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MEMN BT 2RBEROSF 5 LUBNER L SRS DR

T C &I

T AEIROEBERICLY, BRSO BT BV TEAD
OEFETLHH - BExTFUT LI EEE o7 — /T,
DFICEGAEZRT X912, 77 A L TEOEY ORI EA
L& BHIET ORI BRI ETE LI EPHLI LD
RENT. ZHUZEEM O Z N &AL HEN - EALRKICER S
WREHCTWS, b LERZIBEHEHNTWS Z & 2R
B35, $hbb, 7/ LAERIEBEMOMRBHRE - BEOAE
Z2THL, FEY AT AT AL R L TNS.

P THFBERBIZL VT TS 2 L OTE LW HCHE
FEREALFWICFEEL, FUEREETLHRITEEOR LS
s A 7hbbI L, $hbbBEENLESHEERSLZ %
ISR LTE SOICZOBHEHEL BT, 5T NE%
BRI R CEEM SO AT 2 2 LI L, 20
HEEZWELPITHILICbPATER, T2TIE, IhET
WA S NIIEBR O A S RFEN R L DEHNT 5.

1. U AAREBROEENLZHFEDHER

73 BRI B L T AV F - E L TEETH
L. BRI EERKRT A 20MBEOT I VEBEOFT, L) ¥
HEWAERRIE T DHEAD DTS A E DLW LS
NTwa V. bbbt VESBENZHELTWINZRO
WHES W (SBBEZHEETE2v) LBHESNTLE )M
WELFHET LD, ZOHBHO—2L LT, &) YEEKIC
b 5B OBILISIREI BN LT HN5,

%L DEWIZBNT, ) ViR H o AHEDTH S
3-Pglycerate 225 3 DD UL EETES D, INHDULE
il 2 BRI ZNZAIHEREL G T 5 1HEEHT OO A S
NCwi, LIHDBPWMEWOT /) riEREKELL S,
3AT Y TONRAO 2US %) BERBLETFEZHL TS b
DO, FtEO UG % 1) 3 phosphoserine phosphatase (PSP)
WIEFHREDPEGBIATHIEDRENSZY. 22 TENS
EYFEOHN G, BEER ) Y ERKREN A AT S L
HT, 27/ LMEMSPSREDOR) VGRS AHEE SNk
W EE L, &) CAEARRREE - BER R ERRIICEE L7

1-1. Type 2 PSP OEER

Aquificota "2 & 3 A 1 B K M B Hydrogenobacter ther-
mophilus 1Z, CO, 75 T X TOMIGHER K7 % AW T & 550
VHREEMETH L NS, ) VESEREKEAET L L
IFHHTHS. Lo, REIEEEA® PSP (Type 1 &%) jif
RFhRERZZ2RE, 7/ AERPS L) YGRS & HEE
TLIENTE o7, —H TRE OB EE A S 1& PSP
WD SN/ DT, type 1 PSP & O % K < Hifi 7
PSPAH L, TNEHWTEY ¥ EAEEHKL T 5 ITREWDS
TRIEE NI, RRFEMRGET 5720, RIEOMPIBERSE A 51

”w

AL AR BR R R A ey v — T O T

AR PSPIEM AT 55 V82 H AL, WEL .
PSP 14 type 1 PSP & 13 Superfamily L NV CTEZL LD D72
722 ®T, type 2 PSP £ &M 1F 2. & 512, REIEFOREIE
MRIZE D) D ERMEEZ R LY 205, REH PSP 29EEIC
) VEASRICHETH L I EATRENT. Type 2 PSP K
0270, type 1 PSP AR ST /N7 70 TEICQFEIEL Y,
INLEYTH ) VEARICES LTS EHEESINL.

1-2. Type 3 PSP OEER

BT Thermus thermophilus \ITEIEEN TH D05, &
W TOMARD S ) VAEAKEEETLHZ ENIHAT
HhH. KEE3I ATy 701 VESEREORNO 2BFED
BRI T2 H T 5705 type 1, 2 PSP#fnFEmiz R <. £
Z T H. thermophilus & A kE |2 PSP# =1 % 6 7% L (Type 3
PSP), &) YAEARICULEATH D L ZFTH L7727,

2. MELF EBRLFOMEICL 3EE - KHELFEEOMHY

2-1. PSP BNV NFM G ML H D

VL EOWIZEDr 5 EWIE PSP 247 &b 3| [FH] L2
EAVRENTz. e PSP CITMIEN - TR 2R 5
DIESH G RECICEZ D HEEREET 288 T, PSPO
IHITY R AT VR (K, 121 3D S REIER S B ©
Gz, £ 2T K, OSHENM & ER S 5 0B 5
MITHIEERERL, DToMEEiTo72.

2-2. K, DSHMUENERT 3 & EREHR
HHEREHOERTH LI DT )2 - AvFrRIZL D E
Koy DN E L, by WREVIZERIGHEENRE L 2 5. K,y 1
HEBROBIMMEEZRL, ZOMEI/NE T EWH A A
G35 LaL, BEHEEBEPEISAT L, RIS
POEEIZC K R, UBAPHEAICS b EfEESND. E
B N Lo 3 87 CLE 2R & il O g = AL F— AN s F
EFT3Liaye] oI EED &AL 2 5/ (3
FA AN D BHSNT WA, & SIEHE, WIND 7V — T2
Lo THN T —BIGHED N T 1 THNZHED 2 & s &z,
b L PSP % & OMOBERD /N T 4 ZHIZHE D O THi,
Ko SEEREE NI LTl b SN T 2 T REMED S 2 D Tld
R LEREE S IEEL, UToOmELiT-7.

