole D0, & FORER, RTF FRHVIX 2B L72Zn0F 2 74 %
DOBEH X NI FPNCERMET I VBRI T I VL b 72 T LA EHRTIE, S FF—VRES AT T4 T3 b
T AT TOREZ ) 12 v, IRE HEHE O S Wi — L THhDHAAAABHIFEHICK LT.27 B L3452 &

K ZPEZ S > TnDH I EPEZ LN, SR ET ARENT= (M 4) o TERITDITE 2 FRILGWRER,
% /) FF = IVIZBORPED R RAUKEA DT & L Hdk K TN A= VEREHEE, 7 VBT Vo ROV NG
OYAFAF v =V PENT VT FEEF LTS, € FOMIMD A% 59, BUKMED I R 2 B0 7%
DI=DFEEIILE LTI, 2 FF—=VD5FH A4 X HT WIRFETEA RN L THIFED T I/ IRELYI 2 4§ 5 R
I W 3HIE) BIEDBURTED B \WEIIIH LTRHE LT TFRepfli7a—7 LTHHT S LT, 734
WHEEZOLNL, FHORFIXDH B, NRGEHIZZ D A DR - WHEIR L RHODL I EVIRTH S I EEIRT
£ RRFEICHES T 5 HEDSH B 2 D, TOFEA/ bDTH 5%,
FF—VRGHETH L LE R bNT,

3.4. XTFRZEZMBLERYZIFZITERD

3.2. ZnOF/ 74 Y¥ 7 LA ERENT F NS GFETt>> 2y
HRENT2F ) TA4X T VA OSEME§H 5T/ 74 NI TIFAELTELNY AT VT RGN T F

YOEZEEXZHMBLALLEIA, ZNENTEYTLEE
#1500 nm, EEH7TumE R Sz, 2o
MENLEMEIZ ER]Imm®H720#H 20 mm*> Th 5,
ZOZERL, FIIAXTUAEREN VLI LIZLD,
JFF = VIR EAEAR & ERTRAT20 5120 35
TR HA T NS DS, BHERF /74X T LA DA
N— 2 IWERB TR S, OSKIEIME T35 &L # 2
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ZITHOLNZF I IALX T LAIIRTF FX % 56 T R
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T2 REREE AR T F FERB L, Sha s 7 o VERMSH
T3 TRMEEREILL, BRELBEORY AT VT
L P 2SR 2 b & ICTREE R 2l L7, &
DFER, RVZXTNVFe FEOTRBEBI MM TH 5 2
EDTREN, FEIENIHEBAEZ RO LAVRE N
720 T2 1 pMORY AT LVFE FIZ LTHIBEDES
NTEY, RVATNVTe FERBEEEICRIETE 22>
VU TEMERETAZENTEL (K5),

4. £EH
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VOC % MmN TE 5 2 LR SN, 513,
BERRINE DR, 2 LTI E TICHEZED TV B R
TF = M)y 7 AEEERIHT 5 2 LI X BREEETE.
BIRVEO I F AT 72 ZE B Ss AS e B 2 L AR S
Nbo FARMZEIC LY BN TIZ X % VOC D, <
LT/ B S ek v v v ZHANTH B GFET ~ D
MR R SN2 i, 5B VOCEHR T HER LA
WTONEE 2R L2) 7TV A4 2O R A D
DRI RTH D, TDOO5BTT T IR w4
HEWEb LYY Y THMORENRD SENLHT, K
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% HFFEDFERA IR < WIFF SN Do
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It is known that hyaluronic acid (HA) and collagen (COL) in the skin decrease with aging and environmental changes,
causing wrinkles. It is important to add reduced HA and COL, but it is difficult to deliver water-soluble polymers from the
skin into the body. Therefore, in this study, hyaluronic acid collagen nanoparticles were prepared by the poly-ion complex
method. Particle size was increase, zeta potential did not change, and PDI was increase, depending on buffer concentration.
Transmission electron microscopy images showed that the particles had a particle-like structure. Skin permeability was
confirmed with nanoparticles made of fluorescently labeled collagen. As a result, fluorescence was observed in the skin with
nanoparticulated collagen compared to non-particulated collagen. Hyaluronic acid collagen nanoparticles were shown to be
a potential material for improving skin penetration of water-soluble polymers.

1. #

v 7va v #E (Hyaluronic acid, HA) (3% 5 BI#. K.
M7 EWIEL 5 L. E@FDOHA D) H 50 %D HKE
WCHEELTWE Y, D-Z Vs uvyBE N-7tF IV -D-
NI VO THERAIANERE LT = ) a3
FUA Y THY, ERTRRKOKBEE RS TR) < —TdH
%%, a5 —4 > (Collagen, COL) \ZEZM. M55, 45l
., KBRS N ED30% R HOTE), B
BT T0% % 5D TS, COLEMET 27 3 /Mt
Gly-Pro-Hyp # H.b & L 72 Gly-X-Y O# ) & LIEED 5
0. ZAROR)RTF FEAZE O AMEZ K L
Twb Y, COLMAMICHZMA L ETY vy El%
L, ZELTAMENREEL C—ARHLE 25, £
% COLIIREHZ DRI 5 2 L T RIbsh, a5 =7
TF FANET B EBRMENT WS, COLRMED 5T
#HIZMH300kDak S TEH., Z2EHEHECOLD ST =ITH
100 kDa, COL*7F Fi3#50.1~10 kDa & X1 %, COL
OMHFIX, BN OBEE R 2 EIWHTET 5 THRICOL, ¥k
BOFEWTTHSHONECOL ZREE LT, B 28 flfH
DCOLAHEAEL TS Y, EHETII AT A TR
BREDNAFATTFYTANE LCOFMAIEZ TS Y,

HEPOHARCOLIE., MR RELR EOER
ko THA L, HERIMORTFZIIERITYY, &
NSOUFEICIE, WP LAHARCOLA MRS 2 2 LA
FETHDE XN TWDA, HA R COLIZ KBNS T

il

Development of novel skin penetration
enhancement technology by nanopartic-
ulation of hyaluronic acid and collagen
and its mechanism

Yoshihiro Tokudome

Laboratory of Cosmetic Sciences, Saga
University

THAHIOZEHIEHTIIAR Y ERTE v, BE. HA
L COLZ G ICHEBMATE 5 HER. ARG
<A z7a=— FAVYZHOEEDOARE SRTWS, 72,
BAEL C OALHERICE A S Tw b HAR COL I, K)§
DEMIHEE S L TRGPEHZN &, HEHEELIH- T
Wb,

ZEHESE, RIAFar 7Ly 7 Z(polyion complex :
PIC) Hiffiz HHw-v 7vu v+ 2 kT (HANP) 12k -
THAOEFREEOM E2#E L Tws *10,

APETIEHA & COL OMFERI R A WIFF L. PICHAM I
Iarerraymg- a5 —4 % kT (HACOLNP) (2
X BB R EISESM OIS & 2D A 5 = X L DR
ZHBE LTS, FHICZ OWFFRHETIZHA & COL 2
SIS T /R T OB E YRR R, 7o AETIR
FF12 COL @ B2 3 1 % Rl L 720

2. 7 &

2. 1. EBMH

e rova yEEF YA CEYS R 1,200 kDa) 121k
WamZL—Foboxr AFLMEH Lz, Kz -7
=Y v T rS-06(PF) IZHHE T F etk (KK,
HA) 2o fth 37z, #bEikas—7r v igax€ - N
AF KEL BAR) »OBA L. IR L—-FD
bOERRREFTICEOFEF FH I,

2.2. e7)lOVE - O5—F2F ) KIFOFE
LT NVaVERE TS Y OKEBEREMEL., Fhadi
HREGT A2 L TR T %2157/, dtE#a s —7r v+ 7k
TEEBRICEOEE R T 5 — 7 VKB & e 7oV e VERKTE
WEBRFREGT 52 & TR,

2. 3. HFHHEORAE
Ry-#. Zoriida e (PDD) 3B EHELE T, =%
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BMII L == Fy 79 —BEZIKEEICLY, =734
HF— ) bF (Malvern, UK) i2& hillE L7,

2. 4. ZBNETHEMERR

BT OERBBIEIIE B E T HMEEZ v, AT 4
THROPETIT o720 FINTFKBWE N —KR T —T+4
YTENLH ) v F (400 Ay ) ITHINE R, 2% ¥
YT AT VR (PHT.0) X ) 15t Lz, BlE
(& JEM-1400 Plus (H A& FRaatt, B, HA) 12X
DR E 100 KV THlE L7z WiffiZCCD#» 5 (EM-
14830RUBY 2, HAEFRa4) 1ICX W L7z,

2.5. HEEREHEOHER

8 A G5 Bk 2 v (A5 %0 3% 8 T A% 0.785 cm?®) 12 & b
B2 &%k Uy 24 WMl 0 B2 i & M iR Bk % 17 - 720 PLEE
WMIE32TCTTRFFEL, BBCRT, FH—HRE 7 = V&
Buffer #. W25 —47 >, K7L L7-HACOL#
IR T L LAFITCE#aS—7 Y - e 7 e L.
FhZEn% 0.2mL ¢ L7z,

FRERBR G 24 RERI 2 IR R 2 $RILL . Kz X ko 72
H L ZHAEY N /K L 720 FITC A #% COLHA K 1- %
FITCa o —7 v &M L8, SotBmeE crigt L2,
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3. BREER

3. 1. 7/ KFOWEEE

1. 3,15, 20, 30 2 LC50mM® 2 T~ ik (pH4)
ARG A w IV s Bl A R VA ok L Bl
T BB T BRI E AR K BB IO T
FORFEIIKREL B ol (Fig 1a). ¥— & EALIZ R
T 2B OB WIRIEIIIR & L= o 72 (Fig
1b)o KF1ED 7% 7R PDIIEFHEL U 72 35 Ml i 0 15 A% s
%GBS TREL D, FFIZ30 mMEZ B2 HHRED
L EIZPDIIZKRE L o7z (Fig 1c)o A OREETHW
TWABRTIEAF YT Ly Z AW EAIC LY
LTWh, RJAFrar7rLy 7 AT REEA+ v
AT LESTEKERE LTRA LB, BvwoAft
CEFTLMETIIICHETAIE TR LT AEEZ LN
TWwb, A4 VREMIWE EZe T Vvr Ve aT—7
YDA F BB L THAFALEL T3 Z L 2VHE S LB D5,
FWIREORE R T Z OB EENL A 4+ VHK
TALZWIT TV A WEEEAE 2 b b, s OLET OB
T, e7ha yBERY ) UL RDBRT %) VRS
WHICRE L22BRIS, Rrsshs 2 e 2 LTw
500T, HRGZDLD % AN =X N THADAREE
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Fig. 1 B4BEOVIEBRERPCHRAEL/-T7/ILOCED
- rF/NFDONTFRE(@. E—2E4(b). PDI (c)
JZ71E 3B ED#EVELUDAEZITV., FHHZEERET
% lJf:o
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Table 1 7O F/HWFEFTCAZ-5>ET
arBoKFE, £—2E[. PDI
vl B FF(nm) PDI +— % (mv)
HACOLNP 189.8+2.26 0.224+0.016 | -32.86+0.44
FITC-COLHANP 178.6+8.13 0.264+0.01 [-28.793+0.73

7271 3ELLEDRE)IRLDBIE LTV, FHRERE TR,

ILL TR H 5, F72, BNCHEERE L /235 —
FruefiLce T v yBas—F U TR,
ZOMR, R T —Tr v EMHLLEERELED
LhRwEEE b ORI S 7z (Table 1).

3.2. E7ZNOVEAS—TUF/HFOEBEE
FIAMEEHR

P 720 2 KT % B TR TRIZE L 7. Wi
% Fig. 21377 W ZIIKMERIRCTH Y. KoK
WA D L) BB L 2 EbroTz, ST 724
T4 THREOY A KICBAEO R E ZAIFEL K
BN E 2 AT BRI NS, FllidAf 4> a3
YTFLy 7 ATHFZERLTVWBEDOT, HLBIBINT
WhHEZAIREEIIGA TV EBEAF U EMET BN L
HoTWAEZATHY, BWIRIEA F U HNEEEL T
LI EWHEINDL, ZOX)ICe TR rEEaST—F Y
F 2 RT ORI~ BEMRECEI 2V EHES R
725

3.3. e7Z)OYVEAS—T U HFORERENR
WO ENzaF—F Y EHwTL T va YRI5 —
FUF ORI, e NEE RN LR ERE R
1To7ce 24 WML R I 28 2 PEig. S UI T Z /B Ly
HOLBHMEE TR E R oot & e L7z (Fig. 3).
PEL L 72 Buffer i, JERTfba g -7 v LT, +

Bufferi&

HEZ @

Fig. 2 E7NLOYEIT—4 2 F/ RFNEBEEFIEMEEGR
WFERAT A TERBETHE L/, X7 —I)L/V—13200nm
ZRUT

JRAAL L7235 =7 v ClREE PSRV aEIBIE s h
7oo BUBRERC IR AL 7 — 7 ¥ TIE Ao 12 il
WHOGDSBIE S 7225, KL T 5 & 2030t s
K golze INHLOZTENLAT—F VIR TIETHI L
TRIRINZENCRE T B 2 L AURE S5 #0155
N7zo FAWFLDENICK b L7z 7 v o B ENICR
FBLTWAAREZHELTBY, b7 Va5 —4
VFoRTiRe T va vBE a5 — 4 Y RIS BN
PN RE 2 IEH SRR N T Y TV TH D I L AL S
N7z L L. COERKEGROBMELLATETBLT, &
B FESTE TV ARV ERSEROBETH L, T,
L) —ODFEE LT, ZoEEHEtE#RaS —7 VH
KTHHILZAMNT LI EDVETHY., Y1 PR
U b7 4 - ETOMHPLETHL, ZEHBH
MG R HED TS, B, WL THI L TR TOI
G— U DIRIERET HOPITERONRTH D, — IS
A F AL E IR R B Sb, £ Fvay
TV 7 AEEDZET—HDOA T VBT HHI AT L
THFNOREREEDED Y . FHFIREETE T - 72
T B2 DFIEAHTH Y. SHROMFTEET 5,

FERIFFL-coL FL-COLHANP

Scale bar=200 um

Fig. 3 FITCAS—4>Ee7)ACE(E7/LOVEIS—4 1) F / NFOEEREME
BBIEFTC A7 >HARXRTHD, X4 —IL/N—13200um Z7R L 7=,
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4. 1 %

vrvarBas—rrF R EREL, b MEFI
WHLZZEZ AR FILa S —4 v Ll L TRiFEL 72
37— VIIENREESE VI REEIR SN, Fe,
R0k« okt b 4beTEz AL, b7 VO VB
S—rrvF ke rra vt as—r R RERCE
JHPICIRE S 2PN R~ T ) TIVTH D 2 LS
7z,

A A
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AT —t— T 24 b1 Y — BRI L E
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In this study, we aimed to develop basic fibroblast growth factor (bFGF)-releasing nanoparticles for regeneration of
dermal tissue. The nanoparticles were prepared by electrospray a bFGF-dispersed poly(D,L-lactide-co-glycolide) emulsion.
bFGF-loaded PLGA nanoparticles can be developed by optimizing the applied electrospray voltage and the oil: water ratio
of the emulsion. The prepared nanoparticles exhibited prompt release at the initial duration and continuous gradual release
at the subsequent duration. These results indicated that the prepared bFGF-releasing nanoparticles would effectively deliver

bFGF to dermal tissue.
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15kV-200 0.2 200:1 15.0 2.0 45

a) Named using the applied voltage and oil-to-water ratio.
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It is known that there is a close relationship between skin function and microvascular structures and blood flow
dynamics. To measure the microvascular structures and the blood flow dynamics, functional imaging with optical coherence
tomography (OCT) has been attracting attention. OCT is a noninvasive micro-tomographic imaging technique based on low
coherent interferometry of near-infrared light and can visualize the tissue structure of the skin, evaluate aging by visualizing
capillaries, and measure functional information such as blood flow velocity. However, previous studies with OCT measured
static functional information independently and thus were insufficient to evaluate skin functional properties. In other words,
it is necessary to comprehensively analyze these dynamics to evaluate skin functional properties. Therefore, this study
aimed to develop a novel method to evaluate skin functional properties by detecting multiple functional information of skin
micro-vasculatures and by analyzing their dynamics. To realize this, I developed a novel functional OCT technique that can
simultaneously detect micro-vasculatures, blood flow velocities, and blood flow angles. Furthermore, the technique was
applied to human subjects, and the dynamics of micro-vasculatures and blood flows during stimulation were investigated.
In this report, I report validation results of the developed technique and its application to human subjects during alcohol

stimulation for evaluating alcohol tolerance.
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FHiCXx 2 2L 2R L7z, FRETHIIRN O
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Association-controllable hemoprotein assemblies and hydrogels were constructed from a fusion protein (FP) with two
c-type cytochrome units utilizing 3D domain swapping (3D-DS), where the same structural region is exchanged three-
dimensionally between molecules of the same protein. FP was expressed with E. coli and purified by ion exchange and
size exclusion chromatography. The dimer and trimer of FP, oligomerized by 3D-DS, were prepared by the procedure of
ethanol addition, lyophilization, and redissolution of the residual. The obtained 3D-DS FP dimer constructed hemoprotein
assembly exhibiting a dynamic structural change between ring and linear forms, regulated by CO and imidazole binding.
The oligomerization of the FP 3D-DS dimer depended on the temperature and protein concentration. The structural change
between ring and linear structure of the dimer of FP 3D-DS dimer was directly observed by the high-speed atomic force
microscopy in solution. Highly concentrated 3D-DS FP trimer formed protein hydrogels, which decomposed by CO and
imidazole binding. In this study, protein nanostructures and protein hydrogels were constructed through the interaction
between proteins. These results contribute as the basis of future functional supramolecular protein assemblies and drug

delivery systems using protein-based structures.

1. #

N FBZVIE, KICEWBET 25V ThHY, FIv
TF N = AR - B RN ORI AT 2 23 4
F=F)TNVELTHEAEINTWS, HTHY VX7 B %
FRLE LA Farvid, BB s o s s
RO, SNETIC, TAT I VEosRky vosz g ?
2354V FH TV OMIKRERE RS0 R
DIEHADHEZINT VI, L DY V2 ErVIE, ¥
YORT B D NRREE DAL NEROBUREFRE KN T 5
CETHEMEIRI 5 Tnb 2, ¥ V37 HMKICHE
THORERIZEEL TS, ¥ Y237 BN, Fa s b~k
WEMEEZ KD TICEE L EREEZ G352 7-0121F, kL
b8 Ry ORERE EAERE T MERE L7 IREE T 7 v LAs
VETH B 05 RIEZ—W 2 ERRIHEL STV,
AWFGeTid, SRILT R Y V7 BT 2=y MEHE
VERZFFT 52 & T, VORI &5 T e ¥
VORTENA Fa sV ORESEIZILY AT,

2. 7 &

2.1. ENTFa770v 022N BDR:
Z NI B E N, Fa X Vo VT 4 v
77y 7 #ERTAICH720, 2HEEDO AL Y %

[l

Construction of functional protein
hydrogels utilizing the interaction
between subunits of oligomeric proteins

Tsuyoshi Mashima

Graduate School of Science and
Technology, Nara Institute of Science
and Technology

CHEEME LY NI E3D R AL VAT E VS
(3D-DS) HfE ¥ 12 HD W TRE L7z 3D-DSIFRL ¥ >~
287 BHS 3 WITHIN ] UME RS 2 289 % 2 & TE AL
T5, NI HEOEEBEO—2TH Y, RARIZHEL
RoNbbDTHb, iz, NAF YRV HERZ, 377
77— LTHTBIELT 1) VIX(ANL) ZHFDF
NIBHETH Y. NAPEEERICERE LR E R LT
Wb, FERBIFEE Allochromatium vinosum HED T b
71 ke’ (AVCP) 12 H L7259, AVCPIZ@% 2 Bk
FAE L. NADRICEM T T—M{LikE (CO) LHEa. b
LIS T TA I ¥V — L ERAET A ETHEE
~NLfREET % (Fig 1la)e 2O AVCPORREEFIH T2 2
LT INIFIC X BRI X 0 REE 2 T REZ 7 v
INTEF IR S VNN, U TSV TE S
EE T WIS, BHDOAVCP 2 #ET 5720, HBIF#
W Aquifexaeolicus HK D >+ 7 0 X o % FIEBREHL L T
WisE U724 7828 (CPC) % AVCP OfE A AR & L
TRIRL 727 CPCIENRIBIERAL & CARMHBAL DRI aN
Vo2 A%) v h—L LTHAT S L& T, 3D-DSHMHE
W& D 2®mAk 3RMAEEEKT S (Fig. 1b). CPCIZ K
WTORBBICIZERAE LTHEOR, 25 7 —LOR
T, SRR, FAMOMBLZ 1T 2L TEHRILT 5. A
WF7eTld. AVCP Z Nl & CREMlo 2 oD2= v b
WZoE L, FhENnE CPCoONERHM & CRuEM IS
T 5 TRIG % v 824 (FP) %Rl L7z (Fig. 1c¢). FP
X CPC & [ABRIC KIG W CORBMICIE, BHEARTE SN,
I —VIRN. BSECR. FHAMONIEX1TH 2 LTS
BtTrEEZONL, ZHIZEY, KRR TOY >~
N7 BB L AR HEEOMEL M#TE, R
Z D TREICAT) S A REE 72 b,
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FP 3D-DS dimer

FP 3D-DS trimer

-CO »

— D
—
Pt Cco FP interface dimer

or

+ CO

Protein hydrogel

Fig. 1 2 08 F/8EHENIROTIVBEOBEEKX, a) AVCP DiE&EEE/ v— - Y1 ~—BFEDERXE, N Kinflz35.
CKimBlZ75H=T/Rd, b) CPC DFHIHEEE 3D-DS 2 EFRDFHIiEEE 3 EFNDIERIEE (PDB ID: 5225), ¢) AVCP & CPC
DREIZESD FP OIBEEE FP 3D-DS ZEKICL5F/18E R &N KOS IIVBEDEXE,

2.2. ENFa42770v 72N EORREFR

FPiZcHINL & ¥ o8 7 B % A ] fE 72 CCM (cytochrome
¢ maturation) Y AT A2 AT LHKGEZHWTEIH S
720 FPIXRBE OMIBLRE L A 0 <R1) 775 X N I2FH
ENbld, a—=VF - FRAETFA v - Yavy X
D, FPZRIGRA» S L7z N FPZ2 720 V7T
ALH ) T A TBIL L2 A F Ry ux NI T 74
—ROH A Rz a~ b 757 4 — (SEC) 12X b fE#
L7z FPDO#iJE % SDS-PAGE THEFE L. 45N 72FP®
JRAE % SEC L U UV-vis A7 h b, CDAXRZ MVl
P OHIER L7,

2.3. ENFa7av I NIBEOEER

WBELLAFPICR LT, =% 7 — ViR, SUREE %, 7
BIROWILZITV, ZRALS 7%, SECIZL )RR %
To7ze TF 7 —VIBMOKBRELZ KK LAZEZ A, 28
fk (3D-DS FP dimer). 3 &A& (3D-DS FP trimer) & b
1240% (v/v) TwRbDEL SN2, SECIZCOZRNTY ¥
7 L@ ocHl & & R 2 BEMHICH W TIT 5 72 185
72 3D-DS FP dimer & U trimer {2 2OWTlx, SEC-%ff
JESEEREL (MALS) I L 0, fEhE ) o XA Ko &E
R OENTVDE Z &R L7z, 3D-DSE®ALIZL S
¥ v B OBLIC oW TR, Bk, sIt. CORHm
REDUV-vis AT P ERILK LT, T4 I 5V =)L
WEEREDEICOVTH, £ IFV—IVIHEILIEALD
I Y — 27 25462 & 5FA L 720

2.4. 3D-DS FP dimeric&k?2 > /\08F /1§

EARDOEE ST

HifE 172 3D-DS FP dimer % CO 72134 3 ¥V — V4%
BT L IFAFAE T CRfE L7242, SECIC X ) &R0 Z1L
BRI L7z F72. —EAA L723D-DS FP dimer {2 CO
T34 IV VAHEMNTAZ LT, BT AIE
POz, S5, FESF R HEEE (AFM) 2 Hw
T, XEKED 3D-DS FP dimer OB 2 ik 2 BIE2 L 72,

2.5. 3D-DS FP trimeric&ka &> /NJENL R
O4 I DigsE
Hiflt |72 3D-DS FP trimer % BR{L41: T THRALA #12
XML, FVEER L. Bo5nzrvicx L,y CO
FEAIFY—VENINT A LT, SNSRI D
MBI L7 S OICHMBICBILEN T Clid s LT
FHEE 7 VAL REDHERR L 726

3. BR - EE

3.1. ENFa2770v 72 NJEDEEERE

KW HVTE 2, MBI/ ZFPIZ&TAVCPY 7
=y bERATHEE L7z 2 &K (FP interface dimer) &
L T 5 N7z, FP interface dimer ® UV-vis A X% b+ )L
ZAVCPECPCOANRZ P VO E Z4IZHAZ L. FP
DAVCPECPCH 7=y FONLJELREIIRAE D
MEFFESNTWD Z EXW S 9% - 72 (Fig. 2a)o CD A
RZ PVIZOWTH BRI, AVCP L CPCOAXRY b
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Fig. 2 a) FP (F*), AVCP (%8),
CPC DANYT MVDOFERT,
H) Y LIRER, pH7 (F).
2T LD (R

DOFAFP interface dimer ® AX7 MLV EHH L, FP®
AVCPLCPCH 7=y MIBWTHIGHD Y VX7
WIS R E BB HENZ LAVRE NIz, 512, BILK
TFFTCORNTY Y7 LUV-visAXRZ MV aifllg L7z
EZAH, CORNLITHEE LIZMABI 22 AT MV
1. FP interface dimer i3 COFSAREZ ML TVE L
WHLMI o720 Z LT EILEMCOFARATIIB VT,
FP interface dimer & W& ARIZAFEE L 72 (Fig. 2b). 72,
WAL T A I ¥V =V EFEMT % &, FP interface
dimer IZHBEANEMREEL 720 S 0fER,2 S, FPIE
AVCPHY 7=y MHOMEMEHIZL Y 28{ELTED,
AVCP EABEIZCOE A I ¥ — VADIEEMEEMFL T
WAL ZEPHLNIIR 572,
3.2. ENFaridavoaINIB22%K%F

|& 3 EADOEEC YT

3D-DSHLFFZIZSECIZ & V) Hiff - #5# S 172 FP 3D-
DS dimer & Utimer i&, #ILHEACOFMR TIZBWTDH

TEMIZ2EERBE T IERE LTHFAELTEBY, iy
ICAVCPHY 7 2=y FOMEMEHATIEZ <. 3D-DSIZ
LoTHERALTWDE I EAREIN, RIS IFTY
—VEGLBEMHEZH VT, AVCPY 7= M OH
AR DM 2 2 IR TSEC-MALSHIE # 4T 5 72 & 2 5,
FP 3D-DS dimer J Uf trimer D #8551 # 1% 47.1kDa &
76.6kDaC. ZNENDEHEAN 50.6kDa & 75.9kDa l2
L. HEK (25.3kDa) 28ENnZFn 2L O3 &AL L
TWwabZ LRSI N (Fig 3a)s

¥ 72, EILHE D FP 3D-DS dimer } U trimer ® K& F
LU COFHMATOUVANRY bvid, FPHhrHRELE
L1348 <. 3D-DSIZ &k 2% mMA L D ~ 2 JH P ORE R

300 400 500 600 700 800

CPC (#) @ UV-vis X7} KL,
b) FP O SEC BIE DB HinF, ZEHEIE 50mM B8
RUBHOBERIC5MM S FF 4 b EFIML CO #/8T

b)

8 ;\3 .i)

c

]

<

2| -co +CO
©

o

Q

N

[

£

o

z

1 £5 é 23 3

Elution volume (mL)
FHAIRIE AVCP &

COREBRENREDLN TR W EAURENT, F/2, FP &
FP 3D-DS dimer D4 I ¥V — VA RER LKL 72 L 25,
FP 3D-DS dimer O#&& & (Ka=16.6 mM ™) 13 FP D
HEH (Ka=10.0 mM™") 25 K& 22 bd % <. 3D-DS
ZwAtihdb A IV - VEERRIHER I TV 2 &8
MR & N7z, & HIZFP 3D-DS £ aARIIIRILSM T T8
LIZREL, LV K&ELRLEARZEE L (Fig 3b)e 2
DL ERIITFECOT M IF Y=V a2find s LT,
FP 3D-DS dimer ¥ 7z (& trimer ~ & fi# 8 L, AVCPH¥ 7
=y MHOMEMERHICE Y, XD EROSEERE WY
WK T 5 2 EATRENT,

3.3. EUNVET/EEERDEE

FP 3D-DS dimer ®Z &AbIZIRE & & ¥ /% 7 IR IR
CHAELTEY ., FiTIZFP 3D-DS dimer @ 2 KD A
PHLNLZOIH L, ACT TR IBARKT LY BRDE
BAPER I N (Fig 42). €512, 4CTFIZBWTIiE
7 N7 IEEIZ X 5T 3D-DS FP dimer ® 2 Ak, 3 &
B, ROERZ BIROLFICKE L2EL2A 517 (Fig.
4b), 3D-DS FP dimer ® #EEAT0.5uM TiL E 12 2 &4k
DL EN2DITR L. 25 uM % 50 uM 2D iR ETlE 3
BRRL L) BROSERDB TR T E R oT20 2N DGR
25, FP 3D-DS dimer 25TEM T % % 5 AAME 3 A5 Py IR T8
WZH b EIIREINT.

