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2uality score distribution cwer all sequences,

Average Quality per rea =]
1L.2E=2
L.0ES
2.0E7
5.0E7

4.0EF

2.0E7

© 20 =2 23 ) FE 26 27 = 2o EYe) EX Y a3z EEY E¥:) as 35 EXd EX-Y

Mean Sequence Quality (Phred Scoret

3. *VXRET ) LENHERICEB T D7 AV T 2=a7 (Bl O () .

~ BT OFER, RS-0 OFYARICE T D ERIL 90%LL B, F YR o L uE
TREEIE 30 725 40 SRR, MY R OPBIRE TH 20 (RECTH o7z, U T v MO
R, KEOFEEMEDO ) 77 L AT 7 JIxt L, 4 EIETH 1300 HED SNPs Z i L7z,
ZHH® SNPs 8L Windels 07 —4 %2V 7 7 LU AIZHEA L, 4 k027 ) 2787
U (ZNEFNK 24 ¥HR—R) #EfHE LT, ZRET, BEOXFY R (THXYR) O&F )
LT R TVIEHE STV RN, PO EF 2D, 5%, TN T U T
YT EAWCTEEMARMT 2 £S5 2 LT, Y XO@EOEERE OB A 2228 b=, Hik
M OBIRIEZ R &, Y X OEGRFEOMBAN IS5,

HYL AR o biallelic SNPs Dz f ] L 72 A, £ 1200 SO S 2 AG LT, £ b D
F—Z VTR ZHEE LR, AADOF Y RIREOF Y R L ITRE < B2 5 EEN
BEEATLZEBHALNCRoT (M 4), £, BAROFY XOPIZET 5 LIERO[EED
RARHONLE DA 2\ 72 5 72,
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>
Am

100
100 BR
100 AT
cE
KpE

0.1

4. &Y ) DT = ZITHESOTREAHEE L7 Y R OME KRR,

II. % 3O 5@l

MaxEnt % T 32 04 B 2 #f & L 72 5 £, ROC (Receiver Operating
Characteristics) i ™ AUC (Area Under the Curve)fiix 0.800 %/~ L7=, Z OfEn’ 0.750 %
R LD5E, MOTHIOEEMNEZAT 52 LaBWT 2720, AERITH2ITE W P HIEE Z £
DETNTHD LfRrahD,

MaxEnt EF /WIS T OFRER, A v 2B T2 Y 2OHBERN G LT (K
5). ZORER, WNOIFEEFHA 5 H LU E COIRWEIFRIZIBWN T, Y 2O E W HBLERE N
RENTZ, £O—HT, @mILHFICE T 2 HEMERITE» - T,

Bk LR #ia
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5. MaxEnt E7/VIZ XY PHISN %Y 2O HBHER, HFRREWVIFE, HERN/EV,

HBUCH T 2 BREFROF5RIE, BMEMICB O TRbE < (47.2%), KO THAESERE
DEV (30.4%) Z EMNRENTE (K 6), ZHUSOEROFGHIL, FHEE (18.8%), FK
O (6.1%), EREA (1.3%), £ L TOKHEERE (1.3%) DIETH-7, FHEROmmM - TERE
WO RSHFRIZ BN T, BRSO CTIEZ OB/ NS VR BRI E <, EAKR
EL DI LD CEOMRIIK T T o EmsRE N (K6), £, MAESHEIZONT
AR EVIE BRSNS,
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ey Fevl »--_J’.i.:i ~ B MEEZHRE | e
tomy =t ODECEB/INYY - A DEE/\S> T

s

=)
: sl
: = s
- 5 - e 388385, £ &:::ﬁ
! g | T Tt = ] =
e SEEE-pi g EiE = =

¥ : = =
\ L
) 4 = EEE
. - e :
. r Vs /
¢ » Ty a " 5 L] 3 z N
T BEEAT.2% BOLF F5%:304%
— Response of fox to Tatemono Response of fox to Veg_diversity
'% g 10
. A :': 09
N o70f N
g go.ss gw
% éo.sa é“
?2 Soss Zos
050 o4
P 045 e
‘H' 040 02
035 T t i i i 04 |
01 00 01 02 03 04 05 06 07 08 09 10 11 2 0 1 2 3 4 5 6 7 8
ad®
Xw2a(1kmx 1km) AOEMEE Xy (TkmxTkm) ADIEE S HEREFEEL

6. FTHROGEmM S TREFROSMIKE (1) & MaxEnt £ 7 /W12 K2 HBRERITS T 5 X
JSHIER (F) o AMIREETIE, W b ENRWIE EFERRN G,

INHORER, BILRICET 2% Y 2O HBEEN G, TRbBARICHE L2GITE, &Y
WL, REAENSRERGHTCH D Z EBRHA LN T2, BHOD2 SITBW T, Y30
A b ACHET 25— T, Z23PUfzRH LD Z L 2EWKT 5, 12, HED
ZRRIEIE, BRI OARBCHEA CIE7e <, Bix R MNTFET DIREE (4 O ZARMED @V Ik
B T, IVRITEICHBETH L7720, MPOSRIZOLO LD b, EUVEAZERE D
HSIZEBNT, FYROERD BB/ HENEE THL L LHET L LERA LMD,

X 52, MaxEnt @ Projection #§iE%4 VN C, @& & k& REMOLE 2 THI L=, Bl
TEIZRIT 2% Y RO HBU#ERD 0.5 LLEOHIR (A v 2) A 100 & LR OFRHE TR
&, BEOREEMIL 1920 823 161 TH Y, 1976 412 96 Th -7 (K 7), 1920 FRIF45 &
D HIAENZER ThH o 72720, HEERAERGFNEE T, ¥V RXOARICHEL TWEEZXD
b, ZHUTHF LT 1976 1%, BUEOEME & TR T LTV 22y, RRZAEDFIFAN & fiffR T
%—)77C, MEREMICET 5 EHFIHOREL ST T, BUEL AT, FYRIZE > THERIC
SWIRHRZZ S T2 ATREME & B D 721,

—J5, FERO LHAI PR G AAE L725E, £ORENRS LD 1 BN L2856 0Bl
WX 70 TH Y, 2FIEMIZL 49 Thotz (M6), WTILbAERBEMOEK FARS NI &
ME, FERICBONT, Y ROEENGEHR SRS TSNS,

FILRY: 1R 4R
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[¥ 7. MaxEnt @ Projection #8274 7= R 24 Bt o288 3], L, 2022
FIZRT 2 Y FOHBFERD 0.5 LLEOHHZ 100 & L7RFOMHMEZ RS, BRESRFDOLE
AL, AKXSH,

4. SBEORE

ARIFFRIZEBNT, Y RICEITDBETOIICESER LV ORM, 77 2iE#®], £ LT
AR L7 BRSO SRS Lz, 2RO IEHRIE, BAERICH DY XoR2%27 5 |k
TIHEAT 22N TE, HELVSVOFRE L OBREETICEHRT 2 2 8 Sn5,

F7o, AWIECHESL L2 BIE 00T OSB8I &2, ekt L TEf+22 LT, &
MBI A ER RO BICFHT D Z LR REL 2 D, BIIENES, EEMNALEETHY,
AARTITBREEA N T & 72> TRV A TWD [30by 30 HAZ (2030 4F % TIZE 10 30%LL 1
AT 5 EAR) | OFERICHT 2 BREEY A FOBENED TS, TS, TBE
JCIER <, R SREEOSM LI X TRV, TOREDD OILFEE R & 72 5 Bk
THROWEICKT LT, REENERT 2 2 ERHFFESND, B, FRESLD T LV—T T,
FARIEAE A RRREICINT T, AREZISH LA SRR O R E L2 BT TH
Do
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DLEDZ LD, RBFSEORMEE, EMZEESCERER, BLOZE I 6E L5 BEZ R
MINZESZ 9% SDGs OEMICHLETHLDE2LND, £ L TAMEROENZ DR L, 742
5 human well-being DEFICHHFET 5 Z LIRSS,

5. &EZXHE
1. BAZER « JLRRJIESF « /N5l — « s KFn (2015) BAEMMEFLO =D D 7 ¢ —/v KA. 436

H. sURZZEAN RS, 5.

2. (PR - ERE - LLIRFRTE (2022) JEBRRE S VAT 7 v THREBEICESS BILRIZEIT D
Kbk 7 7 4 7'~ (Procyon lotor) D74 BARTL. "WFLIER S 62: 247-255.

3. Kitano T, Umetsu K, Tian W, Osawa M (2007) Two universal primer sets for species
identification among vertebrates. International Journal of Legal Medicine 121: 423-427.

4 . Tada T, SekiY, Kameyama Y, Kikkawa Y, Wada K (2016) Characterization and application
of newly developed polymorphic microsatellite markers in the Ezo red fox (Vulpes vulpes
schrencki). Genetics and Molecular Research 15: gmr15049104.

5. Phillips SJ, Anderson RP, Schapire RE (2006) Maximum entropy modeling of species
geographic distributions. Ecological Modeling 190:231-259.
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7R Z~ otk E DT IR OB AKX T
JE IR i A
HeR Ik
BRsEftkE | SRR TR - B N
o7 MR A~
X—T— K | I K ST

1. ROERLEN

MEsE & HITHIRRINENT A B 728, 1T BOLEOSEL A ET A E TIE.
TNMHEICE LDy TUDEIGEITTWS, INFETOMEL O, NERIC K 2 EIREK
ETICE, IIFOE"ORTABERT LN >TWD, LA L, ZDE"HRZ
RIS Z BT B2ONIEINETHLNICA > TWAERL, ZZ THEHEIL, TNMIE%
RS Z27-0I21FFT “B"OEEEZASHHICLARITNIEESRWEEZIR AR
L7co BORKEANMENTWIREE LT, MIBIRTA2B 570 IZRMEBRAD
IHBZ b, EMUFHRERBEDZODT+ORARAEBZZ ENH L W & HFE
IFoid, BICEZRIE, 2ROV TILrofl@NT — 2 MEoniE, SIFOER
ANZRXLEBATETDZDOTIHRWAEEZ T,

Z I T HBEIIDBOY T SBENEREHMET2FEAE LT Ik
EICE BN ZEY ATz, 7 VEELKITHEDE E1ER L AS KA SIREEA >
ThLIEHDZETHDZ DY 7 MIMEICEENDI D FREDEBIRBIBD /-9,
AL —Y —ZBE LEICEOSNDE XS ML s, EOSFHEHECZNSD
KRREZHERTE B, BIZIE. DPFEVFEFETIIE Y ZENEL LD F BEYVY ~
72 8) OMIBEAZEH ORI R, 2FIRE (O b7 0L COBRLETIKERY) &
MBZEHTED (XR1), /-, B4 DOIPFIIL —F —BET 27-17 T, FEREN
ICHIRE A BT 20 FOMBIIBREBToNDI -0, DOV TIHH D721 TE
KT =258 TED, INETOF I IR TIE. 7ATFH—LTIEXR
YIRGBORBT—X b7V R YT —=LTIEmMRNADRERIRT—XEWo72L5
IC—DDEEYMBEDOHZR I DI LT, FXVARYT MLTIEMREEZBRT 22T
DRFHOLDBFERPRMENTWDZ DD, BBOF I IVAT—XTHD, ZDI-
B, IRXVARY MLEBTHZET, INEFTOMRFETIEIBELNICTERD
ST2HRBFOMEBDONTFAHZRLEZBRLONICTES EEZ T,
KAERDOHRICL > T, IFOE" OREHNER TCENIL, TNETICINFE2EEHE
CSEBHEZHLT B EICE>T, MMIIFZERLYE, HIREDOR LEICHEST
ZHAEELSH B, WE. BAT 50 FHEUEVWARITICE LG H v TIUHDFEFEOT
BEOZHICER L TLWARANEIE, BHNAR, HEICHELERCELZRDD
DEBEEBIELIENTED, FINICL > TFHOEDEZNIE, HEME
ERSTWBDFAMBEORRICEITE S, F-AMETHE LN CHMRE%,
SRFUNOMRBICHEIST 2 Z &N TENIE, EEERBOER L T - JBEICIS
FATZ508HENH 5,
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2. IRAE
EEBTTX

MRICAWDIIT ARG 57-0, FBED ICR YTV RZ=ZH 7R —EZXn 58
A LLIFBELKRFZEYERBENOEYZITE I ETHEL, FILait~v 7 X
SMTHD7-H, BYEROER TEHNTVWT, SBDT-OEEINDIFEDDHD
HENZTHZ LT, BERICESHVWORZROT L5 ICBDT,

P F DEREX

1 HEIZ PMSG(ILEHMRRRISRILE V)% 8U ERERTST, 3 BBEIC hCG (Bafgi
MRRRIBRILE V)% 8 U BEIEMNES T2 2 & TBHINEFEL 72, BHIILE% i
L7z~ 7 2% hCG#H5 15~ 1 7HMRICREIRIE, F2. INE. INEB L VIE
FD—EAEY B LB ETIEDAEY Y ERY . MECIERZREL, IIE %,
SREET A Y Y 2NDORE/NT 7 4 VHRITED RIS CHREAIOINERE#5| R X,
M L7200 FEZERY H L7-, SPEMREZERY BRI, REEE 0.1%ICh5 L
SlceT7ra= K —EEEML, CO2 4 vFa~r—%&—K (37° C. 5% CO2. 95%
air) TI0NEELT, Z0%, EFZERRNL CEELRIT .

7 < &

Ti-E 88#%8 (Nikon) (2 RPM-532 L —H — (Airix) #&XEB L. x63 EBREL v Xb %
BLTWFICL—Y—BHF LI, I VEELEIE. X178 v E—LRT ) v &
— (LPD02-532RU-25x36x1.1, Semrock) & A > 7 /%X 7 4 J)L%Z— (LP03-532RE-
25,Semrock) IZ& - T8 L 7z BRELK G L FE—F 7 7 4 /X —= (3 71E 50 um)
AL THE L. CCD (iVac, ANDOR TECHNOLOGIES) %z 7= yt2s (SP2150,
Teledyne Princeton Instruments) (Z#Eft L7z, SABD T Y AT bLid, 8BH
fFfE 60 #, 2 [[]
EE TEIE L
7= IRFIEHE
HZ7ZARELT
4y rad kiC
£ - 7= TBS
(Tris-Buffered
saline) @ k0O

b
Tl
S
i X
) L\ ot
o TN
o

o 1= OF _ Rl X N
y 71T % b e \ = 1D0BRFI5ER
DT DODANTR PryTe———— OEAIERITVELS:
T—ty b FEhEEE : 532nm

3 =1 }‘
l_/ 7(—: o 1 ,ﬂE a)gm @J’Gﬂ%ﬁ 30? XZ@

B HA5EE : 20-30mW
TLWLT\& M 1.50F D5~ sHal5%
2EDbmbLLIE

9 RERERVEHAZITHR > 7,

INFAN ATP E0EIFE

ATP Assay kit Luminescence (Dojindo) &AW TEHEI L7z, I9F 15 8% A 7= 96
TV TL—rERAVT, SAEEY ICERZITE 57,
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3. IREE
TSI F COMBERBEABAOANICT B-0HI1C, B (68 (%) )
i), MY Y2 (1) TNENDSRBMLEDTFOERE 5] &
ERA TN, FRIE TEAZATMARSNED =A% o
SHENEREEY YRR LEBO, MBINFA S DEFELN 4401 &
bl ot (B1), 2D EMSH REICIEICEL > TIFD ﬁm_ =
“EAMET L, HEEMETFT2C LA bA 7, 7 i
ZIT ADEDMAICHELTVADOAZALMCT B0 204
I, TV v EMEARWENATR 57, 6 BT IZHD
BONFIFICRT, 1E25 A8, 1ET s Aw~cmgs ]
T2I2O2NT, WD DE—=JICEERENREONEZ EN

bhot. 5T HRELE-TBONBZTNTADS T Y K
7 ROE— S HAOHTE L CEHTRECRET 2r%T & &
METHSMCENTWD, TITHRHICLE>TELLTWY M2 SFomesic &
BE—VDREE. ZORERLES LADYES . MlhIck > CEFENRITS
>T¥boaL C (b FYTOMERN), BBEICHETSZ 7 FILANEBARL
TWBZ o7z (K2),

ZITRIZ, 7 HIEERVERIFN B SNE, MBIIF TS b2/ BLCIC
RET 277 AR AL TLRREICOVTRE L, V22K > 70y
MokoTY boOL C &Y O BORREE B HAERIDT & MIHIF TR X
BRERERShAD T, RITH ,

. e —eca¥ = IEH
FA—Th, [BRE] S b 204 | ey et
Clx MBLE | > FomL CIth —— 1477 Al BE o RoRLC ]
RTCEWIR YT F I ERT YhoOnc N\ N
NTEWIX VI ILZmRd "/FQEIJ-\Q N % a|

EEBRELTWD XLER2) T &h
. IEINF TlE ExE ] > b7
04 CAEMLTWLWBEDTIEAWL
WeEZIc,ZZ T, boBLC
DR & 18 5 PR EE SR IV OFF
FEHPAZEH) (KCN) % FH#HII T 123%
5 L7-& A, IEIITF & RIED

= ~ ° — - 800 900 1000 1100 1200 1300 1400 1500 1600 1700
~ DI _
TRYARY PAVELZERLIZ amamahit o

Intensity [a.u.]