9, AMLFEB IO LFOMA TR G T 5 2 LT, HE

RIGEE : k(K,) | =
a6 K
T iLE—E - x ol ]
] —

Reaction Coordinates

Iml« S INVZR -
RZ > = — (BEP)E|
GibbsT X IL¥— : AG

J TR

1. BRPOGEE & F7 AL A ) F =20 RN



26 (REALAZERE) SEEREE S

LT AN F—% N L CRHROLEE L F7 ALV F =20
BRE BRI L2 (MDY, Z08E, W O0DREDD &
WZBWT, Ky & kML= 47 2HE@mMICET I IR
WL, Ky #BREFTHELT20OTIEARL, HEREELFRLT
LB ICRERIE D IR RIZ 2 5 2 EAVRE N7z,

EHI, BAFEOF Iy 7 AR E ORAIZ X D IZFLEME
Bk, KGR OMBNEERE S, SEMORT HEED K,
DOEBERNZE S, £ OREPEEREIZIVEK, # 4
THZERWELRI o7 (M2)Y, KR, HELOBBET
BRIV K, 26T AMESERSNTE 2, 25121
O OEEEIRIN SN C & R 2 RIE T 5.

[S)<Ky <ivn Kn<IS]
3073 > 300 (ATP)
SRISICEDNZEE | _
= TJT 3 Km< [S] - 0 [ >50 > 50 (Ace-CoA,
u 30 NAD*, NADH,
S NADP*, NADPH)
ZOMELIIHT S S 60} <50 (others)
Kn=18] Uy 0 4

log S/Km [-]
2. M EERE & ZOREIINT 5 K, OBIFR

2-3. K, DEHMENERT 52 & : PSP OfER

Tl, PSP @ K, D% HMEIEEOMHEEFT HEWIZBIT 5
FLE (phosphoserine) #EFE V2R 2 GO HaEALIZ X 5 b D 7%
DIEBIP?EZEIBELLERTHS. 8 hn, Ll
I’ 4 DMK L7 10k PSP I2o\WT, HE R 2 21k
S THRANTEEE R IEESR (K, 3L o725 TH
5 (M3)Y. ZoEMMA*EBREHMHBCL VMM LA A,
PSP Tldt VT — B L IR L CHHE I L Okt L ¥ —
DENPRENZ EP—HATHLZ EDPSNE o720,
2-4. PSP ORI H 15 LS EERROE S b

D EoBgeify, BismRMETIELT8 bbb ky
AREL LK, 2D ELTHL0)BHFEOMEICHEELY L7256
T BRI, K, 28 THI 2] oRCiEE IR R L
A GEER DT NT 4 ZHNHED (S ke & K IO L — B4 7
BH D) Wtk K, % OSBRI BT 2 BB EISED) 5 2
ENHFE LV, S 512, RIS REEE OB LT AV F—
RS2 EDTELEIIIANE, Kp & b D ML —F
T TR D SO RLEIEHERE R TE D LIS,
B b VI

A L72 PSP o401 Glfzn) Wity FFETVAEY %
GO - AR SRR EY - BERA MR E L2 & T
WTERSINZ. 8RS ETFIVENTHLE - KW - B
S KBEIEVWIND type 1 PSP ETLDOT, oy 47
D PSP OAFTEIE T 2 DK FEMA TIIZEs % F THE S L Tw
207 S5, Fea DI L BT AL F - 0L
b, 3 FAAL VI RTOEWIIHA L, HAET 2558 S F i~
BT LLIETHLEELRPSP # H TN L7722 LD TH o
rrEZONL. (BB, VT —VIERE, HEHEB LD
ZOEREKOAR T FANTHTINT D) FEMENINE T
RAFAT o CER-BEREMIEOMINL, MR LFAENER SN
TEEMEA O TE Y, EHEISHE Y — 2 L AIZD % CREL

N
™

Q
=) %
i £
S o
s H
& ol |
o 0.02 mM
PRI SRARTTY SARRTIT SRTIT MAWET =
-2 -1 0 1 1 10 100 1000
10210 (;oM) 10 ooy
m

®3. PSP ()% £t T —+ ()0 12513 2 LT L K,
R AL (o8 N

FHRIETHL EHAL TV,
(51 F3Z#k)

1) Ramoneda, J. et al. Taxonomic and environmental distribution
of bacterial amino acid auxotrophies. Nat Commun, 14, 7608
(2023).

2) Chiba, Y. et al. Discovery and analysis of cofactor-dependent
phosphoglycerate mutase homologs as novel phosphoserine
phosphatases in Hydrogenobacter thermophilus. ] Biol Chem,
287,11934-11941 (2012)

3) Kim, K.T. et al. Phosphoserine phosphatase is required for
serine and one-carbon unit synthesis in Hydrogenobacter ther-
mophilus. ] Bacteriol, 199, e00409-e00417 (2017)

4) Chiba, Y. et al. Structural units important for activity of a
Novel-type phosphoserine phosphatase from Hydrogenobacter
thermophilus TK-6 revealed by crystal structure analysis. J
Biol Chem, 288, 11448-11458 (2013)

5) Chiba, Y. et al. Discovery and analysis of a novel type of the
serine biosynthetic enzyme phosphoserine phosphatase in
Thermus thermophilus. FEBS J, 286, 726-736 (2019)

6) Chiba, Y. et al. Rationalizing the influence of the binding affin-
ity on the activity of phosphoserine phosphatases. Angew
Chem, 63, e202318635 (2024)

7) Sabatier, P. Hydrogénations et déshydrogénations par ca-
talyse. Berichte der deutschen chemischen Gesellschaft, 44,
1984-2001 (1911)