2. FP 3D-DS dimer @ 2 KD 551 ) O H & %
Lo TV PHERT 572012, AFM % H v CIER IR
& (25nM) ® FP 3D-DS dimer 2 ®mAKDE G OfEE %
YA AERETHELZE A, HEK 20nm OBRIRORE
WEARDBIZE S N7z (Fig. ba-d)o I b OffrEIL. FP 3D-
DS dimer 2 #1A® AlphaFold2 F il &2 S S 7z
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Fig. 3 a) FP 3D-DS dimer ® SEC-MALS f###fr, &l 10mM 1 3I4VJ—ILEED
50mM U B A LFREE , pH7, b) FP 3D-DS dimer ® SEC I7E M5 H ihfRo
¥ENHEIE 50mM B H Y Y LRER, pH7 (). RUR#OEERIC 5mM ¥ F 7
FA4 REFMULCOENTYLHULEDBD R,
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o e g o
(&) A (&)
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2 2| 0.5uM
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Fig. 4 a) %4 %:2E TOHOFP 3D-DS dimer ® SECHITE M5 Hehig, #E4EI1E 50mM
U BEH Y)Y LREER, pH7, FB (FR), 4°C(F). b) ¥4 6 EE THFP 3D-DS
dimer @ SECEITE 08 Hihif. ZEMEIE 50mM ) S B H Y o LEER, pH7. BER
0.5uM (F5), 25uM (%), 50uM (&),

Yialb—va i LBk, $ EHROM
EAD FEICEZ SN (Fig. 5e-f). 25 513 FP 3D-DS
dimer 2 /O AVCP ¥ 7 2= v b DA THA L 72D
Yialb—va sl X<—#, L, ThHDOFP 3D-
DS dimer 2 RO BLIR & ML O 2 Mk 1Z AFM 815 1M
HIZEALZHYRLTHBY, FP 3D-DS dimer 2% 3 %
SRR B GBI TH B Z L DRI E NI,

3.4. AVNJENA ROFIVOEE

FP 3D-DS trimer # KA FIZBWTHRAAAMHEIZL DY
1mM (FP#EE) £ Tl L7z & 2 A Vhis 57z (Fig.
6)o BOHNIT VL, BILFEMHFCOFMATITHE 2 & T,
RSN, HERATCRMTAZ LT, FVEEE L,
Lo TARFIVIZFP 3D-DS trimer XAVCPH 7 2= v b

MWOMEAEIC X ) 4GRS ZHEL 7 VMELTwb &%
AOND, RENEZESY V7 BOREREZ TG L7281
DIRRESEDRE R NA Fa XV TH b,

EE

KIFZETIZ. I TTHDHCORA I ¥ —IVITBUS L
TRET25 37 HICHEH L, 3D-DSHEME % 358 L L
TG VS B EHRFTT A 8Ty 7 U8y MM A
FIZED, § ORI EORNS LT BRI V%
TN RO VoOMELZZER L7z, RERIE. ¥ 8y
BreUCVrarr7uay 235, /%4 A0S
YOS EMEREARR, FI v ZFUNY =Y 2T L ORI
HikT2b0TH 5,

g
e
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Fig. 5 =XERFEHIEMSE (AFM)BIE a) BIE & h iz AFM E1& () ERIRD FP 3D-DS
dimer 2 BEANOMESE (F) &b) ZOYI 1L — 3 E{%, c) AlphaFold # W TF
Bl & W /-RIRD FP 3D-DS dimer2 DI F#EE, d) v 1 A&k (BE®) EORIKFP
3D-DS dimer2 &M AFM BIEDHEEEX, FP 3D-DSdimer 2 B4 %# @& TRT, e) il
E &= AFM B (L) & EiFIRD FP 3D-DS dimer 2 24F0MES S (F) &) 2D 3
1L —3 3 E&, g) AlphaFold Z BV TFEl & h-E#IRD FP 3D-DS dimer 2 £1F
DILHIEE, h) ¥ 1 HEWR (EE) EOERRIK FP 3D-DS dimer2 2140 AFM EITE DO#HEEEE,
FP 3D-DS dimer 2 6% & TR T,
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Our aim is to create a bacterial synthesis system for the peptide gemini (PG)-surfactants, previously known for their
antibacterial properties. We focused on the Polymyxin B synthesis enzyme, structurally similar to our target PG-surfactants.
This enzyme, part of the non-ribosomal peptide synthesis (NRPS) family, comprises ten modules, each with an A domain
for substrate amino acid adenylation, a T domain for conversion to thioester form, and a C domain for peptide chain
elongation. To adapt this enzyme for PG-surfactant synthesis, we needed to modify the A domain's substrate amino acids
to cysteine derivatives with alkyl chains. Prior studies suggested A domain mutation allows this conversion, yet details on
the Polymyxin B A domain structure and crucial amino acids were scarce. In our study, we cloned and sequenced the ten
Polymyxin B enzyme modules from P. polymyxa NBRC3020, expressed them in E. coli, purified the proteins, and tested
each A domain's adenylation activity. We confirmed their ability to adenylate the respective substrate amino acids. Next, to
activate modified cysteine derivatives with C1, C2, or C3 alkyl chains to SH groups, we introduced mutations in the 10th
module's A domain. Our results showed these mutations successfully enabled the adenylation of these modified cysteine

derivatives.

1. #

(YA 70T IAFy 7 MEIRI A==y 7 &% 8
WA S ALBESEM AIRIRHRIE S TdH 5 Z & R A5k
RO Z LI, BREHAOBLRE O A% 53 F I O fHE T
25 b HEITFE Ve FTEEANIA LM BEHOIEM TH
LA, T IIBRRTF Faefmitdk e UCat Rt
HZZ OB 2723 Lo LBEIRMESE Wz, 20
FHIEBE SN TS, — RS DI BRI | &
LT, THIBBHEEIN TR 7 F K] D X 9 72w BE 2 AR PG
PRTF FOFHLHEA TS, HLEFKAL DTV —TFT
d. RTF FEEEREE LT Y = 3 = Alo Rt
#l (PG-surfactant) DOHIZERIFZM#EDTE D . KREDOFR

med (R I BVIEREE ~0.00001wt%) B4 ZRBKST-%
ARHIZ A ET & 2 BRI 2. B PiE i 2 R
FEIBIEIL L7z (MIC~ 4pg/mL. LR [HiB7E PG-
surfactant] & I5) ", HiZ—#OFEKIZ OV, M
R aEth 70 < LM G GRRAME SRR <> [ SR el 2 &) 12
BELCMYAFINEDLDOLEOP->TEY, FHro4n
AT FaMilaN £ TREm e [HIRBE B F v )
71 L LTOMMLARETHS o L LI HSOILHS,
ML LTOEMMEEZ 27256120, EET A PoE
RS HUELD S,

[l

Construction of Bacterial Synthesis Sys-
tem for peptide gemini surfactants Us-
able in Cosmetics Substrates

Toshihisa Mizuno

Graduate School of Engineering, Na-
goya Institute of Technology

Z ZCARMIZETIE, RN ZAt I HLEH R T T B DA pEDS
Wk (N7 570 7O KV —LAXTF FEHE (NRPS)
FA A L Wit TR O BRI MLE, Bk
B, [PU T PG-surfactant ] (A& L 229498
Polymyxin B % 242 pE W] e 72 NRPS & BB R~ D28 FLE A |2
X 0. [Pt PG-surfactant ] OEFEZ W HE L& § 541 2
N7 T THE 2 RENICIEEFE LY. LALID7

Tk MSHIC T OV R OVEHAMEAT S 7z Cys R D IER
RT7T IV BEND AAZZRTF FOA K E% NRPS &
WHEEORREPLETH 720 2 TAMETIEZ, 7§
Polymyxin B&WIZE 9 5 NRPSHEHOHFICEHEEN S,
B7 I BOEHALICES T 57 T=ME(A) KX 4 V1
BLTHALZ RISC COAFXAL YAOEREAC
X0 I TV F VMBS S L7z Cys Sk D IE R L
7 I BEETALWRE R A K X A4 Y OBFICHY HLA 7,
BAIC, Polymyxin BIZk9 % NRPS Az & 50 P.
polymyxa~ZNZHMAANDL EZ AT TIITE Lo
A5 MEHIC 7V F OV EEAMEHT S 7z Cys HRDIERIA T 3
JBEEELIE) R —ARTF FERETREL 35 NRPS
BRI RRICHELE L WD, £ ORBE 5 2 DR8N
HBon7zdbnbEZTW5h,

2. /5 &
2.1. 8> a1-IEEFO/7O—=
1—=ID7 I ) EREFIDRE

P. polymyxa NBRC3020 f*li?’ﬂ’\iﬁﬁﬂi/\ 5 BF AT
R AR 2 5 AT L. TSBYE' % 3H11230°C 12T
—MEE TS I L THH S E, COMBIZKRLIDOT T

A—%EFERMLTITIF A L2 FPCRICE ST, %
EV 2= VG DBEIET /e —= v T3 fTol. BB

IEREY
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o) ( i o) i
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O
H,N HN” NS~ NH,
(0) HN
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NH,
Jl\/ S NWw krr rCOOH
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g HN"O
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1 Polymyxin B (k. BAIRAIDIE:E) & ME M PG-surfactant (T) D{b2ig:&

NBRC3020 # & iﬁﬁ:?‘l‘*ﬁﬁf& Liadolzlz®H, P F£1 HW/ET T4 ~<—0 DNAES
DEKETY 2= IVETD %% =
polymyxa E681 #k” %Y o0 BT % 5 T EEES—p— P
% 7743 — Exﬁf L 720 Gibson Assembly I2&o T, ETaL1 5'-TCTAGAAATAATTTTGTTTAACTT | 5'-ATCTCAGTGGTGGTGGTGGTGGTG
e — ~, 2 - L-Dab | TAAGAAGGAGATATACATGGTGAG | CTCGAGTGCGGCCGCAAGCTIGAG
K= T % pET-21d (+) O~ VFra—=r ¥ £ MIC (4521 bp) AGAGAATACCAAAGA-3' CATTTCCAGCGAGG-3'
5 - 3, - ~ - 3} 3 g — ~o 5'-TCTAGAAATAATTTTGTTTAACTT | 5'- ATCTCAGTGGTGGTGGTGGTGGTG
l‘éj\ [" h % DNA ¥ 7L YA j— % & .(%'JE v {(3/2;7 é:)z L-Thr TAAGAAGGAGATATACATGCAGGA | CTCGAGTGCGGCCGCAAGGCTGTCC
5 S GACCGCGGAG-3' GTCAAGATATCCA-3
VNOT I N L7-
Ij\] 73 ﬁ?{@ﬂﬁ] RPE L 720 a3 5"-TCTAGAAATAATTTTGTTTAACTT | 5-ATCTCAGTGGTGGTGGTGGTGGTG
(t;a ERE) D-Dab | TAAGAAGGAGATATACATGITGAC | CTCGAGTGCGGCCGCAAGGAACGC
GGACAGCGAAAAG-3' GGCCGCAGG-3
g — Y 1 - _ 5'-TCTAGAAATAATTTTGTTTAACTT | 5'-ATCTCAGTGGTGGTGGTGGTGGTG
2.2. g:E 71 ”’0§EH§%I§ t ¥Eﬁ*§§t ;Eb/p:é;{;)ﬁ;? L-Dab | TAAGAAGGAGATATACATGGCGGC | CTCGAGTGCGGCCGCAAGCGCGGT
FHBIN7 ¥ — % KR BL21 (DE3) FRIEA L, #% COAMMGAGLA'S £ochGoAces
E£S9-L5 5"-TCTAGAAATAATTTTGTTTAACTT | 5'- ATCTCAGTGGTGGTGGTGGTGGTG
BOolmME 5 X9 ICIPTGZ B, 20C. 12 KM (3333 bp) L-Dab | TAAGAAGGAGATATACATGCCGGC | CTCGAGTGCGGCCGCAAGGAAAAT
GGAAAAAGAGCAA-3' AATATCAATGGCCTC-3'
D iJ‘ %% ﬁ: TH El )3% i 31 1o 720 % % fﬁ\ 50 mM Tris ES9-L6 5'-TCTAGAAATAATTTTGTTTAACTT | 5'-ATCTCAGTGGTGGTGGTGGTGGTG
- (3951 bp) L-Leu | TAAGAAGGAGATATACATGITIGA | CTCGAGTGCGGCCGCAAGCGICAA
Buffer (pH 7) WCHERE L, BEEEVCX 2T AAAGGCGGGGAG-3' TICGGTGTTTICTT-3'
. R ~ 5’ -TCTAGAAATAATTTTGTTTAACTT | 5’ -ATCTCAGTGGTGGTGGTGGTGGTG
o720 ST EREERSICTEEEAEE L TESNEY ;23/1%5 ;:)7 L-Thr | TAAGAAGGAGATATACATGAAGAC | CTCGAGTGCGGCCGCAGCCAAGTT
. GCTCGTTCAATTGTT-3' CAGCTCGGCAAT-3'
2 — V{2 DWW TIZ.Ni-NTA His bind resin ( SNV v ;H:) a8 5'-TCTAGAAATAATTTTGTTTAACTT | 5-ATCTCAGTGGTGGTGGTGGTGGTG
. W ~ NN . L-Dab | TAAGAAGGAGATATACATGITCCA | CTCGAGTGCGGCCGCAGCCAAGTT
W THEER 217w, RANES (Amicon Ultra-4, 43 (3138 bp) CCGGCTGTTTG-3' CAGCTCGGCG-3'
=l . Y = " = ~ 5'-TCTAGAAATAATTTTGTTTAACTT | 5-ATCTCAGTGGTGGTGGTGGTGGTG
@5}%5 50 kDa) 2 V) {)f?ﬁﬁ 75_’ 1o 7’:..0 {f@ﬁ{ﬁﬁ ﬁ@ﬁi‘ 15% "tz3/2554 t)):)g L-Dab | TAAGAAGGAGATATACATGTTCCA CTCGAGTGCGGCCGCAGCGAACGC
~ - CCGGCTGTTC-3 GAATTCGATC-3'
SDS-PAGE 12 & Y 475 7z, ES2-JL10 5'-TCTAGAAATAATTTTGTTTAACTT | 5'-ATCTCAGTGGTGGTGGTGGTGGTG
(/3§45 bp) L-Thr | TAAGAAGGAGATATACATGAAATC | CTCGAGTGCGGCCGCAAGGCTTCCA
TITGTTTGAAAA 3’ TGCAGTACCCCGGCCT-3

2.3. BE2—NIEFNBAARXALAOOT7T= *FROBGIN, FES1—)LOBETES S EET B
IALEE O
EY 2 - VERE (KRE 10uM) . EET I/ Bd 5\
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FV 77V AL DT I ERE 1mM), EakA
7 7% —¥ (02unit/mL). MgCl(10mM)., DTT (1mM),
10% 7 1) v — )V % 4& T 50 ul ® Tris HCIFE @ (50 mM,
pH75) #25CICHH, T ZNATPZ#EE 1ImMT
BINT 2Lk, BRBEMGLE . 20% %
25C < 1 W B Jo #. Phosphate Assay Kit (BioAssay
Systems##) ZHRML25CT20404 v FaR—Y g v
FTHIEIZED, ERHICHEREL 72 YRA S IREOIE
g RE o7, COWEEICIC, MEMIEET I /8%
DT F=MbEGDOERILET o720 —HTY — =N
— B ke I AT ABE Koy bt/ K72 E3, WD K
IB% R BIHET I BRE, PULKHTEEnilE %
v, Zo7ay b F—= oo USMEEL, &
BT I EBIEED T — % % w7z Lineweaver-Burk
plot 2 5 H 3T - 720

2. 4. HEE7I/BIBYA MOEERTFEERES
FIVFINSRATA 2BEEB7I /BELTHW:
7T ZIVEE M O R
DNAY =27 TV AFERICEI VWS NE R BTV 2

— Vo7 I BRI %612, Alphafold 212 & - T2k

EOHEE ZAT > 720

2.5. BE7I/B%. 7 ¥I#EHEZAHEEHRIN
7=2CysICERINLZET 12— 10 DIEE
SARRERE T 2 TSI A P TR T 3 2 BRoEIC

F—LBoTWBT IV BEREL, 22T I/ BAR

AT ERKEZHET LI LT, WEESNEY 2 —

W10 DHESEZ T 720 BV 22—V 10 OBEFITH L TE

BAEeBAL, 2.2.~2 3 LFABEOLHEICT, BAEEH.

LRGBS IE R 2 1T - 720

3. &8 R
3.1. E22—-I1~10FTOEEFI/O—="
JET X ) BEFIDRE

Polymyxin BIZ 107 3 VM. F87 I /7 FEITH
HEh2 LRI, SHESNTB Y, L-Dab’ O
§87 3 /42 L-Thr" O ES A VRS ¥ EIRBICHA S
N5HZ LT, b3 -HWERDIIAEK SN A, NRPS
B ARIE, BT 5 107 I 2 BICHIET 5 10 o
HEREY 2 —UPERESINHEEZRD, 6122 EFNh
DEV2—IVIZEZIRETIVBOT7TF=bEHH) A K
ALY, INEFAIATIVIRE LTHRETAT KA &V,
EHIZINE—DHDT FAAL VIZFF AT VEEE L
TR SN TOAMERTF P L) LEHATHC KX
£ v %&&t, Polymyxin BONRPS A HEDKE Y 2 —
WiE, pmx A, pmx By pmx E D 3OO BIET-H I RFT
shTws ({27, SHEF,. FEV2—VBETE 2
U—=r70L, ThEhEHEEERREE LTET, €56
WCARXA YOT7 7= VALEE % S TEE S 2 L ¥
Ho TNEWEL, RLIRLZDNATIA =% HW»
THEETOrO—= Y Zidfro7ze LML, EV 22—
3. 4B L TIZEAHFEED W ZZoh, ) FLERE
NOBEETHDD A=V TR TE Lol LALS
Lo IEETHEHEZY Y BT 2ODDNA T4 v —% &
HIwEILT 52 LT mENICIERTE b0 LD
Nb, HFHNZKEY 2— Va3, Gibson Assembly
12X 5 TpET-21d (+) O NVF 70 —= v 74 M 2E
AL, TNEDNAY— VTV ATAHIETEREY 2 —
W7 3 7 BBEHNIZRE L7 M3 () 123, —ple LT
WEENLEV 22—V TOT I BESIZ/2;R L. X3 (b
i3, RESNT IV BES ZTCICHEE SN 'Y 2 —

pmxB pmxC pmxD

Phe® Leu” Dab® Dab?®
pmx A Adenylation Epimerization
L I L L ) (A) domain (E) domain
T T T T
Module6 Module2Module8Module9 Thiolation Thioesterase
Thrio ) domair_} (TE) domain
Condensatio Starter
pmx B n ) condensation
(C) domain domain
Module10
Dab! Thr? Dab3 Dab* Dab®
pmx E

L )L )\ )\
T T T

J L J
T

Module1Module2 Module3 Mod'ule4 Module5
X 2 Polymyxin B ® NRPS &/ICEH 2 B=FORE (EREREEK
TB310EDET1—IViE. Pmx A, Pmx B, Pmx E D31EENELE
IZIRV A5 HhTWVWS)
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(@)
ESa1-IIL7 DT = JEEERS
& ARXA> (2-409 AA) . EfF (414-491 AA) |

B TRAACY (522-596 AA) . AL CRYAA> (617-1033
AA) L 2 LinkerBgHI R UPET-21dR0 4 —HRDESI

MFHRLFEEQAERTPEAAAVVYENDRLTYAELNERANRLAATLRASGIGRETIVGILA
ERSVDLLVAVLAVWKAGGAYVPLDPDYPVDRVRFMLEDSGAKVLLTQTALRERT
EAWLGEEELALAAVLYLDDEASYSEERANADSFHEARPEDLAYVIYTSGTTGKPK
GVMIEHRSLVNTAAGYRREYRLDQFPVRLLQLASFSFDVFVGDIARTLYNGGTMVI
VPKDDRIDPSRLHYWMERERVTLFESTPALIVPFLEYVHEQGLDMSRMELMITSSDS
CSVADYRTLQERFGSLFRIINAYGVTEAAIDSSFYDEPLTKLPQTGHVPIGKAWLNA
KFYIVDAHLNPVPVGVLGELVIGGVGVARGYLNRPELTEEKFVDSPFAAGERLYRT
GDLARWMEDGNVDFIGRIDNQAKIRGYRIETGEIESQLLRVEGVREAVVLVRSDANG
QKALCAYYTPDTGAELTVNDLRSALAQELPGYMIPSYFVELEYLPLTPNGKIDRKA
LPSPEGGAGSGTEYVAPRNELETKLAAIWQEVLGLAKEIGIHDNFFDLGGHSLRATT
LVSKIHKELNVDLPLRDVFRHSMIESMAAAISRLDEQTFVAIPVADDREVYPQSFAQ
KRLFILNQLEGAELSYNMPEAMLLEGALDRARFEEALRKLVARHETLRTGFEMVDG
EASQRIYQDLNFAVEFYRADEQEAEETVRRFVRPFDLAKPPLLRVGLVELAPARHIL
MYDMHHIISDGVSTEIFVEEFVRLYGGEQLEPLRIQYKDYTVWQHSQEQKERLQRQE
AYWLDMFQGELPVLEMPTDYPRPAVQSYEGQTLEFFFDASKTDGLKQLASETGTT
LFMVLLAAYNVLLHKYSGQEDVIVGTPIAGRNHGDVQPLIGIFLNTLAIRSYPASEK
TFLSYLNEVKETTLHAFEHQNYPFEELVDKVQVTRDLSRNPLFDTLFTMQNTENEE
FELEGLRLIPYPSALDTAKFDISLDVGEENGGLDYSFEYATALYKRETIERLAKHYEQ
LLVTIVSRPDAKIAELNLAAAALEHHHHHH*

R ARAA Y FRAHT RAAD KB TRAA>
ALz CRAA RE : Linker/Z At

E2a2-)L9

E>a1-)L8

X3 REINATI/EEFIOFE Alphafold 2 ICL W HEINABERES 1 —IVOIFEE (a) TP 2—I/L7(118.3
kDa. £E 73 /I3 L-Dab) D73 /EEEF. (b) EY2—I/L1(172.0kDa. £E73I /E(t L-Dab). £ 1—I/5
(124.6kDa. £E73 /I3 L-Dab). €2 2—/8 (118.3kDa. £E 73 /I3 Ll-Dab). £ 21—J/L9 (119.3

kDa. £E7 3 /I3 L-Dab) DHEFEILIAES

V1,5, 8 9DOVMKEEEZRLZ, WITNDOEY 22—
ZOoWTH, FENBEMESINTVAA T, CRAL Y
gL ehbh), BETHEEY 2 — VEIET
DI/A—= Y FRTETVLIEIREN, T2 KT
Va— Vo7 I BEROMEDD S P. polymyxa F681
MeEBHIAHFMEZ MM L7222 A, A FAAL VIZo0wWTiX
90% LL O E WA Z FE > Tn b Z Edtbh o7z,

3.2. BRED1-IOXEBEEZRAVEZEOERIR

CHRERRR

HEY 2 —VORHANY ¥ — % KB BL21 (DE3) #12
BAL, \EOEEB L HE RGN MLAZ, £3IPTG
WINC X 2 BBFE 2T o728 T A, WITILDETY 2—)b
WZOWT D RIBWIC & 2155 % A i © O RATFE B A B
THhoHIEDmho7z (M4 (a)e LELZDOR, #KEHR
EV 2 VORBER RO 7250, LIS X B RN

IPTG (+) (-)

(+) ()

M E¥J1-) EJ1-0

8 ]

X 4 (a) 15% SDS-PAGE #H /- KE&E BL21 (DE3) #kiC

£33, EU2—)8. 9D IPTGEBICLZREER. (b

15% SDS-PAGE # AWV BB SN -BFR T 1 —IL 1,
6 DI FETER

v 7 7 =~O # AR, BiEE G E L TR0
ZEY2—V1, 5. 6. 8 9, I0DATHo72, EY 2—
V2122w Tld, PmxED—#% E Y 2 — VHATE Y
ML, 7O0—=V T E3NTy—0 0 AERN
HliE, Y 2 -V OEEA T HEBIIMIIIY e Twz,
Z OFEFIE, Polymyxin BOKRHET Y 2 — )V & KB E
HEELTHRAOIIIE, HMICEY 2 — VLT )
LCEOEAEHTAOTRE I ALEELHHE V) 2D
bhrolze BEMMICEONHEEY 2 —VIZH LTI,
His-tagZ W72 7 74 =574 —h 5 2R ET W, 20
BOT T MEEE ORI T kMg CHEO N2 L
SDS-PAGE 4 HHIC & W HEFE L 72 (X4 (b) 1Zid—Hl& LT,
EV2—V1, 6 DHRERT),

3.3. KBEZRAWEREY 1—ILOEEERH.
FIICEEND A KX A 2 OEMFHT
EVa—V1, 5 6.8 9 10ICHEETNHLANXAL D

7T = MBEEICBE LT, Bl 2 T o720 HEY 22— I

FRRWZILE 7 I W, ThCEEEMEORVW O, B

% Wit Polymyxin BIZ&Fh a7 I/ #% &% 1mM

DORIEE T A, & 512 ATP % #2100 pM TR,

25C. 1 WO ISR CHERIGETT > 720 hBIEE

WOV, 77 = LS ORIER & 25 ¥ a Y

VR YERICHRL. S0 YEEREXE) 7T VR

SHA M) =0T oA ICEDERILT S LT, W%

PV & L 720
ZORR, FTFRET2—NIIHEEFE) OIYET I

W L CRREER RO Z LAY, BIZFrae—=v 7

DEBETHNE T Z2HEY 2 — VBIZFHPHIETE TV S
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140 104.4 He
120 —

s
5100 H.N OH

4;:&80 > 5 L-Dab
8 60

= 34.8 36.0 33.7 35.1 36.2
Y 40
2 20

0 II II 'III II

AA(-) L-Thr L-Dab L-Phe L-Leu L-Lys

BBV
OH
140
OH

_120 Hzé;j:ﬂ/
=100 O L-Thr
i 80 29.9 53.2
iﬂé 60 | 45.6 44.0 47.5
35418

N\ 40
-
0

AA(-) L-Thr L-Dab L-Phe L-Leu L-Ser
BBV 4

EV2-I10(F) DA RALAZHITD

TZIEEEOEEERMEICET

K5 £EY2—)L5(L).
EREBET7I/BIINTET
FE i

ZENEDTRBENT: (RHIFET 22—V 5 & 10 DFEE
ZRY)e FETV2—NI10ICELTIX, JTCADRERET
JBETHDHL-Thr 7213 Tld 7 <. FEEMICHEPLL 72 L-Ser
IRHLTHHOLRBLEEEZ LD e G0 o —h
T, L-Dab%E7 I /METHEY 22— 1, 5 6. 8,
9122 Tl L-Dab & HHRIRE &I MBL L 72 L-Lys 2
BeliittzEbzenwz edbbhrl), EVa— VLo
B7 3 BRI B0 R M, BESICEL T, BV 2—
W EIZEDWENELRD Z L2505 T2

RICEERT OB &SP > 72, £V 22—V 1, 5. 8,
9, 10122\, ET I/ MIREZ 2L S B zRoY#H

i 57— % % JC12 L 72 Lineweaver-Burk plotic X 9, 75
ZIWARTEED & — =N =B keas I AT A EL Ko

kea/ Km Z M L72 (3£2)0 SRIOFHETIE, T FA A >~
FWLTL-KRAFNYTFT4 2 (4 -PPT)DSEA SN2k
RETHEMZIT> TR WD, BRI Y I Vs —F
—N—DFEMTOFMITE 20 RN 2GR RED
bN7zo LML BONINTA=—F—2 KL 72T A,
L-DabzxR UIET7 I /WL LTHWEEY2—V5, 8,
9IZonTid, HPOBRKIEEZ O Ldbrol, —
FHCL-Thr 237 I /HBELTHWSEEY 2=V 1012
DOWTiE, L-Dabz# B 7I /L THVWEEY 22—
WEWKL, #1/50 BEOEMETH S Z L2505 h o7