EPD. DERIDF T FRIES @3 iy 2126E L0 b o 0L CH T (F)
IV OBEMET L, B > YT FrEdm-Tw5,
FoOLCHAEBICEMLTWSZ

ENREENT, TTTERENZEELT, T Y R 7RRREOBEERZIC L
> T, BEDFHKRDIRY ML MEmITFRERICEIMNL TWe, ZOERL O,
I F CRONIEEDTHEDI R MLEIIZI 3> FU 7HEEERT &FL
BAhUhrdhs ENHBBL T,

INEXITLT, MEBIFFCTI b P 7HREOEENETYITETLTLSED
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A~ w N~ O

M aEFART, FTIHIPF TIIEHIVFICEENTHEEICIFRO ATP E25ED L Tn
DD o, BICI by R TOERSBMEMEIFFTETLTWS Z & A
SMMZT DI ENTE, TNOHDRERENS, MEBICHE->TIF TR, T hav Ry
TRERSEOMEMET L TWB Z & hh > 7,

4. SHBORE

SthbH ML TN F CRRI > TWBELZ, ZY o EEcFAVWTHLMICL
TW, TTICI Favy FY THREOMEEN, MEBICK>TELL TWDE Z &%
SMNZ LT TTIZEZLDTIIL—THMEBICE>TI FI Y R 7TOBENMBET LT
WBZEEFBHRELTHY CLE3). MERICIEI Far R 7HEARECEDL>TWL
L2 ENDD->TWS, LAL, T haV R TICEET S EDHFAIERIC EHEE
HhoTWBDhlEhh->TWAERL, EE I hay U 7HEHEIFESE I~V ok
LEEBHIT, FNEFNDODEEEIZZL DRV RIBISERENTEYIERICEMT
Hb, I T, FIXVPHEERFEST DT, MBICE>TEDI havy R 7
REEEERDED RV /INTEIZEDL I BEACHIRI > TWBDN ? T DNl DIRIR
EDFLNLTHLNMILTWL, b LZOAFHFRETEINIL, BEENINET
ICAELTCERYRY —LZBVWTRERZ Y XVBEZBNOF VA7 FTEY A
T5FE OUEtd) #AWT, ZOMEEZEEEI L, IITEEROED I ENTE
ZDTIEBEWAEEZ TS,

5. BEXM

Asaoka, Kiyomatsu, Miura, et al., /. Biomed. Opt. (2022) 11, 115002
Okada, Smith, Palonpon, et al., PN.A.S. (2011) 109, 28-32

Lima, Li, Mottis, and Auwerx, Nat. Aging (2022) 2, 199-213

Koike and Jahn, Biochem. J. (2022) 479, 273-288
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TRLIRFBIN D = H ) — L~ DFR A
Al 5ERE H
i o> BR%E
P EE4 N2
R ERE TR L% - e - A
5y fildlt > v 2 2 T2
¥—U—F TERbIRFE, KFEL, HALR=UbE, =X ) —)L

1. HROEZLBHN

H AL 2050 4F % TIZ ZWR(biRE (C0,) DA RIKE LTERIZT &) BEELET. &
—ARry=a— b I EOEREZES Lz, 20 BEOERIZIE, (LFECEKMEEICBWNT
HEERIECTH D EIEL OB ZAREDNTFE L TV D, (b7 & EIR OS2 UM &
COo, DEWAIL, Fife rTREZe ARk & JAE 2 7o B ARDIRH) 2D il & 7o T D, ALFLPE
FAPEEIL, A% OAETFIZRDERWFETH D, Lo L, EROREE I A B S o Tk
DEMHER SN TEZ, ZHNICZEY | BEASOAREROME & W o IeiEN R E /0 IS8 -
TET, 201, Ft et 24 < 72012, (BFHMREIL ORI O 2L & CO, DFH
TGN EE R T —~ Lo T D,

Z OMFEIT TR bR FE (C0.) % CLALFRYZRERE LT, EEEN b hmThdo Y /) —
NVOFHEGR N — N FEBRT L7202, ZOMBERS KORISAT v 7ORREZ AN E T 5, HGE
B OILHHA 7 cY A F Lo —F L (Dimethyl ether: DME) LB AAMNLTH ) —
NETDE T LOGE —BTEATTE (1], FATHIRICE SN T, K LIZRT & 9 73 Beps
DE T EAT v THFE L, ZBLRFEND Y ) — LV EBIRICA R TE D827 — b
LI A HORIC BRI T 2, BT 5 @ BRI (CuR°Fe R EERE. KUAL 05084 T A
k72 EOFEERER) O ETO, @, ONIGAT v 7 ZEhE, AKX/ —VERHA L, H&iziEy)
RENHAEFFODME & C0 DIRE T A HE/MT 5, WIZ, B4 T A MlARm LT, @D
R AVRNIZ LY CO & DME (ZFf L. ARk L7=FifE A F 1 (Methyl acetate : MA) 23®D AT
v FTKRFEEN, BEICERINE T Y ) —LOAEERT 52, 3], HEkD 0,6 D—
H ) —IVERERRY . ZoWle T2

RRALHR D D DT 5/ — LBl v m

—EHEL, RO TRIAER A [00) i w0, o
tH, : acetate

T, BERO RLRE TR L S Hx s \Q/C,OH

J =N OAHIEE S A b OfiffE, U

BRI E AT, Rt ety B COMBTS ) — DR EHL— b
A A KR, ER o A—r OKFRIE, @QBIAKBIS, O KET A7
SRR, AR Cop to NG @ANR=IALSUE, ©ARFRILRIE
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EtOH & W9 X T hig/b— M &R L. B el b2l E S & ) — )LD AREL— b
% CO. 75 Ehifi L, KEIZ COp AL F M TE DL — FOBRE HIES, ZHZAbET,
bR F . PEREREAN, ARMLRE SR & SUG A 1 = X AR EIT 5 T2,

2. IRAE

WF9E % FEi T 57212, LUFO =ZDOMRNEE1T 7,

(a) A% —/VAKRZBIfE L 92 FHUKIR A 7 /) — VAR

BT L - T M0 EHEEL X 72 Cu/Zn0/Mg0 RAMEAZFIRL L, CO, Z BB ANED
IR A % 7 =V ERRIZIRIT D A Z 7 —/v B IRB il A 8 U 72 BOSTE M2 794 L 72, TLBOEFE <
D Mg* DELEINZ DN TIE, AIERTERAR DAL & AU DU CRERIARRE L7z, BERIS K ONE L &
AT I DREERFEIC RAE T M0 B BDOE S | HE DT HIEIC & - T S iz, SOGTE
P& OBEMEZBE NI T 72012, A X ) —)LERED TOF (turnover frequency) & STY (space
time yield) & CuffgbhifR, CuO Fif, F9HikLd KL ORI IAL O & & OFBE & fiFH L
7o S DI ARKUSIRE TEWA X ) — D STY ZEBRT D12 0DERA L ) —VEK T ok
AzBA%E LT,

(b) AN Z Y I LA EMERE VR = ARG AT A - il oo B %

AR DO HMOR GEY— : Si/Al = 9 (E/LH)) % 20~40 mesh |[ZHSKI L 7= H-MOR (GRY —)
D2 SOMEEPE L, vy T TElRBERZIT o7 (B , BB T, <107
VINERAF LT, =Ty LT Cu REWROAFT ANV IRy Z Y o T AEEITRAF
L7zHiR % A, EBENOESD 9.9X10-4 Pa ETFR->THE, @HE Ar (99.9999%) %
HEENDK 6.5 Pa IZDHFETHAL, RF fH 300W | K> 20 53 TANY XY 7 %475
7o 7. A9 Z ) A 10, 20, 30, 40 min IZEE L, ANNwZ U T H{To7-%.
fibffe A [EIUN L, EDX 0T 21T 95 2 & T, Cu FFEAHIE LTz, DR =/UHEBISIZEB N T, i
U724 T A RO MERE A 3N L 7=,

(¢) ZhRHIRTH ) —VERERBRTHI0DF ) 7 4T A2 MU T A fldiipa s

BEEHIE ST ) 74T A MIROMOR BA T A FOFHRARIELZIRE LT-, Z OFED MOR
AT A OB T vt ZIIEFICHE T, Stk T8GR T 7 —F 2 L2 TH
Do ARSIV MOR HiEOREIIME A, /v — b, F/ET— F/my R 747
AV IBREEND, ZOFHEKIETIE. T/ BELER )V AT Lot A rzm—T )1
EUMAE LT, AR OIRBRIRLR & F5E O FMICHIET 2 2 & T, MR OE %M+ %,
XDz, —BEOT X ) — VERL— MZBW T, DME BV R = WAL & KFE LG & /LA A
b, 7 4T A MEMOR Bl OYERE Z -G L 7=,

3. EME

WFFEDREFRIZHOWT, LLFO=DIHHA Ttk L T\ 5,
(a) A%/ —/VARZEIAE L 3 5FRIKEA % ) — V&K

Bk 45 E



4 B SIS RTRFZMEMMARRES

180
) ) ) ) ) ° ° ° ) P 4100
704 I CO conv.
I CO2 conv. P .
60+ Il Total carbon conv. 196 <
~ @ Methanol sel. <
& 50+ z2
g 192 2
.% 40 g
2 ©
2 301 1gg 2
© 2
20 E
5
10 184 =
04
C C C C Q. ¢ o 80
T, T, T, e, e S w9 S S
2, R, R, R, R, R, 2, 2, R, R, R, R,
‘% S T g ‘o Yo Yo, Y, %,

Catalysts Catalysts

B2 A%/ — ARG Lo Cu/Zn0/MgO fitfi & 0. 003 mL/min D A %/ — /L B (KBl 2
A L72S6 0, €0, 00y B RURKROIMLE (), BLO (F). BOGSKM : M EE=0.5
g. BUGIRFE=200C, BUGH/1=7.0 MPa, M./C02/C0/Ar=60.30/4.86/29.80/5. 04, GHSV=1800 mL

-1 1,71
8eat h o

B 21X A ¥ 7 —/VERBfEE 72 Lo Cu/Zn0/Mg0 it (Z£) & 0.003 mL/min O A X/ —/LH
RBhARIE 2 L 72354 (F) OfBEEIEEZ /R LT\ D, A X ) — )V EIRBIfRBEAFAE Lo
A CIM-R-0 fiffiod CO, CO.. 35 KL UMRERFE DI L=RILZ L4 48. 0%, —3.6%, 40.8% Th -
720 CO, DEALRENAETH D Z LD MFE T AR OFRED CO D3KAKZ AT AT 7 (WGS:water—
gas—shift) MISIZE 5T COUITEMENT-Z LRI ND, Mg0 DEFEE 075 0. 05 (THIM
SHDHZLITED, C0 & CO, DEAEERDZNZEI 48.0%72 5 60. 1%, —3.6%05 8.2%IZM 1
L. #KFBOILHED 40.8%0 5 52. 9%IZHM LTz, T O OFERIEL. ED Mg0 DMK
BA KX ) — VERORBNERER EICHERRTHH Z 2 LMIRL TS, LL, Mg0 DEFH
BA0.05 225 & FFIZ CZM-R-0. 10 & CZM-R-0. 20 O J57 TI& CO, €O, 3 L ONRR FE Diinfb R
DMET L. CZM-R-0 filtfht & bl U TR IR B DB LN D MITRW Z & 3R STz, i8I 72 Mg
DUIML Cu/Zn0 A DARAETEPE EIZIFAFE LRV Z & &Z7R LT 5, 0.003 mL/min D A ¥
J—VHRBIE A E AT D & TR TOMEBED €O, C0, 5L URIRFE DL E L < B
L. &Nz A% 7 — v BRIl & U CIRIR A %/ — VARG EEE L TV D 2 &R
IRENTZ, TRTOMBEDTHF T, CZM-R-0.05 23 bl CO (68.7%). €O, (8.8%). B LA
RFEDEEER (60.4%) %R L7,

(b) ARy &Y I L DEMEREN VAR = ALY 45 A bl B g8

ARy 2N MR X0 SRR U 22 e (HMS-P@Cu, HMS—G@Cu) 23\ STY &7k Lz, A/ H
U 7T, BREZEETELS T A4 MURIZHEFT 2 2 ENARETH 5720, BHIIEER Y 7
TANRELRNTH D, ZDTD, BERGT O XV v T EMEITE, @ STY 2R LI EB X
bid, Flo, ANy 2 ) o 7 ETHE L 7oA 2 g9 2 & . HMS-6G@Cu D A3V STY &7
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L7z, £2C, BRI LTEEBATA MZEDEZL O Cu ZHEFSE D Z LT, BARHMEREN LR
HrTze Cu OMEFFEZBMNESE D Z & T, H-MOR OFEENIE TR T L7z, KREAERITIRON
727307, Cu fHEF R A BN S 72 HMS-G@Cu il D SRS R & X 3 127773, Cu HEFREZ NS
BDHZ LT, MA D STY BN A D724, 0.656wt%lh b Cu 2425 & STY OfEANIE & AL

LU Z Lidbinolz, £72,1.01wth & 4500

1. 20wthD i 2 e 9= 2% & | 1. 20wt heD fib 450, b a0s0 oy 03
DFBETTEH DB STY MENEWV I Z as00 |

ENRGEONT, ZOHEBE, ARy HY T ;‘3 3000 }

DFEFRED>TNE EEZEZ TS, Ay § 2500 |

2 v ERERRIT 2 A T A M <§T 2000 |

T 52 LN TEDLMEGHEETH D, FDT Eﬁm'

W, WOSTY 2R LI EEXTNHHR, A8 5 1000

v ZREE R IER TS 2 LT, B4 T4 b ki 29 |

Cu BHERE L TV 2 E BB 2 LD, Z DT ° 8 % o o
D CukiFREAT A MR EHELTLE I i

W, Fr U RAANERNTLE D ATREMENE 3 H72% Cu ZHEF L7 HMS-GECu filgt o
bbb, RERTAT A5 2R

(¢) BRI & ) —NEREFERTEHIZDDF ) 7 4T A NUEHT A MBS

—Bikcoxs 7 — (EtOH) &L, ¥ 7V A v —HEA4 T 1 M-SEMIE S 2T AT
biviz, Z ORI SN 27 A (K 4a) T, DME, CO, BXOH, DKIGMITE
FMOR B A7 A hiERE 2 188 L, DME & CO 23 1 /LR = AL % % C R A F-/L (MA : methyl
acetate) Z/AERT 5, WITAERSHIZ VA & B X, #i &BMEE TS SIckHFE L, =&/
—IVIREHRENZAG BV D, —BHETT X ) — NV EGT D78, 18HE O ES-MOR fitfit & CZ/Si0,
filfit & DAL L e L, HrLWF ) 7 4 T A N A T A hTHD NF-MOR & CZ/Si0, filti
DALAEDOEZ Rl L7z, X 4b IR S 415 K 912, ES-MORKCZ/Si0, il DA G o8 & bt L
T, NF-MOR&CZ/Si0, il DA 7+ G 30E 1% DME Z2#25R  (85% vs 40%) I3 L ONEtOH j#RM: (50% vs
42%) ARV @<, Ez 30 RER O SOGRE CHEEIL -2 EMN A R LTz, 2o OfRN L. H
CAEfk b =TT 7 0 T A R MOR AN K & Zefbid A X &R O0Ek o MOR il L v &
BN ERE 2 H > = L VR ST,

4d TIE, MOR il & & JE MDA ST, F72, CL/Si0, it i 7= Al i
REZBRFHT D721z, 1EkD CZ (Cu/Zn0) NS E LA Sz, M4dITREhb LD
(2. CZ/Si0.filfiEod CZ G &l CZ filiid 1/10 FREETH 212 H B 53, MORKCZ/Si0, DLAA A
X MOR&CZ D F7 &V &V EtOH @ STY ZoR L7z, T, CZ/Si0,filiod K v i 7= Kk F{LEE
DMADEBZEHE L FERE LTEAT A Mt EODME DZEH#A S GITRE L 72720 Th 5,
AT A MBMEIZIBW T, CZ/Si0, £721E CZ & DNz, —BHE= ¥ / —VAERICE
B RO MERE 1L NF-MOR > NS-MOR > ES-MOR DIEIZ/2 5, F 7 7 4 F A MUY T 1 il
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D NF-MOR 1IN T VAR = Ak T 7 — VA RMERE R R LT,

a b
@) CO+DME+H, (b)

J)=H-MOR —F—A—A-A- — — — — A-A—A- — A—A

2 100 ,.f‘:jf?-u._._ ~a oo _a b

(J=CZ or CZ/SiO, —~ s B - ‘~A_
DOJ Swp T oo, ]
DO DOV > / —o—NF-MOR&CZISIO, |
DI DI g 60 4 —A-ES-MOR&CZISiO, |

—A—NF-MOR&CZISIO,
Quartz wool— MR{FHZ g wol . .
[DOC 500 = T~
19O 20U A 2! T
10OC 299 1
EtOH %3 6 9 121518 21 24 27 30°

Reaction Time (h)

B4 (7N A¥—TEFT A F-pRflE 27 A, (b)NF-MORKCZ/Si0, DFLAEHHE &
NF-MOR&CZ/S10, DI &> D —BEx 4 /) — VE RIS ET 2B DL EME 2 ks 5,
(c) B DMBOMAEGDORIZL D —BiE=d ) — VARSI EB T D15, ROGEME: B4
T A Ml L O BB 0.5 g, 1.5 MPa, 220 ‘C. DME/CO/H./Ar = 4.1/32.8/60/3.1 (&
& %) . ¥iiE = 20 mL/min,