8) Kari, J. et al. Sabatier principle for interfacial (heterogeneous)
enzyme catalysis. ACS Catal, 8, 11966-11972 (2018)

9) Ooka, H. et al. Thermodynamic principle to enhance enzy-
matic activity using the substrate affinity. Nat Commun, 14,
4860 (2023)

10) Kari, J. et al. Physical constraints and functional plasticity of
cellulases. Nat Commun, 12, 3847 (2021)

BB AW, REKFRFEEEFRCETL, W
FeBEMNE B & OB LTI ZERT TRE S /- b 0T, fE5ETh
WA CIIgE T — < ISR I % 52, JTIREZS -7
ISHBE R E O H - BRIuA, AHFIRReE, Hirl
oA, BERNREEICERCEH LTS, T, il
o WA LEOR D SR 2 BT 5 & v ) Fie 2wt
R D & o 01) & { 12 & o F2BULFR e O AT BEEF — 4
=& — B LKL L DL L BT EY. %
B, AWEEITIIIH72) T HHIIEFEEEINENE L OFF
DT THEE NP2 EF Lz REBGEE B X 0T -
AARPRREARIERT 72 7 — 2 O & SE0H IS, H 4 BfF7EiGEh 2 52 2
TS ESFIRO TEBOEEZRLET
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RIBHEICETE T 2 FRAEEORER & #84

Lo

3 (metabolism) & (&, AW AEmIGE 2 HEFFT 572012
VER =BG TH D, ek b OEECHEL, B
B S b - EEFOEET T, MEMORBOBEEE LK
22T TW5, F72, MEMIHEROD 5O 58T, S &
NTHY, TOBENZEOBIMOEN 2 EFE L TWDE Ik
2o, WMEMIAEEICB I 2WEEROFZEEZ LT
b, L7zHoTC, MAEMORBA G L2 L, For 0ER

BT BT TR L, Y ERRE AR E & BR L CR R
I 72T R S AL L T 2 0IZ b IR ICEETH
B, HEH S, BB IEAE T 2 2 A g 2
BEAL, ZOXD=X 0% L DVICZI S OWFZE
ROWMEE T 5.

1. MEOEBRABICLIEIEX L DS &Mt

—MEfb&E % (nitric oxide, NO) (&A% EWB [ fe e 7 2
VEWETH Y, MIRCEREA N L ARFI SR T, 5
Hld, WIBEO NO 25& T N2 5 biliA & NO itk R % BECHE
BEL7: BONZZNOMMHIZ T RTHER TH- 722 & h
L, INHLOMEIENO 2 WELEREATAETTHEILTHI LI
Lo TEFDO NOMMREL SR L Cnb B2/, — LT, 4
H O I NS OME 04T LG L S L 2 WIFRSEMT
BV THREWNOMMEEZRT 2 R L, HElIZX 5 NO
D & 35 5 NOTH AL I L Cnwa Z L2 52
WL,

YD35#k I FRLCHEE S L2 NOTMER O LD TH Y, H
MR GH & LTS N D Achromobacter & MBI 2 04 S
5. FEHHIX, NOAE T TV ERILIREE & 20 - 72 YD35 1,
YL VBRI R AR (Pdh) & TCA HEEOE:HR O #ix
THEBE AL, MENORITESE (=NADP) " O HiE
To) DIEMEESELZ LR RB LA (WD), $72, FIs%
T3 PAhEAEDOBUSIZ & 5 7 2 F ) CoA Ot AEIE (Ht
) ThHrI LY, L CEBLmET 2= % — ¥ AcnA3 A*
EEEAND 7 T RIS A V7 TV BN 2 25 BT
HHZERWLPIILZ (MDY, SR, EmEEHO
HMEFRIC LB e — R B 2 119 TCA MIBEAERIL A N L A& &
HEALICHF G L TWwbs 2 ExH62IZ L7, 72, AcnA3 D

TCABBDEEE

NADH
(NADPH) FHFIL-CoA
SR B BET v

DIV
@D\, 0! Sy & hena)
X1 YD35%D NOERMEDEAL A b L AL

-
o’
*

PR EGEERA £ B B &

EOER LR, R 2 9 R 8 — I ICE T A 2 L e
SEUGEZ ZIIRTWE SN TELT I8 —PORFOR
HEEL.

2. ABMEOETI L XIIHT 2RHICE E Z DA

FLERIN O FALACHHE, IR & €L E B Ol &
N5, Enterococcus faecalis 7)) 0 — VEALRE & i L &
HIMETH Y, BWOHNEEOHIEROVEOTHL. K
Worz)ta— @i, 159707 ta—Liz ey r
BRIV HS D BRIZ 2570 NADH 24K T 5. 21U SR
LAV a—2ARHBO2METH B (MY, HERSLM T T
BENTE. faecalis T, 73— ATFLHRIEFE % /8 CHLEE
2, 70tk —)WE 7NV a— VEEEARTIY J — VIR E
N7z FEHIE, ZOECHHIIH - TEMR S L5 NADH
OIEHRFT 2 2 & & L7z (02)Y.