3.4. ARXAUHEET7I/B%ZL-Dablld 315
E. L-Thril 3B RICF—ERDIT7TI/BREE
DEEFAT—2ZTICLEER
LDab%EE73I /METHEY 22— )1, 5 8

9 L-Thr 2 B 7 I /HBETAHEYV2— V101200

T HHET IV BOEBICF—LRbT I BOKE

%. Alphafold 212 & 2 VA PRIEE % CIT T > 720 FF

LDabx BE7 I /METAHEI2—V1, 5 8 90D

ARXAL BT A, REMKEGYA N EL RSP

WL C. Sz ERAbE 256 038 iy

# (RMSD) b & T L 720 3Ry 2@ e LT,

LDab%EET7I/HETLIINLEYV 2 —VIZH TR

HARFAAL TR ECEAIHEEEME & IR, RIS

THTIWRIET R A=Y 3 v OFPMED RN SR,

BAKMYIZ1E, L-Dab®o-7 I/ 313 Asp204 D48 7 v

Rx v, oM 7 I /31T Asp310 I Xk D Fiksh

)T, TEMUCBY 2 HMRT L 22 Mg 4 4

& Thr305. ATPHRD Y YA * >~ 1X Asp394 12 X 1 3&

WwaEns (M6)o ZhHid, EYVa2—b1, 5, 8 9T

EWREES R S ze REFSECTIEL-Thr 2 i3 % €

T2 —=)L101xF LT HISHIC 7OV F VRIS S 117z Cys

ETTZMETESL L) ICHEZT-7205 dbLIhoo

2 Lineweaver-Burk plot ICEBEEY 1 —ILICEEND A KX A > D7 F ZILEMEDHE
Module A MW keat Km keat/Km
7R (kDa) [min] [mmol L] [L mmol! min]
EVa—1 L-Dab 172.0 0.061 0.261 0.235
EVa—/L5 L-Dab 124.6 0.550 +0.340 0.445+0.210 0.826 £0.619
EVa—/L8 L-Dab 118.3 0.663 +0.058 1.09 +£0.228 0.623 £0.095
EVa—/L9 L-Dab 119.3 0.478 £0.095 0.411 +0.029 1.15+0.142
EVa2—/L10 L-Thr 124.6 0.014 +0.004 0.725 £0.640 0.019 £0.007
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« Module 1_A : deep green

+ Module 8_A :blue
+ Module 9_A : orange

X6 EJa—J1. 5. 8, 9N -Dab D#EAE YA MELIDIIFIBEDLEE () AV MEIDT7 I

JERRE DB (R)

EVa— VETIVF VB SN/zCysx 7T =ML TZ
HENUETHLOTHNIL, Asp3l0 2 OB T I/
FRIRIL T T 2 ERPERTH 5 LRB S N7z,

—hK T, L-Thr 27 7= VLT HEV2—V10DAF
AL 2OV TIE, L-Thr®a-7 3 2 HIZFEKEIC Asp204
OMGEH IV RF I Y ZRENS—F T, L-Thr ofl
$H1X Phed66 2°% % 3 5L CTillikZ LT\ 5 LRl S 7z,
7 72 MBI B BHIRT & % 5 Mg” A F > 13 Thr305.
ATPHIED ) Y BEA F+ 13 Asp394 12X D ik s B D
WBEDLLLholze Ladt-> T, HISHIC T IV VB S
N72Cysz 77 METELIHICETY 22—V 10 Z2HWE
F5121%, Phed66 JHAB~DT I VBERDPENTH S Z
EHTRIZ S Tz

3.5. ZIFIEHEMHATA D7 T It%&n]
BBETBED 21— 10 \OUE
EV2—IVI0ODARAAL V%, TUFVEBHY AT

A VikEkE 7T T VAL RE R D DA T 2720 D%

BRI IO W T, Alphafold2 12 X ) Pl Eh7-EY

2—=IVI0DA F XA YOS A PNS- A F WL Cys D

AutoDock7 12Xk B Ry F v 73y 3al—3Y g y&2LICE

22 L 720 Asp204 2’L-Thr® L-Cys® o~ 7 I J F D 8%k

WZEWT WD Z e FHEN, 25 51&S. Albus ® NRPS

WKEINAHCysZHET7TI/VBELTHHETAEARNAA

YTHREEN TV, —HTIAOEET I VBTH D

L-Thr & B L. 7V FVGUEHI S AT A4 >~ TR 1A

DVAEESAKRE L, ZOHEATHEHBLTWA LI

Phe'” 2501 & IS VfRREE & 5 5 2 E ST S R,

Z I T, ZI~DAlaZ 84k (Phed66Ala) THILE, 7
VENHBHMI SN CysZ2 T T2 METELARAAL Uk
L CHERET % & & AWIFF 8 N7z PCR & Gibson Assembly
Hfix HOCTZOERMERORHNR S 5 — %8 L, E. coli
BL21 (DE3) #k& H W CHIAEA#EZIT> 720 RBR 25
O ZFT 72 ZATDET 2 — V10 ERL LS IZ L
HHE SN2 720, ZhE His-tag 1 5 A % T
WL, 772 MUER ORI 217> 720 BT I /7 BRI,
L-Thr. L-Ser & 312, L-Cys. S- #* 9 )V L-Cys (L-Cys
(Me)), S-=F WV L-Cys(L-Cys (Et)). S-7 1 )V L-Cys
(L-Cys (Al)) ZHWTIEMRFiZiTo728 25, TTAD
EV2—NVI0DOHEET I /B TH 5 L-Thr % L-Ser i
T AMRGEEPRELS WA L2 = TARNAL VT
Ao RS- 72, L-Cys (Me). L-Cys (Et).
L-Cys (Al) 12K LCT7 7= MEiEES S5 L 2 L AH]
kot (M7), AR, ZOLERKE)—-FELT,
BUIE 2 H T4 AT VA ER 2wkl 7
TavRIEATHWE LD o720 THEH, KSIT/RLA
B AR BOMT I E 5725 0D, FR&eh S AR
BRI T LT L T o700 AMMPANSGER L E i
o 72DIZIEFITIRETH o 72905, SHRITEHEDR X
NPTzt L7 v a v RE2HW, SHHKE
MBS T VF VBB SN/ Cys® T T=MLTE S
EY a2 — VEE, E5I1I22N% P polymyxa R T & T,
YU PG-surfactant D A KA BE LML Z N7 7V 7D
WsEx HIBEL Tw & 720,
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(a)
Phess6
Cysflgd (e n/z
7 ILF L EE N Phe fil
HEFmETDEN
Al
i Phe466
oo
S
A
oy
Streptomyces albustk P.Polymyxa NBRC3020%k L g
DCysRHMARAA > DThrEBsARX 1> 1,5‘|Jﬁﬁf|§ﬁfﬁéﬂ7:tcys
(b)
23.00 o
L ess W =va-nio | \S/\HLOH
= B €2a-i1o0 NH,
H‘% 13.00 (Phe466Ala) S-AFJL-L-Cys [Cys(Me)]
it 0
Bl
& 8.00
r/g\n 2.00 /\S/\‘)]\OH
= ) NH,
T 3.00
S-TF)L-L-Cys [Cys(Et)]
2.00 -0.22 0.89 0
e N /\HJ\
& F @ @S S o
¥ N v de o 0\% NH,
HET= R S-77UJL-L-Cys [Cys(All)]

K7 7ILxIViE%E SHEIBMEINEVIXT A U BEEDOT FZIEE O ;
(a) S. albus M Cys 8% A KXx1 > & P. Polymyxa NBRC3020 #® Thr 53
A RXALDEEESE. (b) EZ2—IL10DA RXLLE, DA RXA
%t LT Phed466Ala T E % hl 2 7= ZE E K T D L-Thr. L-Ser. L-Cys (Me).
L-Cys (Et). L-Cys (Al) IZx4 T 27 F ZIL{biEMHEDEE 8

o]
(0}
I-I/NJ&S A Rso
Ci2Has o
NH,

NH,
N
N S
(0)
HN/\/O\)
OH OH

(0]

K8 AMEDIEILN TEBRUEBDILFIEE (A KA TORISERMELS.
TTFZIAEEN =TIV IV $HIERR Cys ICFRLIL - tZiEBEEH D, KRAKRTIIX
FIVERERIALTIRICEETBEZET. MAKIEEZFTICA KX IZE
Thd, LCOREEEETHICETELEL 723 FBRICHAWSD, EXF
CETTFZUEAICTEFLAEPEG Y H— &N LTEALE, BEREDHED

DS, EAFUILEEEENB)

4. % &

ARIFZE T, A BLARNCHEE LR Z R T EH LML
7evx I 2T F FREEER (PURPE PG-surfactant)
DN T TICE B EHCRESEZ HiF L, WMo B
L 7z Polymyxin BOEEEHZICER Lz, ZORERITIE

VARV —AXRTF FEHFEHED 1 D5TH Y, Polymyxin B
WCEEND 10T I 7RIS L2 10 HoOBEEEY 2
— VAL SN A D Do PUR T PG-surfactant D £
RATREE T HMENELEWT L LT ARAL VoY
T3/ BEMBEICTVEFVHEEL Y AT A VHLERICE
RUEETH 505 DEIOWEITE VT, A AL /TH
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LCERZMA DI LT, RET IV BOEBHIUFETDH
D, WERHEESNLIE) RV — AXRTF FADER Y W HE
Eh b EHMENH o570 LA L Polymyxin BEKEEZD A
FAA VI LT, BATIIZRIC X BRIz e A L
Bl HERET7 I VBOBBRTIF—LBRDANXL VA
DT I I BREPAHTH 5720 #ZTFJ, Polymyxin
BOGWERIIEEINSLI0MOEY 2 — V#EIET % P.
polymyxa NBRC3020 k2627 a—=>71L, 25507
IBESEHONE Lz F/220 62 RIBWIZ TR
L. BEYVa—-VEHEZHEEG. ThZhcgIhnsd A
KX A v OT7 7= MLEREZ M L. fE22E N ENn)50t
BT HIET I VBOT TSR TH LI, T2
ZFNE DR NT A — 7 — DB 2T 5720 WBIC,
Cl. C2. C3T7T VI VxS SN/ AT 4 ViF
AR (Cys (Me). L-Cys (Et). L-Cys (All)) %iGPE LT
X1 0BFHDEY 2—NVIZETNDHEA AL VIC
HLTERZMZ, BRINSOT F LW REE 7 b
EV 22—V 10 OERRORESITEI L7z, ARIZ 20
ERAKEZY)—-FE LT, HSITRLABPIEEZHWt
L7 YaryRIHEATHE PO THBHH, AN
WER L ENL Do 72DIFIEFITIRETH S, LLElE
BEMat D5 2 LT AFRHOERZ HIFL T»
E ALV

(Cl1::0°9)
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In recent years, the development of environmentally friendly materials with reduced environmental impact has been
promoted in various fields in order to realize a sustainable society. Among them, materials synthesized by microbial enzymes
are attracting attention as environmentally friendly materials because they do not require organic solvents during synthesis
and are decomposed by microorganisms without causing environmental pollution.

Haloarcula japonica, a halophilic archaeon that requires high concentrations of salt, harbors the malA gene encoding
an enzyme of the a-amylase family in its genome, and recombinant MalA expressed in H. japonica efficiently catalyzes the
transfer of short glucose chains and produces highly water-soluble hyperbranched glucan This property has been shown to
produce a highly water-soluble hyperbranched glucan. This property makes the synthesized glucan potentially applicable as
a high-performance moisturizer.

In this study, recombinant MalA was prepared to gain insight into the substrate specificity of MalA, and high
molecular weight glucans were synthesized utilizing various maltodextrins and polysaccharides to analyze their chain
length distribution. Furthermore, the solubility of glucans synthesized with MalA was evaluated under different NaCl
concentrations. The results revealed that MalA mainly synthesizes highly branched glucans from maltodextrins of degree of
polymerization (DP) 3 or higher and shows a unique ability to produce branched glucans from very short oligosaccharides
such as G3. Furthermore, the glucan synthesized with MalA showed higher solubility than those synthesized without
enzymatic treatment, suggesting its potential as a high-performance moisturizer.

The synthesized glucans have potential applications in the cosmetics industry as an environmentally friendly alternative
to palm oil and squalene, addressing concerns regarding deforestation, human rights issues, and species extinction. Further
studies on the structure and properties of the synthesized branched glucan will facilitate its use as a high-performance

moisturizer in cosmetic formulations.

1. #

AR, R RE et SO FEI O 212, BRETAFTCHA
DFMBAFELH A 23 TlHbNTw5b, FTH, WY
BRIZL > THER SN LI ML, [HROBIH G~
R L] BRI ST MEW AT &,
BREGHRE O] Ev) 200F]Rh HEBEICIERIC
BLVWEMELTEIIRTWS,

Haloarcula japonicald. EEIEREDOE % BRT % 5
EEFE MW T 5 Ve E 720 H. japonica® ) A L
Ko7 3I7—¥77 IV —WH#EELI— VT 5 malA LT
MRS, BB TS5 23 FpJMalA % w78k H.
japonica\Z BT B 2 MalA D5 & EEMF M Tb I

o FOREE, MalAXIEFIZE W IV a— 2 E M T
BRE L a-1,6 BT 2B HEEHIEYBETH S S
Lhbhorz?Y, WiErav 7574 — (TLC) 2w
TP IIRAT DA R 4V TR 2 MalA 2 /EH S &

[l

Synthesis, structure and property anal-
ysis of hyperbranched glucan as a high
moisturizing agent by a novel branch-
ing enzyme

Rie Yatsunami

Department of Life Science and Tech-
nology, Tokyo Institute of Technology

THERLEEEBETI VS VI3 0Nz b s, 205
ISR IZIEF TN &SRl S (K1) F 722 O
oy RIINVH 23D TREEDTE < EREA & LTH
HAT&sLEz LN,

ZFZTAMETIZ, 9 MalA KT 2MAEES 7
B, Mz MalA ZF#B L, BEREREOMITZ1T) 2
LE L7 2207V h Vi, FERHITE TS E S
KETDELHWET VD ThDH I ENHER SN, F0
WEOFEMIITARSLN TV ARV, 22T K~V F+)
THES X O REICHLIR 2 MalA 2R SR THESE SV
B RE L, T OISEANT B X UUKITR$ 5 i %
R L 720 2B, MalA &L DI E LT, Rhodothermus
obamensis HFALANE V) B3 Branchzyme % JH\, FEE 4R
oM B X ' Branchzyme #1/EH S8 THAR L 2B ES
FET N Y DI BT 57200

2. 5 &
2.1. Bz MalADEIRE KUFHES
MalA %A 75 X 3 K pOM] 2 % H. japonicalZ3EA L.
TR R 2 U5 L7z, B L2 fk% 37CT7
HRER:#E L, WEtEm g 2 B3 Uz WiEtEmsgs 2= 7
VIR EALEARZ W72 FPLCICE L7z, i L 72k % &
# L. SDS-PAGE %175 72,
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1 MalA BERT 2RSS HIRT IV H > OEERNK
HBZQETIVA G, ZLORIEEDE. ZOHFHEIFIEEICFEL,

2. 2. #H#%z MalA XU Branchzyme OEE 1 (pH 6.5) 8.0ullZ\ 2.0% &M 2R B 10ul b & O°
RO MalA #5885 5 (60 ISU/ml) & %1% 2.0 M NaCl % & &
EHIZE, vV b TREE LT Vva—Z (G, < 50 mM Tris-HCl #% % (pH7.5)2.0ul 2l Z2. 37Tl

VWE—=Z(G2), ¥V I+ —=Z(G3)., ¥V T +TF BWT 2R IGZ T o720 USEWIZ, TLC 12X D

F—A (G4) =, L LTUHEET Y7V, 7TIu—X, ENT U720 Thbbill%E, TLCZL—MIAKRY b L,

TIARZFUBIOT) a-rre v, WiEtEy BEHEBELCT1-7% 7 — NV /EERE/ K BEL2:2:1,

(T b A THE WEET YTy, TIuRIFUBX v/v/v) B L TR TREM L. BHZOTLC 7L —

7)) a—=7rr) ORBIIUTOX S IATo72. ¥(4 271 ARz L, BRI L2, s L TRt S E 72,

F2—7220mgDOIEEAB L P L.0mlOWEE 1 + » ik B 6.5mMN-1-F7F NV FL VT IV

KA. BEERE 100C CIMEER L 7. BF%. i MR B X O 3% R EZ S A Y ) — Vs Z LY,

GBI X D ULz B R 2.0% (w/v) EBER#E LT

Wiz REMEETHLT IT—AOMEE, 7I0— 2. 3. ##®z MalAEBLU'Branchzymelcl &35
Z4Z22.0 M NaOH Z Wl 2. W EHEHE L %7285 k. % BREITINVHVDER

2D 2.0M HCITHRM L, 2.0% @R~ W# L 720 MalA 2.2. 1. MalAIZKBEEREIINHVDOERK

O, G ERT VT VRIS E WK G RE LS 4.5M NaCl % & & 200 mM 27 = ~ 5% i (pH6.5)

XOEHLA. 2.0 M NaCl % & 50 mM Tris-HCl #% 1 1.6mlic, 5.0% KM EHEE (G3. G7. 73IuxRyF v
W (pH7.5) 40 ulic, 5.0l 2.0%WEM T 7B X BIOZ) a—7 ViEi) 2.0 ml B X O"MalA 5 (60
U5.0ul OFFFEREBEMEZMA. 37CTIZBWT 1557 HMK ISU/ml) & %\ 2.0M NaCl % % & 50mM Tris-HCI #%
o EA T o720 OB 150ulo I v HFHEB LT 1. 1mlo B (pH 7.5)400ulz R =F L »F 2 =712z, 37
A+ MK EMA W 660nm DWILE % v Tl CIBVWTI R E T o720 72721, G3IZBL T
L7ze EOESRMITB VT, 152 Ag 2 0.1 3K BERNROREEERE LT, A2 =V TRIEETT - 72
BEELOICLERBERRE1IVET T2y b BOG#E T #2. TLCENT HIZARIRILL, 5% D O RUSHE A
(ISU) &L, BRItk HE M Lz Hiftk (ISU/mg) O A AR EY ORI 21T - 72,
EEERBEENTICE TN T N BEX ) Wi 7. 2.2.2. Branchzymell KBEEEEITINHDERK
Branchzym (& 100 mM Tris-HCI #% f# i (pH 7.2) 40 ul 12, 100mM Tris—HCl (pH 7.2) 1.6ml 2, 5.0% % FE 32 %
50ul?d2.0% BT > 7B X UN5.0 ul DR HE W (G3, G7. 73uRI7FUyrBIOT) a—7 Vini)
mAEMZ. 70CITB VT 1555 RISZAT - 720 MRz 2.0ml B X U'Branchzyme #5 # £ i (60 ISU/ml) & % \»
MalA & IS 1 I Ay % 0.1 WA S5 0120375 12 100mM Tris-HCl (pH 7.2) 400l 2 K ) 5 L ¥ F 2

BEEZr1avHET 7=y b (ISU) LEHRL, B — 7 Zz, 70TIZB T 96 B PG 2 47 o 720 B
FZit e Em L7, T TLCHAT AR L, &Y OIS HE A S & E

MalA 12 & 2 BB R OTIZ, BT o X912 L TIT GRS B ORI 2 17 5 720
572, $74bHbH, 4.5MNaCl % & & 200 mM 7 T~ [ #%
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2. 4. Bz MalAH KU Branchzyme B&m L

EERESEJTIVHYOHE

R U 72 WA SO VR % w0 A L ANVETEE % B
W kg~ A 7 0F 2 — 725 L 15 400 (5451 < 3.
HEB L ) ML T, USER P ISHLET 5 MalA
(& % \WiZBranchzyme) % 20 S&72, wm L BElC XD
ZEVE L 72 MalA (% %\ & Branchzyme) 7 £ ORBEYE
=HE&, BEEEE, 2HBEOH 100% % 2 —VEZ.
FIATAARLT258E L, 30X ) Bz B L
720 MM A T0% Ty ) — VB I TE b TR L,
FERO L7258, BRI X D BT ERE L. 2ok
B2 LT 0.4 M NaCl &4 R A A > 287K 500 ul % i
A CMBGERE, mOaEE L. NEMERE Lz, 2o
TEZ#DEL., REZHHZR L0 /mEREI VY
YHIE & Lze 72, BESE VA VMY & R A
T VAWIRNER LB SEAE SV YRR E L,

2.5. BYVBRICEIGEREINHORRE

DEREM DR

2.0% HHEGEZ VA VER 400, WHEA F UK
K40uUBLTZENZEFNIOMU/ul & b LR L7
AVF73I5—=¥, FNVIFF—¥, £V T-16-7Va>¥
—VIRAEER (DR BUIVEEEI v 7 XA EIE5) 2.0
ZMZL37TTITB T 14 RSS2 1T > 720 BURKE T 4.
TLCHT 21T - 720

2. BEREIINDVOEERETICH TS B
Lk i

G7. ZVa—=4 B L7 IRy F VIR Z MalA
EMS TR LBERE VA v Dk, ZhEh
G7 MalA+), 7Y a—=4v (MalA+) BX U7 3Iux”
F v (MalA+) & 51120-4.0 M NaCliE# 100 ul 2 N 2. 726
37CHHVIFI00CHH &, 155 MEE L7z GEEHL
CHHR) . 2ok, mOAEEC X ) BFEZBEILL 720 LiE
MW A A Y RRPKTH00 fFICAHML 720, 72/ —
VRO 2 TR E IR B 7V B2 HIE L
720 WIRE (%) 1&. 100°CTHEM L2V A Vi (Gigee)
E3TCTHEMLIzT NV H Vi (Gyo) DEEE TN
LWL

R (%) = G37"C/G100"C X100

3. BRESLVER

3. 1. MalA BEIZEmOEF

MalA 3B 75 2 3 FpOM]J2 %3 A L7z H. japonica
TEE IR 2 BE 25, AR 1A% & Nz i o0
X OB 4% SDS-PAGE It L 72 & & A, wiE:m
I MalASHBENCAEE SN TWE I EEZRIRTHNNY R

o

WD LNz, £ Ty WEEMm S Z =y 7 OVEELHE
HEHOZZFPLCIZH L. WRZT- 70 HilgoORE %
SDS-PAGEIZfft L. CBBRftzfro72& 25, H—>
KDL 287 Bk i, MalA 23K &7z 2 & H30
BNz,

3. 2. ##z MalAE &KU'Branchzyme OE &
RMEDRER

<V MY IHEEFEE L LRI 2 MalA oS B4R RME
BIRAT L7z ZORE5. M2 MalA1ZG1, G2 IZIXfEH
B, GIU LDV A) THERS, bR XL
DOF ) THEB LS VA v 2SR T 52 25D
Loz (M2)s G3E W) IEFITENA ) THEN LSS5
e 7 nvh v e BT ABREIINTTHI R, &HL
WEGIE IV H Ve R L T AR RIS Nz, F
7oy HHLHE (T YT TIE—A, TIuNRy
FrRBIO Y- V) #EELELTHVWEEZA, W
FTHOGEELEDIET VI O HBERT B EDbh ol
—J. G3IB X UGT7 #HH 2\ T, Branchzyme % 1F
MEE70bDEWE TLCIZ X o THIT L72e ZO5EHE,
WINOREAZH WA S MK HED B X EES
FEZIVA I E N oize 2N E D, Branchzyme
FZGC3BIXUGTIMEH L EWwWEEZ 2z b7z UKL,
TIARZFUHEVET) I=F 2 IREITHWSA,
WENSNKGRED L BESEZ VA o5k S, b
R OB O TR S 7z

3.3. BN A)IBHSOZHEICERZER
SETERLETESETIVH D OFR
G3HBHWVIEGTITMalA ZEH S ETHER L -HEAE

TIWH KGN X v 7 AR ZE DG A P72 (X

3(@)]e TR, G3HHWVIEGCTIZMalA ZIEH 8T

BRLIEESEI VA ViZ. Gl &4 IER I

BEBELHET AL TV Y THDI EHIRBENT,

T2, FEROEEMIZG2-G4 LW S iz, kic, EET

HHrT7ITRTF KL, BUIVEEEI v 7 ATRIL

TEDOHIEPEEZRRIE 2 A, G LS %A T

X7 LLAEDS, G3-G4D ARy MIG6LLEIZI

NREWZ END, 7 3I0RTF VIR ITE OIS

Ll Go LY RWHIEHE L AT A LSS

2o 2Ty T3IORZFUIZMaA ZEH SR THRL

TEREEETNVA VIBEIVEEI v 7 AZ A, 205

B 2Rz A, G2U LD EMERTE . 2

nEy, 73ux7FVICMaAZEHEEH LT, &

DEOWHIEZ LD VA Y ERRTELZ e bh ol

—HT, Z)a=FVICMaA ZFHE b0 e, &4

TWARWVWED LTI, TN DN T — AL %P
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G7 IG6
IG7
e e e
Gn IGn “ene ’~’an n
MalA - + - + - + - + *Substrate
Substrate 1 2 3 a4 1:G1 2: G2 3:G3 4: G4

2 WAV OHEEREE LA MalA [CE3 KA S L UBESEBRIC

EMD TLC fE#h

MalA ICEE %A, 2.0M NaCl fF7E . 37 CT 24 BREIRICHBDEN %
TLC (ZftL7=0 BRBTIVA ERIROATHE =,

(a) MalA

(b) Branchzyme

s -  ole <
- - - -
G3| - - - N e: S - o e
G5 B 1G4 B T
Gsle s | - 165 - |1es
G7 . - 166 IG6
- 167 IG7
4 .
st ® s ”»
n lGn. . GniGn Gn lGn. ‘ GniGn
G3 G7 Amylopectin Glycogen Amylopectin Glycogen
Boks l«:la_lA++++--+--+ Branchzyme - - *
ebranchnin i
enzymg e R & kW & Dﬁbfae"l“;zg:“g a i

3 VI NFDIEHZ VI SEICEREEHSETCERLARESE LA > O TLC IZ & 3 5 IkEREMN

ZHEEICHEEZ MalA (@) 5\ Branchzyme (b) #FWTEESEIIVHCEEARLEDE, KDV HED
=¥ E TCL IS L 7=,



A X hAY MRS Vol. 32, 2024

o7 NIV MalAZZ ) a—=>7VIZidEHLIZA WS
ESHEN S 7z,

FIARIC LT, 7IaRIFUHDLIVIETY) a—=Fr i
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Peptide Synthesis was changed over 60 years from 1960 using innovation of solid state synthesis. Unfortunately, this
method could not scale up and only useful for the synthesis of mg quantity.
We try to change the content of peptide synthesis completely and introduce three completely new innovations..
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Destructive Innovation of Peptide Syn-
thesis

Hisashi Yamamoto

Chubu University
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Short Synthesis of Peptides o
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° Pentapepotide ©
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As the involvement of epidermal keratinocytes in signal transduction triggered by various external stimuli attracts
attention, red light irradiation has been suggested to promote the recovery process of skin barrier disorder. For its practical
application as a therapy, further elucidation of the underlying mechanism and the optimum parameter of the stimuli is
needed. In this study, transepidermal potential difference (TEP), the electrical voltage generated across the epidermal tissue,
was utilized as a measurement indicator to evaluate the integrity of the skin barrier. TEP can be measured by a simple
system with a pair of reference electrodes connected to the top and bottom of the tissue via salt bridges. The potential
difference is derived from the localization of ions in the epithelial tissue, and the disturbance of normal distribution caused
by damage to the skin structure decreases the potential difference. Skin specimens extracted from hairless mice were used
for ex vivo measurement. The specimens showed ca. -6 mV of TEP and promoted recovery of TEP by red light irradiation
after the barrier destruction by acetone. The acceleration of recovery varied depending on the radiance and the duration
of the stimulation. Higher radiance showed better recovery even in short duration, but it seemed to have a “window” for
maximizing the therapeutic effect and avoiding the toxic effect of high-intensity light. Then, continuous TEP measurement
was carried out to observe the acute response to the irradiation. Hydrogel salt bridges composed of polyvinyl alcohol were
shown as a promising material to avoid excessive hydration of the tissue during the measurement. This method will enable

the in situ evaluation for elucidating the therapeutic effect of the light stimuli and its safe application.
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Spatiotemporal Evaluation of Light
Treatment for Skin Barrier Based on
Transepidermal Potential Difference