4. SBROEE

Z OWFED R RITERE T RE R A~ DO EBIC RN D, RbRE (C0) DOEFILIZEY
CO, DHEHEZHIT L, BE~OAMEZENT 2 2 & A S D, (LHECERLOFEO%
A& Co, OFMMEAIC LV | Rt nlRe e MIE LA B L, IREZNE AT 2 OHIECE IR O 16 5
FIHZFEBT D EBEBROBE L o T D, SHRICITHFZEESE & EE L oERE 2k L,
7= 7e Hiiti & R L CHRpfe ATREPE ~ D Bk & AR R F A O EBUC AT 7255 ) & ki3~ %,

5. BHEXM

[1] ”Space-Confined Self-Regulation Mechanism from a Capsule Catalyst to Realize an
Ethanol Direct Synthesis Strategy”, Peng Lu, Qingjun Chen, Guohui Yang*, Li Tan, Xiaobo
Feng, Jie Yao, Yoshiharu Yoneyama, Noritatsu Tsubaki, ACS Catalysis, 10, pp: 1366-1374,
2020, doi: 10.1021/acscatal.9b02891

[2] ”Self-Assembled Nano-Filamentous Zeolite Catalyst to Realize Efficient One-Step
Ethanol Synthesis”, Jie Yao, Xiaobo Feng, Jiaqi Fan, Shoya Komiyama, Yasuharu Kugue,
Xiaoyu Guo, Yingluo He, Guohui Yang*, Noritatsu Tsubaki, Chemistry —A European Journal,
28, pp: 1-7, 2022, doi: 10.1002/chem.202201783

[3] ”Ammonia pools in zeolites for direct fabrication of catalytic centers”, Jie Yao, Yingluo He,
Yan Zeng, Xiaobo Feng, Jiaqi Fan, Shoya Komiyama, Xiaojing Yong, Wei Zhang, Tiejian Zhao,
Zhongshan Guo, Xiaobo Peng, Guohui Yang*, Noritatsu Tsubaki, Nature Communnications,

13, pp: 935-945, 2022, doi: 10.1038/s41467-022-28606-z
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HlD A R — > b A GPS fa e
B )
Kb & OB MR - MR IR O %
PB4 B LR
WrERERE AR T T A R - B - ey
578 MRS - A
¥F—U—FK K Rw—r, GPS SBEPRAE, MR, WeaRd, &1
. IROEZLEM

K Ko — &R EER S EN%  (Remotely Operated Vehicles, ROV) ®—Ffi T, —#%iZ
Fae—rAREEa be—F =B r—7 NV TER-TEY, #iEEIE, M ET, Fa—i#E
WENTH AT OMGZHFE L7200, EREETS (B, 2020). K Fu—2 20z
&, AMIRESITITEET L2 2N TERVWAKEAOm ETORELReL T2, £72, & T
K A7 L1382, Fe—UE2EET 228 C, BHPZ2EBICBEITLIZ LN TX S, &
HIZ, VT H A LATHFBGZBIE LR D, RE - IRE - FUSEOT —X &5kt s, &
W o TR A . UTE, KPR a— 2 O R M MR TR S Uik, HIERENE, & 50
FEWFEDOZEIZBIT D, FHIIE~DOIEHAR RWZEIFRF S DR H D

BRI ED (2022) 1, BILBIZHBWTKE Fr—r 2 Wi 224, Kb Fe— ik
0, EAEEYA S L ENORENRT 2RO, S OIITEMECHBEIBIZEICLAMNT
bHZ EEEM L. LovL, EERIC, filkoKF Fa—r2HWelEZE T 212H72>T
i, BERICBTARAE L ITRARY, 1) WEICET D e —r O EZ RT3 FER 2RV Ok
FCIE GPS AR TE T, 2vo, Fr—UKEKIT, M TORBZRBELIIMNT, B Tt S
n5), 2) MEREICFIHTE 2, KiEROEIEHEKAIFIE Ly (HTER ORI 3
WHITEAE O 2 LI TN 2 E R0, Bl ZIE, B S EARBISHE L, P A3 X
SN TWRWNWZ ERHD.) Lot REBRPENRH H Z LRSIz, Zhd OFEEEICK)
LG, BEE LUV T, EERE R R E R 21T 5 ~ /L F B — LRI 2 O -V E I X O 1K,
HDHVT R = KIEKNBIIE LT EBE T MmO E L2 ER T2 528 The—
Y ONLEOHE 21T 9, USBL (Ultra Short Base Line) /KHHINL S AT ADHEH 7¢ & TR T
X508 (BIZIE, WEAED, 2019), BURTIE, HROKF Fa—rTik, b ol (47
vay) iFHEBEESRARV, b LLIE, Fe—rAKRECH L TE L GETHLD, #LRTF
BRI TE D LTSz,

B IZ2> (2022) THGE LICHEORIC, THRBPRME (LUF, f#8R) [ he—riis) &
WOIFMEST, DK Fu—COMEORE] IZRREZIEHTE 2w RetEick oWz, 7z,
IZ BT, GPS ffRZ W TR R OWEHIZ X 2 1ERE L 72 BFZEE] (B 213, 1LIRHEA>, 2013
Yamasaki et al., 2017) 235V, LBV CHRERZ, TRKEROMEMIZRK Z/ER] T3

Bl EH E—
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FREMER DD, T X 51T, GPS fEEHWA Z LT, WIEKHHEICKLEL 2D, Ao
', 77200, EMEX E~OKP e —r O EOT vy RREBRARIZRLBDEEZ D
ns.

AT TIE, K R — 12 K DWEHRA IS, kD GPS SR ATT AT 5 2 Lic kv,
(R A) KR R OWEIEHIEIKI O/ERR) & TFR-E B) K Fe— 2 ONEOREE ] 2Rk 5 2
LT, MEDLA, AR A N CHETE L FER T HEEIEE, SHROWIRME - HECAEY
DAERBIIFEDIFRDO—B & Lo\,

2. IRAE
2-1. EBR - AT

BB D, FEJIN A2 5 FREHICONT T o 2 HuS CHBESR - ik E217-o72 (K1), Fe—
Y ONLERFEDRES S &5 Z, WHENFAET HKE 10-20m OIS 1 &, AHFFECTHEH LK
R — B ORTIEE Ch 5, KiE 100 m (2RI rTRE/ MR 2 & K6k - FAAIGATICERE L
7.

2-2. {EFBEHF

A e —21% CHASING - M2 #fiH L7z (K2A). 20O Fa— 3817 38 cm X 1§
26.7cm X HE165cm, HE45kg &, 207 NTRBLEONRES THDH. £1-, AT
BRIEE 100 m £ CHEFEET, 8FEDAT AL —|ZXY, KPFA~DOHBBE), X512
XA ST ) & KT NC 360° DR FIRET, MEERE A HE LSBT b TE 5.
B AT OBEIE 4K UL T, MUEOIE, B« RE B - HAL - Fu— 2 OKO/E X
DF—H N SD 11— RIZidkSn5. 7 arDl—H—2r—5—%2#%#H L, dSWmoH A
ZOFHINCFIA L7z, 2, B2 10em @ 2 KDL —F—%BET25 2 LT, BI5 - Bg
FEREEDO A — L LTRIAT 2D TH S, 51T, GoPro (HERO9 Black) Z##L, K
n— B A TR DR ERECOBIEELISMNT, KV IRHF TOMGOLERETT o 72
AWFIETIE, IR TR LT — 2 2 a BT L B EZTORERH L L L, LY
XY —AR— e ECORMMT 2565 MEL, WAoo GPS SIREZHM Lz, MR, X
OB OFER, HRHAIZIX Lowrance £ Hook Reveal-5 % @5 EH 1 (83/200/455/800 kHz)
EDOMAGOETHEHLZ (XK2B). GPSHEALZHWT, MOELFEATEETHD. Z Ok
I 1 RIROWPIEZT 5 729, EN—E THIUE, 1T & A EEMRT, HEEHFXEZ R
THDIIMERT =22 BETHZENTED. &I, ZOMRIIET ¥ —7 Y T —HRENHE
e ThY, BEMERIEROZOOREIZIE Med. Chirp OKVE 40 m Kiili) & mEET v
—7" OKEE40 m DAEE) #fEA L7-.

2-3. GPS BRSO LI ~DIE
IR, INEN BRI - T, —EORFMRET 1 A0S FBr—21) 2%EL,
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FOURIE T O 2 B IRGLER L, BHE 285 LT boRMEZ AW TS & ol R
HL, SRR HERT T 2 B B L EE TH D (LIREDy, 2013). BEEEISMIEZ THA
& L= EER ORI IR < 723, s BIEICHET CRW=ME%Z, HDIEE TY-> =MD
FPHORA 1 MICB LSS, TF, BESCL Vv —IIHH &5 AEROHIERAE S R
iz b L7z Z Sic k0, AR HKERE mo IR SHREIE E T, i sic iR A
EITRDHEICRVOOH 5. AEEITIE, GPS HEZHEHT 200030, KIEHEZEIERIC
MBI D, B R RET —HEBBL LN TED. 21EL, Y7L E—ADEETH
B, GIS V7 "D WE =7 7 7VEKR Y 7 MNEZE AW TC, BIEROM % Z2R#M T2 2
LIk, KIEHEOR R T 2 0LENH D

RBEOEMH KT Re—U B2 b, AROBEROREFANIZKY Ko — 237
ET5Z L1 s. MIBOEELE—NX, AT ORI E ST, BRI LICRR5iENA%
Fio. K R =02 H2WEOWIEICW 26, ZOWE TORERMIL, RE X tan (f§
MA/2) TROOGNTEZ FRIC UIZ®PHMN & 72 5. flx1E, KE20m T50kHz O EK %
Mz (FEmf 50° ) O%h, RERFAMNOYAIE20m X tan(25° ) =9.3m THD. HoD
ALE L GPS flRD GPS EE TR T 5728, TR — 22 b2 LIk, Fu—
VMEIET DALERIEZ H HRRIERET D 2 ENARE L 22D, AR CHAT 5 AN EOIE
E, ERBENNIWIZEE, Fo—rOfEx @K CHET 22 &N TE 5.

3. ER - AEER
3-1. FBFRFIBED T — Z 1T K DM HE B R R

MR KVERIE, 1) FaivE, 2) BHERA, 3) 7 — X448, 4) 77— X O ko 4 i@F2
2572 % (Yamasakietal.,, 2017). BLFIZ, ABFZECTHEbE L7z FHINZEESWTREL ST 5.

3-1-1. FaivEf

IEEFAB S, —fRICATTE LW TH D [HAROWER ) (v ) —vFy hU—27 2 (1))
EERRKIIER LEZEEEZ Sy 7F v L, VAV 77 LU RAILED, =TV 7 =T ThHd
QGIS (3.22.11) IZF/R L, ZOHGEHITI 5 HFralciete, WATHEK A% E Lz (K 3A). i
ORIEE, AT 2RO mA EFRECL > TERTLILERH Y, KIE 40 m K TIX
Med. Chirp Zfi/ L7272, 15-20m (2, KE 40 m PAE, 100 m LA O Cidm &k 7
YT HEH L7, WIEHTEX LD DRI T2 IRE DK 3 /3D 1IZERE L.

3-1-2. HiHFHA

FROT =1L, FAERTH 50 UORE LW THIEEICIE S T, iE 5 km/h & JEHEIE
HEEITV, B Lz (K 3B). AETHONLT —% (fiEy F—Wug, (&, RE, BRET—
Z7eE) X, MIBIEIE, BT 2L/ 1.2 m BRT, MR L2 SD 7 — FAIZE
RSNz,

Bl EH E—
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3-1-3. T — XL

BUHIFAA T SD U — RICGEi#k L7727 — ¥ %, £ ReefMaster Software f:# > - —F — & 4L
B 7 b ReefMaster v. 2.0 THiAiAAx, HRE) - P06 T TREECOWINT 12 K 2 KIROMIEZAT 9

(K3C). &Iz, KY 7 b LTkl Lo fEBEIHAZRT L2 LIk 0, BET—ZICEENRD
J A ZHADFEEN R 2 B A, 37205, O ORPL & IT K E < A7 R E %
EE - #iiET 5 (LEZAy, 2013). S 612, METHRE LT —4 (SEERICIE ReefMaster T
MIEL727 —4&) b, MEEE - fREE - fHIER ORE - e 28 LT, CSV 7 7 A /WITEH# L,
QGIS (3.22.11) IZ#47¢ 5.

3-1-4. 7—Z Ok

AIRTIGTE 2013, WikthI7e, ME FOKET —ZDHTHY, ZOEETIIHFK L L
TIFFPHTE V. 22°C, GIS Y 7 b L CTZEMMH ATV, MK 2 ERR T 5. 22 M
%, A—72V7 7 THD QGIS (3.22.11) BELWWSAGA GIS (7.8.2) ZHW\WTITH.
ReefMaster TIER L7= CSV 7 7 A V&G RIAAT R, shp 7 7 A WITEB L, ZERIEM 21T
9. SAGA GIS TIIHEEOZEMMMIEZBRIRT 5 Z LR FRELEDN, SEIX 2 U X 7k

(Ordinary Kriging, Point #£7E, Attribute : Depth (m), Predefined Functions : linear(no
nugget)) ZHRM L7z, MifIC K VIERESNIZT A% T =2 %7 7 4 VIFA GeoTIFF (tif) T
RFL, ZhE QGIS IZ KT v 77 v R Rry 7 Lotk SHEMEtT 5 2 & CHlfEIFX
AR 5. ZOFEIZ L VR S B EHTZIE, —MKIZ AT TE DR (B 213 T4
AR OWFEK]) LIXEZ2 0, 2500 430 1 01250 430 1 FBEOKMERIZLTH, MERTHZR SN
ToHIE A E S TR Y, MEHHE A TR EER A ER TE e EALND.

3-2. FBERIIBEOBUE EToKP N o — 2 OfERR

Fo— 2P A L, KEK b6 m ETHRFSELL A, MIROBEIHEIZ N o — 03l
T (K4A). SROBEE TIE Fo—r LRDBROKHASZ IS NI EbH 50, BRIIZ
7 L STz P e — Al b CRERT 2 Z LIk - TRIIRTRECTd 5 (X 4B, C).

3-3. Nru— OBIEALEOREHIE

ARER - ETIE, KOX I RFIET, KF Re—rOBBBEEHETLIZ LN TEZ. £
P, AET e - OFEEZMHER LIRS, MoME (GPS F—4%) Z{ERE L, {El LK
HEK Eic 7 ey 9% (X 5A, B). BIEHEGERFOMONLE &, FbRfE R o BRAREIA )
bR =B FEETAHEANTHETE S, ZOfANT R —O%E (Kr—v LS8R0 7
TRk rIEE) LEHIZI OREN —BT 25 AR L, Fu—r OB SR #ER TR
THIEOHI S SO TITH 2 & T, Re—U O EDORENATREE 2 5. Fu— 5K
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MOBET HERCIE, Fr—r 2 BB SN0 - PRI - MU 2 B Fmia CEE L, HBIKHE
LT 52T, Re—r OBBREOMIENAIEEL 25, Z0I1E0, F— 7 LV OMmEREED,
Fa—  OBBMEOFHHERET D ETERILSZ LEBH D, KL TIE, MEOmE BT, K
HE75m OWEIZBITD Fe—rOFELHERAL, £920m BE)L72#%IC, KES8LTm Tt
AL DERNOEEZFETHZ LR TE (K5C, D).

4. SHROEE

ABFFRICEBNT, A GPS iR E 5 Z & T, HlROKT Ra— 12 X DK -
HIEAEOERIZAT T, TR A) KR OMBEHIZKOIER] & T8 B) A Fr—ro
PLEDREE | RIS 2 HIEERRE TS 2 N TE . BRI, BRI X 2 KBEOZ{IC
FESUNTRERR S AV PRI 2 i U 7o, MRIECHR AT IS A0 B AT RE A, KM R ORI I X & VE AR
THPIEEMLT D ENTE. &b, AR TR OFEMELXTETHZ LT, K
— OBEMEEZR Y AA, WEHER EC7 ey b5 2 ERaREE otz 2O LI, FfE
H2%, FERIC, K Ro— % AW oA 2 55 C X 2 8RB ICmT ¢, EE—SaiEn D
ZEMTEREE XS, SRIOFHEITKE100m T TOWKELRIGE L TEY, il LR
DEENFIZIE 50 THFFOBERR DD > TWDHR, 5%, K Fr—r OBRFE0E KA EDIE, &
DRV Z, XV CIENFEBTE L1020, WEREIIZSLIZENDH0 L T4
Ins.

BIRFR T, EREEMEO I —HTLIVKF Fe— It L 2PEZEHETE THRWVICH
MIND BT, BHARAEDOEIZ, ¥ NI OFEHLT B AL A ORI, HfEEE (Fl1E, Uy
TN~—7) LENEY S TR INIAIE 2 8, BRENFR R - BT 22 LR TET
Wb R E Z o0, < OS2 DBKH Ra— 2% W TR A 2 50 L, Hriz /2% 5
RETNVOBGREZAT D 2 & T, M~k - FIARIEOBEN S E 2 Z L 25T 5.

ABFFRICIE, 2022 FE OF L — S TRAME THFRIEENC ) 2 Bk (IR 1T —)
EER L. AMEZEONFIL, BILRFHETT VA IR S 27 ARV AR OWEAEN (5
Fn 5 4F 3 H2p3E) OFEMRICE D E ZANKE V. BILKFZWRFRRMTTT VA RO
A BREEROE), W BRAEIIUOET D, il - HAEWEFRE O ) 2 123N
Fhti<> GIS V7 MERICH =Y, SRR I\ EWie, 20T 77 74 7B
BRIZKF Ra—2 235 L5, REFFED & S i) &7 b EERIEREZ W72z, LLED s~
DRV EEHE L BT 5.