HEELIL, EikEoZ)a— LV ERBHT S E. faecalis 73
WA CREAE SN D 7 NADH (=%ICA ML A) O
O, HEREMHETIZO D0 b 5§ mAHE) =TI % £ (L
FRISEE) ¢4 2 L RSER L7z o [FRMEILERISE] %175
TWAMIFLTIE, BICA ML AL » TENE Y BEOITEAH
(72 M v EBEEOERE) 25, T L TBECL>TT VI~
WEBE[CLVE VEBRFERY) 77— (PA), TVTE R/ 7TIVa—
WK FEESR (AdhE)] AENENHESINL Z LT, A
PERRHE D ADHERE L T 7z (M2)Y. 3% 513 2 ol FLm
FEEAFHTLILET, Vvy—T77— X ¥ —%HW/EGE
EIZL->TI50g/L D7) ta— )Lz 135 g/L @ L-FLERIZZ
TAHIEIHI L2, S50, AHOMEEFREZKEHY
T, MfEIZLCT17lg/L o7 ) va— )% 157 g/L @ D-FLHk
AR B2 LI Lz, SRS OEHEIE, Wb
GEERTOAERIIBIL2MARAD Ny 77— 5 2FH L7
F72, BEMBEKOBE Y o — L EEEE L7z L/D-AED

JIa—2R
NAD* NADH NADH NAD*

WILA—R(CE) 0 ENEVEE 5 AE

EC1.1.1.27
S)+en—)L
2NAD* 2NADH XE 2NADH 2NAD*
FUtn—L(Cc3) > ELEVE )y FEFICOA o TH/—IL

Pfl AdhE
EC2.3.154 EC1.21.1011.1.1.1

FRIEFLER B

EILE VB CBHR IR

3 B ARG
(EIVEE) | BB mx | O, AERE
& ‘ 2, B TLO—IUREE b
# - IR OB LR T
ﬁg =L BRI HOEM T;ADH fi NAD*+
T i w| O {0080
B B mrme £

2 E. faecalis D7)V 2 —AB X7 ) o — VEESACHHRE
B SIS EFUER IS D S A 1 = K 4
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HEFELMEEL, BEZ Y O — VHICHRAET AU 2 RET 5
CEIZE ST, FIUIHEAT 5 MBLIRE IS X A RETHE (AL
BRAEPERORT) 2T L2 RBLA Y.

3. MEIC L IBERREEMDO L EEH
REENICERE 2 A3 28ALEWITE, Bk, 73 /%
MR R L, BRI L o TRAERILEMP» S HEEN S, V3
yanid, VR7IEY (¥5 30 B,) O BAEY
B Y CEME TR L 2 ERSMLEMTH LS, o
REHBIAHETH L. EEHSITHDEL SV I 70 A5 RH
Rhodococcus sp. LC2 ¥k (LC2#k) % HHEEL, ZoOMIKT T
A3 PRIV Zasypfaeil) EnTi#Era—FEhTtwnb
CEEREEL T BRINIEDWIZRFESETIE, I
LDV I 70 LRI T IO BRBERE I OBER 7V — T

BEENTVHBABETHo . T2 LC2HKorvIsn
LAY, LA TR OB TFHRERSCBEEFICa— FER
TWDREHESY v/ BORREL N3 5 2 & T, KRIIL I
70 AEKEEL, YV IV VROBRE, BANVNEAL, BT
I, bR oMy A e xEELL (X 3).

TFI BTV UREE) IV UENEGO BRI L
THFRBEALEW T, ER (KLY IV By), EVT STV
REFTT) R EOHMNTOBKERTHSD., 2612, €T
//%Ku@rﬁ HIBAE AT AT T ) ALEmEREAERE
L CHARBESERIZESIFIELTWDS, EEL IV L DODDORK
@7TU/MA%%mwT TN RS A AR &
B - AT LA R, ¥ 7Y VBRIV OMEEREEIC X o Th L
HOMEOBEIRECERL IR RILE. Z0%T,
yvu%aﬁwﬁ%ﬁfz<ME>®%&&E’E%@$tL
TEINTVEAL VXL bT7Y v (IXP) % BRI 57
9 5 TIEM B Cupriavidus sp. LA-1EE (LA-1#k) @ IXP 43k
A RAT L, ARG IXPHFEEOBEFIHICT—FENT
W37 7)) 77 IF—+¥ (PDA) L 3DO0OHBHRIZL->T
IXP % ¥4 v F VISR L7z, BEmo X v 5 o AREHER T
FNmS - BT A EEHLMIL (M4).

B hHYIC

ARIIFETIE, MO M & RHICE L EBFRL, £
DA ZALERIH L7z, 5 O AR LRI, wahd
IHYSNTBREMETHL. LrLeds, ETVAEYLE
LTESHA SN TW R KB (K-124) TE X, 207/ 4
DNA 12T — FEN TV L HEIETF ORI 4D REE D 5\ 12H
BERHITHL Y. ZOZ &L, EaMEIcd 225K
R CAHICEHE DAL COhD T EZRIELTEY, MM
DOBREDSHME L BEWZRLTWE. IRHZWSNIILT
W ZET, EYBEOWEIERII BT B ME ORE 21T TR
, ZNOORERE, BRI RBREE 2 PR LW A e
R L L, MAc BRISHANORMSHREES NS,

(51 AXHR)

1) Doi Y, Takaya N, Takizawa N. Appl. Environ. Microbiol., 75,
5186-5194 (2009).

2) Doi Y, Shimizu M, Fujita T, Nakamura A, Takizawa N, Taka-
va N. Appl. Environ. Microbiol., 80, 1910-1918 (2014).
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3 7:1/.\ Ok
o
EF‘lﬂ fLON B E(L on B734 B7s/ fLw
o
N k@ OF k@ o q:F'mu
3 N 13 L
= » [ 4; [ I 2?7
] o IREAR?
H Rk © O e « S

LC-24% LSV N LS FEIE T3 (M BRay V8, O @50 /\vE. O BEHHET) RS

-

[ABAID . 1
E1 E4 ES5 E6 E3 E2

X3 LC2HD IV I 7 1 L5k

ELAFIVDADS \ﬁﬁa)ff%?