Yuina Abe
Tokyo Metropolitan University
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With the aim of developing molecular markers that can be applied to quantitatively assess skin cell ageing, we planned
to carry out genomic analysis of skin epidermal cells sampled from a large number of subjects. Here we focused on the
'epigenetic clock', a method to estimate human ages based on methylation status of the genomes. Although various epigenetic
clocks have been developed for various organs for people in Western countries, these are expected to have large errors if
applied to the Japanese skin data. So, it is necessary to collect original epigenetic data and develop a formula for estimating
ages suitable for Japanese skin tissue. The resulting age estimator is expected to be of use not only in the cosmetology
field, but also in various fields such as forensic medicine and physical anthropology. As this study has been significantly
delayed from its original plan and is still ongoing, the main results of the study will be published elsewhere in the future. In
this paper, we present the results of verification experiments on each technical element that was required to complete this
research. Specifically, we report the evaluation of sampling methods that allow samples to be taken without contact between
the subject and the experimenter, a comparison of the collection efficiency of five different sample types, and the results of
trial measurements of bacterial flora that is possibly associated with aging. After several trial experiments, we have achieved
a situation where we can use these technologies consistently. The collection and analysis of samples for this study is
currently underway. In the near future, the main objective of this study -the development of ageing markers for skin- should

be achieved.
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ELHLVHEOREZODE LTS, E5I12, ZOFE:
ZHARNDOR RN @ L. P EE OMGE & 3 72 2R 4
EEROMEEZITH) 2L 2D LTS,

B OMECET 20 hnt~—h—%2lETHI L
3. IAX MY BOREDIOILETH D, TR
A MO Y—=GIZT Y F ATV TR LR R
FTY R NEMDPEE L BB FOREN R T Y
ZIHETR W L D% v RUFZRIC X Y B2 ks T
R—=N—%WM LT HIENTENE, Ty FA T 7%
RERBIMISGTHETE 2 L9122 D, FHOFREICKE
HIKCT& % L ifrshb,

1.2. RAEEROE/M

KT oM~ —H — %252 L2 HME LT,
% ODWIRE D SHE RN 5 TH D, Ll B
389 2 Al S LR IR R B CIR (I T E S
TENETE LT, BZH7ET TR MO IR IR
TE&LWEHID VTS, WHE 2 MBH C WL FUR 2 ISR 5
5T EIT L7z, F 2 TARIIZE TR, FE RNz T
JN, BEE MR, PRSI O WTEBOY 7)) v
24T\, DNAHIRIEEORAEZ 1T o F 72, ARHAFFETI,
B a7 AV AEGE DT ETERE L Tn i n
WRHT T BPEFREZRLTEISRWE ) BRRERN
KCHEHRMZ A7) LT L Sz, 20720, £



HOHE T, BeE B B CHRINZ AT Z L ZaiiR e LT,
B ORI Z2EN T 52 LI L7,

AWFFEDH LD Tl KT ORBMIZD X F VAL i
ZHEE T H & & DI, [ BRSO K E A 3% 2 R 5 5
WTHb, AFIVLERITS T RBHETHEFNRE K
ELTNAEZER, RMIC L o TEAF IVALAEER SIS
ZHEBMONT VDY, 22T A F VLR & M
DHEEZHSMPITHIERZHME LTS, 22T
HERaDBRRET 5 2 & B MGET 4 720 OFERN 70 41w #E AT
iTo 72,

2. 5 &

2.1. REXREMROY>71) > & DNAHE

B Y 2 2% 10, RO > 7)) v 72 2 O
FEE Az, DEDRTEROEEY — . )V EDIE
Iy )= ViHBMTH L, TNENEM- T, HEEH
B THREO—EHEZ o TWiZwi, ZodkEy —
MEE TS 2 — ViHEM & BB H & T 15mL & R
ANz, ZO%, FEBREMTEEK4mL 2B L A v
T 7 AT2MENMLEDE, 30 75FHE L7z, IRISKIL
Ty 7 AT20MEML, HILENTY—beKolz, &
DB LS 20006 x 14 H TR0 L7225, iz
BESE LI oA L7z 2225 ODNAMIHIZIE
QIAamp DNA Investigator Kit (QTAGEN#E) Z i L.,
BELOIMT 270 N I NI L7 THIER 1T 5 720

2.2. MTBLUEEOY T EDNAHE

FEZIZOVWTWEERD Y, THRE LO2FEEHOM K
FHELZ. WFhb lemDEZICEA R, ThE
QIAamp DNA Investigator Kit Z il L ¢, #EH iR
ft3 %70 ka2 L7z25-> TDNA i £ TOMEE % 47
2720 proteinase K12 X 2RI D 2 7 v TiE, 56 CT
SRS L7z,

JNE TG Y | cEI 0 Iy . FHRRm R - MRt 2 & o
Fp M 2 rbFIicEzn T ., FEY A 2 HWTH
FAL L CTHiH L7z, QIAamp DNA Investigator Kit % fii
MLT, #EFoRM352 70 b anviZL7s-> TDNA
Ml TOMM %47 5 72, proteinase K2 X AEEE ML D
A7y 7, HHRICX D EEITHET 5 XTI o 72

2. 3. BRSXOOFRERROY T JE

DNA

MEIE R E H S T1l0mL F 2 — 712 A, EEBH
295 J ik % £ o 720 DNA S H 12 12 QIAamp DNA
Investigator Kit Z i L 7z,

FUREPI AR AT X, B O fitE (Isohelix Swab SK-2S.
Isohelix #t) % FIV TR ZIT > 720 HEEH Z THOMEN

BEMRRYT / LD X FIVERIEIC S 308~ —H — DRFE

DOFIENME L OLEFHNNEZ L5022 5), Fv b
WD F 2 — TITHE L CHBRE IS kg L 572,
Z D143 Isohelix Buccalfix Plus DNA Isolation Kit (BFP-
50, Isohelixft) % H\WC, #iHFoRMT 570 a3 )i
L7273 CDNAHIH £ TOEMEE 1T 720

2. 4. HEEREN

ZEED S 3 L2 DNA I LT, #iE @ 16S rRNA
BETOIRIZEREAMIFETCEL LN VT I v —
S-D-Bact-0008-c-S-20 B &£ *S-D-Bact-1391-a-A-17
ZHWTPCR%Z{T o770 SDT T4 v —k v MTITERK
NHY, 20MONZFYTHF ) AOREWEIZITY—D
HETHRINT 22 LI LT3 Yy BRSO PesEc
¥ MinION Mk 1B (Oxford Nanopore Technologiestl:. LA
TONTH:) vy, 71—+ )ViZiZFlow Cell R9.4.1
(FLO-MIN106D. ONT#t) M L7z, BEOH v 7
Ve —ED T Y THRNT A 72, Rapid Barcoding Kit
(SQK-RBK 004, ONT#H) Ik o TH ¥ 7N/ —2a
— P& oo ER ZRE L. BRohiT—%
Z MinIONBEH DX — 2 2 — 5 —Tdh 5 Guppy version
3.2.8 (ONT#L) THiFEERINLR L 720 H %2 OB O FE
A L EFHCd, 2797 FETAY 7 ) LN TE D
EPI2ME (ONT#t) & GenomeSync-GSTK ¥ A 7 & ¢ % fifi
HL7.

3. &% &

3. 1. REBRKMBEOY>T) > JICET BRM4%

F— AV OEOEEE EHE» S, 2B (A H
WROVHEY — b, B: ¥ 2 — VINEEHS) TRz 8 & EZ M
ZRIL72e WIFROY 7)) v 7 hEEHwThmik
DEWIIEAE L. LBEWHRD SNz D F ) REHIA
WINTETWBLIEDVHEFETE 2, T20 TNEFNOmHK
(%) 72 DNA 4 i & 13, A :0.144ng/uL. B:0.374ng/uL
ThHolz (FEDo TORENLL, WTHOKFETHLT /) 4
NIV A1 0% DNAERDBRELNLD, =5 ) —
VIHEER Z M 2 23 IICDNA Z LT & 5 2 &
AHIII L 72,

£1 LEEBSICHWEY S TILEDNAIRE (B2 50uL)

F T DNAJRJE  (ng/uL)
EEA (B — ) 0. 144
BB (=4 ) — NV iEE) 0.374
EBEC (BREET) 0.195
EED (BREEZER) 0. 0079
NE (£DFF) 1. 12
NE (=) 0.0911




A X hAY MRS Vol. 32, 2024

3.2. EBEHIOMOY TV JICET B5M4%

S
R

Fl— AW oTES10mm A 5 O DNA I %2 i A 72,
proteinase KIZ X 2 BHWMH DO A5 v 7Tk, EWRZEZ &
GEEZ (70 EEREETLVWESE (7 VD)
DWFIOF YT Nb IHDOA ¥ Fax—2 g Th
THEITY-> T, ZRENHDSODNAMN R, C:
0.1950ng/uL. D :0.0079ng/uL T & -

72 (Do MFTIE2BHOEND L, £
WAIH MUTEAR T 145 7% DNA % [T &
DI Ly BRBLWIEEREN R ) Ok
EHDHVIIL K ORBPLEEE z bz,

KT o1 (B » 5 M) 2o oot
FEMHALZbD (7 IVE, 8mg) &,
MzZHEIL LD D (7 IVE, 2mg)
\Z2oWT, DNAHI 217 o720 2D F F
FEH U724 > 7OV E S 24 WF [ o0 i 4 AL 3
TEGIFEE TR TW 2ol Ly K
AL L72% v 7V F I 3R CoRBITHEIT T
Wiz, W EN/ZDNAEIEZY Y FVET
1£1.12ng/uL TH o 72D L, 7
JVETIX0.0911ng/uL TH 0. &I
10 ED#ERD -7z (1o IO
HiETHHRIC T EODNANE LR
503, BEFRALHL 1 overnight & 4 2
ENREFLWEEZ SN,

Lineage

VTOREPIRETH o 72 % B, GenomeSync-GSTK
VAT AEHWIHMEEZ O TS, EPIZME & —& ¢
AR O NIz KIH OME RN CTlE. B OFA
WELTHMOENTWBEET V7 EKW (Staphylococcus
epidermidis) X7 7 AW (Cutibacterium acnes) 7% & DR
IS N7z, WEHEOM RN Cld. DOENOFAERTH S
Streptococcus salivarius % 1% U % & 3 5 Streptococcus J&

® Moraxella osloensis

® Cutibacterium acnes

® Staphylococcus capitis

@ Staphylococcus epidermidis

#® Weissella bombi

@ Weissella confusa

Taxa - Not Classified
@ Taxa - Classified

M1 EE#EZEOHENAA, RESWATELHMEZRBL NI TRRL

3. 3. ERE LU OFFAKEIRMARDY
TV EHMBEERNICET 5%
Hi%Et
IR I VM & 1T PR B HE 0 BRI

2T, SHICDNAMI A T 728 2 A,

WTN D ERECDNAYITE L &

ZHERR L 720

3. 4. HE=EMFROARIIER

R 8 & ME A Sl L 72 DNA 2D W T,

S P S PRAT % SRBRAICFENE L 720 HRILRLS)

PR IIME R S FATTELD, 94750
ELTCHEML7Z-DNA &% DEICHIR L 72

7208 5 N read B AT 12 AL Wi

339 RTH o720 ENEFNOIEIERI] T

— % %EPI2MEYV 7 b7 712X » CHl

FE L. AW RMB & & BITERRL

72 (K1 BXUOK2), HALRS Tl Lineage

* Porphyromonas pasteri
* Hoylesella shahii

* Prevotella melaninogenica
* Fusobacterium periodonticum
¢ Fusobacterium pseudoperiodonticum

* Leptotrichia wadei
¢ Gemella taiwanensis
* Granulicatella adiacens

» Streptococcus cristatus
» Streptococcus downii

h » Streptococcus infantis
» Streptococcus oralis
» Streptococcus parasanguinis
s Streptococcus periodonticum
= Streptococcus salivarius
* Streptococcus sanguinis
» Streptococcus shenyangsis
® Streptococcus symci
® Streptococcus toyakuensis
» Streptococcus vulneris
» Streptococcus xiaochunlingii

Taxa - Not Classified

L72DNAY—Z2 o H%—»Pars71)—F
FRETEXDLIALATTHDLI2O, FLR

@ Taxa - Classified

2 ERHEEROBEN, MHIWAFELHMEEZEL NIV TRRL

¢ Oribacterium asaccharolyticum



DMBEPERLTH o720 Tz, BHMRAR L B 2 &K
ELREHMERF O Z L AR E NIz, LEORREN S, K
J§ 3 & OWEE (I1PEN) OMIBEICHES 27— % 2%
CHUFTE B L A2MERTE 2,

4. & %

4. 1. FEROMIEHERICDOWT

HEHTHBRA L)1, AR EREMEE & —7
v & LA F Vbt EikomEz BreE LTwb,
L2 Ly MooV T MBS 255 2 L2 T
L, 22Ty EORBDRRMWICRITEETH 5 0% M
T B IO MALEREZ T2 RETH D, T, HHEE
B > 7)) v I onTIZMER EfTE LI
R T E 720 AFIVALIREE DI E & I 3 DN DV
NOHBIIHLTH, LELZDNARZISET LI AT
EpL#EZONIZ, —J. BEIIDOWTIEDNA ORI
MY S - 720 72 T DNARZRERT 5720121
EMZEOLIEDPLT LIS, BRZ2EOEEL2 WY
AR B HEITME D o FRICE R R LTI DA
2R EPARV L FRE N, BREOHRBEEZRL I LATR
L VWEEZ BN, £ L TNV TIE, BRI AR
T4 75O DNA % [HITRETdH % 5%, AEHRIE O AL
BUZHRE] & FEB2 25 2 EBMETH L, Lrd, N
AN E DO —ETH B EARTIENTELDT,
BEJ LAZIZM CAS RIS R 2R b H 5o Z D7D
RIS BRETRETHH ) LYW L7z, Ml hoEg
M. K e LT, ARWFZE TR M 2B ML in 2 T
W& TTPEPIRE ML 2 BRI 2 S LT LW E X 7o,

CNFETIS, EIHOMEZEAL L MR ORIz [
BHDHEVIMENLZENTWS, LaL, WEOKNEH
PR RER L 7WFZ813 7 o AT 3 (B2 8 DK 531 R0 B I o
 EOWBALFENERICE > TR 225 L EZ 5N
DT, B2 OIMEZEAL & M 3% O i )7 |85 5 28k R F-
PHAETHI LD, THcELLNE, —HTRIE, WH
DORRIZOWTIE, MEHFESEKNCRE L L 720 Tl
ey MO ZLAE N CHIRENIZIL L 202 e F
HLTWh, ZORHEAHT L7012, 2 F IVILERE
2 % F O 72 B2 R R 0 ZALAREE 0 FFAI 25 P 2 19 70 1 1
ZRIZTTHHIo SHIWKIEEZFTIEARL, OEAT
HHBEOBIG AL SN D WHEED D %0 REFLOESHD
FFZERRNT AR L 72w,

4.2. KRDIhHH
BBICARFIRDESHIZOVTIHRNRDS, RIFRIZTTIIH

HEMERYT / LD X FIALRIEIC L 2N~ — D — DR

R AR R AT IR e B A & O REF 2\ T T ASHEAT
hCTHhb, FE LTI, SFETRERDHAAN280 %
DOIMEHRDNAZE L Tw5b, $72. 208505 70 1%
DRTZ VT AT A% 6B EEANE, WE, TREPIRY
AL 2 INET 2 FETH S, DLW T, 7/
LDOXFNVALIREZWE T L5 TDH 5. AR Tl
oz, 7Y 7L DNASIE F TOEBEIZOWTIZ
MREFEERIZSE T Lo 77/ DEHT O J5 B LA A (I fRAT
F v +ZFH Lo bisulfite sequencing 2 & - TAT 9 A%,
target capture HMi#IEH L CHME T4 CpGH A &
Wi % & Ty RRICT ) LT %2 LT 2 T8 TH 5
ZLTHLONAEN T — 7 IZRIER T L. 2 F s
N72DNAGTOEEERD L, UEDOTF—5 % %5272
Oy WIIHMAEE X 0 i oERiE e X %2155, 207
DOTVUT T MITTICHEMATETEBY ., WEZR ET
TELRBLTH S, LLOWIEDNERIZHEDIX, TV
ARG O~ —H — 2O WTHRETELRRICE ST
H59o

(5| FA>Z#k)

1) Horvath S. DNA methylation age of human tissues
and cell types. Genome Biology 14 (10) :R115. 2013.

2) Horvath S, Oshima J, Martin GM, et al. Epigenetic
clock for skin and blood cells applied to Hutchinson
Gilford Progeria Syndrome and ex vivo studies. Aging
10(7) :1758-1775. 2018

3) Onizuka M, Imanishi T, Harada K, Aoyama Y,
Amaki J, et al. Donor cord blood aging accelerates in
recipients after transplantation. Scientific Reports 13
(1): 2603. 2023

4) Bjerre RD, Hugerth LW, Boulund F, et al. Effects of
sampling strategy and DNA extraction on human skin
microbiome investigations. Scientific Reports 9 (1):
17287. 2019.

5) Mitsuhashi S, Kryukov K, Nakagawa S, Takeuchi
JS, Shiraishi Y, Asano K, and Imanishi T. A portable
system for rapid bacterial composition analysis using
a nanopore-based sequencer and laptop computer.
Scientific Reports 7: 5657. 2017.

6) Kryukov K, Imanishi T, and Nakagawa S. Nanopore
sequencing data analysis of 16S rRNA genes using the
GenomeSync-GSTK system. Methods in Molecular
Biology 2632:215-226. 2023.



FA VT X7 7 ayAREIBRIC RT3 R B D]

WK AR A Bl AR

GRL

it W]

The tight junction (TJ) is an intercellular junction complex that seals adjacent epithelial cells and plays a crucial role in
epithelial barrier function. TJs consist of several proteins, including those of the transmembrane claudin family, occludin and
the scaffold zonula occludens (ZO) family. The distribution of TJs is distinct among stratified squamous epithelia, such as
between skin and oral buccal mucosa. However, how TJs are associated with stratum corneum have not been elucidated. We
show that epithelial turnover and proliferation dictate TJ distribution in the squamous epithelia. Human samples and mouse
pharmacological models revealed that slower epithelial turnover/proliferation led to the confinement of TJs in the uppermost
part of squamous epithelia. In contrast, TJs were dispersedly distributed in faster cell turnover/proliferation conditions.
Cell culture experiments and mathematical modeling corroborated the TJ arrangements. These findings demonstrate that TJ
formation is dependent on epithelial cell dynamics. the confinement of ZO-1 within a single layer of squamous epithelia is
indicative of slow epithelial proliferation and turnover rates. Our findings do not fully elucidate the functional significance
of ZO-1 distribution, but our study does suggest that ZO-1 reflects the proliferation and turnover of epithelia,Our study
implicates that TJ expression can be a therapeutic output of diseased epithelia.
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The direct peptide reactivity assay (DPRA) detects binding of test chemical samples to lysine or cysteine of the test
peptides as a prominent alternative to animal testing for sensitization. However, DPRA cannot measure binding of poorly
water-soluble samples to the test peptides, and the HPLC step in DPRA is time-consuming and technical in comparison with
other general measurements. Recently, we had constructed the chromophore solid phase peptide reaction assay (C-SPRA) as
an alternative skin sensitization assay system to solve these problems. In this study, we further improved C-SPRA system for
detecting various and numerous samples in a short period of time (a few hours).

At first, we selected a microbead for immobilization of the test peptides, PEGA (Poly[acryloyl-bis(aminopropyl)
polyethylene glycol]) resin was selected as much more suitable for the quick reaction. Then we optimized the protocol.
Especially, the preparation of the peptide-microbeads before the assay was simplified. Using PEGA resin we found that in the
preparation we could skip the swelling step every time. These studies effectively modified the conventional C-SPRA. Our
method allows a next-generation high-throughput alternative measurement to animal testing for in vitro skin sensitization

rapid assessment with easy handling in a few hours.
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Atopic dermatitis is thought to affect more than one million people in Japan. In particular, 80% of patients are under
the age of 44 in the active stage of the disease, and it is a serious problem that chronically impairs quality of life. In clinical
practice, in addition to existing immunosuppressive agents including steroids and other drugs, anti-IL-4/IL-13 receptor
antibodies are used as biological agents for treatment. However, a major problem with these current treatments is the long-
term administration of expensive antibody preparations increases the burden on the medical economy itself. In addition,
existing treatments only suppress symptoms and do not prevent or cure the disease.

On the other hand, recent advances in science and technology have made it possible to perform trans-omics analysis, in
which RNA, proteins, and metabolites are comprehensively analyzed and their parameters are linked to each other. These
tools can be very powerful to capture events occurring at the molecular level in disease lesions and identify new therapeutic
targets. However, due to the complexity of the system and experimental limitations, trans-omics analysis using immune cells
is still lagging behind, and there is a strong requirement for such efforts in terms of therapeutic applications. Against this
background, the applicant was the first to construct a system that combines RNA-seq and proteome analysis using the same
samples and combines each parameter. Furthermore, we have identified pathogenic Th2 cells (Tpath2) that cause allergic
disease. In addition to these achievements, we have recently identified cutaneous T cells that specifically produce IL-3 and
IL-31. Therefore, we have conceived this research proposal to identify pathogenic codes that cause atopic dermatitis and itch
and to develop new therapeutic targets and platforms by utilizing the applicant's trans-omics analysis system and CRISPR

tools that can be applied in vivo to cutaneous T cells.
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BaloBlk7 LV F—EETIAONLZ E25bh
5>Tw3 ", 2 TABRTIRT b Y — RIS IE D
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The stratum corneum, which constitutes the outermost layer of the epidermis, consists of corneocytes and lipid lamellae.
The lipid lamellae, comprising a multi-layered lipid structure, are important for the skin permeability barrier that protects
against the invasion of pathogens and foreign substances and prevents water loss through the skin. Ceramides account for
approximately 50% of the lipid lamellae (by weight) and play a pivotal role in the skin permeability barrier function. In
contrast to most tissue, a variety of ceramides exist in the stratum corneum. Ceramides containing a 6-hydroxy long-chain
base (H-ceramides) are unique to the human stratum corneum and are the predominant ceramides. However, the biosynthetic
pathway and physiological function of H-ceramides remain unclear.

In this study, we demonstrated that H-ceramide production increases in a keratinocyte-differentiation-dependent manner,
and treatment with ascorbic acid enhances its production. Meanwhile, treatments with cosmetic ingredients that have
antioxidant properties, such as kojic acid, coenzyme Q,,, and astaxanthin, did not enhance the production of H-ceramides,
indicating that antioxidative effects are not involved in the H-ceramide production. By comprehensive expression analysis
using RNA sequencing, we identified i) 1073 genes increased (>2-folds) during keratinocyte differentiation, ii) 159 genes
increased (>2-folds) by a treatment with ascorbic acid, and iii) 87 genes increased in both conditions. Among them, we
cloned 16 genes and investigated their activity to produce H-ceramides by an overexpression assay using HEK 293T
cell. However, H-ceramides were not produced at least in our assay condition. Therefore, further analyses, including to
establishment in vitro and in vivo assay systems, are required to identify the gene responsible for H-ceramide synthesis. Our
finding contributes to future studies identifying an H-ceramide synthase, elucidating the mechanisms of its production, and

developing novel cosmetic materials/products.
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M S (4-trans)

M DS (4-saturated)

B SD (4-trans,14-cis)

B H (4-trans,6-hydroxy)
P (4-hydroxy)
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HEMEAEWICHE S I FESEML, 72 IV E YBIER
B, B CIEBEF MLz (M2 7H, 3.7
% :10H, 7.14:14H, 11.345:21 H, 6.74),
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ATBELT, TAINVE VRN ZH YT I FORNA
Ronrz7z60, 53467 HIZH1F 5 RNA # W TRNA ¥ —
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KIEALE X A AL (m T (CYPIAL CYP2CIS,
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VAL AQy TAYIFWUFUIEHET I FEAZILE
Laholl b, 7TAINY VEBOERIZIBILER
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A7z, DHE I I F2dehw I Ar5F /%4 bo
RNAZH & b h RNA SO LEBBATIZ X 5 B Oz
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%, AIF 70 A PERHCBREHHERD LX) v
77 MBLOER E HE S 3 FEEAROMNT, iii) 51t
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RIG-I-like receptors (RLRs) recognize viral RNAs as well as endogenous retroelement RNA, leading to the expression
of pro-inflammatory cytokines. Since abnormal regulation of RLRs causes auto-immune-like disorders, their activation
should be strictly regulated. We investigated the proteins and small chemicals that affect this regulation and found that the
Riplet ubiquitin ligase fine-tunes RLRs-mediated pro-inflammatory cytokines via K63-linked polyubiquitination of the
LGP?2 protein. Moreover, we conducted a chemical screening and identified several chemicals that augment RLR-mediated
pro-inflammatory cytokine expression. Interestingly, the identified molecules target a metabolite that attenuates inflammatory
responses. We found that the addition of the metabolite reduces pro-inflammatory cytokine expression in epithelial cells.
These findings are expected to be utilized to develop a new method and chemicals to attenuate inflammatory reactions in the

skin.
1. % 2. B &
K TOSRIEIRENRRAR AL EDERE %Y, 1L 2.1. LGP2DI1EXFF U btaENLUA=REEY T b
BERC B VT HEMME G . bW AL SNk HA 2 EAE DOHIE
EHMEEE 7o TW b, ABFETIE. FRICBIT A RIES Riplet 5 FARAE I 22 SIEVES 4 A 4 Y EEDOH 7= 72

TS 50T A= AL E2HHTLEI L, 51T, KiEE TS % 9 5 72912, HeLaflig % HEK 293 #lia.
T 2EMEFH 72 CFAET L2 L2 HNET S, Th AS549 M 7% & DML % I WIIT 21T o 720 AT TlX. £
LOHMZERT S LT ALIEMIC X 2 03N K NENOGTEREBT LR 7=, TNENOHFTITH
DOIE % RS 5 MR A ESL 2 AR 2 5 & IFE T AHSIRNAZH WS Z T, 4 D5T 2 KIEHEY A T
ENhb, WA YORERIZED XD i E e Ri-T o0z, &
FrlZINFT TERIEICOWT, LML To SN R OMBEN LRI E LT~ A 707 LA EIFIZHE L
4 bHh 4 VELEEFHET S Riplet E32EFF ) H—F ® 3D-Gene & HI\: 72,
ZHELZOHEZMPFL 72130, FEEERTTH 5 Y FF MLIZBWT, HARMych &ED ¥ 7 ff&na
EGE 2SIl O~ 7 — 25T %24 L CTRAEZ I $ 5 EXF Uy —2Hwb eI, XTI
A= AL, EHIT, ZNF598 731 & B S A4 A FTHHMALEEY & 8 B2 FF 5k %2 72,
AVRWHTHEAD AL ERBH LY, KIFZE Tl F7-, LGP2 ¥ v 7 DV FF L EfiilconwTiE, B
BAOINFEFTOMNG L2 EOLICHESE, RIEEZFET T & L CLC-MS/MS % H\» 7= AT %2 FEjiti L 72,
5 Riplet E32 ¥ FF U H— B oOiEM2H4 287 7%
fLEMEr IINAZ Y —Z v ko THEEL, X512, 2.2, REEZHETIHLILEMORESR
ZNF 598 45 1% Riplet 7 TRAFW L RIED A H = A L % TFIANVAZY) == FTIERRAKZEOF ) V5 vik
AT %, TNHIZE D, LR SND X = X A %R Mo 477 —B X ORI KA OB T A
T 2L, PENTHZBH 7R GEFETE S TN =5 E 2 TR L FIHANVAT) —=
LHifEsh s, YT DEBRICBWTIE, Riplet W75 Y 7 F IV Z
FT570CHA A VEBEFOTIE—F —DTHIC
mCherry BIEFZBEVWELR—F —FF5 2 3 FLREKIZ,
HEMICHBRT 2EETOTTE—% —ICGFPEET %
BWLELR—-F—T 523 F2MEIZEA L. mCherry
Role of new molecules and chemicals WL ARtoiate, WEEI Y ha—nv &% % GFP®
regulating inflammatory responses it gy 02 <5 ¥ A E CEAET BILAMERRL L.
TFINWNVAZY) == FTIIAFITB L2 32001L &I
DVWTAZ Y ==V 7 EEE L7,

Hiroyuki Oshiumi

Department of Immunology, Faculty of
Life Sciences, Kumamoto University
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3 & = AL TVDDEMRD720, 63FAUNDOY VU %4

- TT7VFEZ VISR L7482 28 %5 > (K63 only Ub)

3. 1. RIEHEYA MO VEEZHEIT SHEES ERBEGRARSLETAH, ZOHMBZ LY FF U H Riplet

FAHZXLORRA DREBUC L ) ARIICLGP2 4TIl A N2 & & A5

Riplet (X BFEWEH 4+ 5 4 ¥ DL % FHi+ 2 RIG-1 % Sirklot, 70 TOMBEZIEFF U OLCGP24T

EYALT 257 Ch %o Riplet iZRIG-12ZEFF LT ~O#AIXRiplet KOMIBTIEIAE AT L RS

5 Z LT, RIG-TKAFH R SEET A4 DA A >~ DL % N7zo 720 Riplet # KO L7-Mll8 TIXLGP2 D ¥ &

WME 5 Y, REEWEFA A A VRIBROBAESHET 2% FUALRRT Y I ANKELBII L. ThSDTF—%

BEIGECEETH LM, ZOBEAEAETHCKEENESR  »ORipletSLGP2% ) V¥ 638iA A L72KY ¥ F 5
BRHORERB, TULE -2 EOREE bR L VBT B 2 L AR ST,

"o, ZOWHIERESERTH D, 413, RipletiZ & b BT, LGP2 3 ¥ AR Y ¥ F F VBl & 2T % 5%
RIG-THAF 1 72 SFEVE Y A DA A Y EEAZIIHIT 2 2 4 = K PET B0, HEagMEfroz 24, 397%H,
ALELT, RIGI7 73— FTHAHLGP2 % ¥ 32 532 H. 599 % H. 629 FHD ) ¥V Y RENSLEFF &~
HIHKH LiF7Ez e 720 LZZT5 I EAIRENT, ThHD 450 T VRED