5. BEXH

HEAHES « BAAIKES - PEARE—R - KEPEA - ZEERE (2019) : FAKSRE FW k]
BULEAMT DO KES B ~DISH. KETS, Vol. 55, No.3, pp.223-229.

VBT — - YEEPIE - S B - BoR s - 28 BIE - OHEERETE - Ui - AT — - Ak
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K (2022) : KH R — 2 L AKE 200 m TOHAAREFOBEHE0RL. LA,

No. 111, pp. 1-2.

B EUE (2020) @ KF RE—2 U AT AOBUR EFREE. FHEI & H4E, Vol. 59, No. 7, pp.

492-496.
HIIREETARRS - J0 58 - OHEEEGR] (2013) @ Lo — FARBEGRAEE 2 F 1 L 72 K U A A

IR, Vol. 54, No. 5, pp. 204-208.
Yamasaki, Shintaro, Tomonori Tabusa, Shunsuke Iwasaki and Masahiro Hiramatsu
(2017) : Acoustic water bottom investigation with a remotely operated watercraft

survey system. Progress in Earth and Planetary Science, Vol. 4, Article number 25.

7
u{ & il »
;] 34
[0"2 4 & 8 ‘Okn\[ < AT
| —— — e
e S 5 s g o o

AP, (A) BB OMEHIZN (A) &L OEIZN GRERET ¥ 2 17—
HAOKEE I S) o (B) HEEBe BiC T A 20X %

1.
& [M7011 Ver. 2.2 &k
QGIS TVA Y 77 L A LTHERL. O, @IXiHEsaT.

(A) /K Fr—r (CHASING tt: CHASING M2) (a) &=k

2. fEH L7=Hebr oL

12— —(b) ; (B) fa¥E Lowrance t1- Hook Reveal-5 (c) & E3#E#EI+ (83/200/455/800

kHz) (d)
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ix

3. HEMLES & EEEOMBE. (A) /K 15-20 m, HIEEME20m O BE (F17) #iEE. (4
AR OWER] % QGIS TYAY 77 L AL (RAMOERR), ORI T, Wik
I0E 20 m o FAZMLES 2 VERK ; (B) WATHIE 2722 5 X D ICER L EBROMEE. &a7—%
THVER) 1.2 m, FEAEAD 20 m [HIRR CREEE - #RJE - YREZ 08T 2 ; (C) ReefMaster i

TFR LM, &E 20.81 m & 7EfE 14.57 m)
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X4, fETRe— 2t L72B0#E R, (A) ReefMaster ETOMPBIIMD Ka— .

AR OMWHEROTZD, Fo—r0EM (O) %, FAUKERCEEY (©), MM
L7ctkT (@) ziealz ; (B) i EoMAEREHE TEM L TV Fr—r24ie Lz ; (O) ik
OFGREE CHIEN DR L%, BT 5 Fe—r 22 k. B IcaROREHFE) S

NTe.
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B 5. Fre—rOBRMELRFET 517 (A) ARETRr U 8K LIKEEME (R
FRED) . U D AR 2 BT 5 5 (B) AERL L 72V I I Mk E T K r— o O N
(FROFERE) 27 my B L7z ; (C) Fa—roffEmm. O : 5, @ : §EE, O : iEkE,
@: L—HF—RTr—F7—0ORF LI ; (D) Re—roBg(iELFEL, Yy LK.
R — F %D DBENE £ T O 720 - RE - I 2RI & el U, 7ER L 71

JEHIEX EC R —r OfEERE L.
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WRENA TN T =) W RPT
Al FERE H
VT XU TERIEDMENL
i JEoE B IR
MR EE FHMFIEE TR - BB - oA
oy =B =
F—U—R BERIFEIE, RENVA T, VTV, RTNAVT IV

1. FROBEREBH

REANA TTEINEEZRETLHMWEDTHY . TOHHAWIEKIZ L > TEOFRIRARTLED
WCHEEINTND, RE A DDA DENTIE, oIV EThHINY T =T —F
EEDHEBETHLHN Y T2V URHIETHZ LI LT, KEAAHT I ENON TS, /L
V72T BN T 2 VIR NAEM T LITHER RS TR | KAV DOLE VT
= EZFOREERFES N TN, MY 7 =27 =BV E PICREHEBIICE > Ty, =
DLW HEEEIIRINA TN T2 ) VR RROKISHFTH LN T =T —E L IR
LMHPEAETCHL T AT IVERIGLTREEEZET D2 EAMARER L, ARETITZO
BOSZ T, BEIRIGEE OIRPT VT I v OREZFT 2 HIREHTE 208 & L, Kk
SO R b &2 R T,

BRI B E X S IS R DD HERIF OB OHE Tod 0 | P10 Be s CIXEAER 72 72 0 BB 1
ETICKDZ I W, HERFBIEDOETZMM TELHIEDO—2 L LTRFOT VT I RE
DEANREFBND, TAT I ATMPIAET 2EAE TH 253, FI O BIED IR I ITmE
DTNT IPRHLTWDZERMBLNTEY | TOWMET VT I VIREZFH L, B 722765
EATH) ZENEITESC O ZCTEETH D, DEVIRPOMERT VT I 2FHT 2 Hlix
PFERIFEIEDETZBS < 9 A TRERAIRTH D,

BAE MET VT IV ERFHIIT 2 51EE LT, HL7 V7 2 UhURE W g FE LA R <
WHID, ZOHIEEFECEEETH L7, BOBMERTIES N7 V7 I U HURITS
FNECISTRE N RIR D08, T T IV ORENE O N RIEMIZR D E W) 1 (e —r
¥4, Ann. Clin. Biochem. 1999; 36: 704-721) MEATE LTHITHND, "X VA DNV T =
Vo MWT, 2Oz ik L7 07 I RIEEDENL T Z 2UE, BRI EE O R 38 7L
BeSLOMM D LIV U,

2. BIRAE

HHIFETRENAA AN T2 ) UM T AT I RIS L TRENEE T H 2 LB 5T
STWNWD, RENATNT T 2 FE T Tl IEFITIRWREFPH T, 7V 7 I VRE L3t

Bl Af &
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ENHBIEGREZ R T Z DM THD (K1), ZORIGERPTIVT I VBREFHIIZSHT S
WZHTz>T, WL OPORERE LT, TAUTORZNA TN T2V ET T I VD7

FIGEME RS, LW EEQRPTIVT I U EFRIT HICH 2o T, RY v 7 /L O ki 72 JLFL

TEERDT DLV HTHD,

40000 _EISTOBREBEELR
L 2 2300 |
30000 5100 - ¢
O} TS o} ! :
3 20000 R 1900 o ¢ :
10000 1e &1700
0 @ : . 1500 4o S —— !
0 5000 10000 0 50 100
TIVIZVRE (ug/ml) FIVIZVRE (ug/ml)
K1 ZILITIVEELRNAEDRER. EDTITEEDT 70 SETHEN-EEE

FRFEIARLI=2DTH D, [RVEETHE D LLFIRSERARILIL . BRI REIF0.995&F0,

OOREIZELTIE, RENA DAY T 2 ) - TAT IV ORIBICEBENRLETH 5 )
P, BARAIICIE, FiiZe p H OBRR, R KHE % FOSRIZIN 2 256, 20
THNMFREN E D BT D20 E2BIEE LT, LK FIEA 2RI THIUZ, A2 A T
T2 Vv T 2T —EBORIE L RERICBENILETHD LV D,

FLTNTIVOBENE, a7 7 —BICEAMHERREBRIZED L S By 5 2
HINEREIT -T2, b LAENERS T 0T 7 — PRI L - TERL B LA RTEEER
IS D AHEMEDS B, IR 2D O FEBRIT, BERFOT VT I VEREIT ) BEO KGR
WOMEE LT DO b EERT— X LD,

@IZBLT, RV TV EEEL Y 72 P ERAETDHE, REAAML AN T =) T
NT I UBHPIRPRHEDIC L > THEFEENDL EWI Z &, EREED D H HIHBL
TELEDT, REANA TN T 2 ) -TAT I URGORNCRPTEAE 2T 2 L %
A Te, RWFIETIE, T v E=v LA, RV =F LTV a— T b lzfnt
L ZR L, 1EREERAWZIRT VT X EHOREFR & e b B @ WIS E A 8 E L
77

W2 BT D12 H T2 0 | TS M % . i sk BV BUS R A VA N7 = ) >
DALEE R AERIE LTz, FHERFREORIZBE L CTiE, EEHE—NR O 58— 2 8%,
ESGEWUAERdZ . I\ AREREZ CYIE) 12535 L CWalnWe, Z OFFRITE LK F R
W mBEAZ B S DRREZ T THIT LI,

TP TNANTIVERENA BN T 2 DEGE G pH ZRFR LT, % pH TORIED
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B2 7L — ) —F—CCEHMEI L2, pH10 28 bW REERE 2~ L-, &L LT pH
D < AR E L R AR R ol (K 2A), D, RAVAL TGN T =) -7 )0
TV DORUGICERE B LENTR T, VT 2 VDB TT VT I DA TH R WIKIFIRIE
WL AKFEARE AN TH AN THREFIFEALRS VN (K2B), v 7= T L
TV OKRERIC BT, WEMLKFEEMZ 5 2 & THEICEEES EF Lz (K 2B), —i%
kw/7:)/®%ﬁi%kﬁﬁk%z6ﬂfhé@? WEELAKEIC L AR E BRI, =Y
RERE VWA D, L LIBLAKER R VIRETHRAEZ ET 5 2 L bl Sz T, RN

RUVREE, BHDOWVIFFEFITORVIREETUL ALY T2 U U ET AT I URTFETNES HRED
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A B
80 *k%k
25 okk
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WMFEELNDDE LR,

Human serum albumin

M2 (AEEITpHETRL ., M (TGRS EEZTT . (B)EEIIRISERT D
TIVIZODHEE. BRILKROFEETL. MBIEAEETT

SACIRES " HQlEs

WL HNTWRWD T, MR S BETH 5 9,

U

O RBENA DN T =) T IVT S VRISIR B BV T4

VYT 2 ) T IVT R RN OW R

H LT F N7

HORIESR TR L= 58, FCRITIE DO BALT DI LTc, RINA TN T = -

TV 2 URR A BV U723 A . BVILE U 7ZRERNCS U CREEME T L, 30 i
FFENZ < e o7 (K 3A), £72F USSR 2 PSR S 2 MW7 V7 I URIET
& B % e (Immunoturbidimetry) TEHlll L7284 121E, BUAERIZ L 5 v 7 UK i
Roniemnolz (K 38B), ZOZEIEXTNATIVNERTDERINVA TN T2 T
NTIVRISTRE RS 2D E W) T L E2RT,
EDIWICHRANA TN T 2 ) - TNAT U E ., RIBED X X R
H RTINS D L TRONCEREEZ TN S &

E iRl Co
N T2 ) -TIINT S N
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DOFRNE, GELEEO Y 7L EBIE T L (K 3CD), ZOfERITFHEEY THY .,
UM ST VT 2 AT KER L R ZRd, 0D ERANALA BN T2
VTIOVT R URMITFEEM DT T I R L0 RBRCGRER T AR TH D LWV D,

3 a B
o 1.2 Luciferin . 1.2 Immunoturbidimetry
3 1.0 § 1.0
£08 gos8
g 06 goe
% 04 FRE ekk % 04
* 0.2 FHRK dkk e x 0.2
0 0
0 1 2 5 10 30 min. 0 1 2 5 10 30 min.
C D
1.2 Luciferin 12 Immunoturbidimetry
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c 0.6
27 T ek
F 04
€02
0 o o o ™ <
o % % P P o o o o
3 3 3 3 T 03 % 3
i) 5 5 o o 0 o o
N S o N N o N N
Trypsin concentration (%) Trypsin concentration (%)

K3 (A REILALA AL T -FILTIUHENE B) RELEXZLDZTILITS
VEHBIZHE LT, BETRLUEBRBEZTNET 3L FILARMMIZENEITREDT
ShETRT. () RALAHALISTTY-TILITIUERE D) RELEEXIZELD

FILITSUEAICEBVWCHE TR RENDERENRER (M) TPY) #MAk5E
2. YTFULNENETREZNETRT,

W, BERIS BB DR O T NVT I REFHN ARSI, RINATINT T =) o L BERE
BE L. BHEZFT L LHWEERRBD LN, HONCOT VT IVREDFINST-AL
B— RERNTHREREZIERL, FRY L TADOT LT I VBERZRE LTz, KIZ, BURY
TNV EGERIE Tl D 5% lLETE TR L7/ R & Hi L7e, 4 A O il e diE I &
STHEINTZRT VT IVRETHY . MEEAERERELVY T 2 ) R BEBIRETE5E DR
HIRENOFHESNET VT IVIRETH 2.4 Py FRZEFERERT, ZOBAMXKITHBNT,
W 8F A A R & By FBSERRIRICZR D . fHBIRE R 2% 11255 <, X4 A OMPBEREIT
0.4552 L72 0 mWHBIIRS o le, Fiz, BN T = ) U ERRES LTEGE TR
HINZAEAME S 22 o 72,

BEREEHET VT I VITRAET 2H7ETIR, ICRELRICREDOT VT I VEEBNTER
WEEH & LT, RTPOKMEMENNL Y 7 2 ) - T AT I VRISEETD Z EBnEZ bR,
DT ENL, BERENBET VE=U LA (K4B), RV x=FL o7 Ja—n (K4C), 7k
Fo (M4AD) ERISEEAHZET, TATI VR EDEAE YIRS, M EHELILY
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T2 )RS, ENENDKIGTORNEZ AV CHELEE COME L DM %
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K4 FREFILVIZID QOIK) & RELEHETEHAILI-E (ABCDD1ES) &, R

FILITZI % (A)EE B)RET7VEZ I LTHHERE (OR)ITFLUS)a— Lk

B & (D)7 b R RICSRFZILADILL D) VRIS EDETEZEL-E (&

Hitam) DHEBEERT

INHORERNS, BERTOT VT I ARELZFHNT A HELE LT, ARE VAL LT T =]

VTNT I URBKEBPANTHD LR TE D, ARSI LA ANV A N T =) T T 3
VRN K DIRFT T I REFHINEX, VT 2V E WO LRELTALEMEE ST LD
THHDOT, HEIMTHoTCHLEE LTS W cx b, 72, iz HW=EEETLIR
LA NS, FURNEREDLGAICERMEN/HIIET LT 27 ey — 84 JFREMICE
ERNWEEZOND, RENA T ZERFNCHND LW REITHRITH Y . Bz b TiX
YIS ADE Fl=

4. SBORE

BURIR T 7 2 o OIREZFHIIT 2 71k & LT SEHIBTER — R TH 5, S HliEIT
REFITNT IR EIRE D T LI X DRHERIUS & 3 YOt EERH 2 O CRHIIT 2 55 TH .
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v

R DT NT I PREDETIVUZEEIZZ < 20 BOREIX ERT 5, ZOHFEOREFTILEEN
B HETHHZLTHY ., BFEEREDOT LT IV TIIREMRIZR D TREENH S HTH
e

HADBEFELTZARZNA TN T2 - TIILT I I A RF T VT I E3HEIT LY
72U EWSIRE LIALEMEMER T DGR DT, ER U2 EIRIC X o THRO FE M
T LR DI WO T O RE LIMER D LI TE 5, e, mEAAAL TN T
) OBEERET LI ET, SDITRELLSTAT IV EFHAITEAEELH D, ZhiT
AR T E DI RAENLI L 70 5 8T E LTI ARETHO B D L FHAEEE A3
T LEE TV O O ERHI AN TE L LT, S lliiE I~ TFRIEN %
WERDT HID, S%RPEABEOLBERIEL @8R H T 5 HIEERRETRETHA
Do

RENATINTY T 2 ) VRRET VT I ERISET DONTEL 0o TRy, ZORIG
DEBBZZERD S DD ONITEHTDIIC, RENATDOT VT IVBERZNA TN T
= VU ERINT DN RS, B LRI AA DT NVT IVRRENAL AN T2 &
B LT 5720, ZAUIMPEDFNRERN S 5 EELH 5,

5. BEXH

1. ANew Method for Albuminuria Measurement Using a Specific Reaction between Albumin
and the Luciferin of the Firefly Squid Watasenia scintillans.

Ishimoto T, Okada T, Fujisaka S, Yagi K, Tobe K, Toyooka N, Mori H.

Int J Mol Sci. 2022 Jul 28;23(15):8342.

2. Control of actin polymerization via reactive oxygen species generation using light or
radiation.

Ishimoto T, Mor1 H.

Front Cell Dev Biol. 2022 Sep 23;10:1014008.
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Graphic abstract
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DA N U AREBRIZ K DA « 5 DD
WF7E e B
JEA ) =X I
PB4 IR
WA ERE FARMIEERE SR - Bh - R At
Gak it PR
F—U—F PPEIA N LR, R, 50, 2L TTILT I

1. HEOERLHEH

SMUIFAREZ (lateral habenula: LHb) 1%, FIMTSMNCALE L, R b L ACHEERM R & O @ %
RIEEERIER B2, M9 Sr (Ventral tegmental area: VTA) o5 lkE##4% (Dorsal raphe
nucleus: DRN) 72 EDOHIKNDE 7 7 I RAREIK Z0E T2 Z L1280, Wl & S o Rl
B, RAERE LB AHIE L TV ZEMNMB TS, B FD D DEFETIE, LHb OE{EE) A
HESINTWD (Morris et al., 1999, Neuroimaging) . & SIS HEHD AL « H OB E T VT
BWTH LHb OiEEI A+ 5, GABA (FENHZ R s- L T LHb 243 5 & FAER D 2L
#3425 (Winter etal., 2011, Behav Brain Res). Z 415 OFT AL LHb OiiGE Y (R E 9 o) @
FIEIC G352 L2 RBT 5.