N N
E | NH z ] NH
X )\ )\
NTONTNH, 07 T N e

TFI AVFYNTF
(IXP)

LA-187L  LA-1#kHY

3ODHRBRTHEL T T U RER

LA-1# IXPA AR AR T 3%
(W BRIV A\VE O8RS\ V8, O BSHEET)

D e R
— l B B2
i i *HUFv
/NfL fLNH i i FEHTRA
J/iu I u E1 I o E2 HO _3’<\N | u/ko_’
FHUFY

PDA, Pterin deaminase

B4 LAIRRDA V%2 770 ik

w
g

Doi Y, Takaya N. /. Biol. Chem., 290, 1412-1421 (2015).

Doi Y. Appl. Microbiol. Biotechnol., review, 103, 5079-5093
(2019).

Doi Y, Tkegami Y. J. Bacteriol., 196, 2472-2480 (2014).

Doi Y. Appl. Microbiol. Biotechnol., 102, 10183-10192 (2018).
Doi Y. Appl. Environ. Microbiol., 81, 2082-2089 (2015).
Kanazawa H, Ozaki S, Doi Y, Masuo S, Takaya N. Biosci. Bio-
technol. Biochem., 84, 1056-1061 (2020).

IR —. fes= & A4, 54, 575-579 (2016).
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#OE AW, FERFERFBEE GRS TR, [
REFHEGEREER, B & O IIER RS LA IS L2 R T b
N7z DT, REANDIREZ BRI L V72 L LI THERE
TE3WE LRPBRAEGRIREIR - IREZSEEICIE
%%$LLH£? L7z, AWEE 3RV C7EE T LR
REAATREREIR - S Ef ek, Az Mas 2 a2
mtt%ittﬂM@ﬂkiI?%mﬁﬁiﬂﬁﬁ‘%@ﬂ%
AICEHE L BFET. S OICRIIER RO 6L, FERS
B L OMIEFRFADOLEOEHOE I OBMTH ) 3.
W R R A BREE R B X ORI LERL RS T2 A L) o 2k
BoJi 21213, RWIROFERIZH 72> TE KA TR L ZiH)
WD F L7 BRICE AL BT T
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1 XDMEEZRABMENOEER & T OHEEIEICET 5%

i L&

TG OG0t LT, BUE M AR 7 7 4+
TLF D U OEELREDMA R ERPUERG RS, A
REH OGS Bk T 5 &, VY AEYWMAREENLIZY 7 F
WREIZ L 2T, BANEERBEESNL. 0%, WERE
PG R T OB FES N, 51774 M7 LF
T UG BE T 2 E OB SR T ORBAREE S
B LT, MrABUIMISESHFLESINL. FEHE A FDT 7
47 LFDyOEEGEEZF OB ORITICILY) A7
INETIE, ARCBUTLEELY v AT VBZHEROFE,
774 M7 LER Y VAEGEOHIENE D 2GR T O HERED 7
B, 4 2EHIBIFE 774 b7 LFEDVAEASROME LR
DA ZIT > T& 72, DNICZ O Z RT.

. 120FBLY v XECBRREDEE

VX AEVERIZA ML AIBEOFEICE DL E LI, HE
O, BILOIEHE, MM AMEEOREL EICLEDL S
W ARNVEY TH D, BENICBU LRSI Y v A€V
BAvafsrThY), COIZHERICL o TRlFkEND. T
VI CTH 5B ua A X F A F 7% EONTERYCIE, COI%
I— RS HEETET /) AP 1 OB FEET S, FICHL
T, 1A% GCHTIERY O COLIZYT ) AR » a— F
SNTHEY, T REMHT O RS S COIL & COI2 |24 S
s 43Tl COIZHEMRETI—-FT 23200 T
(OsCOI1a, OsCOI1b, OsCOI2) HfifEd % (H1). 3, F#
35 LEEE VT, A 2D 320 COLEIETDERE S
ELL 72, 20k, b2 HWTA & COL DEBBEEED#
BICHLY FLAZZ. 0scoil2ZEFBRIZBNWTY v AE  BALELE O
T7AMNTLERLUOEENKT L2 E05, 0sCOI2 2%
T7AMT LR VEAR AT A TR Y ¥ AT Y BRTE
KTHLZEEHL DI LT F72, oscol2ZBRBR T, falk
DT RE/LOWHI S RN/ &5, 0sCOI2 A D
VX AT VEBISE T A FELRZAERTH LI L EEALL
7o (1), %7z, COL L ZHARBEEERETEHRT 5 JAZ &£ DM
AR BT OFEFAH S, 0sCOI2 & B ICH T/ T 5

EFRAEN | 74 FPLEY Y

1
I

I

| OsCOMa |88, %1t !
OsCOl1b |
1

1

I

1

1. Vv AEVERZEROMEAE A R 2B LEE

WHRFHTE = A B #A

OsJAZ2 BX U OsJAZS Z R L 72V, ZhH 0 RIE, A 4
DT v AT VB T IREREORNICET T 57210 CTh
$, WEOZHFMBERE Y =7y e LTHWOREICAD
WA G ZPICA ML AP G5 2 EH OB T 5720
DIEEE R DMAE G725 L. T2, WK IVE Y PSR
AP & ST A LA 2 R 2 2 ) & L CRi AR R
FORBICOEWMASWECE . 512, HTEEW I ERO
COI =4k % F¢ 0 AL FAE Y B RN ROV & » OZHEE D HEAL
HEZDHLETHFMIEE LR TH S,