%9, LGP2#{5¥ % CRISPR-Cas9 ® ¥ A 7 & % v A2 ¥ FF 2 E6iIE. Riplet 2 584 5 2 & THIINS
T/ v 277k (KO) L7z#Mila%x Hv . Riplet #8#% % il # 52 LA LFQIEIC X BFATICK DRI N, Thb
F % poly I. CTHIFHE D KIEMES A b7 A4 >~ % B AR DY Y UEREDIEFF UALHLGP2 5T OREREIC 5§
o & ik L7z& 2 A, IFN-B. IL-6. IP-10 % & D 59ElE LHMEIDVERRDIZDIC, INLD4o0D) Y UEILE
YA A A Y OmRNADFEIAHLCGP2 KO X Y oy TNVFZ L IZEB L2 LGP2 4T & LT, LGP2-4KR %
% 2 EMERPCRIEICE DR E N7z, Ripletid L€ FF » T2 R LB ~TEHH X8 % & Riplet A7 70 SE T
VA —XiEEEET A0, LGP2 DY FF LE RN 4 MA A4 voEAER, TP10% Celb 2 EDIIEICE 53 5
572912, LGP2 & Riplet% 1% ZNZHllR I B & & TENA VOBAPEATEZ EARENT (H1),

% L. Riplet #3588l L 2BICLGP2 DR ) 2 ¥ ¥ F V1L IS DREFIE, Ripletid. LGP2 AFEAET 5 &, iz,
AEHEICHINT 22w 2 A% 70y MEICL YRS RIEWH A b A A D OREEZIHT L EE2RIET S,
N7ze TOLGP2ORY) X F VbeZmmIcillEs %

7ot R A VB RS L - L 2 A F 3. 2. RIEZMHTEHELLEMDORER (FIHL

Y, Riplet # L3P S ¥¢ %2 LT, LGP2O ¥ ¥ 5 AY)—==27%)

LIRS ¥ VAR BTN T 5 2 EAURE Riplet 3 FIEIRIA % —7 20V OMWIZIL-6 2 E D%
N7zo X512, Riplet & LGP2 TG T 5089 % FEVES A b H A VEEOFECHFICEELBE 2T 55
TARD 72 OITRIELREEC I VAR EZA, Thbn FTH %, 4 idRiplet DIHHEAL % 5Hli3 % FEBCR & 1E R
DDGFHHREET H T LHIRENT, L7zZenb, ZOERRZ T Riplet D% % Hl§

RipletiZ X 2 LGP2 D2 FF LA 63FHD Y ¥~ ALEMZONWT T IANVATI ) —= v T RER LT, B

s IFN-8 mRNA * 0.08 IP-10 mRNA . 0.08 Cel5 mRANA
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M1 LGP2DIEXF A& REMY 1 A1
AEXFALERIB U ETI/BE#RL., IEXF LS GEVWLGP2 2 FEREIE. RECEAETZ Y M1 ELTIFN-B.
IP-10. Ccl5 DmRNADFERERN/ZECH, TEFF LS GEWEREILGP2 22 /3VE(LGP2-4KR) 2B T3 M TIL.
INSDYA A DEEPTTEL TNV, ThHDERIE. IEXFFALINBZETREMEY A MADEEEZIHITEILEETR
Ry,
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WY ORDS MNEDPEET B RAEVE A bA A e
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ETHRHMEDY A, FELXIH T2 X235 L 2R
523 %,

WIZ, w7 AR ERE ET 5720, (LEWX i~
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As we are now facing an era of hyper aging society, maintaining mental and physical youthfulness throughout a lifetime
is directly linked to healthy longevity and the quality of life (QOL). Youthful is often assessed by appearance, including
signs of aging such as skin blemishes and wrinkles. Therefore, inhibiting these skin aging signs holds immense importance
for maintaining QOL. Sunspots and wrinkles are attributed to photoaging, caused by exposure to ultraviolet (UV) irradiation
from sunlight. Since the continuous exposure of UV and subsequent photoaging leads to solar keratosis and skin cancer,
investigation of molecular mechanism of photoaging and its prevention are necessary for the maintenance of QOL. In
this study, we aim to investigate photoaging in terms of genomic alternation by exposure of UV, especially the molecular
mechanism underlying cause of photoaging. Our research would help provide fundamental insights for seeking “photoaging

scavenger compounds” in future.
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& TIBET %5, TLS & NERBEIIANIZETIE, TN 61
Mz C DNA — T $5 Y W IS 58 % C & % A IF) A4 2. (HR)
IBARERE DRIV BHMEEIC BT 21X FZHOL 2T 5 2
LxHBE L7z,

il

2. 7 &

2. 1. MpEESE
v FBY UORFEERMMBEHETH S TK6 Mg 2 ) L 72,
TK6 il o 3212 1%, RPMI1640 32 H#612 IE@BAL 7 ~ i

Elucidation of the molecular basis link-
ing UV-induced cellular aging and der-
matoheliosis
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2.2.1. RAD 18 E=FHIEMAz DL

TK6 #HilLd RAD 18 i& 11 % CRISPR/Cas 9 $4l7 % 4
L. MHFEHHEZ 0 X DB L7z, RADIS #fn F-RED
J3:13. 2023 4E 9 HIZH & L7z [Cosmetology ] e 75 (45
31 %) OEIHER A X A HFFRAE [ 4 B3kt > A
T AR RERORIMNE (UVA) 12X 28R ERFER
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T4 =% AT b7 ALK 2kb DO W % B
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US) ICX-oTlifE L, #—=F T4 07Xy —%pL
72 BRCA2 Ein ML, Fefifk13%FICH 5, TK6 AN
DMK ISFIEIN)YVI—TH 5L, & THBRCA2
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5720 BRCA2 & XPA#MIZTFFILZ MW A L-MIE Tk
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Although its role as an endocrine organ that produces adipokines (adipose tissue—derived hormones) has been the focus
of recent attention, the primary function of adipose tissue is to store excessive energy as triglyceride. Thus, its functional
failure leads to ectopic lipid accumulation in non-adipose tissue, thereby causing abnormal systemic glucose metabolism.
In this regard, Japanese people are characterized by a body fat distribution that is low in subcutaneous adipose tissue and
relatively high in ectopic fat, and they have the same risk of diabetes as Western people despite having a lower body mass
index (BMI) than Western people. In the elderly, subcutaneous adipose tissue becomes atrophic and fibrotic, which is not
only a cosmetic feature of aging, but is also closely related to the excessive accumulation of ectopic fat and the pathogenesis
of various aging-related diseases. In this study, we focused on atrophy of subcutaneous adipose tissue and identified gene
expression changes common to atrophy of subcutaneous adipose tissue through RNA-seq analysis of aged mice and a
Cachexia model. For the next step, we would like to further investigate the molecular mechanism and develop a new method
to improve metabolism by preventing and improving atrophy of subcutaneous adipose tissue.
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Huntington's disease(13)

Glycolysis / Gluconeogenesis(7)

Endocrine and other factor-regulated

calcium reabsorption(6)

Renin-angiotensin system(5)

Vascular smooth muscle contraction(9)

Metabolic pathways(42)

Protein digestion and absorption(7)

cAMP signaling pathway(11)

Arachidonic acid metabolism(7)

Circadian entrainment(7)
Dopaminergic synapse(8)
Fatty acid biosynthesis(3)
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PEWGHLER DZEAL % MET L7zo 16 B OBAIREIZ LD,
B2 N BRBEALAR & IR BR AR O R, e R
D 1/2 T F THFIZHA L72o RNA-seq #2175 72
LZAH, WMHEFMBICER LI 20bbd, EixT%
HWTa 74 —na2REER ST, K TVRHRE T,
TNF-a 7 ERFEVEY 4 b A A4 V5880 ER L PPARyJ8BL
DALT AR S, WS X 2 PRI & W18
ZHERR L 720

4. ERBLURE

INFTHFHR A ZRY v 72y Fa— 2o E
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R I R AR A BHIE IS D e 0S5 AR I IIIFZE ST
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A N— T a /MO LEREANER SNTB Y, Bl
WIS EREANOICHP R E N TS, —T, S
Tld, BREHOERLEOKT (v ax=7) 253EH S 1,
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DZEHL, AT (Metabolic flexibility) DT % “B
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& IR R 2 el 5 2 212 X b, TRk o2
AN 2 BARFRED R E & Tz, T ORGSR JRIGHN
fasr b~ 2 & — il - F T & % PPARy #E e ASHIH] S 71
528, ZOWFE LT, TNFask ERIEWEY A A A~
OFBEAPEOONDL Z LRI L 72
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FRE, X — F= 9 2O TR EEPN IRk 2 B L
TGl BEEPICRBAE L 7= IR MR kR AT & 1) BV 988
FInZEREL7ZE W), ZHISH LT, BRI R TR
AR L7z~ 2 TIREH O HEISET L E W) #H
HHH Y. BT IRIAMME & INBEAR AR oM Rt )5 A3 4 <
BB REDIRE SN TS, EB. EGTHIH R &AM
FERDOIEAL TR — 2 2 IRIRIE S E S N5 OIE TR
TR TS 0 KT IRIHLEL & NIEIEIT AR & £ h
Y e i AR ARY/NVIN | (IR 1 - I N SR L P 3
WEFICHBEIR#ARICEC A Z EME N TV S, 4,
TNESIAE S M SRE X & U A B2 TR I CBE 125D 5
N7z SRR, TNFald, [ FIRIGRLRR O BRI
BT EALTWZ720, 4%, ZREHEMEO S b,

EOHRMEASINESIZRE > T TNFa % FEAET 5 00 % 5902
TLLEND D,
EHORBIREMMET T 2MEL LCiE, iz <.
ANFTTAREHEINTVE, TNITHEL L8R EDR
BTIE 2, BEORETR— M CTldEeicmEsy,
T PR ZHE S 2 S CHRN R IEEE 72> TWw b,
COERE LT, BPARMAE, BARAELR I &80
B IIERESE R S TB 0. IR M 50
Wy AT ANF T TICH L Td, BT 24T 57
V) VR T a7 SRS S, RERIREOUER
FRGEOMMAME SN TV BH, NEIEFIHR SN S
BEFARMBIIELR TV RV, AFETIE, BAEH
ANFTTET N AT L7288, PR o 2%
FEIZBI LT, s & AR TNF-a D583 L & PPARy ®
S % B 72 FA4 O R T IR O FEii 2T %
BRI L LT, ConTHRrE2SOICMHT A2 LT,
BROBBIIBOWTH -2 %% - RBEEROMBICO%
MH MRS NS,
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HRLT VLV = eilllills + Ly6G 12Xk %
BENG R RAF AL ¥ AR R O fR W)

ERUWNESIE I T EiRE R e

WA so

The role of mast cells (MCs) in the development of allergic diseases is pivotal, with their activation triggered by
allergens leading to degranulation and the release of inflammatory mediators, such as histamine. These mediators
not only induce allergic diseases but also elevate vascular permeability, attracting various immune cells to the
inflammatory tissues and intricately regulating allergic responses. In a previous study, utilizing a mouse model, we
demonstrated that neutrophils suppress allergic reactions. Notably, we observed proximity and interaction between
activated MCs and neutrophils. While neutrophils are recognized for their defense responses against foreign
substances, the molecular mechanism governing MC-neutrophil interactions in allergic diseases remains elusive. In
this study, our focus turned to Ly6G, a protein specific to neutrophils, to unravel the regulatory mechanism of allergic
responses orchestrated by Ly6G through interactions between MCs and neutrophils. Ly6G was found to migrate
to MCs through neutrophil-MC interactions, with its migration significantly heightened upon allergen stimulation.
To probe the function of Ly6G, we produced recombinant Ly6G (rLy6G) and confirmed its binding to MCs using
flow cytometry. Further analysis revealed that rLy6G mitigated allergen stimulation-dependent enhancement of MC
degranulation. Intriguingly, rLy6G tended to increase mRNA expression and protein secretion of TNFa and CCL2 in
MCs. To identify functional sequences, we synthesized nine peptides, derived from Ly6G sequence. Several peptides
were identified to suppress MC degranulation, but TNFa and CCL2 secretion were upregulated. To assess the impact
of rLy6G on allergic responses in a disease model, we employed a Passive Cutaneous Anaphylaxis (PCA) model.
Administration of rLy6G demonstrated a reduction in the increase in vascular permeability, a marker of anaphylactic
symptoms, compared to control mice. These results collectively indicate that Ly6G plays a pivotal role in regulating

allergic responses through MC-neutrophil interactions.

1. #

TULVEF—HE (7 PE—HEFR EW7 L LE—,
TFEI745F T —vay k) id. REBEROB
b, INFEFTULRICER»DHEELASMEE LTHE
ENTWA, 7 LT =B L k%5 BREIR GEREFRAL
R, FRERE, MMEE L% &) 2R3 720, FHRHADS
#EL <. REOBHEAL - 1B L. FIZIZEHE QOL (quality
of life) DL TF 2R A L, MR _EFHTH L Y,

CDE) BT UNVF—FBIINT B FHREHICONT
. RBENERLZTLVLVYY (57 v 27 X, &/, 16k
%E) NOBBEOREEZ I L, T LIVF - PRI
WL, BIEMIC K DAHERESTLTH L, 20 WG
Wik LTSN TWD 7 LV VRIS
DWTh, REIIH7 2R OMECHERICT LIV
YEBEINT L0, kit 0Bk TH B, ZD70,
TLVF— (A M) ISEEZWET L7527 L IVF
—HIEHFOMARFE IR TS, TLLVF—REDOTRE

[l

Ly6G protein expressed in neutrophils
is a novel regulator for skin homeosta-
sis

Ryo Suzuki

Faculty of Pharmaceutical Sciences, In-
stitute of Medical, Pharmaceutical and
Health Sciences, Kanazawa University

JEICIE, A MRS ERELEHEZHS>TE), 7L
VS IGEZHERE LT AL, LAY I VERIILDET
BDRIEVERA T4 T—=F WS, EEPFERSIND, 7
LV F—RKIEMBETIZ, ~ A M & B4 2 el A3H
HEH L. 7 VUV F =R BOEM LR iR Lz T 5
LEZLNTWAS,

A7 UNVF—mBETIVEH W20 vivoFEH 5.
T UV AR OB K E ENEET S
B, R RIERS 2R - L CwbsZE2H LML
720 HFIC. A MO EALIZ X 5T 7 LV ¥ —%E
ZEHE L 7RI SOEMRR IR T B IR ER O£
PHBICHMLTEBY, W2, <A Mg & GFhERAH
FEHL TV AT LBESNY, ThET. HRGEEC
BOTEELBEEHEAT HHHIRDE, TULVF—IREICE
WTC, ED X)) RZxEZHo TWEDRLRE, HFHPERIC K
57 LIVF—nEHI R 2 B8 L T & 2, T OMEET,
MBI L7z in vitro AFRE 2R 0 KR IV 72BE5E 0 6
AR L 72~ A I & AP ER DTS L C 0 A BT AR
SNTBY, ThoEEEZNLIMHEERICE T, 7L
VE—RREOHREZ R L T MEAIRE SNz, B
2y 7 A MR & IR EROFAETAL T, A ERICRRR Y
WCHRBT 5 Ly6GEHED. ~ A Ml & FhERo 8558
MCBEILTWwa 2 a2 WLz, RIFETIE. &FpERiC
FRRMICHILT 5 Ly6GEHBIZ X 2 7 LIV F — IR & i i
PR oM Z B L7z
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T LILX —RISHEIEDF Ly6G (2 & B EE R X 7+ X2 S ZMEFEHEAE D AZER

2. 5 &

2. 1. BHAEARXRTAMNMIREEHERIITFPIKDIN

vitro £ FEER Z AUV =RER

< A MHIE & R EROAH BAE R e 0Nl ORI AR % A
L 72U Bk FVE Ly 6 G OFERERIIT 247 9 720, < A M
Bl i3 B~ 2 M 2 v, SR ER LS Bl T
Bk A w7z, aiidsk~ 2 M. <~ A i
ZEHLL. IL (Interleukin) -3 2 OFSCF (Stem cell factor)
HFAETTLAAMERZEL, <X Ml MME L2 D%
Wiz, BRIk~ 2 MR OMEROMRRIZIL, < A M
fa~—h—H\EE (FHHR~ 2 Ml : FeeRI, CD117)
EHWT T o7z, F72, BREHEETS PR, BRI % 3R
L, By FEHWEAT T4 7R L7 v a ViEICK
D HEEL 720 FEESROMEICIE. v AUFhER~ — 7 — &
HE Ly6G) ZHWTITo72e 7 ABBiHE~ X Ml
fo kg EkE <~ b)) SV a— b LA T AR A
T4 v o LCEET AR E VT, PUiDNP-IgE#L
K% SR/ LT, 7 Lvs v (DNP-HSA)
(2 & B R R IRIBUSE SR D ~ A Mg & i ER O HAE
. IR ERE T Ly 6 G O8R5 RiG A~ Ot [ O
D3 A MEBANOBENZOWTER - BN R 2175
720

2.2. V)aYEFPLYGGEBEDER

Varerr MEEHEE TEENRPHRICE LT K
I #3881 % (BL21 (DE3). ClearColi BL21 (DE3) 7% &)
Lt MifaFBR (HEK 293 a7 &) # flwC)a v ¥
F ¥ FLy6CERAZEEZER L2, Va vy EF Y VEHED
FEZIX, 7 L TG 3ERReXF Y R PFab %
HWTNI-NTAY =X 7054 v GRHAVWTIT- 72 Y
IV MRAEORB L ORHROMEICIE, ELKE)
12 & % CBB (Coomassie Brilliant Blue) 4k %0 &l 45 &
Bk EH W2y A8 70y 54 Y 7RIS E D FERL
725

2.3. VaOYEF>VPLYGGEREZRWEYA D
B G & AR BT A AR D AR AR
Ly6GHEHIHEIC L 5~ A MO A TEDMEHTITIZ. Y
IYEF Y M Ly6GAEE CUIEL 2Bk~ A Mg
Py ZPATER L, 7=V A P X —=FEHVTER
L7z $72, Vav ¥+ ¥ bLy6GEAEICL 5~ A M
Fa iV LIRERBERE O FATI21E. < A Mo 7 LoV Ui
WOSBAZRED ¥ 7 F Vo T OF AL R n Fin G i, 0
2% A DB & 5 S N5 RIEVE A 74 T— % 2 F/AEIC
RN U720 <~ A MIBROD ¥ 7 F V5T OIGTEAL O FFHT I 1S
YIAY Ty T4y TERHWT, A MO

PACICEE 2 KM S 7 F VirF (Syk. LAT. PLCy. Akt.
Erk, p38 7% &) V) VAL A RIS T o 720 F 720 SIE

PER T4 T— & OB TG T A QAT 121,

PCR%Z MW THT o720 & 512, BNEEA O 20 W SIS O ffHr

Zid. e A% 3 v (RERROS) OFEE LTHWS

N5 5wk MRS (B-hexosaminidase) O & %17 - 720
B (FA S AL VT E'HA ) OIS DIRRTIZIE,
ELISA %% v 72,

2. 4. ERETFTINZAWELYBGICEKB7LILF—
HIETERE D RRIT
TULVF—HEBEETFTVE LT, A MiIROFEELK

HFHTLVF—ETNVELTHHSINLGZEIEET F 7

1 5% ¥ —=EF5) (PCA: passive cutaneous anaphylaxis)

Wz, ZEEET F 747 F =T VORI,

C57BL/6N~ 7 A% 72, ~ 7 A3PLDNP-IgE ufk %

ZEIICBMES &7z, TOBH, 7LV » (DNP-HSA)

EINYATNV—BFEE RIS Lz, 2Ok, I H

ST L2 NV ATV —mE R MR S HE L

EmAIT) LTy YA MIROHHELOIRE L Lz,

3. BRMUOER

INFTHRAIE. T UVF—I0EOL RO TR
DWTHBIELTE R, TOHT, TUIVF Ttk h
7o A MHIRZIZ X o THE SN2 7 LV F—JEMME T,
< A MR & PRSI L, MEMEHT A &I
IoT, TUNF—RIEZHEH L TV L IRMEE S 2
L7z (K1)oe F/z. <~ A ML & UFHERD i vitro FAEHG
FREML L. T UVT VRS ECHE S ~ A MO
P & Z AL IFhEk & OMBEH 2 54 74 A=V ¥
ZEEHWTBIELZ, <A Milez 7 LV y v THRER

M1 7ULILX—FEEEFTILTCOY R MEREEIFPIROMBEEA
BEFER RS LTV X MR (FR) CME(B) »5HEEICRE
U7=4F5hEk (3%) » B ULMBREERAL VLS,
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WIEHEALT 2 & RIEVE A 74 T — 7 D5 W< 2
FIBOMBAE TS v 7 ¥ I B SN, —, i
BRI, < R MR 5 SUS A ERIR A & $h S8R IR HE S
AL L. <A Ml A OEE & 355 UHEAEH T 5k
ThEg s (M2). KiZ, HEEH LT AWML %
HRS 2720, FHRERICAERMICHEIL, ~— 7 —&HH
LTSN Ly6GEAZEZ W THEMEHALTWS
Wi % Yetn L7z, 205, Ly6G & HE A% hEk A
5 A MIROMBE~BH L CWwsr 2 /AL, &
2y BFHERD S~ A M~ E) L7z Ly 6GEHAB IO W
TERBNT 2T o722 2 A, TUVT VRIBICHES T #
HLTWBESTLYy6GEHHABEOBEZSBHE ITEZ 5 T
b2 ENHLENI o7 (K3)o Tz, WRMENT ORI A
O HHE BB % A U 72 RS R0 p Ak AR B S 2 2 Ml
BHELE (F-actin) A% ~ A bl & i h Bk o425 3807
CEBLTWLZEHWSNITEo72 Y,

TIZ, Ly6GEIEDOBE A # =X 2% W 52T 52
EERARIz LD, WFHPERD S Ly 6 G & A H O b BERE
HEIZOWTIBIE L7z < A Ml & 47k % JLAER 28 L

2 InvitroXFEEERICEIZ VI MARE
WHRERDEFEE T LB EER

KEEH TR MIREFHEPEFL TV S,

Bar=10pm

TVNT CRIBCAES . B RO Ly6GEREAEREY Y
IAY Ty T4V IETER L. ZORE, Kifll
BWIRBIZB VT Ly6GEHRABOMMESBIE S NIz, T
LoV il 1 BRI 0k FIFICB W Ly6G AN E =
MEML. 7TV RS ~ 6 B Tl BT o
Ly6GEHENWY L TV AT BIE I, <A M
WD WERINICIE, 2D 7TaF 7 —EREINTn5s
EDBHL 2o TEY, A MIREOWHRHLIZE D e 2 ¥
IR ERMRIEIEA T4 =y LW EhD Y, &
NoSo7as7—E R~ A Ml & i rhEk oM AR (3
) B O R C RIS oW S, G R B o
Ly6GELEAYM X5 Z LI2k -5, 538 FiEICiE
BELLEo~ A MBS E) L 22 REEARIE S iz, F
7o Ly6GEHEDS YA MlBICBEI L Twas ki, ~
A MRS Ly6GEHEEZMAT A0 T2 %BL T3 2
ERLy6GEMEIC X B~ A NN HERES i o0 W LA
EZz bz,
FDOMIEHEN S, K4 IZLy6CEAE D~ X MlllaD
BERERR IR IC OV THIL ST B 2 L ATz Z D72
DAWRETIZ, VI EF Y FLybCERHEAZ W U
I ¥F v M Ly6GERHEOERIZIE. KBEREIHRP L
MR Z Wz, ZLOIERL 22y EF v b
Ly6GEHE D~ A MIMANDREATEDIEN 24T 5 720
ISV PLy6GEAE X UM L/~ A Mgz 7 0
—H A M A—F TN LI2E A, RIEBCIRAEETIZLy6G
AR 20 % REO~ A MR THAL TWize —H,
TUNT VRl E T2~ A Ml TIE, Ly6GERHED
KAEAHIML TV LTS8 I N, 2D ORES
53, <A MIKLOMBIE 1213 Ly6 G EEE K § 55
GSRFALEAE L. < A ML OBERE %2 FR L T 5 W] Rkl
AR S N7z, BUEIR. Ly6Gisa o1 O EDwi B &
LT, YA MO Ly6GHEE DT DA D W TH S H

3 InvitroXFHEERICH T B FHEH, 57 X MARANDLY6GERENEE)
VA MAREFFREROEBEBL CLY6GERENBE LTS,
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WCF D720, TVT Y HERT =TT AY ViERHW
TR DM R IR BLZ T > TV b,

W2, Ly6GEEIC L 5~ A IS 38 5 gkt =
ST A7, Ly6CGEHEICI 2 RIENE AT 1 = —%
G BN DB O W TIRNT L7z, 13 Uiz, HIEAH
D JERE RS BT B 5 BRHRL BOS DI 24T - 720 B
PR D DORNTICIEIC A Y I VWL LTIUE &
B 43 BE K 9% % (B-hexosaminidase) @ & & % 17 o
720 TORER, Ly6GEHELHIZL Y 7 L v i vl
WA BB OB A E ZICHT S hTB Y, /20 20
PRI Ly6GEHEDRERFENTH L Z LA
PR o 7z (K4)o IS, B O IHE BB EEE 2 4
A +#4 Y (INFaz &) rEH 4 v (CCL2% &) 12
DWTELISA %% W CTEEMBT 21T 5 720 £ OfG AR
B-hexosaminidase & [A R ICHIHIZI RSBSOS & P
WKL T, Ly6Ga&EEE 2B L7-/igCid, AREIC5 W
BB AR L w7z (K4),

INE TOMFEED S, Ly6GEAZIZ~ A Mz
SRS & S A HERE A T AW RREAVRIZ S Tz, L
2> L. B-hexosaminidase & %A b A A ¥ - FEAAL VD
B ZREER 2R T HERICOWTIEIRERHATH 5, &
CT. ZOMIO—E L LT, Ly6GHERHAE O WHETER
RO PIT 5T L 2lMiz. Ly6G EHEZWAILL
72Ly6GWT LR T F FEA/ER L, Ly6GH b7 F F
MPIZ X B~ A M o B SR KOS (B-hexosaminidase)
DN 4T o722 2 A, Ly6GHrHALX7F F (#4 R O°
#9) WL 72~ X MR T, 7 LV T VRIS HE S B

BREDPHEIZHP LT DLZEFHL NI R o7z, Tz,

Ly6GHi F bR 7 FILBIZ L 2~ A NEDOH 4~ 4
Y (INFo e &) KO €54 ~ (CCL2 %% &) 4~ D3
BT L7722 2 A, Ly6GWIH LT F F (#4) oL
XD 7LV VRIBISHED WAL TWwa 2 &as

) *k
o
S o 700
3 ay
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3 E
o 2 s00
= =
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c 2 a0
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CTL Ly6G
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CTL Ly6G CTL

SN2 o 72,

T2, Ly6GIZ X 2 70 BOG FREikkts 2 W 5 223 % 72
. Ly6GEHBEIZ X % ¥ 7 F VEREIHERE DR 217 - 720
XA MBI HEB L IgEZ B Y 7 F VIR T 5 HE
VIFNGT (FF—ER L) IIDOVWT, HHEDY U
fLZdREIcy 22y v 7ay MEEHWTRER LAY 2
ZTlk. ~ A MR O BER SOSICEZ TH 5 Lyn, Syk.
LAT. PLCy %I L, ¥4 "4 ¥ - ¥ WA ViGN
filcwEE KT TdHh 5 MAPK (Erk, p38. JNK) 2% H
LT 24T > 720 Ly6GRLELL 72~ A Ml TlE 7L vy
RIS T 7 Vv F (Syk. LAT. PLCy. Akt
Erk, p38 7 &) 1B W TIHMALIREE A FifE L T v % @)
VB ENTe 2O 0D, Ly6GEHAEIZ~ A Mg
DY T FIEES T OWEMACIREEIC 282 5. 2. W
o2 T LT\ B T REEARIB S 7z,