HEHHE O OBFFET, 4% 10-20 BOPDHNZIA ML 22T e~ v A%, MEZD LHb 2k
W\WC, Parvalbumin (PV) BEHEREEMIAA 722 <, A b L ARG HER <, RE - 9D
ATEN 2 235 2 & 08B 5 27272 o 7= (Nakamura et al., 2021, Journal of Psychiatry and
Neuroscience). PV BEtEARRSHIIE AT TEIOZ(LICBE S LT\ D Z EAVURB SN D208, FPfeE#IC
B AHKENIDON->TELT, BIEAD=ANIRHTH S, AHFFETIE, in-situ hybridization
chain reaction (in-situ HCR) & fo/&2 442 1 v, LHb @ PV [GEMIIRIC BT 5, BEED 72 2
VR EIPER I ~ — B — @ vglutl, vglut2, vglut3 & $0IED GABA 1EEN AR~ — B — D
gadl, gad2, vgat DFBL A S0 L, MRREEICIS T 2% A o2 T 5.

2. WA

B A RUMERE CE7BLIB) ~ 7 A (BBM) 1E, MAStEAART AT Ly — (AR, BT 76k
AL7z. &2 ToO~y ZLREFH SR (23+1°C) T, 12: 12 B OB 7 v (05 : 00
2T, 17 : 00 IZ{HAT) CflE 7z, EBRIEL, 60~70 HEDO~ U A TiTo7. X TOER
7'a k3, B LR TFEY ERGIEE B (T 1 & o AF 5 A2019MED-34 35 L OY A2022MED-
2) OEKREZS, ERBYOEFEE LERICET D04 K74 8 X OKEEN#EAET LT O E
BREh) DERE LR OT= 0D H A RITht-> TiT-o7-.

~ 7 A LHb IZ81F 5 PV BMEARRSARIC DUV T, @O R & R BT mRNA 2 T& 5 in-
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situ HCR {£ (Choi etal., 2018) (prove sets; gadl, gad2, vgat, vglutl, vglut2, vglut3; Molecular Instruments,
Inc., California, USA) & #a2%x£4 (anti-Parvalbumin antibody #P3088, 1:10000 dilution; Sigma-Aldrich,
St Louis, ML, USA) ZflA& b, ks e (EEhit % Fe L7-.

3. WrFERR
A. LHb @ PV BRI 1T 5 GABA fEEIMEMR~ — 7 —DEVWR IR

LHb @ PV e e 34 MEFH % o AT & SMARB O F 125348 LTk v (Fig. 1A1),
gad2 [FMEVFEHER T2 - 7= (2.93 £ 0.57%, Fig. 1A1-4). gadl (1.42 +0.33%, Fig. 1A5) & vgat (1.14 +
0.22%, Figl. A6) IX, FEITKWVIEEIRE 572,

PV/ gad2

Figure 1. LHb @ PV BEIEMFAIINIC 1T 5 GABA fEEMEME~— B — D3 HL. LHb @ PV O
EYetn (B #) L gad2 ® mRNAIn-situ HCR (37 >) OEfERME% (A1), PV @i RE#

(A2), gad2 &Ef5EmE % (A3), Eifibt (A4). gadl (A5) & vgat (A6) @ mRNAin-situ HCR
DOARAE R .

PV B8 AAE O gad2 FEBL=R1E, MMaEIk ] CHEICE 7 > Tz (F3,16 = 94.78, p < 0.0001,
one-way ANOVA) . LHb (23517 2 F8 B3 (2.93 £ 0.57%) IFHEB TR 1T 558812 (52.36 = 4.60%,
p<<0.0001) & Y A EIZIKA > 7= (Tukey-HSD f7E) . Lo L, #ikEE (5.24 = 1.19%, p=0.9064)
B L ORI (7.55 £ 0.84%,p=0.5502) (Tukey-HSDtest) (Z351) DL L A EEIT RN

(Figure 2A). 512, PV BBVEARRSMAED gadl ORIRT, MEKE CTHEICR /> T

(F3,16 =3229.71, p<0.0001, one-way ANOVA) . LHb (25T 55 BI%R (142 = 0.33%) %, fho
mEI (kR (27.43 = 1.35%,p < 0.0001), S (99.24 + 0.47%,p < 0.0001), kI

(93.76 + 0.88%, p < 0.0001) (ZF1FHFBRICHTEL RN L3 ar-> 7= (data not
shown) (Tukey-HSD test). LHb TiX, PV [t GABA {EEMEMRE~ — I — DFBIFE
23, oo fElk & g L TR0 7,

BIIRE i kib
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3

gad2 positive in PV neurons (%

ol L
LHB Cortex Hipp BLA

Figure 2. LHb @ PV [SPEMREHIAEIC IS 1T 5 gad2 ORI, FMFEIRICI 1T 5 PV B ERRHIR o
gad2 OFEH K. LHb, SMUTFMEZ. Cortex, #HKEZE. Hipp, VS, BLA, JEESMURLA.

B. LHb O PV [GHEMEHMIIRIZIS T 5 7 & I VBEEIMEMR~ — I — OBV RELER

LHb 238\ T, 7% I UgfEiiit~—h — 058 %2 #8~<7= (Figure 3A). PV [GIERRSNY
TlXvglutl OFIUTIT L A EFRD LT (Figure 3A2-4), %< X vglut2 2381 L T 7= (Figure
3A5-7).

PV/ vglut2
PV

vglut1

PV/ vglut1

Figure 3. LHb @ PV EPEARHIAIC 31T 5 vglut2 DFEHL. LHb @ PV Ot (=B %) &
vglut2 @ mRNAIn-situ HCR (27 ) OIEfEREG (A1), PV mfFREH (A2), vglutl miEs
Hfg (A3), EhdHbt (Ad4). PV EfEEEH (A5), vglut2 @5 EE % (A6), HHbhE (AT).

PV B A RAIAG O vglutl FEELR 1L, MREIRE CA B e > Tz (F3,16 = 272.64, p <0.0001,

one-way ANOVA, Figure 4A). LHb 23517 53881 (0.10 = 0.064%) 1%, fhooses (FikE
(71.57 = 3.59%,p < 0.0001), #&55 (16.64 + 0.47%,p < 0.0001), Fi#k{A (38.61 £+ 0.94%,
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p < 0.0001) IZHTFDHFERLLRTELIRN EB¥Do -7 (Tukey-HSD #/E). LHb T
%, PV BPERRRHIIL O volut2 3EH=R (76.08 = 1.20%) 1%, #HRREEICEIT %A (0.016 +
0.016%, p<0.0001, Welch’st-test) L 0 © 3 L < @2 > 7 (Figure4B). kIR, WHIZIX PV Bk
FRECHIARC vglut2 DFREBUT R B0 > 7=, LHb TiE, PV BRI O @ WEIE T/ L4 2
VEREEN M~ — 1 — FFIC vglut2 23 BL L TN,

A B
£ — g
5 |
: :
i i
3 3

LHb Cortex  Hipp BLA

Figure 4. LHb @ PV B fiaIz 351 5 7 v & X U ERVEEN AR Il ~ — 1 — D38 B, PV B
PEARRA IR O vglutl FEBLFE (A). PV AR AL O vglut2 F8BL3E (B). LHb, M TF-fif%. Cortex,
WK, Hipp, #8855, BLA, ZEESMARHEIA.

4. SBROEE

PLEmS, LHb @ PV it =a—m 0L 37 N5 I VIBEEEMREMR CH 5 Z & 238
LI/, BEMOMREMCTH D EEX LD, 4 F T, PV BAEMRRAILIL GABA 1EBME
OIFPEFRHILTH D E VI ERB B T20, TNEBETHENME O, 5%I1T, BEMED
MR E LT, LHb [EENAL T, ED X9 B BINSH 500, {TENIH L TED X 5 72k
WD DN ERETT D MEENDH D, £z, PV MMM O GABA (Bt~ — 1 —& 7L ¥
I UEBEEME -~ — 7 — ORBLE, NEEIRIC X o TR - TR Y, MK D &I EUE & s oAE
WEIRD EEZ B, MORKEEE & OBERBELEE & T L7z V.

5. BEMR

1. Nakamura T, Kurosaki K, Kanemoto M, Sasahara M, Ichijo H. Early-life experiences altered the
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MEETORMATr— NV EZF Ml TELLIICTHILEEZLTND (R6 ETE).

Bt

AWFFEILE L —RATIE M S L OVE 1L RN R FE OB 2 = 1 CEM L7z, ELAZEA
bRt 5 Hefi 7 B L) =B TS & QMRS (LS 57, [ A8 @maA R EORZEE, K
BRBLRE RABIBISCE, &L, BLmicix, Ah, FiE, WINET —% ofllls—4%, R’AN
OWF T - EE T ICHET HAERERE, Fuo— U RESCEAN A TREREIED S ZHh
ZIEWZ. & LRSI RSB & o 2 — 21, EA S A TEREICHED %I T 172720
7. B4 FEOMFREFEFAITIL, 2R COTMFPHEICERYHATHEW, 2 2ICHELY
FLET.

5. $EXM

1. MEHE v 7 n7 T 2AF v 7HROBUR, EERBIMI L ORK, FEEDE IR,
29 (4), pp. 261-269, 2018.

2. A. Isobe: Percentage of Microbeads in Pelagic Microplastics within Japanese Coastal
Waters, Marine Pollution Bulletin, Vol. 110, No. 1, pp. 432- 437, 2016.

3. TIRRKE - AR WIDNOBZDMET T AT v 7 Th « v A 7077 AF v 7 %K BE
FEWEVRIE B F 4358, 29(4), pp.309-316, 2018.
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4. Mani, T., Hauk, A., Walter, U. & Burkhardt-Holm, P. Microplastics profile along the Rhine
River. Sci. Rep. 5, 17988, 2014.

5. ZZEERTR - BRAE VLR - AT TRIEE & T2 1 VRalE & A VA O BASE & i tH Rtk oo
fihr, TARTFEERSUE Bl UKL |, 78(2), pp. 1_937-1_942, 2022.

5. JRARME - H BN WOKREI)INZ I 217l = J ik B 0L, ARG IED,
66(1), pp. 19-24, 2010.

6. Lt - Ak - RARmE - A - BIRFEE - By 8 BARENIZIS T 29
K D~A 7 a7 T AF v 7 HEGROFERE & ORETFIEOEBIRG, LARARRHUE
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BFgeRE B v L b kFEEZ iz CN-3F R B EIRIC K 2Ol
OGS OAEE & KA BTG Y B R~ ]
PB4 & HRSLRE:
iR = TR BREE - AEEUR TR - e - BREE
o7 BREE 5
N, AHOEBRED L, 7T T 4 T 4 v I =R T A BT A R, Ak
R DUEME, ek e

1. HEROEELEM

S CE LA AR BREE DTG YL T e h | 2l CRREEAM /NS < D ORI E
EEAT AR D BTN D, JEAREET & 2 KE A RIE, BOEE ) 2RO A —"—=FF T RT U0
M(+02), B Fr¥ L7 UHn(-0H), —HEEFE0O0) 7 & OTEMEREFEFEIC X 0 AKREA O
% OFHIGYWEN R RICOMRIND T2, BEKF OIGYE 2 KT 5 BRE AR 13D 72
WL EE B2 BN TVWD D, KH, ZhETES AVLRTEMEETH 5 kT ¥ v
(TiO2) ZFITHINRIBHN 2 BT 272 2 A R 720, MES R O - RAMETH - 72,
A T 74T 4 w7 =R F A4 8T4 K (gCsNy; 5% CN L) B = FLF —7p )
il e LTHEAREE > TS, CNIZAZ LT Y =D MEMEL . M TH Y . RFEOA
TIVREEREZEEICGUAMAOBEAICLIVFZGIZERTE D D, £V RE v v 7N
PN OREATHEEI L, &R2EERVEONRERICEDZEBOBEHOMBEN RN E VD
FIERDH DV, T E CTHRAERIL. CN LWERTHLF M2 AT, KEEAFIAT
& GYE AR & WS DT TERE L, MO MBR% O ER S BER A S 7ol = 2 s o il
BEARFFRI G ©— X &P L2 9, LasL, Bk 072399 < BOUGKER]AY 2 RERIRREE & R\ R 2
ThHoTl,

Z ZTAMFFETIE CN O E DO EIZOW T %720, CNIZ K DL iRic %4 5
T OIEMRRRFEZFET D & & bio, —MRICERLPRIC X 2 KEEHIZ I W CROGHEEE O ) |
WA E ENTNDE AV IR0BIELAKE YORMERE LTz, BREIGWEIL, BBRAMEDO S
7y R7Z7v 271 (ABl) BIO~THA b7V —r (MG) O 2 EOAHEGRE L, KER
BEHICIR AT 5 T2 O IRANRIEE OB AN RS SN DPAEMED AN T 7 XA M XY — v
(SMX) & L7z, WTFhoWE b EECHEMENSZ <, mIBEOFEKIC X 5 KRG
e TWD,

2. FRAE
2. 1 CN O

BEFFDOBRTE 9% 5512, 10 g DIRF (FL7 4 VAREHZE(EA)) & 221FIC A, BE
JAC 550°C T 2 REfHIBERL L, IR E THAIE, A VRO L ABZMHA L THIEKRIZL CN
#1372, Surface Area & Size Analyzer (NOVA3200e, Quantachrome, FL)% F\CHH L7

Bk

ISR BE B
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BET e EfHEL 65.0 m¥g TH o7,

2. 2 CNH#HEF Mo e —XOfER

BEH 21246V F ¥ 1g % 0.1 mol/L OFFFRESHK 100 mL (22, & 512 CN ZMA T 24
REIRPE S5 2 & THE S CN-F MY UK AR L7z, /R L7 CN-% b U8k A 50
gL DA~FH ALY UEREESE TS ) PR T TED AN, —BRZIE L CN HEF F o e —
REfE U=, Z0O%, & b B —X0O45 KO pH 73 6-7 MUTIC725 £ TE— X4tk T
Peig L 28 CC 2 AR S, el %A CN/CS 2 1537-, S HIC%EMA pH 2L, B—
R DOWAE B0 2 W EEY - (LR RrE 23 L 72,

2. 3 GFESMIERR L RUSHEORE

AB1 & MG /% Sigma-Aldrich CK[E) X VAL, 0.15 g ® CN % 10 mg/L ® AB1 &
7213 MG ik (AR pH 6) 300 mL 21z (BRI EE 0.5 g/L), 9 750 rpm THHE L2235
100W OF+¥ /v 77 (iR 300-780 nm)% 27 cm EL 725 WS U7 HEAEOEHR:
78.5 cd), BEAR—/LTIE Y 2K A BT L 7ORBE TIT o 1o BE R CHEBR AT o 7o, 3BK (B
K 3 mL) Z R ERK L, R EERE (UV-1800, i) TEFERE (mg/l)aHIE LT,
I BT, RN X D ARREIZBWTEIZHG L TW A RISTEL R T D720, AT
NV — I & BRSO RE ZAT o770 AT P ¥ — 138 E O SOSHE & 5 B0 SOG
LTHEISESDZE T, BENEO —HOE~DHFGEMZ D Z ENTE D20, BFENF
WG LTV D RSFEA[FET D DITHENLD,

BEAFOMFTE 0. 0% & LIZERE LT, AR THWIZ AT RV x — LR GO % 1
\ZRT, A== F X FTVh CONTER V¥ (BQ,4mmol/L), & RaFxi /L7
CH (¢OH) 1TiFA Y 7R —)L (IPA, 40 mmol/L), h+i2ix= wikh vV 74 (KI, 1 g/L),
e liZ =7 u AEA Y v A (KoCr:0s, 2 mmol/L) & A B2 ¥ % — |2V, FEBRTIE, 10
mg/L @ AB1 ##Z 300 mL [CA B R Yy —4%FK 1 ORETIHRML, Eid & RIFRI AR SR
BITolz, Filo. O, TEETFH 2 (TiO.) Ztfkit s L CRERICHEREZIT- 7,

F1. ARV —OFEME L SRR SE

ANy T — A G i ik
A2 % 7 (BQ) R A B 7 U H(0y) 4 mmool/L Eshaq et al.. 2020
2-7rs8 g —s (IPA) b K i 20 L(+OH) 40 mmol/L Eshaq et al.. 2020
ERVE (ob: R Ry FN{ 4] EFL(h*) 1gL Trandafilovic et al.. 2017
Lo LEEA Y 7 L(KeCr07) 6 2 mmol/L Eshagq et al.. 2020
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S
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2. 4 AV ULz X2 SMX 43R

SMX 1% (&7 4 L AFEHiSE(A AR) »HEEA L7Z, 10 mg/L @ SMX &% 200 mL(pH7)
. B AHEA T ARMOBEHARIICAN, CN0.10g Z AN THAE L, 300W & /T
(2L AHE (B 400 nm—600 nm) % EJ7 20 cm H 5 RS L2, BN OIER LI-4
VERIE (105 g/m3) &, BZa RN A RAE ST SRS Y T 2 v 7 BRI X Y 4y 100 mL TR