F70, HEHIIEIORBEI L > THEINL T T4 T L
FUUAEEIIBITA Y ¥ AE VEBOBREICOWT LR To
72, AFRDT7ANT LI VIET IR A FRETD TRy
WOZFEIZ K ENDE. FEEL 4 FDOY X AT VERRIAZLR
EERNT, 79K 4 FRIOAEFEICY v AE VBRIZNHE
THDNY TR BIOAFEFEIZITY v AE VRITVHEATIE
BV EEFELZY. SRS ERS, A ML ABEICHT
B77AMNTLEYCESRICBITAY ¥ AV BOBERED
—ImE LIz

SHl, Yy AEVIROBME LG SEEEREL, K
+mg DAL — VTHESENRIY L 72, FRL L ek
VX AE VRO A RN BIF B & AWIEE & BRI
L, JERIY v 2E VEROGEEDPIER BT DY v 2 € VA
vaA Y AORBIEIME N2 TH L EER LY. 2
DR, COIJAZZHRBEERE S vy AE VBRI VEA >
v OMEAERBNTCERZ 570 — 7 OEEE %% 5 R
R, JERY v A E Y BROMEKE 2 TS L 72,

2. 12DT 74 MTLX I UEEREHET 2EBEERT O
HEREAR

EEDNWFREBMG L2 S, A RO T VR T 74 T
Ly oA E BT S bZIP HfE5 KT OsTGAPL A%[H
EENTWAS, OsTGAPLIZE 2774 M7 L&y VA
EHREE T OHEBEOFEMIIHE O ko T oz, &
3, FRII T 0T URERRE L K — 7 I AR
& 5T, OsTGAPL DA 4747 7 AT %4k A I % N5
WCFEE L7z, ZofEaHERIE, Vv xyElT s A4 R T LF
VUDEEBICEE R XA F VD) A M=) YR (MEP) #%
OB OFEE % 32— N3 % OsDXS3 OB RIG 5 1t
HEEN Tz OGS TREET OBEILS 2 5 5%
BAEAT L, OsDXS3 HY OsTGAPL (2 & 1) 145 09 12§55 H1I )
EZTCWAIEER L F VTAURVEIT A RTL
FLUTHDLT AN VEBLIOEI TV b VHOESK
BEBIETIE, 4437 ARICBWTHRIZETZ 725 — 2T
LTWw3. #F&IX, OsTGAPL A7 7 A% —hO#EnTZ1LZ
NOEED LA T ADTIE R L, 7925 —HNOMIE



30 (REALAZERE)

SEEREE S

FHEBICREET A EEZRALLY. ThbDZ Ehb,
OsTGAPL1 257 9 A% —HO#ILF % 1Lk 1 TEEHIHET 50
TlE A<, BEFHEBIEES LG RT3 7 A5 — &k
DERBAEE L 5.2 TW A REMENE 2 5z (X2).

774 b hY S EBRBET S TR K~
o2 @PeeE 5 X JeSo

CYP76M5 CYP76M8 CYP76M7 OsKSL7 CYP71Z6 CYP71Z7 OsCPS2 CYP76M6
L 1

’ MEP pathway gene

1SS 1 S S v S
0sDXS3 OsDXR 0sCMS 0sCMK
-
. s

\ OsMCS 0sHDS OsHDR

Chr. 4
OsCPS4  CYP99A3  OsMAS  OsKSL4  CYP99A2

EITV P VEAGHEBRTI AKX -
B2 OsTGAPLIZE %7 7 A M7 L& ¥ ¥ G RGBT Ol

W2, FHEIE OsTGAPL LI EMEA T % 4 v 37 Ho#E
%47\, bZIP BEES K T OsbZIP79 % [Al%E L 72, OsbZIP79 O
BB AR L2825, BB W Ty TRV
T7ANT VXD VEENEAT LI ERFER L. 2ol
M5, OshZIPT9 DSV F VRV BT 7 4 b7 LT v DEERK
FRICHBETAZEZMW LN E R TRSICMAT,
bHLH #% 5. - DPF % WRKY Mz 5 K 7-OsWRKY53 & ¥
TN T 74 R T LEY OESEHIEICE DS 2 L 24
OWFgeHE & ORFMIEIC L > THL2IZL, FHEIINS O
BRTOBRER TEET QMBI EHL L 72 57,

D EORRIE, A A ORERGUE SIS O Tk 5 7217
T, BERNTOBEBRILICEIZ 774 M T LY VEED
W Vo B b fECE S, HFIS, 12D T 74 T LF
TR, REIIEZ U T <, REIRPUER BB O O
FIHNICHEGLTBY, 774 b7 L&Y U AEEOILE A
L7z A ML ATEA ADOTERICO %035 Z L HfFC& 5.