I, Ly6GEHEIZE B2ERL NV TOT LIVF—
JOA IR IC D WTIBIE L /2o ARIFZETIX, ~ A MG
WA B ET L E LTE L DTS TWw 5%
BT+ 7 4 9% —FT7 )V (PCA: passive cutaneous
anaphylaxis) Z iV 727, ZOHE%, Ly6CEHE 2 %Y
L7z ATk, ¥ A MIROEHEALIZHE S ~ 2 Millao
AL ORI & L CHW IS E B (Evans Blue fa o
FRRNET) A5, KRB OMGE & L CTHEICHIH S 1
TWALZ g hol: (W5, ZTHT &5, Ly6GEH
BIZERLARXVTH T LV —REZRE L Cw b igtk
HIRIE STz,

4. 1 &

AREFFEIE. 7 LIV F = RIEMRRICBWTT7 LV F—$H2Y4
WL CTH 5~ A M & 3212 F RS0 CARB 52 2 1
I MRS ICAEE L EAEH L T b 2 e 2 R L7z
TENnLUE o, OB FHBIR~ X Ml & TR
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5 InvivolREBETIICH T D LYy6GEBEIZLZ 7 LILX —IEEDBEN
JaYEF> My6GEABWBICE > TT7F 714 7% —RISHIIFEIENh T3,

BB IR D in vitro AFRT R W2 EBr L, T A
AN DIEPEALIZ A o TR ERICHRRWICHEBLT 5 Ly 6G
5 R EROMINEEE B SOk &, Yk S 7z Ly6G
EHEPY A MIRICBE L TWwaZ 2 /AL, B
12, Ly6GEBHZEICE 27 LIV -tz S e
b7z, VA ryEF Y PLy6GEHEOHERIZEF L. K
B ROt MR RATO Ly6GEAEOREIIRII L
720 VEBLLy6GA&E 2 72~ A MG o Kk Al 34 K
DIENTTlZ, Ly6G A% EARLEIIZ~ R ML o AL K
IBZIAHFIL T2 2 EARRENT. TD—FT, ¥4
HA Y TFENA YOFWITE L TIX, Ly6GatH B LA
WEoT, A MIEA»SYA AL > - 'S A V55U
VIET B % E, MRT A2MEEHZRT I EBHLNIT
ol 2o Ly6GWiHALR7F FR/ER L, ~ X M
N DRERETI N 24T > T A HERERCYI ORI E 21T 572 & 2 A,
BRI O 2B L, 4 A A > - r'HA VW EIT
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IL-17-producing helper T (Th17) cells are long-lived and serve as central effector cells in chronic autoimmune diseases.
The underlying mechanisms of Th17 persistence remain unclear. We demonstrated that abatacept, a CD28 antagonist,
effectively prevented the development of skin disease in a Th17-dependent experimental autoimmune dermatitis model.
Abatacept selectively inhibited the emergence of IL-7R-negative effector-phenotype T cells while allowing the survival and
proliferation of IL-7R+ memory-phenotype cells. The surviving IL-7R+ Th17 cells expressed genes associated with alcohol/
aldehyde detoxification and showed potential to transdifferentiate into IL-7R-negative effector cells. Inhibiting aldehyde
dehydrogenase reduced IL-7R+ Th17 cells in vivo, independently of CD28, and exhibited additive effects when combined
with abatacept. Our findings suggest that CD28 blockade prevents inflammation without eliminating persistent memory
cells. These remaining memory cells can be targeted by other drugs, such as aldehyde dehydrogenase inhibitors, to limit their
survival, thereby facilitating the treatment of chronic autoimmune diseases.
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Mechanical alloknesis is an itch hypersensitivity phenomenon wherein a minor mechanical stimulus that would not
normally cause itch, such as rubbing against clothing, triggers itch. This is a challenging problem in people with dry skin-
based diseases such as xerosis and atopic dermatitis, which understandably diminishes their quality of life. However, the
precise details of the pathogenic mechanism of mechanical alloknesis remain unclear. Recently, we found that intrathecal
administration of sulfated cholecystokinin 8 (CCK8S) induced mechanical alloknesis in mice. Previous studies have
identified CCK receptors, CCK1R and CCK2R, but the molecular mechanisms underlying the induction or activation
of these receptors are not fully understood. This study was performed to reveal the roles of CCK receptors in induction
of mechanical alloknesis. Behavioral analyses using CCK1R- or CCK2R-deficient mice showed that CCK8S-induced
mechanical alloknesis was markedly reduced in CCK2R-deficient mice but not in CCK1R-deficient mice. Additionally,
CCK2R-deficient mice exhibited a decreased frequency of mechanical alloknesis induced by itch mediators or dry skin.
However, their response to heat pain or capsaicin-induced mechanical allodynia was unaffected. Notably, oral administration
of a CCK2R antagonist suppressed dry skin-induced mechanical alloknesis. These results suggest that spinal CCK2R is

involved in the induction of mechanical alloknesis and could be a potential target for its treatment.
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To ensure the safe usage of silver nanoparticles (nAgs) in cosmetics, it is necessary to reveal the physical forms of
nAgs inside the skin, as these forms may change during the process of percutaneous absorption. In this respect, we have
previously established an analytical system based on single-particle inductively coupled plasma mass spectrometry (sp-ICP-
MS) to determine the physical forms of nAgs in the skin. Here, we analyzed the physical forms of nAgs inside the mouse
skin. Furthermore, we tried to propose an appropriate test system, to understand the kinetics of nAgs after dermal exposure
in a simple and detailed manner.

We evaluated the quantity as well as the physical forms of Ag in the epidermis and dermis of mice after exposing
nAgs with 100 nm diameters (nAg100) or Ag" to the skin. Sp-ICP-MS analysis indicated that nAg100 could be absorbed
and distributed into the deeper layers in the ionized form, whereas Ag+ was absorbed and distributed without a change in
physical forms. This data suggested that it is essential to consider the distribution and particle size of not only nAgs but also
Ag' released from nAgs into the skin, to understand the skin response following exposure of nAgs. Next, we focused on a
three-dimensional skin culture model as an animal-substitute in vitro test system from the viewpoint of animal welfare, and
analyzed the distribution of nAgl00 (epidermal and dermal layer) and the amount and physical form of nAgl00 in each
layer. Sp-ICP-MS analysis showed that nAg100 could be also absorbed and distributed into the deeper layers in the ionized
form, as well as in vivo studies. The data suggested that a three-dimensional skin culture model could be a useful in vitro test

system for understanding the kinetics of nAgs after dermal exposure in a simple and detailed manner.
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Extracellular matrices such as collagen and elastin are important factors that determine the mechanical properties of the
skin. Therefore, to analyze the mechanical properties of the skin, it is desirable to visualize their distribution and measure
the mechanical properties at those locations. In response to this need, we developed a new all-optical multimodal imaging
technique that combines nonlinear optical microscopy with Brillouin scattering microscopy. This novel imaging technique
allows for the simultaneous visualization of three key microscale information, such as collagen, elastin, and elastic modulus,
within the same field of view. This approach not only facilitates a detailed understanding of the structural and mechanical
aspects of skin but also enhances our ability to assess how these properties change in various conditions, including aging.
Such insights are vital for advancing our knowledge of skin biology and could lead to improved strategies for diagnosing

and treating skin disorders.
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Ionic liquids (ILs) have attracted attention in the drug delivery fields since ILs achieve solubilization, stabilization,
and enhancement of transdermal absorption of a variety of compounds. However, some species of ILs have been reported
to exhibit high toxicity when applied to the skin, which poses a major challenge for application to the cosmetology field.
Hence, development of new ILs with good performance with safety has been required. In this study, we aimed to prepare
new ILs that allows for promotion for transdermal absorption without toxicity. We could prepare ILs by using amine having
polyethylene-glycol moieties and geranic acid as cation and anion, respectively. The ILs achieved solubilization of some
poorly water-soluble compounds, and also enabled efficient delivery of a macromolecule into the skin without skin damage.
These results suggest that these ILs would be applied for cosmetology materials with safety. Also, we could develop ILs
composed of an antioxidative compound, edaravone, in which interaction had been formed between edaravone anion and
cation molecules. Through in vitro and in vivo experiments, the edaravone-ILs were shown to exhibit high antioxidative
activity similar to edaravone regardless of forming ILs, suggesting that the ILs have a potential to exhibit antioxidative effect
for beauty and anti-aging. In conclusion, use of ILs should be a safe and useful approach for transdermal drug delivery and

development of new cosmetology materials.
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YILTE L. DBEOMETHEH L7z =4 7KV ILOKN
DEIFIERIE X HPLCICCEHMIiL 72 L 2 A, ZF TRV D
BRI EAY1.96 £0.05 mg/mLTHo 72D L., —
¥ RVILIZ3.47£0.35 mg/mL(Z¥ 5K &1L T) T
HY. BB L 720 EHIT, TF TR VKITAK
TS R OBFREG 2 LEET L /T, =¥
7R Y ILIEKPIS TR 10 B EEIRREG T 2 DA TH 2
WCHBIR L7z F720 T IR VILOKIES X Rl %2 %
NENME L A VKIEIL 7753.7£61.3 mPa-S (20.7
CTIZBWT), BNIE-41.3CTThH o 720 IL % KIZIEE
L7zBc, ILESCHMTF 2R L, ZNILORE
LMD EHIE AN 2 EDRBIhTnE Y,
ZZT, T IRVILEKICEE SE-BON 7B X
CCEMEMELZEZA, NTEA199.2+68.0nm, ¢
WAAT-26.6 = 1.2mV &, HEMOF /K T2 LT
WL ZENWSPE R ST

WIS, TF IR ZILALL 722 &I X AP Lt~
DB in vitro B £ Win vivolZBWTEHMi L 72 DPPH
STUANT v AL oTT I HNVIHIGENEZ SR L 7245
R ¥R VILIGREREN 2 PBEEEZ R L, F
T2 FOWEIZ Y SRV FESHREFERBETH 72 (K2), Z
DZENPS, ILILIZE 5 T ¥ 5K > ORBALIG A2
IBLZWZ EDTREINT, S 51T, i vivo lZBIT 58T
FRALTGTE 2 5l 5 7280, T4 5 KV O#In R E TH 5K
BEDETFNT v M LTI IR VIL % RBEIRNE
HLZHE, ¥R VILIET Y 5K VR EREED
Jisi 58 O P & BB REAR DO UEEZ IR Ly in vivo 12
BWTHIF TR V& RIS I % 568§
LTEDNHLENPE RS,

4. ¥ &

ILs X HEARBEALE D O HELR. RS F - B TR
DORPIEAEZ e L §5 2 &2 5, EHHEMIIB VT
Rz W 6% & FEI T A HT & U CIAERE A ICHIZED T b
NTwb, — T, ILs DFEFIC X - TIEEMITEA L7z
BICRVWHEEZ R TIOBHONTBY, IARX PR Y-
FEBADISH % % 2 7281213, LAY 0 R WU AEE
EHL. PORVWEEEEE TS ILsOREFEEFNTY
%o T TAIFEETIE, HENORIEERHEE T LA L

—138 —



(A)

e

|
N

BhiRel REMEETHIRERNE A+ L REDEIRHE IX X bOY —RMADISH

(B)

e

N ‘ OH
l Y N o
SIS T
K270
o P

Edaravone Edaravone anion Choline bicarbonate (E)
(Choline)
©) (D) PV TN N
cl [\ -
~G B
</ ci
1-Decyl-3-methylimidazolium 1-Butyl-1-methylpyrrolidinium  Tetrabutylphosphonium
chloride (Imidazolium) chloride (Pyrrolidinium) chloride (Phosphonium)
(F) Cation Choline Imidazolium Pyrrolidinium Phosphonium

60°C

25°C

[ 1

Radical scavenging activity (%)

X2

IHTRAAF L HEDOMF (A-E) £ 25CHE LV 60TCTICH T BEA F L B/IEDHTF

i M Edaravone

50 [ Edaravone-IL
(prepared with Phosphonium)
40 +
[ Edaravone-IL
30 | (prepared with Imidazolium)

20 |
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Edaravone conc. (uM)

DPPHS AT v EAICEB IS TR BLVI L TKRILOIMEALEETE

A LN, LB E LTRSS 5 PEG. B WAERDILs Z W DA R & & b2, CAGE & [AkkICH
SOV IFPRISICE D ERNCHTE RN Z2 A3 540 WIEMERE AR T LS N E ol EHIT, ET
LAl E LTy IR VICHEB L. Wigex 30t L 72, VST e U CHDBESR T ) IBEE L PEG-IL 2~ 7 A%

PEGT I v BHEHT 2ILEWMEAF V55T L LT JENEAT L 2L 2, HENBEERBEEEZRT I &R K
WS OMREEL, FEDDSDILs & LT% < OFEM - iy B % BENNEETE TV AT Sz, mo TR
DHDHCAGEDT =F Y IRGTHHY T VL UL S+ THIEBBOENEENTRETH 722t h b, £ Db
HZETILs OB %247 5 720 WHERBLOREE, T HE R 23 DR WU AER] & L CTARPEG-IL ASIGH W HE T
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DI EBWFEEIND, —H T, RPEGILIC X 2 #E52 WK
PUREDFEM 72 A A1 = X 2R, HEPE GO &
KIZWA STV, SHELRLMEAPLETH 5,

PBALANIZ. Y I PR T v F A VU IR AT
52Zlhb, AAAX MBIV —DOHFMELTHEASATY
b0 REFFETIE, BOPBLEEZ A T2 5 7K I
HHL, WSO hFF 2 ERBEREE T ET, #Y
(API : Active Pharmaceutical Ingredient) H& % ILAL &
w72 [API-IL] OFIFICKII L7z EHIC, ¥ IR VT
AL S E2GHICB W TH BB 2 MR L Tw
5 Z ED%in vitrov in vivo DN HRENTZ, TDT L
Mo, FEICHEH L725EAICBYTH Bt biG T % 5
W32 elffsnhsd, 5% AT=VREANTLVAY
I A&V Y I TS T 2 HETR. BILA b L ZADYE
BETICHG 357 M E— R RGO T T IVEIIC
IYSKRYILZIGHT A Z LTy JRHOMEEE MR 5
I2APAYV—FEMELTZYIRYILARHTETDH
LIPHLPE L THnETZN,

N ) I N N B A =AY 353
WAV 2 7R IL OB, B L O wHiBILe
MeATHILERT I ENTE L, 45 Ihbils%
BEIE~EH L 72O~ OB, T AR
AEMTAHILET, aAA MU Y—EMELTCOEHEE
FEEL 72w EE 2 TWwh,

(51 FA3Z#ER)
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Suprabasin (SBSN) is a secreted protein and a substrate for transglutaminase 2 and 3 activities. In the skin epidermis,
SBSN is primarily expressed in the granular layer in both mice and humans. According to mouse studies, SBSN is suggested
to play a role in the formation of the corneal barrier. Furthermore, Shsn-deficient mice show increased allergic responses to
nickel, indicating that SBSN plays protective roles in the establishment of metal allergy. However, the exact involvement
and detailed mechanisms in humans remain largely unclear. To address these issues, we measured the amount of SBSN in
the blood of nickel allergy patients. We also examined the involvement of SBSN in the skin corneal layer using a 3D-human
skin equivalent model. The results indicate that SBSN concentration in the blood was significantly lower in nickel allergy
patients than in non-nickel allergy patients. Knockdown of SBSN led to impaired corneal layer formation. Furthermore,
SBSN knockdown keratinocytes showed increased IL-1beta production. These findings suggest that SBSN plays a
physiological role in the formation of the skin corneal barrier and the development of nickel allergy.

1. #

AT FNY . KRR BEHALAE (DR - A£3E)
e EOFEERELEICTRASRO OGN 50 30 E
D—TETH %, KHETIX, FERE~ MRS I IS BI05R
HoEND (M1). fER. ZOIEIZOWTIE, LB HE
DBV (B3 BT S EAT DTV BT, RH
TOEMMEIRIZITZE A LI TR Do T,

Fx OWMFRETIZ, 7 b ¥ =V E 5B E OB s 8 e
DTATF = LFNP S, AT INY BT = E
RRERTHEIEKTLTWS Z & 2RI TR
L72V("2), #2LC. 7T FE—HEELEOTTYH, &8
TLNVF—ERHEOECNAELET P E—EF R 2B
Ty MHAT TN VREMEL, = 7 VIREEDS
BWIEERERBLAYY, ChoomMRZITIC, 4 1EX
TGNV Y ) w2 T b A (Shsn” "< A) BEK L.
REMERBN) TREB L 04EE (v b)) TLILFE—
FIENCBIT B AT TNY v OWERERI 24T 5 720 Sbsn™ <
T AT, BREMIZBWTHEE N TR T 2580 5
N7z, WAERIE, EREICBT 2 ENoRIEK,. AEED
WegstEASIED SNz = v VTS B3R g Ko<
AEFNVEER L, Sbsn =7 A THE 21T o728 2 5,
Sbsn” < ZF PRI LEFAER < 212 L TRAEK
JEAMEF L CWwWize & 2AP, RO=v 7 VAMIKETIE
Sbsn = ADMHP =y r VIBERZAEEICEL, -2

il

Functions of suprabasin in the forma-
tion of skin corneal barrier and devel-
opment of metal allergy

Tetsuya Honda

Department of Dermatology, Hamamat-
su University School of Medicine
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T2 EETODRTINYL
M1 REXTZN> DER

VT VANORIEBERDPHFEINT, = v 7 IVITHT 5 Hfil
KRR ENTW Y DEORERIY, AT I
NI EAEE N TIREB L OS8R T LV X —iE e H
B 5> TV BT REED R CRIBE N7z, L LE o
BANZRAN, NTOEZBHIIAWTH 5,

VoWl s, Rt [BEAER N 7K
BLXOSET LV —RIEICBIT 2 AT I v OMRe
Wl Z2HME Lz, (bHEM A LEHHT 5 ET BFA
BRGNS TISART . BT LV — BUSSSRERR T BRI
WO TEELRBETH L, FBOIIICATINY iz
RGN 7, BT LVFE—OFE ORIEICEL Mbo T
WALTREMEA B V. AT I3 ¥ OB SIENT % D %
T MERANY) TIERE T LV RO
A= AL E HIET .

2. 7 &

2.1.
INF TOWIERKENS, ATINY VISR T LY
—DHTHRIZZ v X LT LIV X — & OBRASTE VT HEN:
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WEZ NI, FOXEEF— 7 2 ST 572012, =7
VT LIVEF—BEIIBITLIMIER T TN iz Em L,
S VTULVF— ETLAF—BHELETHREZT -
7o EREFFRZER FEHC @R TR T LIV EF =BV o
Ty FFANERAITLZBE3ZENRE L. £
DI H 10 ZIZHFICH S 2% B RERZ FAE L T o
7o 8 HIEFIE. 6 BB MERE. 3 40 PRI E.
205 mEE R, 1 A BRIRAEE, 1 %S MERTE % %
JELTWzo WIHEET b ¥ =1 S 2B 3Bt 5 5
B U720 289 FF A2 MENy F57 A b2l (EHERSE
R &Ah) . 5% nickel sulfate (& )JE 386 T M AHL) %
HWTHEAT L 720 7%y F 7 2 b O % 13 ICDRG 2L #6123k
D&, Wi 3. THRITo 72, RIIE/ Sy F7 A b
B HEAT UG %2 SR L U S OR AT L 720 G R 79
Ny oERE, ELISA % Hvw Tl L 72 (Cloud-Clone,
SEH197Hu) LL_EORFFEIGEERER A B2 B 25 DIKRE
Db LiTbhlz (WiFEHF s 20-138).

2.2

BIBD LI, =y T VT LT —BEOBETIEIA T
INY Y OMAPREE= Yy 7 VT LV F -l GEER T
LVF—BE) BHEIVIMETH L Z L7z, 20
RIE AT T Y OFRBIAR 72D IR R A N
U 7HEREAME T Ly = v r VIRINASTLE L T B etk %
MBS 5, TNERAT 5720, = v X VT LILVF—F
P @B 7 LIV F -k EREMER O =y 7 IVIRE X &
# L 72 (inductively coupled plasma mass spectrometry,
Mitsubishi Chemical Analytech, Tokyo, Japan) .

2.3.

FEIE g N TR b B AT 58y v OFERE % AT
ThH0, b 3 ELELHCTATINT YO
ShRNAIIZX B v 7 ¥ v &4T o120 T D 3 RIGCH; 4
B2 O HE Yef, RERIRRA AT & KRN ) 7 #hE RS
57O RT-PCRIAHT 24T - 720

2.4,

GERETVINVF = EEME B RO, YT I<
D — LD EETH A EFREENRTWS, IL-
lbetaldf ¥ 7 5=V — AEHALOREMW 2 IBETH 5,

T 72, Bl S % Tl 4 o T IFN-gamma % IL-
17AIL-4/1L-13 7% EDH A4 M H A4 Y OGP ST
Wk, TOH, b MEEREAMBEHCTAT S
N YDy 7Tk shRNAWZ T, = v 7 VR,
KR A b A4 CHIEIC X B IL-1beta 4 2 ELISA Tl
EL7e 4 P A4 »1d50pg/mL. = v 7 Vi 1.5mM
T 48 R L 72

3. & R

3. 1.

Ny F T A MEIT3LHDH B 10 %05= v 7 VIiZkEtE:
Thoto 1ZITITNL MBI, 342527 1 2Bk,
SHNEIHETH o720 &lE/8y F7 X Mo BE
F17%HTHolze =y VEERE (10%) L&/ Sy
F 7 A MeEMWEE (174) L CTMUEA T I3 VigE%E L
LA, = VviEEBRETIIEE Sy FT7 A MR
PERFICHAREZIET LT (P=0.032) (103), i
FEICBWT, WA Fis. MG IgE ICERAITRD Lo
727(F 1),

3.2.

MHPD=y 7FIVREZ=y 7 VT LIV [ EE DI
I BERTUVIVF—RBHER LYKoz (M4), o
B (7 n, a2V, E) O ERE XM TEZ R
DR o7,

300 -
T e
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x
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M3 MmMAXTINSUEE

=1 BEESE
Patients  Sex(M/F)  Age (years, mean + SD) IgE (kU/L, mean + SD)
Nickel allergy + n=10 37 50.0 + 14.4 159.5.5 + 266.0 (n=6)
Metal allergy - n=17 11/6 625+ 21.3 369.2 + 501.4 (n=11)
P value 0.12 0.07 0.42
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3. 3.

ATIGNY YD) v 2 ¥ k), EESKRDES,
MEEORESZay ba— VICHRET L2 (K5A),
WEBETFT LTV (K5B). £/274 527 »yuy s
Vo REDHR—H—ZRATINY Y ) vy ¥k
DT LTw7 (5C, D)o

3. 4.

IL-4/TL-13# B L OIL-17ARE T2 BT, IL-
1 beta FEAEASTHE S M B M AFED b7z & HITIFSM
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TIZBWVWT, ATINT D) v 7 ¥ VEICBWTIL-
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4. 2 &8

ek, NIRRT ME—MEEREZISET LV —%
R, FRMEATINY VKT LTS Z &A%
HBENTWD, ZORTFET M= RICES 72
DD, ERTLUVF—1Eo2d 00 ) IS
Tldheholze GHOREIT. EKIP RV oD, 4
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CLERBORBETALDEEZ O, TOMHIZIIR
TSP TIZRWAS, AT INY VI3 E RS THEl
LTWAZERNS, ERT7TULVF—BETIIREREET
DATINY VBT LAY THEDSEE S, &8
WCRBIEEI R T o etk 2 % 2 72,

—HT Moo=y VBB FEIIRKL, =y 7 V7T
LVE—BURETIRT LTV, ZOEKIEAETSH 525
AEE L7z = 7 OVIREE @ o 10 15 L _E o fE A5
ENTHBY, MSPOHBICE VI Y VI y I vhia
VEIF=TvaryLTCWWREEEZ TWDL, ZD720
BTl = v VIBEICOWTHR WIS, 480K
AAETDH o

G N TIRIZ BT B AT T3y » DEERETH 5 A5,
ATINY YD)y 7T ) FEEOMMEY— A — 1
ZUNACT Ly AR b TR E o 2R A1 JE O LA
G b, AN TIEEAZD RO b, HLEFTAT
MR THLH, AT INY U HRRBEOGILIEE, ffEN
) 7 IRAHEZ D > TV LI REMEAVRIE S N0 & BIC,
ATIGINY Y ) w2 FT 2k b\, IL-1beta®5EH
FEL B AEEED SN2 ATINY VPETFT 5L
& TIL-1betaZEHTLHEFT L, FETLVF—I12L 5
B, BRSDITHET B Z R TFHEEINL, v LT
LV —HBBATEREOATI N UHMET L, fBHREL
T= v T WADIEIERER SR L TV 2 1Rk 27R
@b,

5. # &
MHERATINY VORTEZ Y VT LIVF—REEDOHM
BATRIBENTz, FRERICBUIDLATINY D) vy
Fvr X ) REMLRRO 5L, Mg ) T I AR &

BN, FIL-1beta EEADTTHE L TV B ERLHIE, A
TN v OEINEE L LT, R AL O 5Lt
IL-1beta EAPIH 2 H o TV B ETEARIB S Nze &
DAHZALDPWFETHE, =X VT LUVF—=297 L
R B BREDND L. 5HITSHITENS DOFM RS
T AN AL EGNT H0END LD, BRICBTLAT
FONY Y ORFENI ARG N ) TRRBEHERE. SR T LV F — &
PERIHNC D R A3 B W REMEASE 2 H 7z,
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Skin is exposed to a variety of DNA damage-inducible stimulations such as chemicals and ultraviolet rays. The
accumulation of DNA damages causes cell senescence of keratinocytes, which causes solar keratosis and melanoma. Those
diseases not only threaten the life of patients itself but also decrease the quality of life of the patients. Thus, it is important
to uncover molecular mechanisms and signatures of keratinocyte senescence. We have previously found that knockdown of
SPOP, a substrate recognition receptor for cullin-3 (CUL3) ubiquitin ligase, in non-cancerous human keratinocyte-derived
HaCaT cells exhibited cell senescence phenotypes (e.g. upregulation of p21 mRNA) as well as dysregulation of intracellular
cholesterol distributions. These results suggest the relationships between cell senescence and lipid metabolisms controlled by
the CUL3/SPOP ubiquitin ligase. In this study, we aim to characterize SPOP-knockdown HaCaT cells from the standpoint
of cell cycle and to measure lipid molecular species in SPOP-knockdown HaCaT cells using untargeted lipidomics by the
combination of LC-MS/MS9030 and MS-DIAL 4. We showed that SPOP knockdown drastically inhibited the translation
of CDC6 and CDT1, which is essential for DNA replication licensing, leading to the upregulation of p21 mRNA and G1/
S arrest (Sanada, Maekawa et al., BBRC. 2023). Our untargeted lipidomics revealed that neutral lipids were decreased in
SPOP-knockdown HaCaT cells. Our results suggest a decrease of neutral lipids as a lipid signature of G1/S arrest HaCaT

cells that mimic keratinocyte senescence.
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Comprehensive screen of lipid species
that prevent keratinocyte cell senes-
cence
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W% DT I 7 BERMFEE ST 50D T EE 2B
WY NI TH Y ZOWEGRGEIC BT B BEREENT A
ATVE Yy — T, r9F 7% 4 MIRRESRBHILL
TV WHBLIC B 2RI EAT LT T TH L. A
X4 % Tl SPOP% & b AR%EALr 5 F 7 ¥ 4 | HaCaT
cells IZ B\ CTHILPIH 3 2 L Ml bE A L < B S h,
p21 ®mRNA LRV HHNT 22 L ZH LI LT 5.
C ORJBIMIE LD XKBBNCEEPL L TB Y. SPOP %
B HaCaT cells b L7zrS5F /%4 b2 3I3I v 7”7
LCTWwaEREENG, F2HKRENC EIZ, SPOPFH
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L ATFA—VADOREGEIEI VAT — )V ORIZT TR
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Hla b & IRE A O R RREZIEL N TE S L

HH L7 &2 TARIFZETIE, 1) SPOP B #H HaCaT

cells DR % cell cycle DI, S ZMA L, 2) SPOP

SEHIH HaCaT cells DIRERMERZ /) > 5 —7 v bV

ERIZZAWED ) UL T RAHA DI EZHBE L.
2. 5 &

2. 1. SPOPxIiMEIHaCaT cells DEIRERMT
SPOP 2R L. BiHI D7 2 2 FEFH D siRNA % RN Aimax
12X 0. HaCaT cellsiCENENITF A7 =273 a v,
T2 WA Z B/ PCR, w2 A¥ 70y MEICH
L. MRS DNARBICH LS 28T VX0
DOEEET L7z DNAGKEEICOWTIX, #3907 F
07 (Edu) QI A & Y 3Ffli L 720 Cdtl & Cdeb @
FFRWEEICOWTIZ, Y7 aAF ¥ 3 F (CHX) @ pulse-
chase 325% & L-homopropargylglycine (HPG) ®» 7 ) v

XA MY =X DAL 720

2.2. )=y BMNIJERIIR

SPOP # X U, CDC6. CDT1 & F i C 1t 3 il 1 % =
AR ST A RIS Z 5 729 LC/Q-TOFMS
(Shimadzu LC-MS030) # Fiwv:7=/ ¥ ¥ —# v + ) ¥
NI A%4To 720 BARICIE, BEIIOERLZ 2HED
SPOP. CDC6. CDT1 233 % siRNA % RNAimax 2 & 1),
HaCaT cellsicFNEFNbF A 7227 ¥ a L, 72/
B2 —Bi G, vy =4,y P E R 7 22t
L7:%, 57— ¥ #H 1 MS-DIAL 4 software 2 Fiv:72 7

FCaa
r BTBPﬁfs genes) |

BZARYI

BA

Notch< L

Tezuka, Maekawa (F3ET/EF{T35E) et al, Nucleic Acid Ther. 2020.
Tanaka et al., Arterioscler. Thromb. Vasc. Biol. 2023.