BEKHFIZEA L (O3 AR 1.05 mg/min) , @ERL/KFRIZEBRBIAGERTIZ 10 mg/L 12725 &
ITEA LTz, BasldKEKICEZ D FICHEEN TS (K1), Zhbicdky, CN &4V,

CN liffg{t/ks#E,. CN &4 v HBRbkFEDOSFEHEICL D SMX OBEHE DL %
Nz, TNHORERND, SMX BRI T T Y v b D W T b AKFE OB L - TE
FENZBREFTRE M L7z, F7o, e L TR OV COERZIT o7z, #EHE 10
Z3mLFEEAEE L, LA 0.45 um OFKNET 4 V7 —TAHIfE L7-DHIZ SMX 2 21K
JeEEEE (UV-1800, &) CHEIE L7z,

/\/—‘

Xt/ S50T e 4
£l 22 w;%ﬂéﬁﬁ
- #}:%lﬁ
g m B
o— o) [l T
':|
Hkt— k| @ - BER h—
[ & E#5H 38 T
—ard [[T—0__1Emo——
:{%ﬁ — T
\@/
[ |
Ak OKiEk) = -
e _— = 9]
NS
B 1 A o EBROLEEREK
3. IERE
3. 1 CN#HEX ML E—XC kD EMEAEORE - SR ER
X274, K241 CNfEx o —X12 k% ABL & MG O - SfRERER 2 Z 0 ZF
AoRd, ABLICEAL Tld, BESETiE pHS, 6. 9 T X TIZBWTEENHAOE, ABL 23
W3S L CWRWT ERbaol-, ZhCktL, ¥t/ TS ERE LERSMATIE ABL O

ENRAONTZZ b RISV RN RIS NIz EZOND, REREIT pH3 >

pH6 > pH9 & pH 2MEWNE L RE o7z, ZHITEK pH 23% Mo B —XD0%EH pH Th

£ B

Bk

RS RAE
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% 5.42 L VAROEKATIES M B XREABLRATE, R pH NEEA pH L0 04
HTIEF MU B AREPNAICHET D72, WK pH6, 9 TIEREA 42 Th D ABL LIRS
AR HEAERINTRKTE L, AB1 ASWRAE AL TR 2 5 WA SG OB 2 2T IC < o 7ed T
HDHEEZLND, E5IT, CN O T BN TEAME ST Tlid - O A aMett s 3 &
EblZ e & OGRS D 892 &b pH3 Tl b N # o T2 EHK LB X Hbvd, —
U5 FEBRIFRINE < 22 o7 pH6 & pH9 TlX 600-1440 43 O NSRRI 5 A 2RI X -
THIDNT L= 2RI > TSR RER TR SNz, E— XK TH -7 CN #HEF M
VE=RABHNNT L= R D L RERESH T LB LD, ZOMOGaERER
FEIXEIM U 7=/ REMER S 5 Z L ICHEDRMLETH D,

MG #H\W 7258 (K 24) Tk, BRI TiE C/C I3 0.4-0.8 DTS F#IC i L= DI
%t L. BIGMECIE CICoMMIFIFE 01270 D ETRBEBRET H 2 &N Cx 1, SRR L vk
ERBULOOELRET DL ENTE L WVZ D, SR TIERKIICIATE pH 25 3, 6, 9 D
NECERERENR K E D o7z, CNIZ & D MG Q5 iR 1T IR T2 . BISMRC 1T 5 CN
HEF PV =X H D MG OBRETEROM BALE S 200 2FRE £ T) TIIWAE & o
MEIFREE . ZHNLARRIT RN ER L 72 & &2 bivDd, CN TS T COLABESOS AMEEE S
% 0723, AB1 & [AlIBk, BISME Tk pH3, 6. 9 OIETHRAEN72 MG OBREHREN KX Do
mEEZ BN,

1.2 r
1
, 038
)
O 0.6
0.4
0.2 )
0 1 1 J §
0 500 1000 1500 0 500 1000
RGBS (4) RSB (%)
=B ") pH3 HA ') pH6 = XF ") pH9
o JE L pH3 H£E L pH6 -5 L pH9

B2 7£) CNfHEFS Yo B — X2 X 26 EFEOWE  REERER, A3 ABL, £1X MG.
MERN TR o3 D IR E L 2R T,

3. 2 CNIZXDAMBIEDONMRITE S DIEMERRFETE O [FE

AHRU Y ¥ — &I LTz ABL OS2 RIS R 2. CN 2 L5645 X 3 /2
2, b ¥ v (Ti0y) %A L7EGG 2 M 3 HITRT,

CN, TiO2 WTFHIZBWTH, A= X—FF T K7 =4 (+0g) ZHiRT IV F ) v
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(BQ) ##snd % & ABL o4l Sz, £72, KIhtOAHR P ¥ —) & K:Cr:07 (e~
DAFR T X =) R LT E AR Vv —72 LOEGE A TRISEE DMK T L7223,
FOFEITNENoTz, Lo T, CNIZL D AB1 ORI WT htd e DB/ SN EEZE XD
niz,

Tt L. AR CEREN T 5 TiO, & YA W CTRERICER LR, KI B L O
K,Cr,0, 2 I L7235 A IC AT R D% — 72 LOB AN TRE S SUSHEEMET L TEY .
h+& e ® AB1 fE~DOFHRRENT LR TE 72, CNIZBIT 5 ABL fif~D h*D % b
3 TiOZHe VN E o 72 B HICIE, CB (UREH)/VB (i 1) DBR 25 CN IZ K> THEM S
N7z htZ OH % ~OH ICRfbT 5 Z N TE RN D2 L 3% b b, — 17, Ti0,1X OH % - OH
LT D Z BN TE L0, KLICK Y h* oAz Hhd & -OH oA LIl S, AB1
DFEEMET Lzt B2 b5, 72, TiOiE CN £V 4 e, ht, *OH OHLHEBKRE =
O, HBORKSHEPEGIIIZ ABL 2fRIZBEb > Tz B 2 615, TiO2 TIERIGFES A HY
ICWE S RICBEID 2 Rt e Rr X U2 B&E (p-HBAD G THRINTNDS 9,

(b)TiOz
1.2 -
1 eeo_
0.8

206

o
0.4
0.2 |

| 0 1 ]

100 200 0 50 100
RIS E(5) RSB E(43)

e ANRYTYy—llL -eBQ IPA &Kl -#-K.Cr0,

B3 ) CNIZ X2 AB1 ORI RIT D AD R Py —D%hE, 4) CNHEx o
B — X2 L5 AB1 OFRFERME & ik pH OBMR  GHEll 201517 5 12 6k D I E)

3. 3 CNIZXK2 SMX DYl fg L A 2 « iR R IR DR H

CN 12 k% SMX DYl Rz 3 CEER b KBRS KA T8 X 412, A U
FAFT B 5187,

SMX [ Z AR O A0, AL EHER KSR, CN (F5efh) . CON 3 K OumEs bk (K
) TIXRENELE T, SMBNECkhotz (K4), —J7, AR T CN &, Ak
WUH T O CN+HEERE/KFE TIE SMXBEME TN L, R ELCTEEZEZBNDL, L LR,
CN L fbkFxE A EGDED &, CN BIMOSERE OLE L0 S EN/ NS o Tz, Th
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. ON O YERRBER T K o T U= RSO — 25 LK FRIZ L W IEE S22 Th 5 7]

BEMERH D, ZNHDZ & X0 | (RERR(LEE AW KEERIZBO T U LIZHW LS i
{EAKRFZBOTIME, CN OS2 e LR B2 Sz, BFEOHETIE, UV REIC X
% SMX D533 it K FE ORI K-> TIE L TRV 9, ARBFIEO AT 72 FEBRE 3
EXBRHTH T,

—% . BBKICA Y U ERRI Ot L) 3725 &0 SMX ITR3ICIREN D Lz (K5),
SMX D53 fiEl :ﬂ“/“‘/iﬁﬁ/}ﬁf“%é Z IR EARSE 0L IR TH D, T IR T o
CN Z{AGDLETGE. SMX OOy s 134> MU e~THN L7225, BN L7285 0%
ﬁ%&mé@oto_ﬂi F vl SMX O ISHEDE S 026 SMX O3 iR 2 CN 12 L 5
R R EE IR TRENWZ R L B R HND, 4%IL CN ONfBEEMED R EI2
mz<, A ‘/mmﬂié}ﬁﬁrb LWV Z X ZUTHER L T E 720y,

1.20
1.00
—>¢(vis)
0.80 —-g-C3N4 (vis)
B -A-g-C3N4(D)
S 0.0 --H202(vis)
-=-H202(D)
0.40 -0-g-C3N4+H202(vis)
-8-g-C3N4+H202(D)
0.20
0.00 ¢ 102030405060 90 120 180

IRFfH (53)

47 AIEDERS T O CNIZ X 2D SMX OYEMBLI AR & B KSR IR OB R (FEdhi 34
WREHT D iR, Vis XA DL R D I3SEMI 72 LR 2 R,
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1.00
0.80
0.60
§ ><o0zone
(@]
0.40 -ozone+g-C3N4(Vis)
—--g-C3N4(Vis)
0.20
0.00

0 2 4 6 8 10 12 14 16 18 20
REMHI(57)

5 WHDERH T CNIZ LD SMX Oy fRFFIE & A LRI O R (Hiedih 345905
(R DIRE, Vis TSI &2 R T,

4. SBEOEE

CN OEBAEZEDOHIRITIT 0 BN b HFE L TWDH I EIRENTN, CNIZ X D5 ME D
SYRIION FIZiE, TiO2 O & 512, MR CHERT 5 - O LSO SUSFED £ 0 53OS
WHTDHZENBETHD, 4%IT. CN MO O~T afiA F—Er 7&IC LY,
AHREEREN NS, 0 OEIIEEPE D B CN _— 2 DN DG 23k S5, Zhic kv,
el & A ORI N T S, KD RSN TE 5, 5%I1% SMX O3 fRIZE N TS
AR T X —IRINFEBRIC K DIEWERm AR A FET 5 2 & T, SMX OF Y otz X %55
FRIZBAGT DRUSTEE A= AL ZHONCTHIENTEDLEZEZOND, FTo, MABIKE
(TOC) %M % Z &12 kD SMX ORI LEIA DORIES, bz % k50l EAN
FF L7256 0 SMX O fRFFHEZ TR D TETH D,

SEMET K B B AL EAT I TR B AN ZE A T TV B 03, CN & W ZiF%E0, & b
VAR S WA R A AN B L CIEF R 3 A e <L A% ORI RE N EE X
biILd, Flo, W=FNOHELNLF M UXERSCERSE CEDLILTWD Y, KEHF(IZTE
ACEIUXE LD = O IMmfE R b - FEERBIZ S35 aRetEd & 5.

5. $EXH

1. Zhong, J., Jiang, H., Wang, Z., Yu, Z., Wang, L., Mueller, J.F., and Guo, J. (2021) Efficient
photocatalytic destruction of recalcitrant micropollutants using graphitic carbon nitride
under simulated sunlight irradiation, Environmental Science and Ecotechnology 5;
100079.

2. PIMMESE - BEEIT (2022) 77 747 4 v 7 =R FA b T4 Fa i aiesrsii
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SERRBEN A AN & D B R ERE, 5 56 I HAKERBE A RS EEE, 2022.3.16 (F1L)
Xiao, J., Xie, Y., Rabeah, J., Briickner, A., and Cao, H. (2020) Visible-Light Photocatalytic
Ozonation Using Graphitic CsNs Catalysts: A Hydroxyl Radical Manufacturer for
Wastewater Treatment, Acc. Chem. Res. 53, 5, 1024—-1033.

Martini, J., Orge, C.A., Faria, J.L., Pereira, M.F.R., and Soares, 0.S.G.P. (2018)
Sulfamethoxazole degradation by combination of advanced oxidation processes, Journal
of Environmental Chemical Engineering, 6, 4054—4060.

Zheng, Y., Zhang, Z., and Li, C (2017) A comparison of graphitic carbon nitrides
synthesized from different precursors through pyrolysis, J. Photochem. Photobiol. A 332;
32—44.

Eshaq, G., Wang, S., Sun, H., and Sillanpad, M. (2020) Core/shell FeVO.@BiOCl
heterojunction as a durable heterogeneous Fenton catalyst for the efficient
sonophotocatalytic degradation of p-nitrophenol, Sep. Purif. Technol. 231; 115915.
Trandafilovic, L.V., Jovanovica, D.J., Zhang, X., Ptasinska, S., and Dramicanin, M.D.
(2017) Enhanced photocatalytic degradation of methylene blue and methylorange by
ZnO:Eu nanoparticles, Appl. Catal. B. 203; 740-752.

Fang, S., Lv, K, Ye, H.,, Du, D., and Li, M. (2015) Effect of acid on the photocatalytic
degradation of rhodamine B over g-CsNy, Appl. Surf. Sci. 358; 336—342.

Asif, A., Rafique, N., Hirani, R., Wu, H., Shi, L., Zhang, S., Wang, S., Yin, Y., Saunders,
M., and Sun, H. (2022) Morphology/facet-dependent photo-Fenton-like degradation of
pharmaceuticals and personal care products over hematite nanocrystals, Chem. Eng. J.

432; 134429.
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ATV LT PR 2 R L T BR B R A Y
WFSERE H
W EPE S AT L ODOREEE
B34, LR A
WEARE | T AW TR e P m
58 T
XoU— k| B, L

1. FROBEZLEHB

TEDEREMZDRIBITHEN, NS F T av 2 & 58 AWEAEDIZENINE L T\ 5,
LML, 2B DEL DAL F 7k RFKRISTITOND o, EXG PRI & OHoKE
YL EM G & LT AR ETlE, GIREDEBEZMGSEL Z ENRNEETH L, 20
BRI D —o>7 7 u—F L LT, AREE- K ZFRUSB WS D03, 1EkaE & LTH]
M SN TE L RIBEE EIIABRESEMHEME < | BERERD KIFIZ & 2 BOSFHE DR T 23R
e D, 2O LI EfERk O 7= 912, 4 Rhodococcus JEMFS Pseudomonas J&ME 72 &
DA BT 2 R U2 AEE 7 0 AR SN TV DS, AL E TIC, AL
M Kocuria rhizophila %KM L7 AT L U ERLEESRE ORI O 7 WALE W DA FESEIZ D
WTHFFEL TR Y . E 72 MM TR ATRE 28Tl v bRy 2 =7 COBE BT T D
(BEHR 1. 2), Z 2 TR TIE, K rhizophilaDC2201 733 2 A HVE B PEREAR O fig B
0. RESRBID TR X 2H AWEAEIC OV THIEZT o 72,

2. BIRAE
K. rhizophila DC2201 7373 4 HEVA B B AE o i ]

A FEARIETRE B 53 2 8 s 1 2 HER 9~ 2 7212, k(s —47  A(NGS) % i\ /= RNA iz
G OWFRIENT 23 272, K. rhizophila DC2201 % 100mL @ LB E5HZAEE L. ODeso 23
0.51272 25 FT30CTHRE 5552 L7z, ODeeo 23 0.5 (ZEHE L 72 REA T, KRN 10%12725 X
NV ATFNHRNLLT I ROMBP)ZIRIM L, ¥Eafkkt L7z, = hbr—1 L LT, DMF KL
BEEZOW T HEFE AT o 7o, DMF R4 30 4386 LN 2 BRIV CT, DMF ZLBERES LUK
WBRREE N END DRI A7) 7 L, BEEZEIN&TTRO RNA il > M~y
A« =T E W T4A RNA OfitiE 417572, il L7 RNA @ NGS @i T OV —
BIRNTIE A AR Y — o0 ¢ AR SHICRFE LT,

K. rhizophila DC2201 {UHIZRRIZ S 5 AW ERE
T RXR=ZA L FKFEEYR R T 2=V T T =07 =T ) T —EB(PAL) B KUk

PN R SR (FDC, PAD) AR ORI Z Z L Z s L, BIsF OB AT o1, i

17
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FTEMITEARY = 7 ARASHICEFTL LT, 20O, 7 JBOa K% K
rhizophila DC2201 (ZHE b L1z, AR LIZ&n %277 A2 3 R X 0 Rflsk ., HIR
B2 WUl L, BB+ O A21T - 72, Kocuria %81~ % —pKITE101P ¥
J O pKITE303P (2 PAL i&fs 78 X O FDC/PAD &is &=t EFNns a—=7 L7-%.
K. rhizophila DC2201 ~E A L7-, 557 WEIA#KZ LB RIS L. B b
HEER L7z blIZmdiikik s n~ 77 7 4 —HPLO)Z W THEKLBRB LA F L
EREE N LT,

2F L EpEROm A2 RS LT, K. rhizophila DC2201 fR#§% DU % ik i=, 5
BT I VBETHL N N7 7 BT e U U EESKRIZE G5 TrpE 38 KX OV TyrA
BAR TR EHE DIERR 21T - 7, WiB{E 1 O JEA MR % & 108 Skbp D%/ LFL%% PCR I
FOEEL, ZJuo—=Ir Ry —~yu—=2T Lk, o777 AI NZx LT
inverse PCR #1759 Z & T, TrpE BX O TyrA &n 42 KET A THIEZITWT A 7 —
va VERBEASEAL TrpE, TyrA W@ E - XEA Iy M E2ER L7z, (ER L8R
TR 2 v N & K rhizophila DC2201 %7 7 AR 72 A X F pKITE101 A
RepA2SacB ~7 m—=v 27 L, 1 Zi TrpE #EH 7 7 X I R (EKITE101 A
RepA2SacB-KrTrpE A)#5 L O TyrA #8175 2 3 F(PKITE101 A RepA2SacB-KrTyrA
N Z1G7=, (BRI L7=7 ) BER 77 A X R% K rhizophilaDC2201 ~& A L, FH[RIKHL#R
XEATORTIZOBRA I a—RAEZMEFA LAV —= 71280 TrpE BEkS LW
TyrA R E TN ENG 7o, E72, TrpE EERICT L, TyrA EEH 77 2 REHWT
FROEBEEFEITH Z & T, TrpE, TyrA “EMIEMZER LTz, 50N SMEkE 15
F L LT, PAL B8 77 23 FQKITE101P-PAL) 3 X O FDC/PAD R H 77 A I K
(pKITE303P-FDC-PAD)#E A L, FEREE L UOAT L U AFEREDEIZ OV TR LT,