3. 1XBHEMICBIZ 771 b7 L ¥ T EERDELELES
DR

L ADT TNV T 7 4 MT VXY r OEABGELG T,
AXT ) AFIZBWTHIET 7 AT — %2R L b, 20
BET 27 7 AY —ORRGERA RIS 5720, EHTTAEA
A DU E s ) LRI 24TV, A R
BIFD7 74 T LF Ty AEGBOEHIRO BT HLA
720 F9, A4 R OBAETECTH S Oryza rufipogon
PRIET 7 FAY — L TVwDE 2L, VTRV ElT 74
FTLEYVEEREEAELTCNLIEZHLNIILE. 207
B, A AOREACLENCBECHEZT 7 7 A5 =R S Tw
CZEAURENTZ. KIS, A R ONTEAE E I TR A 1T o
2. A ABOREYIL, Btk oliEsr S, AA BB, FF 7/ A
REIHEEND., TI5 7 NVEOEGEEET I AY —
X, ML B BB AOMICBWTHRESN, EX
S b CHEOEERLAEL TV 202 ERb, AABIOD
BB %7/ AfEQIEHEAE I T2 b VEOESREET 2 T
Ay —%ER L EZ N —T, 77 A M EOE
BT 2 9 A% —1Z, BBBXOFF 7/ 20BN\ T
Rsng, 774 baH b mibshehro7z LaL,

4 g EEFEDOY X XA 7Y (Leersia) J& DHEWIZ BT,
T 7A MY VEOESREE AR EN, T A My
HoESB O ENY, Zokd, A FBEYFY XA 7Y
BOIGEHILICBWTHEET 7 T A =PSBy, i
SGALOWIE T FTAY —ZBHE LI VDL EEZ b
(3). ThoDRRIE, Al O ZRAH AL B R O A
xS 5 LT L 2 2 HHE LA TH 5.

EI77 b EARBET
77 28— 0%Es

l O. sativa (AA) o] O
g O. punctata (BB) o x
FifE% *‘f + O. brachyantha (FF) x

x

EI77by T4 bhYr

X

L. perrieri @)
774 b hY VEARRET
2528 —DltE
B3, AAD7 74 T LI VEARBRT I TAY =D
TEALHLR

B bH I

b X512, FHE, 5 FEEFHITFRES R L 2mF
BT, 1 4ADT7 74 b7 LF T OEBROFIEEREIC
DVWTY Y AEVIBROZHEB L O THROESERTICE 5y 7+
WARERBOBZIT) L 012, 774 T LEF Y VAEEED
LR A S 222 L7z, S 2 b L AR IS
W, #ET LILEWORmTE A HIIFE 217\, Kl o A A7 ¥
O EITo T &7, ZLTC, BN EDEESH 2
EAOIGA L HIFIZ AN, BREFSTONIEE @ L TR
BHELL TV X 72w,

(5| FA>#k)

1) Inagaki et al, Plant Cell Physiol, 64, 405-421(2023)

2) Miyamoto et al, Biosci Biotechnol Biochem, 80, 1934-1938
(2016)

3) Miyamoto et al, Biosci Biotechnol Biochem, 83, 876-881(2019)

4) Miyamoto et al., PLoS One, 9, e105823(2014)

5) Miyamoto et al, J Plant Physiol, 173, 19-27(2015)

6) Chujo et al, PLoS One, 9, €98737(2014)

7) Ishikawa et al, Biosci Biotechnol Biochem, 88, 1344-1348
(2024)

8) Miyamoto et al., Plant ], 87, 293-304(2016)

BB OARWIIEIE, WOTKRFEW A E LYW v 4 —
Bl-7r7aunNaF7r /0y -ty —) BERETLE
WhFE= 3B & O ORI LA N A 44 o T v A5 RHEY LA
WIEEICB W TITbN/Z2 b 0Ty, WIRICBWT, IZED
KRV E SRETRELH D T LB ARGEE (B
FRURFELEHIZ) (L ML L EIFE 3. RS
ERICFSE, EBRO THE 2 W72 & F Lz MEEeA, izt
DHFA S EREL E2E R TV W T ARSI &
HLETET. RSB L OWERSETBIEL % - 7200k
Ji, S, A v T, FAEOFACHBILEL LIFET. £
7o, RWIEOERMICBWT I, TRV E LS
 OHFEFFTEE OBRICE# V- L ET. KRS, RBEEIEIC
THEEE N 272 3 F L7 HARRZALFSBIRSCCE, B0k
R RAE A R EITERL - RAB RSO X D HLH L
FFES
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MAEEICER LA FEEHCE DK ERFFRILEMDILEMT

T C &I

W E AT A ABILEWIZB VT, Z O 22
B2 R FREE, OB R BUSEICEREZET 5.
Bz L, B & O A A 215 5 720 I ZADE I
ARG ORFED AL DIEE 2 D, F 72 3R %
B LI LT, AWEROBERLHEZ O L OOLENEE [ L
SHDLIENTEL. ZODAERILEWICET 2HFE121,
ZOZERITEM B TIREZE T 20BN H L. EHE, UK
RiE 2 B LB O FREET R AN, GEREARILEY
WZOWTHERILSFEN T 7u—F 0 0if5ex Eliti L7z, 2OHT
LIREMZIIZEZHY 1T, DR ICZOMEZ B~ S.

1. TS %2>=>

LIV =L, WICEENLR) 7 ) —VO—fET
B EHLHS, BERLEWOEBRAEHRO T2 % 5 &%
BRI SNTHBY), TI5VF = U ZIZII ALER R PR
ERDIH, iy A VA - BUE - JulES; - SRR EIEEA R
SNTWE, TORAMHEEIL, D7/ VI — AT AT VISR L
TenFHF e FOFL Y72/ 1)V (HHDP) #TH Y, 1000 &
B2 AHRESHONTWE, 95V % =y 0FEMLE HigY
V1%, R EWEE L Sk AR OB 2 T 5 2
EDEITH A, AR TIE, ARG TEZ T
HamEI BN EH et £t L 7.