K2 PBAS »IC L TE7/=CUL3/BTBP/EE & > /X7 EBID Z45% 4 4 IRHERE

3. & R

3. 1. SPOP(3HaCaT cellsicH VT DNAEE
14t AEFCDC6 £CDT1 DEIRZIEICH]
#93
SPOP % ZE B L 72 HaCaT cells & Y4k o f# 41 % #E

D7HEE, p21 ®mRNA L OV oBEAIZHZ T (K2A),

Edu ®#HHAE &N 72 DNANDOEY AA D L L %S

NHZT e’ ho7z (M2B) 2B DHERIZSPOP D

FEHIHEN LD, p2l KBEE LRV THEHA LA L, G1/

S arrest S2E L TV AW REMZMCRIZT S5 DTH

Bo WIZZ Do % RN 2% 728, DNA G5O #) 4]

BeBEICB 59 2 DNAMI® S £ &~ ANTCDC6. CDT1

L. DNA2 AR§i# (3L %, DNA polymerase & DNA & ®

A2 EEIC 9 5 MCM complex MCM2-7) O3 %

T AF 7y MECLYVHAR, FOE, CDC6 &

CDT1® % ¥ %7 H3SPOP O3 BIHIHIIC & 1) B2

L. MCM complex® % ¥ /37 B3B3 B IR SNk

Motz (M2C), TNHHFHEDOMRNA LX)V % <72

FEHE. SPOP OFBIHIC X 0 A BT 2 #5347

FEL»o72 $72. CDC6XRCDT1 OFMHHIC L -

TdH. p2l ®mRNAFRBOHMATFED Sz, LLEok

F 5, SPOP % BLPI#] HaCaT cells Tid, DNA#H# 5

£+ AWT-CDC6, CDT1 OFMERMHEINDL Z & T,

p21 DFBA EH L. G1/S arrest 254 U, MK EAL AL

7eFEBIM AR L TW A 2 EAURMB S/, HIS, BHARFE

HThHhbyraunFy I Fae B0 L 22, wash
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EERLMROEL 2B CIRED FREDBRENRER & Z D5 FHE

A B sicontrol sisPOP#  sispop#2 C T o
. S o o
T 5 € O O
Q * o o o
T 4 C @ &
é ) %) )
s 3 CDT1
S
cé 2 CDC6 * ——
= 1l MCM2 s
Py I MCM3 [
> 0
s S 5 ¢ MCM4 o s
£
5866 Vo3 ———
B B B
T @ MCM6 e
MCM7 i s
SPOP .,.." ST R
GAPDH i
D siControl SiSPOP #2 . .
Chaseh) 0 4 8 12 24 0 4 8 12 24 siControl siSPOP #2

CDT1

CDC6
sPoP |

Met-free  Met-free

< <  HPG (+ CHX)
L I in methionine (Met)-free
O O .
s — +  medium
| |
cee=£28 |
OITITAQITI
CDT1 = . Click reaction with
biotin-PEG3-azide
CDC6E ‘= l
——
SPOP Cell lysis and pull-down
GAPDH % s —=w  with streptavidin-beads

X2 SPOPDORIBHIFIZLY. p21 MRNALANILDOESF(A). DNAFEESKOIFI(B). CDT1&£CDC6
DEINTELNILOFED (C). BEREZE(D. E) PR 5Nh 3, MAZd4e THaCaT cells, Figures were

reproduced from Sanada et al., BBRC. 2023.

out LC. Z0HD Y 87 BOFHAIK % 7055
SPOP DS HMHIIC X ) CDC6 & CDT1 D ¥ ¥ 787 BHH
FHEAELLCHES N (M2D). FEORERIZ. 7 v
JrIA MY —HWREART I BT U 7 HPGTHES
N7z (M2E). Mk XY, SPOPIZHaCaT cellsiZ BT,
DNA## T 4 £ > AR TFTdHHCDC6 & CDT1 DEHR %
FHELTWSE ISP o7,

3. 2. SPOP#EiMHEIHaCaT cells Tl&dhHREE

DPELT B

G1/S arrest & #2 2 LAl 2 L 1P 7-RHEE % /R §
SPOPJHLPPH| HaCaT cellsz / v % —7' vy P Y ¥ I 2
AL 72K, A2 77 FY0va) v (PC). xR 77
FINZY ) —=NVT IV (PE), FAT77F IVt
(PS), xAT77FINVA4 ¥ b= (PD IUFEEINLE
Y UREORICKEGREVIIR SN 5720 —FTH
BRIV Z 212, SPOPSEHIHNC L 0. P HEIRE O =555
L Twiz, SPOPZEHENHIRE & F k2. G1/S arrest &
FHHE$ 5 CDC6. CDT 1 OFHIHFI OB b AR DN L2

B EfERE L7ze BLEX Y. G1/S arrest % £ 9 Mg #1Lic
BT, MBBANTIEHREREOEIEDT 5 I LATRE S
Nz (K4, mill, KER) . PHERE 4G EEEE T
DmRNA L RWVIZIZHFE R EARR ST ozl
Ehn, FHEREOTEIITLEL TV EEZ BNz,

4. ¥ &

SPOP IR S I R T E AR O BEITB VT, m BT
TT I/ BERPEODP o TEREI NS, KB
VF B EEREIRAT & L IR S T & 720 AR TIREE
I SPOP % 388§ % IEJaHiE Td % HaCaT cells 2B W T,
SPOPDDNABH S 4 + ¥ AR T OBREMEMET- & LT
DEEREZ MO TH ST L7z, BIRIE W2 £ 12, CDC6.
CDT1 ®»mRNA ® 5-UTR#HIBIZIEFICHE <. HoG/C
rich R A AT 50 SIS ORI % Rak3 5 5500 2 3
R & > 287 B AHSSPOP DE LY ¥ LI & > /%
TETHAINEMENEZ 5N b, 41k, SPOPHE Y /X
2 B OMRIAN % D D 2 & T, UL FF VLY
R EOMENNGEINS,
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SPOP % 5 BI#H L. #Mifa8fb%x I I v 7 L7-HaCaT
cells DIREAHANT L V. G1/S arrestiZ & ) HEIRE D
WA M L7z, F72, BETHRHAZE» S P HRE OS5
fEDHE A TV B IR ASRIE & L7z. SPOP 7 & % FE B
il L7 VIR T, BRI IR 0 53 2 3558 (1) 23—
o FEH % &) $52 LTy G1/S arrest ML EAL
DOFEBIBDAET 2 HGET 5 2 & T UM RH & M
N B DK FBFRICE 2 2 DS RETH B0 HENRE AN
AL ZB AT Ch AR L 51, TICFEMICHRET§
52 ENLETH LB, MIEHPEL 7T 22BN T,
KT v 7 RA Y IHAET 205 ZOHHEO—DZHIL
WIRE OE & &35 1) . MK IR RUZ B H3Hl a5 0] o K7
R EIL T CE D72y 7T 2T LR B EENE
ZHOTWS,

5. % &

RFRICED, ¥5F /791 boMELEZII vy
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PR E DAL 2SI Lz 4#1E. SPOPDO THT
EFF LR ZT, RHEIRE OB 2D FTEEE Y
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B A L7220 ZAL~ OB E R LEL H D,
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WCHET A IRERH A e T 5. A, BEA SRR
BB ENTAF VY Ero—FICHlZb 2 RS2 5
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DEEETEHIL, IS, YERBICAATLIE

THINLE L% BTECHIE S 2 2 s fife s b,

EN AR 7 N w Bk ) i (e A S Vg 1 R
FENESS B AR T - HOLZBHEAE O R IR L Tz
B L7228 T30 BB DL K THREW/Z&F L
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Melanin is a pigment produced from the amino acid L-Tyrosine in melanosomes. The CNC-family transcription factor
Nrf3 is expressed in the basal layer of the epidermis, where melanocytes reside. Our previous in vitro study using mouse
melanoma B16F10 and human normal melanocytes showed that Nrf3 promotes melanogenesis by upregulating the core
melanogenic gene circuit, which includes Mitf, Tyr, Tyrpl, Pmel, and Oca2. Nrf3 also induces the gene expression of
several autophagosome-related factors for melanin precursor uptake by macropinocytosis, an evolutionarily-conserved
fluid-phase form of endocytosis. In parallel, Nrf3 prompts autophagic degradation of melanosome for melanocyte survival.
Furthermore, Nrf3-mediated melanin production is suppressed by an HIV-1 protease inhibitor nelfinavir (NFV). Here, we
investigated the anti-melanogenic effect of NFV by histological and gene expression analyses using a mouse model of UV-
induced hyperpigmentation. In this model, C57BL/6 mice were exposed to 130 mJ/cm’ UV once every two days for 2
weeks. For the next 2 weeks of UV treatment, 10 uM NFV was topically applied to the right ear (UV+NFV), while the left
ear received either vehicle oil (UV). Then, mouse ear specimens were fixed in formalin and embedded in paraffin. Bright-
field microscopy images of none stained paraffin section were used for melanin quantification. We found that NFV treatment
attenuates UV-induced melanin accumulation. Furthermore, we confirmed that NFV treatment suppressed the UV-induced
gene expression of core melanogenic and autophagosome-related factors, including Mitf, Tyr, and Cln3. These results

indicate the anti-melanogenic potential of NFV in vivo.

1. #

K, |y (UV) BRGT, BRIETEYe, R L, B4
A ERB T 2 W) 7T LTHERELTWS 1Y,
BRSO IRSHE DNA Bl T AR5 &

il

B L. BENADIEICO RS, 22T KIBIEHEE
DILEMILBIZDH B XS5 )4 P TESN L RKEFED A
TV RS T, BERENES LB EFoTWS Y,

AT = VAR, BEETFRIL BERD. ER%ke S
XFGZVIERA A r—RELTHORTWSE Y, x5
A A —Fid, A9 794 MHIZBWT AT = VK
ONREFEWH L L THEET 5a-2F /¥4 Ml
WVE Y (aMSH) IZI8E LT, G¥ v 7 FI Al 271K
THb AT/ aNF v 125k (MCIR) 2L 5 2
LlkoTiiEAs Y, LT WEMHEE N MCIRIZT
FoVEY 7T —BIHMBNOBIRT T Yy —) VB
(cAMP) O#MZM L, cAMP ¥ 7 F IVEERK Z /L
TA T /%A MFEEERT (Mitf) O#RFEHLFHE
T 5. Mitf 7 2827 8id, Fuy+—*¥ (Tyr) F0 ¥
F—XHESY X7 E 1 (Tyrpl) B ED XA T =V HEHK
BHRFuIF—ET773I) =R, ATV VT T H

Drug Repositioning of a HIV-1 Protease
Inhibitor as an anti-melanogenic re-
agent targeting Nrf3

Tsuyoshi Waku

Laboratory for Genetic Code, Depart-
ment of Medical Life Systems, Faculty
of Life and Medical Sciences, Doshisha
University

Pmel 17 (Pmel) % ED A 5 ) %4 MEE< Y v 7 2%
YN OBIET R AT VERO < A ¥ —iEE N
F & LTHERET 2 Y, Mitfid, Mitf-A, Mitf-C. Mitf-H,
MitF-M DL %L EH4DDT AV 7+ — 2 SRS h
TWhe Mitt-MIZ A F /%4 MCOARFEHL, ZOT7 A
V7 —LmRITAREREBUIIAT /H A bHk
WZEPHmHshTw5 Y,

AF )V —ADBMIZLEREICD2%, £3, Pmel ¥
URZREIE, WY Ry — A IR A EEE T W
AF—VIBLIUCINDAS )V —LT74 7Y NMEEEZE
W B, FDH, Tyr& Tyrpl # V82 GBS VAT
VWIPHI Y FY—ABIC#E S, AT = VARG
ENb, ZOAT=VEKRIR, AT—VHIBLTIVO X
5 —ADPmel 74 T NVICEEIZHEIEL TS, &
NEDMAIE, L DAS VRIS T Y KV — L
BTHHIEERBLTWS ™Y, Tyry Y7 HI3 A5
VAR ORERETH Y T I JBEL-Fa Y ¥ (L-Tyr)
75 L-DOPA, E5IZA TV —A~NDAHFFHRIZL- F
—XF ) U RMET S, 512, BA L ViR v
NWIBEEZZONTWAIRETIVE =X 2 2% (Oca2. 3l
%P for pink-eyed dilute) &, x5/ V—24®pH % i
LTAF =Y 2ERT HDICRHETHS Y,

NRF313CNC-bZip 7 7 3 VU — BT 2 EGE R T-O—>
LLTCHESN, ZOKREUZIZIEINRFL B L O'NRF2
VAT AW, %, NRE3 /M AEBEICEE S TH
. ERADZY 5 V4 HEHRDLIC X AL ¥ T~ -
TRFT V= LARICESTHHERTWE Y, LiLT
SJBRZHBEDA ML AIBE LT, NRF3 17 A /%
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VF v 7 a7 7 —+¥ DNA-damage-inducible 1 homolog 2
(DDI2) 12k - TYIMF S 5 ' Wiz, YIS 7z Nrf3
& VX7 BIIENICBAT L. /NMAF (SMAF) % > 32
BeAnru_mhkzlT 5. D%, NRF3-sMAF#
ARIET 7 2 DNAHORRRALIGERSNIZH A L. Tio
BIETFORBZHET Y, %413, HIV-1 707
7 —EHEHXPDDI2 OFFEIEEZHEST S, T4bb
NRF3 ORHEH & L CHRET 2 REMEZ RIB L Tw 5 'Y,
PLRIEWE L2, RTRATIRT FF /%4 Fx 5 /4%
A MDAEFES B E R FLTE G TNrf3 258 v L X)L THH
L. 5127 5F 7% 4 MIBIF N3 DBINRFETRT
K=Y 2WE2HERD - 7217 HE LLIITT X
AT ) ==t b AT /%4 bRz vitro T2 5.
Nrf3 28 Mitf % Tyr, Tyrpl, Oca2 & W o 72D X T =
VIEABRTORHAYFLET LI L TAT = VAR
LTwabI 2RI L7z, F2BRENS &1, Nrf3 13
o+ — b7 7Y —KHF (Cln3, Ulk2, Gabarapl2) b [#H;
WZHBIEE L, AT = VHTBMAOMBENILY AH R X T )
— LD E G L TWE I EBHEL2II LTS Y,
ZFZTARMIZE T, TONrf3- 2 5 = VAR E N &
L7#i7=% Y I FHioWMRet: 2 Ml 3 5% 729, Nrf3 [
MEEZWHFTEXLHIV IO F 7 —EHER IV 7 1 F ¥
NV (NFV) © x5 = v EARRIHR % in vivo THEGIE L 72,
2. /5 &

UVEBHY I AETIVER & E/) 01T

MR ESEICEBL 22, 438 o C57BL/
6NCrSlc~ 7 A (K FEEHE) 120 130m]/cm® O 5 B
T2HIZ1IMUV %284 L7z, UVEESIZIZ, Handy UV
Lamp (7 X7 ¥ 254nm suv-4) % A7z, 14 H DL
UVIBSERTIC, 10uM NFV 2 45 B C %45 L. ZEH A
WIXBE DO A2 AT L7z, WIEIZIX, 1% 7TaelL v 7
I— s ) =) (5:3) REBWE 72 NFV A
LT HBICEAMZER L2 F2aY ba—LE LT,
UV B4 L 2w FESREER~ 7 2 OH A2 w7z,

N T4 PR EREXSZVEE
HAMBEA A% /NT RNV AT VT F - VBB ETR
(Wako) 12i2iE L. 4 CT24MEMEE L7 MEBROE

AHREE Ty )=/ F VLY TEEBEL, ZOHST T4
vr7uy ZHICHEMBEEEE L, 328 —2%H
WT6pumIZEY L, MR 2 ER L2, Milkh o xF
= LT REBoOMBEHRICBIZE ST 5 BAFHKE
Image] CTE® L7,

EEM) 7214 LPCR

Isogen I(FH 54 F A7) # AT, KEEDFAHMAR
75 Total RNA k#8725 ¥IZM-MLV RTase (Invitrogen)
Z W T cDNA 245 L72#12. TB Green Premix Ex Taq
0 (TaKaRa) # HWTYU 71V ¥ 4 LPCR%Z1T> 720 %
& 15T ® mRNA & 1Z AACt #: TH M1t L 72 . B-actin
mRNA = CHEE#EL L7 L2794 ~—fHiEE1
2R,

3. & R

NFVIZUVEBHY IV ABEMERICE TS V&
BZREETED

Nrf3 i, Mkl T v —shTBh), &3z
HOWi %2175 2 &L THMLT 2ERTFTH L, 20
Nrf3 D% v X7 By & 09 R T7 A8V F v 7 a 7
7 — ¥ DDI2 TH %o XMk ah & AT 22 5. DDI2 &
HIV-17077 —X¥EHB L WHEGEE R AL Y 2H L
TWALIENHLRPII LTV E Y, HIV-1 7057 —
Yid, HmRERIEASIEER (AID S) OFIERIKN & 72 %
v MUEREY A VA (HIV) o 70577 —¥Th b,
FD720, TNFETICHAZHIV-1 707 7 —YREH
APHSE S AIDSHHEFSE L L CHIRAH S h T &z, &4
EATIFZEIC BT, Nrf3 12 Xk B X 5 = VL DA,
HIV-17u57—EHEHD12THEHANLT7 4 F L
(NFV) X o TREST A &%, 7 AX T ) —<Hil
B16F10 % fiv:7zin vitrof##r 225 H L Twb, L L
NEV #%in vivolZBWT kD 2 7 = & A W% R %
BT HDOPIERIEZANITH 572720, AR TIZUV RS
<Y AETFTNEHOTRIEL72. £ C57BL/6NCrSle <
% Z (4 i) 12, 130m]/cm® OEEET 2 HIZ 1A 14 H R
UV 2 L7 Zofkid, UVIESERIIC 10uM NFV %
HEMCEA L. EEMIZBEO A% %4 L7, NFV
BALTIAHBICHEAZRI L2, F/2a vy bu—ve

®&1 UF7ILE14LPCRT T4 ~—FE7|

Target gene Forward primer

Reverse primer

mouse B-actin | TGTCCACCTTCCAGCAGATGT

AGCTCAGTAACAGTCCGCCTAG

mouse Mitf AGCGTGTATTTTCCCCACAGAG AGCTCCTTAATGCGGTCGTTTA
mouse Tyr ATCGGCCAACGATCCCATTT TAGGTGCATTGGCTTCTGGG
mouse CIn3 AACCAGAGCCATGTGGAACC GCGCCAGGAGTTTGATGACA

— 150 —



EERF Nrf3 #1280 & LY I FHHMEAD HIV-1 77OF7 7 —EREFIV RT3 =29

LT, UVES L 2WFEREEE~ 7 2 DH A% iz,
INSOHAMEE NI AVAT VT RCREE L%
W8 70 ry7uy 7 &2ERL, 370 b—2%HnT
6um OFBRYI A FER L 720 ROTHBRTO A S =0 &
LT, RYLoWHEGRICBIgE s BOagiszr gmlt
LA (K1A), 20858, HAfilkmo x5 =130V
WEHZ X o T L7 (1B, Ctrl vs. Vehicle)s L L.
COAT = VHIMMANFVEAIZL > THEE L7 (K1B,
Vehicle vs. NFV), ZO#EHI1E, NFVIZUVBEIZ X 2 2
G VERENRITELZEERL TV,

NFV IEENMBETENI-X TV EEARKRICEAE
I HEGFRRAZMHEITS

bk U7z~ 2 H A OB F WENT A 5. NFV2SUV
PN X o THEENDI AT VHEEZRIITEL I L%
B L7ze #ZTWIC, NFVASNrf3- * 5 = ¥ AR K
ZETE TV EM LIz, v7AXT =<l
e MAT A MK EH LTRSS, Nrf3 &
Mitf R Tyr® X 7 = Y EABE TN, A -7 7Y
—MERFTHLCn3 bRBFEL WL L2 /ML

Twi®, 22 TUVEE <Y 2EMICBWT, 2hbH 3
DOEfET Mitf, Tyr, Cln3) OFBANFVEAIZ L - T
EET 5008 Lze £ 1k & MRS~ 7 2 Bk
AL, ELIORT I IA—ZHWTERHY) 7L Y
A4 LPCRZE4T - 72 (KM2), ZD#EH, Mitf, Tyr, Cln3 ®
SHEETTXTOMRNA B UV IS TN L (Ctrl vs.
Vehicle). ESIINEFVICE o THATH I L 2H 502
L 7> (Vehicle vs. NFV)., Z ®#512, NFV A Nrf3 # [
ELTCATZVEAZIAHIL TWAEZEZRBLTW A,

4. ¥ %

AREFZEIE. Nrf3 ¥z o H % HIV-1 70 7 — L E
HOY I FFEADYRY Y am vy Z2HIE L TWD,
UV BEHE 7 & F 7 MR R RAT O 5 K. NFV LR E
WA=V RITT LR UVEFICL 2 27 = V&R
ZRHITERL ZEZWLNI L. T BB FIEBURIT O
K, NFVIEINrf3 Z2lHELTA T = VEAZIH LT
L REME R W L7z L LAIIAT - 72t = T3 BURAT ©
F. B2 ETHOWTWAZZD, A5 %4 vers
F /734 MEXBITE v, S 51277 ZHANDONEFV

(A) (B)
Ctrl (UVERS$#A L - NFVA L) Vehicle (UVEBEEH Y - NFVA L) NFV (UVEgStH Y - NFVHY) 0.5

z = 0.4 1

g
S 0.3

& < o

= {=
e | e | ey E 0.2 1
s S 01
= = 0+

Ctrl Veh NFV
K1 UVEBSE Y ZXEMEEBOA S BICNFVERIP RIZTHE
(A) BYIZENHEBORKROLBEEF R, METH S -FEEOIEAGETERICKRRL .
(Ctrl: 3> hA—JL, Vehicle : DA, NFV : 10uM NFV £%#)
(B) &I ZREMMEHDOAS5=>FE(h=3, mean=SD)
Mitf mRNA Tyr mRNA Cin3 mRNA
_§3- 52 5 0.025 -
gz g g 0.02 A
. =4 o
§ x 1 3 0.015 -
£ 2 001-
3 s S 0.005 A
[ []) ()
0 - x o o 0 -
Ctrl Veh NFV Ctrl Veh NFV Ctrl Veh NFV

2 UVES~ Y ZENBEEIC S 3 B8z FREEN (n=3, mean £+ SD)
(Ctrl : 3> hA—JL, Veh : Vehicle/ BN #&. NFV : 10uM NFV &%)
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WATDS, EBRICAT 25 A VNONrf3 ¥ v 37 G %
HETETVWLIONERTETCVRV, ZITHHRIE. <
TAENDPS AT A WL TRITY 2 LB D 5
F 72 NFV ASEH A0 Bz R 2 MIATT 2, NFV USto
HIV-1 7077 —YHER KT 2 LEI D %,
FEROEAD S LMD AL SFTHYED B F O, 45
WCEABENET > TETWS, HfE, ThbnAs5=v
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The effects of lifestyle behavior and mental health (stress, depression, etc.) on skin appearance and function have been
discussed, but there is a lack of evidence, and much is unknown regarding how these affect skin properties and functions.
In this study, we assessed what parameters of the skin were affected by various lifestyle and mental health indicators by
analyzing the relationship between information on daily lifestyle behavior and mental state and skin barrier assessment
indicators obtained at the same time. Patients with atopic dermatitis tended to have a lower Vitality index and more depressed
mental states than healthy subjects. It was also found that the Vitality index was negatively correlated with the skin barrier
index, Transepidermal water loss (TEWL). It was considered necessary to conduct a larger study to verify the association
between mental status and skin barrier in healthy subjects. The present study suggests that mental health is related to the
degree of skin barrier abnormalities in patients with atopic dermatitis and recalls the possibility of a psychogenic approach in

the treatment of atopic dermatitis.
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Breast cancer survivors have been increasing in Japan due to development of screening, diagnostic, and therapeutic
technology. It is important to manage the appearance-related side effects on breast cancer patients because it can affect their
self-esteem and quality of life (QOL). The aim of this study is to assess the impact of cosmetic care on QOL in breast cancer

patients during chemotherapy.
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MNTH oo BABEDOMELRIC X DA G TEHEDE
B2k b, HAECE - T LD R L EHEMKE O QOL D
BRI END X )12 > T &7z, PUEGFRIUAIE (3=
VAR T) X BB ENOFRIEOA Y EREET 5
H By CFEhE S 7z iR (STEPP#ER) Tl H#EIA
FH2SDA% Y7 7 OFHsEI RS LaL,
BABBEOTET SV A7 7 OHEBIE. REICZEF Y
DHEETE LI EDMREEED R ODPHIRTH 5.

FAANL MDAHRTHETRIEL, BEODH 5
T4 T AR N EPADEHRREIDE L % 72 DY
2 & AR OZALAEE O QOL R KT ~5- 2 % 5328
I —RBREVWEEZONDL, AL 277 v FIZHEAEC
TELIATHETH Y. BABBICBT D LTI KD S
NTWVDDS, FEFFIRTORPVEDE N 720 AL HH
TORHED TR FHOMENFDHE L  BANOHERILHAS
T TIE RV, L2 > Ty RIFETIR. TET IV A7
TOHTH AL 77 v TREL W) AN AITHERE LT,
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[ AFAANAAL 2T T LWL IRTEY ., IR
FLERFZOBMAIZE TR D, bbb, HERH
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e CEBEFNTOHEMUITRD 5N D, BENOREHILME
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W B 72O B E DTN S ICHA L TB L LED D B A,
EREMR L OBEEN LRI NIR LB EW L TH DL &
BOWMIED . I—t—DOEFRIBEHOIIENE D 572005 2
ZHARMICHED L Z DN TE T,

72, TET I Y A7 T2 DA RO RS &
TR BRI TASA RS S IERE ) o HH AT
MHTEL] L) HOHER?EE OHRHRLHRME~O
KEREENE D EEZ L, RFEHCTERE LTERE
WA B IEHPEAM I T 7 Y 2D 2 AR &
HBHN WROEY . BABEND AL 7T v THREIZR
SITET T VAT TICHET ARG IZIZEALH O
T\ RIFEEEL T, APABEIIAL 2T v TR L
WAL K o TLEERE A 21 2 BEO QOL D L x
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2) Nozawa, K., et al.,, Quantitative assessment of
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Patients. Psycho-Oncology, 22 (9) : p. 2140-2147, 2013.

3) Lacouture ME, et al., Skin toxicity evaluation
protocol with panitumumab (STEPP), a phase II,
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cancer: J Clin Oncol. 28 (8) : 1351-1357, 2010.
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The purpose of this study was to investigate the effects of aging and exercise habits on facial skin blood flow (FBF).
We hypothesized that FBF declines with aging, and that exercise habits would inhibit the decline. FBF was assessed in 180
healthy subjects (male 109, female 71, 38 £17 yrs, 168 £9 cm, 62.9 £13.7 kg) in sitting position using the laser speckle
flowgraphy. Blood flow in forehead significantly but slightly increased with ageing, showing regional differences that
relative blood flow in cheek to forehead decreased with ageing. The blood flow in the forehead and cheeks was greater in
those who had an exercise habit. No clear effects of type of exercise or location of exercise were observed. These results
suggest that blood flow in the facial skin may change with aging, showing regional differences and that exercise habits could
inhibit the change with ageing. To clarify the effects of aging and exercise habits on blood flow in facial skin, it is necessary

to increase the sample size and conduct a longitudinal study.