K- RERIE AR KD AT L AEFEERMRGTT D72, AF LU AFERKE LB K
HCHERE URSR B IR 2 8 U7, 55 A 0B X 0 [BI U, SERR A IR/ N i L 2 T A
TREET 10%@mIZ72 D X O L, REFEPWE LT 2% 7 /v a—2AZiRM LT, ZORK
FRIBEE I 1/10 ROBFEARIABEZ TN L, 30°CTIR & ) §52& L7z, FREFAIC A HEAEAR
ZEULL, 7 4 248 % HPLC 12 & 0 GHE P~ 2 F L &g E & b LT,

K. rhizophila DC2201 R L7z T A X % F A A B E LT, REREERB IO
07 ) A REEL D8 ANEZRAT-, K rhizophilaDC2201 OWNIEME T 07 /) A4 REREA
T ThH 5 CrtEb ZHET 272012, Ak & FEO FIEICLY CrtEb M#EH 77 A I K
pKITE101 A RepA2SacB-KrCrtEb A #1572, Z D77 2 I R AW THIRFREKIZ K
rhizophila DC2201 OEAR A 1T\, CrtEb MEEKZ 157,

TAZ XY F ARG T SBIAF & LT, CrtY, CrtW, CrtZ 7 n—= 7B L
HHLT T AI NOWELEIToTz, 7 —F =2 L0 AWM HK CrtY, CrtW, CrtZ &5l
gL, BB FEmRET o, B FERIEAARY =7 ¢ ARASHICEFE LT, ARl

<k

\

Ty

im

IRIRE: FH Gk
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7= i#&f5 1% Kocuria B~ % —pKITE101P ¥ L O pKITE303P ~7/ n—=27 L,

pKITElOlP-CrtY B L O pKITE303P-CrtW-CrtZ %#457-, {Emk L7z K. rhizophila DC2201 A

CrtEb #RIC EMRDOFELT 7 2 I RAE AL WHEISHA A 157, ESHRE R Z LB 55 CcHf

L EEBERN O AL ) — -7 aa BV L@ DE T huT /A REOMH B XU HPLC (12
DT EIT o T2,

3. HIREE
fAFER RNA 55 8T L 2 K rhizophila DC2201 O A BB B & m 1 D HEH
10%DMF s K ORMER M B A O B K L 0 il L7z RNA Z2 ki — 7 v 22 L0 i
FROTRENT L7 AE 5, S5 80 2 (50L RIC 5 L7285 128 336, 1/2 L TICiA L7-@ s 108
287 RWiZaniz, EEEN LR LICBIEFOBMEEZ T LR, BERERF. M7 AR
— S = Freomr ] MRREG R & MOBAEMIT I THSESBET I & 0 BE D H i S
NTWBHBLBTNEL RN En(X), Zablahz, AEKRICFREN R T & L Cliast
ZHE G IR BERER OB F RS HRAWIEanTz, 2D Z & XY K rhizophila DC2201 T
XA IREE L7 BRI 2R O W RS KR E N2 2 LR S D, AREE
LR U7 T LGB Cd 5 Rhodococcus JEFMEIZIUN T, BRSNS HERED 2 O A BRI LET
B LTWDZERRESNTND ZENBLBEM 4, AFEKTH RSN ZH5E
oW, WIRBEILOBKMEEZ R S8 5 2 LI L VM EE DY THEEZ AL L T
WD ZENHERIE NS, BUE, 20D OB DORREERR O VERL M OGBSI BEME (2 R E 58
DWTHF LTS,

Color Key CT-VS-DMF30m

catalytlo actlvity -
binding -

-05 05 transporter activity -
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v

L

‘eic acid binding transcription factor activity - I
signal transducer activity = I
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electron carrier activity =

— o D
E menoiane part- [ factor(Type)
5 [ motecuiar_tunction
= 5 e
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— — @ macromolecular complax - l I viclogical_process
= organelle- l
j=—=
_ —
e—
- == ..
——
—_—
s—— biolagical regulation - l
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K. rhizophila DC2201 {REIUIERIC K 5 HHWEEPE

A A~ AR REE IO TR & ZRAERE 72 EXEFET D Wb D IAAL Y 77 A F U —]
EMOOFERE LWREBEZZET TBY, XA X ) =N, T T T AF v 7 Gk 8

CEAIMIBOTEMMEPEA T D DU EHH 5, A FV 774 T U =BV TIEKR
W3 E AN EEL LTSN TO 208, ALz ME O My MES ISR 2 i
PEEISIEERVWLDOTIERLS, 2O Lk a s —r v e T M A7 ntR2BNTIT
FESBSCH IR DSER « FIHIC XD EEMOIKR T AMEE 70D, ZOBBEE RS 572010, AEE
BEZR LIT@E W 2 R T INE R 278 £ & U CTEAELITO 2 LRI N TV D, ABFET
M LT % K. rhizophilaDC2201 (3 NEDOCH = /L% — « PEREHANG A B O 7 m o
=7 NO—BRTZOEEREMMEO R I B R NWTE S, 7 AEFIONTRE T T 57 834
FV T 74TV —HifomEFEE LTHFRFENDE TH 5 (5T 3),

K. rhizophila DC2201 ZFIH L= AL EWEFEDET NV — AL LT, FEFRILEMT
bHAF Vo DEELRR T, ATV DAEGRHIT, FEBET IV BTHL7==VT F=0%
HamE & L CPALICX AT 2/ )I6E X OVFDC/PDA 2 & 2 BURBER G D 2 BRI X 0 1T
biva (X 2), T ORFFRIIFFEMEYCHMENIZB VW TRWEZENTEREY, 7—FX—R (2%
DOBBFEIINBGEINTND, ZITT—HX—RA L) ZhbORERBEE T ORS & B L,

T DOBELFEREIToT2, BHikE L U T Arabidopsis thaliana (3 A X X)) 3k AtPAL,
Rhodotolura glutinis 3% RgPAL, R. toruloides M3k RtPAL, Saccharomyces cerevisiae (%
R HI 2K ScFDC1, PAD % Z N EiisEiR LAK L=, BGEE T2 T Kocuria FIRB~Y
% —pKITE101P 5 & O pKITES03P ~2 1 —=1 7 U K. rhizophilaDC2201 ~¥A L 7=§ 5.
WTNOBEIEF S Kocuria BN TIEFIZHBL L, ZNENA B RBEREMELZ I T 52 &0
TR S A7z, WEER OIEEDS R SN R EZ AN T, 2V a—AnbDATF L U ApESR
AT, MEREHTES S AR A 10%I272 2 KO IS A W2 REB L, 2% 7 L 32— X & [RFHR
JRE UCHE s Lo AE R, 1548 24 BRI IS/ 0.07TmM O A F L U BEFHIHRICERE LTz, 2oz &

V| HEHR X EIRIC B TR LI A LRERDEF ICHEEL, 72T Z7=vhbAF Ly
MAEFEIN TS ERBEND,

Glucose —» Glu6P ———>Ery4P 2 FEET I RAEARBIOAT
pentose
AroBQE AR
. hosphate L ARG
glycolyswl gathﬁay —> Sikimate PRI
| Arokac
PEP )
Chorismate =% Tryptophan

KRH_08780 ,L

Prephenate =2 Tyrosine

ny nine PheA, AroT
o

Styrene €—— Clnnamlcaod(— Phenylalanlne

Salioandion e

EWRIIRE FH 5L
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substrate: L-Phe

ul
25000

cinnamic acid

- Styrene

150000

000 \jd B R
Lo WT ®e RS &0 8% %0 1% 40 8% %

X3 AT VLA EG EARRIC LD AT Lo ApED HPLC 7Tk 3

AF VAR ESE D0, BEET X BIHERUEROER E1T o2, BERT
RVBTHLTz=AT T=r NI T R T7 7o Fry AT TS U IWRKARRHE LT
EEKREND, LoT, NI T v 77 rBLOTFa v v ASKRICEG T BB FE2ETH L
TT7 ==V T T2V EEREMEM L, AF VU AERNN B2 2 8 NS, NV T T
7 VA BEET TrpE B X O F 1 o VG RGEBIE T TyrA % £ IV EFVIEEE L 72 OV 370 b filEE
L7- TEMERAEER L, T E Uk LT PAL, FDC, PAD {528 A Lz, & EEHRA
ZAWT, B & AR R 2 N2 L 3 — A B D AF L U A PER R Tk R TrpE
R T 0.18 mM, TyrA SRR ICH VT 0.2 mM, —HEEEKIZEB VT 0.5 mM DA F
U UAERER S NTZ(K 4, ZORERNG . FEET IV BAGHBRKOUEICLY, 7=
NT T EERRE EL, RS L TAF L UAEENRA ELEZEEZ NS,

0.6

0.5

0.4

0.3

0.2

l l
. I

AtrpE AtyrA AtrpEAtyrA
X 4 ﬁﬂﬁﬂiﬂhA@%ﬁ%ﬁf&LKX?V/$%E®%M

styrene (mM)

AF L AT O BUMEA I TH D . FEHPICER TS AF L T L 0 E BRI RS
2T IR T D, 2D LIZAF LU A EFGNIC OO B IEE TAEESE L -OIR

121



122

PRI REPETH D, 2270 X)) =0 1-TF ) — e EfMOALEIZB N T AR & hEis
FOSFRH N HRET D Z & THRIEMEZ KT S8, ZEENH L3252 8 HEIN 0D, K
e Clx, FAHIRIE- K “HIREEREITH 2 L0k 0, EEINT AT Lo & 00| A B
HICIEB S 5 2 & TR 25 L R EE 2 ARIR L ISR 7o, MR MDA R R OVEFENED )
L&A=, TrpE, TyrA BB ZEE L LIz AF L U APEFE K288 U 7- IR EE i |
1/10 HOXFEAREEZ RN LR Z1T o7, ZO/RR, n-A 7 ¥ VA BB L2 OGRIZE W
T A8 IFHI % 9.92 mM DA F L INERSEIARICERT 2 Z L BN E o 72(KH 5), X
SR BMITHET 2 L 0.99 mM &7 ) ABEEEARIINE0.5mM) DK 2 iR L 725, K- T,
HRAIE A BT 2 2 & TP ORF L U RE S L, Mild~OFEEERBB LOAF L o4&
FEVED B o~ o7 EHERI S D,

styrene production

15 ==@== cthylacetate

=== hutylacetate
=== pentylacetate
octylacetate

e n-0Ctane

o=@ -cdecane

=—@=—-codecane

a=@== dicthylphthalate

e=@== dibutylphthalate

styrene concentration in organic solvent (mM)

==@==lioctylphthalate

5 BHSIATE- K AHRERICL D AF L AEREDOEL

a7 A MeBWEtic i EMICE ENDT AN A RO—FETHY | mWPIELIEEE
RTHDONEN, ZOZ LN, EFERFIrT R axXy TRAEXHF o RERFTY A
v NRALHES AT & L CHEENR E - TR Y | ZOMEWRAEEENE SN TN D, BIFEER
APEE L LTI RARERHEEZ AW b OBNER TH D5, #AEMZ AW IZRFIH A 4
< AN DEFELEDHENT S U, SDGs OBLE2 E D ¥ E L, Kocuria JEMIEIZNTENE
DhaT )4 REGRRKEEAE L, a7 /A4 RE4AEL TS, AFRTHN TS K
rhizophila DC2201 &7 A7V ) X% F 728D Cso ha T /A REAAm, EELTWD,
ZIT.AEDOI T ) A4 FAEGHRKEZRHELETHZ LT BT T AT F
EWV o I TEMICHIAEEOE I e T /) A RENEICARET L2 L2 AR LT,

Bl

S
<t
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KRKEWNEETDHT TV XY oF oL, Va2 HEWE L LT CrtEb, CrtYe 72 & Off)
TRV AERESNTWD, —FH, BT rT o7 AZ X4 F 0% CrtY, CrtZ, CrtW OIEMEIC
L0V avhbikEnd, Lo7T, CrtEb T2 Z L TU aXUEHHKEZERL, &6
WA KBIE & LT CrtYWZ Z2EHATLZ LT AIRT o0 T AL XY F U/ TED &
BZ . TIOHERS L OSRE B FRBRDOIERZIT o To, LIROEFET I/ BEEE T
THIERR & RER O FIEIZ L Y CrtEb MEEMRZMERR L72RER. B ONIEED am =—0 @ piA
BROBEEN LB 7 @I LT72(K 6), ZHid) aXURNERICERL WS Z Ea2REe LT
W5, ZOWRERNL I aT ) A RE# L HPLC I THOMr L7Z#E R, A TRoh s e —
THRHEL, VaroE—7 BEIML T2 D BERRICBWLTHREICY a0 N &
LTW5DZ LR Sz,

WT crtéb
250003 ﬁ““\“‘
22500 \01.
20000 o°
17500 & e
15000 4 \"6\ 'A‘Q\"’\\‘\ a‘o\-e“ 0%
ARV co®

12500 P 1° R i)
10000 N / A
7500- 5 i*
5000
25003 \

o 4 \ AcrtEb
-25003
o 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40,0

X1 6 CrtEb kD 20 =—iEB L O HPLC IC L 2MIAN T 05 7 A R

YERE U7z CrtEb fAFEERRIC . SR B K CrtY, CrtW, CrtZ & fln 1 2 ¥~ X — % T
WAL, phaTy, hodxhorFr 7o Fr TAEFFUFUDOAEIZONTHR
7t L7z, Paracoccus haeundensis 1% CrtY HAFRIZIBWTHEIZY aXroe—7 BN L,
ROVIBIRT L OE—IPHELNT-Z LD, KBS 723 K. rhizophila DC2201 AN T
HKELY aXvnbp sy 28K LTI EBRHLN -T2, &5, CrtY &
Brevundimonas aurantiaca M3 CrtW, & L <% Pantoea ananatis H3g CrtZ % Zh 2
ALTEBETIE, B o FUrBROET F Y0 F U OEENREN TR SN 7)., L
2L, CrtY, CrtW, CrtZ @ =iBintZ[FRFZEA LR TIL, 7 A B4 0 F 2 OFFEITK
BETHYRIBBRUT ThHoTz, WY FH o FUBIOBT IV T U2 HE LT AKX
i B RIRTRE R CrtZ OIEMEDBRES > 298> Z L nh, ZBa 28 AT %5 Z LT CrtZ
B FORBENMET L2 EHERIS LD,

EIRIIRY FHE A | 123



crtW
crtZ

crtWZ

X7 HPLCIZX? CrtYWZ BEARROEZEFRE I T ) A RoHT

4. SEDEE

AR BETIE I B 5-9 2 LRI SN D B FREARFET 272012, IEREPFHIBAEIC L5
L 72/ 30 AR FIZ DV TR FS L ONBRIZEHIR AR P CTh D, £ DIERR, @RIFE B
(DN TH BB IETN R 2 574 L BEE IS R R O B IOV THEZ MRS Z L T K
rhizophila DC2201 DAREAIEMMEZ S HIZM ESEL ZENARETH L EEXD, BEDA
FBREABEMPED M 2 2 L, ARG ZR E&2T 5 12 & 72 0 1] FTRE 72 A BRI O IR 23
W25 ZERXVBEENRNMEAM B ERATRRIZR DR E, "M AT ak AL WEERED
AREMEZ R E R Z LIz o b LW S b,

K. rhizophila DC2201 DGHUZEIZ LY . FEBEEM THLAT L BLO™IeT /A R
k& Cchsrp-huary, BrxV oI hodXHh U F o OGN AEETH D 2 EBRHL M
Lipotz, ZOZ ot K. rhizophila DC2201 N &AW E APE A R MAEMEETHD &
HEEND, 5%, tolbEMOAEEICLEMAT S Z & 2Rad 5,

5. BEXM

1. H.Toda, T. Koyanagi, T. Enomoto, N. Itoh, Journal of Bioscience and Bioengineering, 124,
255-262 (2017)

2. H. Toda, N. Itoh, Frontiers in Microbiology, dio: 10.3389/fmicb.2017.02313 (2017)

3. K. Fujita, et al., Enzyme anda Microbial Technology, 39, 511-518 (2006)

4 . N. Iwabuchi, et al., Colloids and Surfaces B: Biointerfaces, 30, 51-60 (2003)
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W RE B XD FRIEICTET -2 - TRIEORIF
KB4 B RN R
WAL TR RIS LRl - T - 22 A ER
an A, ARG
F—TU— K % 3D, A
. BROEFL BHY

BRI ZEA LB A RIZBWT, LR E M ) 2R LIREEZ RO 2 L IXEE
ETH D, BEOHAOEKIZIE, B4 Iy D BREELREHEZ LT, AROLEI HLL
TG CAAR SN X 2 D3 1L, RNT, 25-t Kef e % I D3 (25D3) ##% T,
lo,25-¥t Fe¥ B4 I D3 (1,25D3) ~effsn, 43I D Li&7%— (VDR) &b
BTH L TR DABER 2T (K1),

TEMERE 1,25D3 Th 525, (RN TIRKHS & e
73 25D3 & L CAF(E L., i 25D3 K f —

R BT L ERIRIERH . E ST O e ¢ PR AR
KBRDIFE, FHRIESR., £72 JK xsvos 25(0HD3 FE 1.25(0H),D3
URAIREEDLZENMOLNTWS, HART ' S :
(EATAE O AT EIEIC & 0 i 25D3 DA 2 - 24, 25(0H)2D3 % E & B EHOKEIY

i AN by Py 2 > I
ﬁ(i%@n'm?ﬁ fabﬂbf%@\ 4% I D3 E1 E43IDORBES
DOFEMBPIERNE F LTV D,

Fexlx, L, EHEOE X IV DEBEETHRET v FEFIH L, 25D3 23VEHERIE « < D%t
T2 TR - IRROEHFICAEETHDL 2 &, — T, ¥ I D RNEMHILEESR CYP24AL ER 1K
#H (KO) 7 v hTix, [M&ED 25D3 #5013 B ARKALEOEERFBERIZ SRR D Z L% 5 )
W L7z, ZNHORRIZ, B4 22 D3 X 25D3 OREMAEIAE B IS & EEHEHERFICEETH
L3, — T, CYP4AL DHEFER2IZMa» 7= ADFA . B4 X > D3 X° 25D3 ORI EIEH %
FIERZTAREMEZ RSB LTS, T7hbH, ZRICEH I 2 D3 X 25D3 O FEHmII I 4 #ELE
THOIT, FHNC, M Z I D R A > ZMICHIE 3 2 Eiins & o THEEIZ
72%, LCIMSIMS = ELISA IEIZ XD EE&N— I TH 575, AWFETIX, mERLY T =T —
PEFM L, SEroukiee s I DREMERROBEL BIE LT,

EX Iy D BT 2HEBO T - 1BFRICx LT 25D3 IS AR Th D A HEE A AR L7
23, 25D3 IR T CYP24AL 12 X 2l & =2 1 RiEtE (b 22 o\, £ 2T, HERE X
VD RZFIZHLTEIVRISEXI L D ORREARBICTHAZ A HEL, B4 I D3
R 25D3 LV b & BT RFHED EV 25D3 BUEFEROPRE 21T - T2,

Hﬂ}
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2. BRAE

2.1 HEELLIzS5—HEEFALEEELZESZIY D REMEERORR

IRETIT, Fexid, BAEM VDR OV 7> PGk (LBD) &8V 7 =T —E O
HEH RN BERGECTRILS Y, BMRIRE AN AP —L T840 D Rt EE
RERE L xRz, A%, AAENO 25D3 BEEZ X IEMHEICHET S22 ML L,
VDR & OfEGERED R 1,25D3 12X T DIRE A K F S H 572912, 7 v k VDR(R270L)» LBD
EREINY T 2T —BORE X VR B ERGENTREILSE, BY 287 2B Lz, B
LTeA Ao —ICflax ORED 25D3 & L<IX 1,25D3 #iRG L. 30 flE Lz, Z£D
%, BHEECTHHNL T2 v ATP ZUINL, 30 3O NEE 7L — b —&—THIE
L7,

2. 2 HEEGHEOEL 25D3 HFEEOFER

CYP24AL {EMEIZ DWW TIE, CYP24AL FEHLRNG I O Rl 7y & B F{miz R 2 N U T2 A RGR 2
A AT 217 5 2 & TR L72[3, 4], BFERFRSCE HRER 2 B0 SEIRIC 25D3 & L
IXZOFEMRE 5uM (FIREE) IS0 2 X 2CHlnL, 16 otk AREEhbEic TRtz
B, oM@t a HPLC I Totra L. B L RE#~DEHsR &2 Hi L7z, VDR #&
BRRICOWTIE, Bk & [ARkD A AP — (RIEHETIE, & b VDR (B4%) o LBD &4y
TNy T 27 —BOMEZ R EEMER) RV,

3. MIRKRE

3.1 ALY IzS—HEZMALLBELZEZID D REYVERROBR
ERL7EBY, ZhETic, Fxid, VDR OV Fv FiEStEE (LBD) &EAILY 7 =
F—RBORGZ B ERGE CHRELSE, BleMRike M At h—LT582I D
R EERERIE L TXm, ZO®H—TIE, LBDIZY HY RB3EAET 5 &, LBD Ok
A, N RS (LucN) & C RKfEik (LucC) AHERERMI B AR EZ IR c& /b %
JefeR S 9[1,2], AlEl, i 25D3 JEJE % 1,25D3 & A LARVIREET, L0 EMEICERT S Z
EHRHME L, BIRORE X T BHIZONWT, YT AERKEZER LT, 7~ F VDR ® 270
FHOTAX=> (Arg270 ; & F D Arg274 (Z4H2%) 1% 1,25D3 O la (ikEgz & KE-EAEZTD
Z & T, 1,25D3 & OFEAICEEREE Z RIS ENMBN TS Z EnD ., Arg270 Z 1A v
VAZHE L L7 RRTOLZEBAR D LBD ZFH L= A At v — 2 ERLL WT D54 & ik L7z,
ZORER, WT OFE L B2 . R2T0L ZHEAKD A A W —TlE, 1,25D3 X, 25D3 & Al
FEETHRNENE LR T LE (K2), AfRTiE, 25D3 75 1,25D3 @ 500~1000 {2 DO
THETDHZE2EBRET DL, SRHTIHER L7 A A o —%, AR o 25D3 R E
HWEIZEIVELIEEOLDIZRSTE VR D,

BEIRIIRS K
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WT R270L
1.4 - 1.4 -
1.2 1.2
:J 1¢ 1¢
‘;‘ 0.8 - 0.8
S 0.6 0.6 -
?é 0.4 - 0.4 -
0.2 - 0.2 -
0 v O —————————
°§g'“’88§§§ °§g“"’98§§§(nw
—e—1,25D3 —0—25D3 —e—1,25D3 —0—25D3

K2 FERWNELUZEER(R270L)OVDRY K FEamEE2MAL -1 F >
Y — 39 325D3%6 & UM1,25D3D G

3.2 PEREHEEOEL 25D3 HFERBEDER

25D3 DFEAERILE # X > D 3G T 2 HEEDO TR - IREICHEL Th 523, 25D3 % 1,25D3
& FAIBRIZ VDR A4 L C CYP24AL (T X Hafe i) e NEMEALE =T 5, 3726, VDR ~DfEH
REZAERF LoD, CYP24AL (T &5 NIt b &2 % T 12 <\ 25D3 RUGHEMARIIZh RFFeEA @ &
W2 b, £ZT, MHICT7 v FAEA LTz 8 fifH 25D3 BFHE(RIZ DOV T, CYP24A1 DRGHT
TEPE. VDR fEGREFMM A 1T o7, MEBROFRNG, BA L7 v BEOMERLEIZLY |
CYP24AL fREHEHIMER VDR AEAREN K& S 72 5 Z L Bbhpote, dHEAROPIZIEL, 25D3 I
HARTHEICESWEGREZA LoD, CYP24AL HHEH I Z A9 2 © O & {77E L, 24,24F2-25D3
WA BRI D ATHREME DS B,

s CYP24A1{XERIE M Z VDREE & HE
E E .
1.6 E
14 =
2 12 §
Q
%o o
> [ 4
3 o0s g?
S 04 21
0.2 E
0.0 & 0 -
PR R L. B B S L) SRS I R LR LR O I i
SIS S S SFESSS A T A .
o 5K a6 g o K K KT K T
P R LA (S I S

E3 25D3% & UBFEFDOCYP24AKEEEY 5 L UVDRIGAHE

invitro % T CYP24AL FEHEHINED & - T25HEURIC OV T, T v MERIZIIT 2 i HiR E Ok
Wi b4 25D3 Ll L7 & 2 A, in vivo IZB W T 25D3 ICHERTHHFICRH S <<, £
BER R O R 2 #ERF L TV D 2 E b Te, @V VDR FEAHE & AEHEPIE &2 O o
25D3 BUFHIEARA, X IV DR LV IRMICKE TELLEME LTHETH D,

Bk
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4. SHOERE

CYP24A1 OFEEERRMFIZIT, B4 2 D3 X° 25D3 O FEHER S RIER 25 & Z L3 02
&0, 25D3X°1,25D3 (2% CYPAALSHI T 5 24,25-V R B4 3 L D3(24,25D3)
BREOHELEETHDLEBEZTEY, 4th, 1,25D3, 24,25D3 IR R 722 E B5R % B
FELIZWEEZ TS, £i2, 25D3 BIEHEKRICOWTIE, AF L B &2 H T 55 E RIS
DT in vitro iR E ML L, AR TH D &l LicAbEIT W Cix, AERNFHE (in vivo 78
B) #1795 TETHD, AN EX I D3 LIl LT, 25D3 #EuIm o ¥
JUDREAZLVEMETERSELZENRESN TS, FxlZZNnE TIZ, CYP24AL K
REANIER CTd 535G, 25D3 73 1,25D3 & Lh TR AMEEIR D @ 1B - TRIRSEIC 72 2 "TREME A 7R
LCTHEY, SEES, LIS H I DICEWRT 5 25D3 WEFHEMERN, L RO WTF; - 15
BENEBIND Z LRI S LB,

. BEXH
Mano et al., Bioconjug Chem. 26(10):2038-45 (2015)
Mano et al., J Steroid Biochem Mol Biol. 178:55-59 (2018)
Kusudo et al., Biochem Biophys Res Commun. 321(4):774-82 (2004)
Yasuda et al., Int J Mol Sci. 22(21): 11839 (2021)
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On the Anti—Chivalric Hero in Book 2 of
The Faerie Qveene
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1. Introduction

This research aims at interpreting Sir Guyon—the protagonist of book 2 in Edmund
Spenser’ s The Faerie Qveene (1590, 1596)—as an anti—chivalric hero.

Spenser is a representative poet of the early modern period in England, often
compared to Shakespeare, and The Faerie Qveene is an unfinished work by the poet. Only
a portion of the originally planned twelve books was completed, but even so, it remains
a grand work consisting of over 33,000 lines, including six books and the fragments of
the seventh book. The completed six books each have a theme of “Holiness,” ”“Temperance, ”

” 7

“Chastity, Friendship,” “Justice,” and “Courtesy,” and they narrate the adventures
of knights who embody these virtues through allegorical storytelling techniques. This
work, which showcases the essence of English poetry and the spirit of the Renaissance,
had a profound influence on subsequent poets and writers. In particular, the unique
poetic form known as the ”Spenserian stanza,” a stanza of nine lines, has been beloved
by later poets such as George Gordon Byron and John Keats

This research examines Guyon’ s disarmament by focusing on his behaviors and
characteristics opposite to chivalric convention depicted in book 2. I suggest that
chivalric symbols and romantic chivalric motifs are employed in expression of
Spenser’ s moral allegory, but in Guyon, some part of the normal chivalric heroes’
features is missing. By considering Guyon as an “anti—chivalric” hero, we may reassess
the motif of missing armor and the limitation of Guyon’ s virtue in book 2, thus

grasping a more complete understanding of the heroic figure of book 2 and of the virtue

of temperance.

2. Materials and Methods

This research involves a sincere engagement in close reading of the primary texts,
which is fundamental in literary studies. When studying literary works from a historical
and cultural perspective, it is important not only to compile existing criticism and
secondary sources but also to explore and immerse oneself in primary sources written

by contemporaries. Also, in dealing with primary sources from the early modern period
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it becomes necessary to investigate the complex vocabulary, etymology, and word usage
For this purpose, 7The Oxford English Dictionary is indispensable. Additionally, since
the virtues that Spenser focused on in each book are regarded as inheriting the ethical
traditions of ancient Greek philosophers Aristotle and Plato, it is essential to have

the works of Aristotle and Plato as significant reference materials for this research.

3. Results

It is evident that Spenser was aware of chivalric tradition and of chivalric
emblems. Spenser, as a government official and an observer of Elizabethan court life,
should not have been far from the chivalric practices either as an ideology or as a
monarchic propaganda in his time. Therefore, Spenser intended to portray Guyon as a
chivalric knight, and that is why Guyon’ s disaccord with this idea deserves attention.

Analysis of references to the hero’ s equipment makes it difficult to believe
that changes in that of Guyon do not contribute to the construction of Spenser’ s
allegorical structure in book 2. The disarming knight is a commonly used motif
throughout the entire poem of 7he Faerie Qveene. There is some persistent power that
continuously tempts the knights to remove their armor or lay down their weapons.
However, Guyon is famous for his self-imposing abstinence. Unlike other protagonists
in the poem, Guyon s problem does not lie in the divergence from any mission. However,
due to his virtue, he does not belong to the realm of a romantic chivalry knight. This
is represented by the loss of his armor. In addition, the missing equipment becomes a
trigger for his further distancing from a chivalric life

The second reason why Guyon is an outsider of chivalric acts is that Guyon does
not kill. In book 2, all the pagan enemies—the Pyrochles brothers and Maleger—were
destroyed by Prince Arthur. When Guyon is about to kill Furor, he is stopped by the
Palmer immediately (2.4.9-10). Later, when Guyon has the chance to kill Pyrochles, he
responds by rather advising Pyrochles to be temperate. It is an inevitable outcome for
Guyon that when he learns to master his power out of the virtue of temperance, he is
unable to kill his enemies anymore. When Arthur fights Pyrochles and Cymochles, who
represent “wrathfulness” and “sensuality” respectively, Guyon lies unconscious on
the ground as a corpse during the whole battle. The fact that Guyon is stripped of his
armor by Pyrochles and Cymochles further shows that temperance, as a defensive virtue,
lacks the power to destroy its enemies

Guyon’ s killing of Pyrochles’ s horse (2.5.4) is another behavior that violates
the chivalric convention, since in jousts, it was considered a disgrace to harm the

opponent’ s horse. In the knights’ battles, it is acceptable to ground the rival, but
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striking the horse, although unintentionally, brings great humiliation.

In later cantos and later books, Guyon gradually has his equipment returned.
Accordingly, Guyon’ s whole adventure and his personal growth are bound with the
process of arming and disarming. Because his virtue is embodied only in his capability
in defending himself, losing his armor makes him physically vulnerable to outer attacks
This leads to another problem—Guyon’ s intense passion manifested in destroying the
Bower of Bliss at book 2’ s conclusion. The Bower of Bliss represents excessive physical
pleasure and enticement of erotic love, which is a violation of the principle of
temperance. Because Guyon is not allowed to act outside the scope of temperance, which
is a manner of moderation, he is kept outside of the realm of erotic life. This further
highlights his contrast to other chivalric heroes in this poem.

In conclusion, Guyon’ s “anti—chivalric” behaviors are consistently associated
with the loss of his knightly equipment. After he loses his horse, he slays that of
Pyrochles during a fight with him—an apparent violation of the chivalric convention.
In the cave of Mammon, Guyon tells Mammon that all his delight lies in warlike amor,
a good shield, and a good warhorse. This is sarcasm in that Guyon does not then have
his horse and will later lose his shield and sword. Such impudence reduces his previous
virtue to similarity with Braggadocchio’ s boasting and belligerent pride. Moreover,
Guyon’ s allegorical death at the end of canto 7 is the turning point of book 2. In
canto 8, Guyon is treated as a corpse, rendering him incapable of defending himself
against his enemies. During this process, he is stripped of his shield and helmet.
Then, his awakening at the conclusion of canto 8 is more like a rebirth. In the Bower
of Bliss, he furiously attacks the exotic garden. Because his virtue is embodied only
in his ability to defend himself, losing his armor makes him physically vulnerable to
external attacks. Therefore, his armor is an outward sign of both self-protection and
self-awareness. Consequently, when Guyon encounters the Bower’ s temptation to disarm
and thus deprive men of their knightly selfhood, as in the case of Verdant, he fiercely
denies the garden as a threatening Other. By doing so, he can secure his authority and
self-possession.

The portrayal of heroism in 7he Faerie @Qveene is a significant aspect of the poem.
Spenser presents a complex and multifaceted depiction of heroes that challenges
conventional notions of chivalry and explores alternative forms of heroism. Instead of
adhering strictly to the traditional knightly virtues, Spenser s heroes often embody
more nuanced and individualistic characteristics. They display qualities such as
courage, intelligence, resourcefulness, and resilience in the face of adversity. They

are driven by their personal quests for virtue and justice, and they demonstrate a
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willingness to confront moral dilemmas and make difficult choices. Furthermore,
Spenser’ s heroes are not without flaws or vulnerabilities. They are depicted as human,
subject to temptations and weaknesses. This adds depth and realism to their characters

making them relatable and more complex than the archetypal knight

4. Discussion

This research has reevaluated elements such as the disarming of knights and the
codes of chivalry, as well as the protagonist’s anti—chivalric heroism and the portrayal
of other cultures in book 2 of The Faerie Qveene. Moving forward, it is possible to
further reconsider aspects mentioned in this research, such as the heroic ideals, the
virtue of temperance, the portrayal of the Other, and the presence of pagan knights
Through such reexamination, it becomes possible to provide a deconstructive reading of
this work. Indeed, this approach can be applied not only to book 2 but also to
other books of the work. By applying the same analytical framework to different
books, it becomes possible to explore and reassess various themes,
characterizations, and narrative elements throughout the entire work. This approach
allows for a comprehensive and cohesive understanding of the overarching themes

and the construction of the poem as a whole
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