1. #

BEHMED B B K CENRIZME I E VLS 2. S0
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BEPAENTH S ZEDLLDOMEICL > THFFIhTw
57

AW, EEZTOHA, AN S EERZ M oM
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o . F Effects of ageing and exercise habits on
Vs B facial skin blood flow

Naoyuki Hayashi

Faculty of Sport Sciences, Waseda Uni-
versity
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3, ZUETREFEELY DPEKHETETLTwRY. &
NS DFATHIFE OB S, INis - YER - EBPEE - H8E
VI ASETE O KR 5512 5- 2 % B A —&UCHI S 2T B4
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EXd W

BAE DK EIMAR ISR (E T INE & EBBEDORE

X OIRBGNEN AL D AEEBOBINR 2 F N ENEEEE,
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SEFPHE, EEYRER], EE)OSEESTT, B IR 2 TS
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W&o THERERBRENROD SNERERICO VT, =
LR OGS (PR X ) 2 W THE L. FE%
RHAEH D0 5 72B8121E, Bonferroni D HEME % 1T
o7z F7z, EEITORENT BN O H AT TR
L7z, 1o OfERHENT X, EH#ENTY 7 b (IBM SPSS
Statistics 27.0 for Mac, IBM, Tokyo, Japan) %\ T
1To 7z, e B2 K#EIZP<0.05 & L7z,

3. # R

3. 1. 2L ER

SR E O RIS X OB IBIC oW TR LITRL
2. BE, KEBIUBMLIZEBEOLBEEICKEH
o7z, BEEEOD HHEOEEBN R EBRE LML D D
BUTHEIEWETH - 72,

MBR D # il T L 72 FBF # iR 2 5 & L 72 E Al
GHICE o THONIBBER2ITR L. BBIUHD
MBR 284 BRI e h o 72, AERIIATA RO MBR 12
AREBIEORELR L. EHPES ) ZEVEEREL,
EEEEIC DB REBBVIETH 722 Eh 5, HiEB L
OCHBDOFBF BARICEHWEZ R THRTH o 72, HEH)
BiT3EOMBRICHEE 2B R L7z (K2) b O0FH#%
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HI A O MBRZ K9 % AHXHE CaMii L 72 FBF % fe)J8 2
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®1 WREOSFRNEES LS ESHEE

ESSE < Bk Ttk

n 180 109 71
FEh, & 38+17 37+£18 41 £17
HEE QIBUT) n 115 78 37
hEEE (40 HLLLE) n 65 31 34
&, cm 166.7 £9.2 1719+69  158.6 +5.8*
{AE, kg 62.9+13.7 69.8 +11.9 52.2 +8.3*
BMI, kg/m? 22+3 243 21+ 3*
BEMRIEDEE, n 111 79 32
EFHEEEY,n 107 77 30
EFEE, A 79 + 100 89+ 107 52+ 77
EESERE, B8 32 31 3+2
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%2 FBF (MBR O#ftt{#) IC5 Z2 2 iEAEH DO E

AIZEERD MBR E¥ED MBR AN MBR
B P r B P r B P r
FHh 0.17 | <0.05 0.20 0.00 0.97 0.01 0.00 0.97 -0.01
31 0.05 0.57 0.03 0.00 0.98 -0.08 -0.02 0.85 -0.10
BMI 0.01 0.88 0.06 0.03 0.69 0.09 0.00 0.97 0.06
EEEE | 053 | <0.05 0.09 0.62 <0.05 0.12 0.55 <0.05 0.15
EEER | -0.08 0.35 -0.04 -0.04 0.69 0.01 -0.07 0.41 -0.01
EEEE | 0.06 0.62 0.08 -0.08 0.50 0.06 -0.09 0.45 0.08
EERRE | -0.07 0.57 -0.04 -0.05 0.68 0.00 -0.03 0.80 0.03
EEGAT | 0.03 0.84 -0.06 0.37 <0.05 -0.01 0.32 <0.05 -0.06
EESEE | -0.36 0.20 -0.03 -0.03 0.91 0.09 0.04 0.89 0.13

MBR DIEMEICSABFAEHDOTE. HAlIEBEE1, ate2, EHFBELLEL, HVE2L
L. EEGFRIEENE1, ENZ2, MECOEZEZ3ELL.
B 1 EE(LREEIFRE, P ERRE(P < 0.05 DA&#E5ET), r: HEEGRK

400 -
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%= 3 FBF (MBR OEHE) IC5 2 2 FAEHDORE
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Fin -0.14 | 0.09 | -0.15 | -0.13 | 0.10 | -0.15 | -0.18 | <0.05 | -0.19 | -0.17 | <0.05 | -0.19

451 0.00 | 097 | 002 | 0.02 | 0.86 | -0.02 | 0.07 | 0.44 | 0.02 | 0.06 | 0.50 | 0.00

BMI -0.10 | 0.24 | -0.12 | 0.04 | 0.67 | -0.01 | 0.00 | 0.98 | -0.03 | -0.03 | 0.74 | -0.05
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EEHEAME | 016 | 0.07 | 0.11 | 0.02 | 0.81 | 0.04 | 0.06 | 048 | 0.05 | 0.04 | 0.61 | 0.04

EEhEE | -0.10 | 0.36 | -0.05 | -0.18 | 0.13 | -0.04 | -0.16 | 0.16 | -0.04 | -0.17 | 0.14 | -0.04

EEEFRE | 024 | <0.05 | 0.12 | 0.24 | <0.05| 0.15 | 0.18 | 0.12 | 0.10 | 0.17 | 0.14 | 0.10

EBSAT | 0.20 | 0.21 0.03 | 0.23 | 0.16 | 0.00 | 0.47 | <0.05 | 0.07 | 0.40 | <0.05 | 0.04

EE5®E | 010 | 0.72 | 0.01 | 0.20 | 048 | 0.06 | 0.36 | 0.19 | 0.05 | 043 | 0.12 | 0.06

AIEAAR Z B XEIC L 72 MBR OMEBEICS A AL BORE. MRS B e, wEe2, EHFELLE],
HY) &2, EFGAEENE1, BERNE2, MECOEEE3ELE.
B I RELREIRRE, P BRRE(P <0.05 DAHHEET), r: EREGRE
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In France, the state and city governments support small and medium-sized companies in the cosmetics industry,
strengthen their brand value by grouping them together, and cooperate with universities and national research institutes to
strengthen their technological capabilities. On the other hand, there are few cosmetic industry clusters in Japan, and the
JCC, a Japanese cosmetic industry support organization related with Cosmetic Valley, has seen a decline in financial and
human resource support for the cosmetic industry from prefectures and cities, and has failed to strengthen cooperation with
universities and national research institutes. The current membership has been reduced by half since its establishment, and
it is difficult to say that it has developed. There is a big difference between Japan and France, where it has been difficult to
establish a cooperative structure with government and national institutions and large companies to strengthen the cosmetics
industry. The survey also revealed cultural differences in the information behavior of both manufacturing companies and
consumers: in France, both companies and consumers focus on the attitude of items related to the SDGs, while in Japan,
many consumers pay attention to efficacy but do not focus strongly on the attitude of companies.
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We developed an iPhone app, FacialPalsyZero, which can objectively and quantitatively evaluate facial motion using
Apple's three-dimensional facial recognition system, Face ID. We released it on the App Store for free. FacialPalsyZero
smoothly displays real-time scores indicating the ratio of the amount of change in five facial regions, including the eyebrow,
eye, nose, cheek, and mouth, between maximum movement and the resting state. FacialPalsyZero is a revolutionary
application for evaluating facial motor function that is simple, easy to use, and objective. In this study, we assessed the
performance of FacialPalsyZero, further upgraded it by increasing the number of BlendShapeLocation items from 7 to 15,
introduced Debug Mode, and created FacialPalsyZero+ with high-definition facial motion objective evaluation functions.
The results of this study have been reported.

The findings of this study have facilitated the easy and objective evaluation of facial movements. It is anticipated that
further enhancements to the accuracy of FacialPalsyZero+ will lead to the replacement of evaluation methods that have
traditionally relied on subjective experience with a more objective and quantitative approach. The challenge for the future is
to optimize treatment and rehabilitation for the sequelae of peripheral facial nerve palsy. This study would make a significant

PRk AR KT VKB E NIV —=V 7 ALy FD
HBINIRELDE A & AR PEE R AR R ERE P RE N E YD

contribution to the field of cosmetology.

1. #

FEMIHESFEBOREE AL TBY, ML i %
LCADOEEZEY T, IROBE., OTAERS - L~
L EOEIMICHEb-TBY ., HIMEOLRZ %) T
Who NIREHCTEREZE-> CHHICEIE 2 EH T 5D
T, REVENLZEHLEEOLDE LR 2525
72, MEHEZR FER OMFF BRI R PR v —,
I MG 7 & A 2 RIEH T DN DT R 725 A
DFERE LD, HEVPRECANRIZ G572 ) BIFTHZZD
T 5o ARG TIZZ ORI X o TEIEFD
EL BB YHIRRLAER R ETHLDIZMA, Ak
SFROBEFUAEHI TR DKL B0 F 7. ARPEEA T AR
SRR B T O ILREE) 2 SO BERETFF ) e TR
FHLRIDELTIT— T4 —FNy 7 ENH b, Sl
WCHASOBE R PSS Z2EHH» S FICHIRLZY . &%
ORRFEZ TR 2 LI 280 T L EOD HHEHCIE %
ZREMRLTHERC &) 8 MR & %2179, L
Ly 39—=74—=F2Ny Z7FEICLTHEBOMESCHEIZ
X9 A HIRHE S LICH S % B 22 o BERHRICH &
vz, BEITHRICHE L CHRIAT S ERD.,

[l

Introduction of an objective index for
facial muscle training/stretching using
a three-dimensional face recognition iP-
hone App and its application to rehabili-
tation for prevention of sequelae of pe-
ripheral facial nerve paralysis

Ryusuke Hori

Department of Otolaryngology - Head
and Neck Surgery, University of Occupa-
tional and Environmental Health, Japan

RELTINECYDRERE LEWZENRLIEFLIEALN S,
o T, BOEFRRIFH OB X 2 ZBWIFHMTE % ¥
AT LADOBFEIIARA POV —IZBWTIERICEEL DD
Thbl\z b,

bivbiid. Apple ® =KICHHREHE Y A T A % FIH L CHA
OEE) % TR ICEBIN A O ERICFHMITE 2 HO T 7
[FacialPalsyZero| % B3¢ L. AppStore \ZHEAF L Tw
% (K1), JE-H- % - BE - OB 5 37O e BB
B L OO E YA L5 7 oM AaT
FRTHIENTE D, ZO7 7)) FHBEAFFRIRE O
PREE PR O 72D IZFFE L7ze T E TOHIEH)
PEREREG X, M CH L2 05EBIY, D LIXFBNTH S
DT E A0 5, L) L) I—R—EDFF
i L 227 52 » 7225, FacialPalsyZero (& fii i TR 250 H>
53RBIY &) WY 2 B E BN R RE R 7 7)) Th B,

AN %2 Tl FacialPalsyZero DY BE D FF-Al 2 TV, X 5
2 FacialPalsyZero ® & B & Debug Mode D B3¢, = L T
T AR R R T B 2 B RFA 7 77 ) FacialPalsyZero + @i
-3

Y7z acAOER I
0 EmE LR

HROEE3ERO
47%

1 FacialPalsyZero ?
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2. /5 &

2. 1. FacialPalsyZero £#lEi%. ENoG. %

AE R DHBIRR O

3 CTIZP3E L T w72 FacialPalsyZero 1. Apple 2542 it
4 % BlendShapeLocation & W 9 I O ) X 2R 351 %
FIFHL Tz il S N7z RN Z FEE DB O FEH D
i % T3l L. BlendShapeLocation ® % ¥ — 2% 59 5
HiE, TOREO= 2 — b 7 VBRI 2 BTEOME
ERTIRE/NARET, 0.0(=2a—bFF V) 2205 1.0 (%
KEE) OHPHTREN S, ZORTHE 2 E=mIbL
72 O H3FacialPalsyZero D#E % T %, FacialPalsyZero
TIRETES O EFERMOB X 2N ETLE/ H/HEH
/RBE/OMOSPE (EATI0PH) X $5720
BlendShapeLocation (J&: browOuterUp , browDown / H :
eyeblink, browDown /¥#: cheekSquint / 5% : noseSneer
/ 114 ; mouthDimple, mouthSmile) % ZF i xf % & L 72
(10°2) o B TR AR PRI D — % 1Y 70 FFA T b AR &
FacialPalsyZero D MBI BIfR = X5 720, E AL A%
FRICA DT %5l L7z RICEE MRS 12 A%
WL LTI E O ZIT 72, & HIZENG. Hidr
A & OB BIR & RE L 7z,

2. 2. SRMFEED /=8 D FacialPalsyZero M

R & Debug Mode DBI%

BlendShapeLocation {2 13 F2B5 134 52 DIRELH ). X
0 EAE A BRI 2 7290 15 AT (247 7T 30 20F) % FFAli
FTEYATAIN=YarTy 7T L. HEEMREMED
X U B E O S RIS RS W & B EFN i O B D 72 0
Wik, BE DA S EBR RIS S M S T v B B
O PR I8 S A 1 %2 £4 28 B A 25 © & % House-Brackmann .
Sunnybrook %, May & OMHBIRELR S T ICFHITE %
T7NVDOTaT T AT ALE DL, £ITT T
T 7T L TO 30 OFE/NEREE ) TV Y A LI
Frl. ZOEMENPEFE S LLETLIREN—HTH
7% Debug Mode ®BHZSIZHL Y #LA 720

2.3. RKEBHMNL—Z2VT / APLYyFREICET

BEHIERDEA

g AN 3 A& X, RG2S L7z Debug Mode T
ORI 2 5 E Ly Z OEBALITIS U 72 H 5800 K DG
ZENRAHMMIROZBIN AR 27 Z /ML, BR
ROLRWERBELRFEEG ML —= v 7/ <y b — VmER
ETHELHIT, LGS L OB H R ERET 52
EERME L, EWEMIE. BT —RIZEN (RTEEM. IR
Wezsn. IR JHE T Hlg. SEm) . PR (RE) |
139 efi—RsiE (REZW. MEET. FEREZT) .

BlendShapeLocation

Identifiers for specific facial features, for use
with coefficients describing the relative
movements of those features.

.~ browOuterUp
~ browDown
eyeBlink
browDown

eyeBlink

quint
mouthDimple
mouthSmile

0O:open == 1:close

closure of the eyelids over the eye

2 FacialPalsyZero TH\\% BlendShapeLocation
BEEEESDFERMNEIZ ALK TDI 5 PAIDIBAICHT TS 7
2D BlendShapelLocation # ;A H & T3

FURPE (F s, KBS, AT g, 5E5) .
By CF b7 A FA IR 2 BET %o

2. 4. FacialPalsyZero +DORi%

Debug Mode @ [ % % 25 12153, House-Brackmann
. Sunnybrook #:, MayiEIZ#E L2 120 FEFEEZHEL.
O 12 0HMEE) Y — v R L OB 2T 5T 7
) [FacialPalsyZero + | ZFi% L7z. BHAMER OZE S
72120y — v T EICER > OFILERELZ 2 B,
1#247-0 60 7 L —2 (60fps) TaLékd %, TNLZFNE
M OFHIE H % F\vC. B O BR R CREAM L 724050 o fi
R U720 AEEBI S B, BB 30 B TOMGET 21T 720

3. & R

3. 1. FacialPalsyZero EMlJFi%. ENoG. &%

B DHERE RO

BEANSANDZ 27Tk, ZEIEFMEI BB SR
7290 %L &2 IEE LT %), BRI EH 12 A%
hg e L2MNEEE & o T, 5 2 O FE ERAL 37X T
\Z FacialPalsyZero & Ml 50 2 2 7 \ZHH B BAR DS A H
720 ENoG. 4 WEM & OMBBROBET TIZ, wih
$ FacialPalsyZero® A 2 7 & OAHBIBIRATA S 172 (K4 3) 6

3. 2. SfEMFMD/=H D FacialPalsyZero ®

R & Debug Mode D%

15 @ BlendShapeLocation (/45 < 30) &, browOuterUp.
browDown. eyeblink, CheekSquint. noseSneer. mouthSmile.
mouthDimple. eyeWide. eyeSquint. mouthLowerDown,
mouthUpperUp. mouthPress. mouthStretch, mouth.
mouthFrown Z i L7zc TN 6 EEBOHOB X %2 [X 412
K9 Debug Mode % X 512783 Debug Mode T B I
DFEFRVEIEE 1 Y4720 60 7 L — 24 (60fps) TiFH/~
BB ) TIVE A DCFERT DI EDNTE b,
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BDEHER & DR
BRERAH C#mAH

ENoG & DEEER
AR ¥mARD C#mEn
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20% 20% . 20% 20% .
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R?=0.086 R?=0.000 R?=0.150 R?=0.401

n=12

=12

3 BEASATONT. BEEMEMREEE 12 NEXMRE LAHIREEEDLE. ENoG. EAFHER & DHERREF

15 BlendShapelLocation EIRDEADEE

TEOTHAEOEE
FEQESEDEE

TEDOLEHBN\DEMRE
OADATTENDE) =
L FEZEDERASEANADEE

mouthStretch

mouth

OADTEEDEE

mouthFrown

4 15 O BlendShapelocation EFEDEED &Y =
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3.3. KB L—ZVT /ALY FREICHT

HEHEZEDEA

Debug Mode TE/RENL ) 7TV 7 A 2O/ INIARFX
1860 7L —ATHY, ThbHIFEINUREIL 1/60 2
LD HELLSERDE o o Ty EIHH OIS
U 7= B3 R, 8w KMk oZBIN A2 a7
ZARBEICELERT A L IINEECTH o 72720, KIEH b L
—= 7y VERET A I LIITE LD o7,

3. 4. FacialPalsyZero +OR%

I E ¥, House-Brackmann i, May i IC#E L7212 D
FZIEORENEZ 5 IR T, 12 DL, Facial rest
(). brow elevation (RiZATESE) . blinking eyes ([

H). mild eye closure (#Ff ). strong eye closure (&
B . eye closure (right) (FFHEFANR) . eye closure (left)
(MBI . nose wrinkling (S1ESE) . grin (B #EH) .
whistling (I1). blowout cheek (BE% % &5 £ 4). lower
lip depression ( F1/E F &) & L 72, scenelx T DI
WLz, BEMiOFE 2B E L LT, WD X A brow
elevation, H ® B % 2% blinking eyes/mild eye closure/
strong eye closure/eye closure (right) /eye closure (left) .
B & )% nose wrinkling, 1O H) X 2% grin/whistling.
JHER O H) X A% blowout cheek (ZXIET % MG, House-
Brackmann i, May X BT 555 & 72 % KR EIX
6DLEBYTHA%,

FacialPalsyZero + (23> T scene 4 DR Tid eyeblink

5 Debug Mode
30 »ERDFEI/NRREE ) TILZ A LICRRL., ZOHEHIFBEECBLLE
1tT2REF—B Thh 3,

I
[ ]
=
[ 3]
| 4]
=
[ s
[ 8
-
B
T
=

Facial rest
brow elevation
blinking eyes

mild eye closure

eye closure (right)

eye closure (left)

nose wrinkling
grin
10 whistling
11 blowout cheek
12 lower lip depression

Total 100%

Forehead %

strong eye closure Eye %

Nose %

Mouth %

Cheek %

Yanagihara
40-point

0,24 I-VI O
0,2,4 1, I1,III, VI o

@
0,24 X
0,2, 4 1-VI o

X
0,24 4
0,24 o
0,24 I-vVI O
0,24 o
0,24 O
0,24 o

- Grade I-VI  Total 100

6 #WIEE. House-Brackmann ii. May EICH#EL 7= 12 DRIEDRTEAR
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IZBWT 2 WHOGEHMEZ SHEIHREE & L Tty DR % Mg

L7z&ZA, By ME 7% 99.5% DL LA RICBIT 5

455, 99.5% 75 90% A2 B, 90% K AT0 M &L T

5T ETIEZHIX88% % /R L72s Scene 9 D DFE M Tl

mouthsmile * mouth - cheeksquint % # A& & TEHifi L.
By b 7R EYICERE TSI L TIEZER 8% %R

U720 BI& 2%\ scene 1 OZHFIFER, @ Y) 7 FFAMifE R A

2\ scene 2 OO RIAVER: CIXFEAHE L 2o 72 (7).
—HTART TVIEN A EETH D . F 2 IXERR

T DB & O 7 ORI 2 2L % B EIN T — &

ELTRTZENTRETH o720 T 2MRBIN BN &

L CHRBIERI COBRH OEADEVEZRTI L HWEETD

D HRAETOREZAZ FIEICHETRETH L Z L5

MREGH ASBY N 2B 0 i OBy X A7 b ilskd 5 2 &8

TWHETH o 72 (X 8),

(FR#0)
1
09
08
07
06
05
04
03
02
01
0

eyeBlink

4. & %

P AR R O FLEE % IEAR ISR BIRY ISR 5 2 &1,
BRI OPED TR PRI DS 720ICIEHICEE
Td b o HEF D BRIAFRIRHE R 212 12 R8I ETAE & &%
BINEEMI 2SS D . ZNENFIE EREN D 5, FBIYEF
filigk & U CTHIE . House-Brackmann i, May %7 &%
BB TNIREDH G TR THET %720, FEF I
ECHEAL PO TERLTWS, LA L, EBNTH S
MDA B TOEIKE L MEETIEIRENED
HERAATR—HRLENVWIENLWEENTWD, B2,
MR 40 B i 30 LD AE D VWL 6 LD
BRHE DD Y BB S A X A
SRER G E05H 505, EERNFHATEETH L D ODF
R A H D, MAETE RWHERR D £ VO z it

Frame 7

Frame 47

:

Frame 87

1 11 21 31 41 51 61 71 &1 91 101111121

‘

(Frame)

7 [FacialPalsyZero+ & \EAER T D8I 51 (Z= FREE 1)

Scene 3
Bt B
(¥ (&%)
1 1
09 5 0.9
038 3 i 08
07 | eyeBlink § 0.7
06 i 0.6
05 05
04 0.4
03 03
0.2 0.2
01 0.1
0 0
1 21 4 61 8 101 121
(Frame)

Scene 6 Scene 7
HEB2.8Y EBD4
((E329)
1 % eyeBlink
S 0.9
% eyeBlink 08
0.7 £ mouth
06
05
0.4
03
# mouth 02
01 J
0
1 21 41 61 81 101121 1 21 41 61 81 101121
(Frame) (Frame)

8 [FacialPalsyZero+ 182D EHAIEA L (ZZRREH])
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T & B iae T b MMENIMA % 3 2 01 EAFHHIIC D PR
I HHENTIE RV, HETFERZ22 563, E=NT
e W TR 2 WEHE S AN TH 525, ThETE
DX ) BREBIAAE L e h o7z F 72, HMARMRERE
flie LTCINLDHENRRESCHHINTE 0, 8
B RTAR L R &2 B E O M S S FFHi ShTE 72005 T
EHHH, MOEFE LTSI Y ¥ a—F —I12 L 55T
2SR FHCTH o7zl v) T L HREV, L LIE4E,
a2 N TARE (AD OFREIC L ) WH{FERAERO S EICB W
TIEAMOMEEBRZ AEBViRIINREEZRTIELTES
KL 2> TETW D, Fx ORfFEZ V—7Tid. iPhone ®
SWICERAREY A T KRS 5 2 & TRE 2 FRICE B
DRI CE % L% 2. Apple ® 3 RICHETE >
AT & (Face ID) #FIH LMH® 7 71 [FacialPalsyZero ]
% B% L AppStore [Z25B L T3 ?, FacialPalsyZero 1
iPhone 7> & M GF S ML 2 R4 X DL BT o 1220 1
DOFRA ¥ O IWITER TOREBEEMLHOE & % 2/
bT&E b, TOHEWE) T VYA LTHREL, EERVE)
SWCOMISTRETH S, EBIMLERITIEL L 58
MICERILTE S, LAd, lETCLrOERNTHSLD
TEHREEZZT TR AESBELSDTFOT T TH
Bo AFEBIEIZE Y, SOTTIVDONR=Ta vy T v 7,
Debug mode D%, # L TE SIZEGMEMATE 5
FacialPalsyZero + @IS I Y RLA 720

FacialPalsyZeroDN\—Y a3 v 7 v 7L LT, WHheETH
BlendShapeLocation % 7 % & 15 {234 %° L 72, BlendShape
Location 13452 & 5 A5, 215 1% Apple #2572 35 1
Thdo N=Var7y 777 CREROELB XL L
T HIER H. B L Ho®) X 25T & % 15D Blend
ShapeLocation % #3R L 72, Debug Mode Ti& 1 #4721
60 7 L — 2 (60fps) TIFEV/NIREZ Y TV & 4 A2
RTAHILNTELL, Thbb1/60f L) IERITHE
WHETHIOFE P & 2 BEL L TERTH I ENT
&5, ITNOHMILAIZ FacialPalsyZero + D BS 2 H
ENTVLDTH LA, WICIDE) BERVFIEID L
52F LLFREND 20, EIGHOTAIIG U7z HFEM i
KA B R KA MROZ BN R 3 7 % #kHny il
FTHZ LIINEETH o7 TOZERREH FL—=
7S AN Ly FEREICBU L BERREE 0B A % Rk S
HHKHTH B, ZOfFPRITEE L TidDebug Mode T
FREND FE/NERBETRTT TV IR ETHEH I
R EAT T LI ENETONDD, TTVIRE L
BEDT =Y HRD1DIC—E) TIVY A LD %) >
TOOBRAEZFPRERLLTREWIT RV, iEoT, 2T
XUV TNVIALNTREB N L—=2 7/ o —ViiE%E
BEdTrIL3REE LS, E6%5 707 T AR
WCTHbHLEZDLND,

FacialPalsyZero + CII & e, RIZHTESL. W H. BRI
MR, EPAR. FHARPARR. ZCERPAER. SERL. s, O
# MzEo 3, THETHO 120XEEZHREL., 2
NMICX Y EHNNDIL KL Twvw 5 HE %, House-
Brackmann i, May O &FHICH I TED LHICL
T, FacialPalsyZero + & 5 T & % K X & 2 #u% & L7z,
F 72, RRERITEEED S 0 12 0FEE HnERZ %) &
2. 1R%720 607 L —2 (60fps) TitsklL7zo D
TNRFHEZ2MMTI0 7L -2 THI LR 5,
COFER, 120  OFERE T — & % b L ICEAHNC L T &
X 9% B2 Th L, T L HET — 5 ORI 2
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Biomarkers at the substance level are needed as objective evidence to elucidate the pathophysiology of schizophrenia.
We have been focusing on “hair follicles,” which are derived from the same ectoderm as the brain, as a biological sample
useful for stratifying psychiatric disorders. In this study, we compared gene expression patterns in follicle cells from
schizophrenia and healthy controls and found that 241 genes were up-regulated, and 28 genes were down-regulated in the
schizophrenia group (FDR < 0.1, |fold change| > 1.2). The Gene Ontology (GO) Biological Process pathway was found to
be enriched in a pathway related to “prepulse inhibition”, a known intermediate phenotype of schizophrenia, a “microglial
pathway”, and an “MHC class II pathway” involved in antigen presentation by immune system cells. In addition, the GO
Cellular Component pathway was enriched in pathways related to “ribbon synapses” in the active zone of synapses and
pathways related to “astrocyte projection”, which have attracted attention for their association with brain function. It is very
significant that we found these results by conducting hypothesis-free gene expression analysis of hair follicles. Based on the
results of this study, we intend to pursue the possibility that the expression of these biomarker genes may be useful in the
early detection of schizophrenia patients, therapeutic evaluation, and drug discovery.
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It is essential to understand how the mechanisms that respond to various stimuli from the outside world develop from
the fetal to the neonatal period to understand the origin of the sense of beauty. Predictably, the neural circuits for perceiving
beauty are formed in an "experience-dependent developmental process," in which postnatal experiences stimulate neural
circuits. However, neural circuits that develop in utero, even with limited sensory input from the outside world, are believed
to be mediated by the spontaneous electrical activity of SpNs, the first neurons to be born and mature in the cerebral cortex.
SpNs are the first born and mature neurons that play an essential role in neuronal migration and induction of thalamocortical
axons during embryonic development. In this study, our first objective was to elucidate the mechanism of constructing
basic neural circuits to create human aesthetics through functional analysis of SpNs. By identifying marker genes in SpN
during the embryonic period and manipulating spontaneous neural activity, we investigated the essential characteristics of
SpN. Furthermore, we explored the role of SpNs in the brain evolutionary process of sensory. We also discussed how the
development of input circuits changes, with and without SpN, during brain evolution.
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Individual differences in human facial morphology are a source of information for the rapid acceptance of social
characteristics of individuals. However, due to confounding with facial expressions and inconsistencies in measurement
criteria, the relationship between facial morphology and social trait acceptance is still controversial. In this study, we
examined the relationship between metrics of facial morphology and social trait acceptance, such as “reliable”, “dominance”,
and “masculinity”, using artificially generated face stimuli with no facial expression. We also investigated the effect on
social trait acceptance of partial loss of facial morphological information due to the wearing of masks, which has become
routine in the Corona Disaster. Furthermore, we investigated the effect of blushing, which is associated with the emotion of
embarrassment and evolutionarily unique to humans. The results revealed that facial width to height ratio (fWHR) affects
social trait acceptance, and that the two metrics of fWHR have different effects. Wearing a mask partially changed the
acceptance of social traits. The blush effect was found to be effective only for the "masculinity" rating by women subjects.
The results of this study clarify the sociobiological significance of human facial morphology and provide empirical evidence

for psychosocial interventions in face-to-face communication.
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Facial morphology as a social signal
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