1-1. 2,4-O-HHDP %

Phyllanemblinin B (1) (&, Phyllanthus emblica L. 7> HEES
NZI VY =0 ThHD b7 VI —AD 240 FEFHE FIZ
HHDP#:#% &4, 11BBREAT 27 bV HiEOEARIL>TES
J = AP R UAVFRICAE L T b, 24-0O-HHDP 2 % 1254
572012, HHEOB WK Va— 2 %253 52 kel L, Wk
by v 70 v 7 &t L7z (MD)2 35 - 7507 3 v % A
W7o fER S Tl 24-O-HHDP & E SN2 b oo, HID3

PMBO  OBn
30\/ky/\/&§ BBy 7YY
"o 5 6 o I 6%
B B CuClz, BuNH2, MeOH
nO@"«o 0@0 n
HO v OH HEE © 82%
2 [Cu(OH)TMDEA]:Clz, CH2Cl>
l OH
PMBO  OBn
Bno\/k/:\/\ OH

6 6 5T

o
37%
o 3 -on
BnO HO OH OBn :
3 HO 1 HHDP#

1. REICE S 24-O-HHDP 2 OMEE & R O 2 G 1

OB R A E h

B
3;*
mg
N
>

DI 6% 12k EF o7z gL LT [Cu(OH) TMEDALCL
FHOZEZ A, 3OINERD 82% L BIFIZH L L7z VT, -
Za—ZAOEB, 1L E~OT O VIEOEL, HEED
BREERT, 1OEEREER L. AIFRICE->T, BRLZ
HHDP # 8L 0 m kAR E N7z,

1-2. 4,6-O-HHDP %
HHDP:3EIAF 2/ LCHBY, o/ Va— A EOMEIZE > T
BERENDMAENGET S, BlZ21E, 4607HF% Lo HHDP#ET
1, WIARFENS THALZENTEAETHS. ZO—HT, iR
PR D 46-0HHDP D 4BIOAHSNTWE. DX H I D7)
TI—ADMBEIZL ST, vy F " OWMAFIREE EDLHD
D, “IATyFE" AL, THELEAFSLED LI 125
HLTW200, RATH-72. HEBERT 2MAFTIFET S
DRI %720, BA%E L 720 HHDP 2554 Fv ¢, BilAs
F O OMELICI YA (M2)" 46fMHE EICATA )L
HrFT24 2B LU AT L7225, 3 "I A%y
FH" @ (R)-HHDP#AH T 5 (R)D AR L Tz SUBKERH
OB, BIARFA R 205 SNEMALL, INEE84% T (S)5
WCEMENLZEDRHLNE o7z, KEERIZL-T, 2995
ZUD IAR TR s vy TR AO7 hu TR LD
TRENTZ, MOMLED HHDPHIZB W T H FfEOMRIZ L > T
BIRF DS ST 5 £ 2 S, HHDPIEOA AR b EE1L
W1y 7)) 2 T EHALOBEREENL T EPHESNS.

HO OBn

;§:§_OH Bkt TUSY
/N [Cu(OH)TMDEA];Clz, CHzCl>
time (R)-5/(S)-5
15 min 83/17
30 min 69/31
90 min 0/100
o OH OBn
BnO, s O OH
o
84% 0o
B?]O 2 SEt
| (S5 OBn

K2. 4,6-0-HHDP 312 51F 5 BRSO MEE

1-3. 3,6-0-xH5/1ILE

Macaranin B (6) 1%, F F /XX O —FE Macaranga sinensis 7
SHEESN -9V = vThDH, ZoME EORRIL,
DTN —AD 36MFRFE LG L~ T /A NVETH D,
%N T ANEkiE, HHDP#: & Fu A Vo & e LT
WOWAESTNF = THY), 4V MUERRE T ) — )b —
TSR GG, JofER, BREOHFTEIIL o TZ—T )V
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K

HH S

p=i1)

WEOREASHESNTLE ) TEEE L, ZOMEIX R
FHENL, Z00, Kttomuwitgr v vy v2 /7
vy —VEREL, v h T A NVIEOREEE A (X3)°
Thbbo /NI — A0 36MEEHE L IC HHDPRAEA L7 7
&, LT XA VA - BilES & OFEICR S EERALIC
I, 36077 T/ A NVEAREL, IEE6% T 9 EEN
72, BT, INERR B~ O A VEOE A L ARERL O R
W2EoT, 6 DEHREMO TER L. RUFZEICL D, F%
L7237 T ) A VORGSO EAMEAFEFE S 7z,

o OBn
0 BnO gH BnO 8
OBn BnO
Q Q o CO,Bn
=0 OBn FEY A ILAN - Bt

Bn

BnO

o) & BB BRI
8|0 SPh
1) K2COgs, 18-crown-6, MeCN
Q 2) NaBHas, THF, MeOH; 1 M HCI
7 3 3) BnBr, K2COs, acetone, reflux
BnO OBn 66% s
go_ °"P HO,
RN/ AIE
BnO HO
BnO BnO CO,Bn HO HO ¢ gng

X3. 36-0-%75 5 A VIO L KD L5

14. C-7') Y FEE

Stachyurin (10) B X O 1fitk Fu %2 3B TH 5 casua-
rinin (11) (X, B/ A IS HEIN/-Cr)as sy v
=V ThAhH. 230WHEF LOETFEE R HHDP R LG L7z 167k
FHFE ST, 20 C7 ) 3y NEGOEAER, FiRikos
LR AEIEED S BUC R EE S 5. RIIZETIE, RIS
FLL7z ) as A ba RIS Lz (M4 87 3hbb, +%F
A2 R R LB EEIC LD C7) a s bl L5 T, a
BRI C-7) ay FiEEEIEEL, IERI3% TI3 2 & L7z,
BoNz 130 TORGE,ZRIT 52 LT, casuarinin (11) %
EEMRLZ. =T, 13 OVAREEIERT S pEIRIR Y Vv
FFRIEOBANIL ST, WIEBRTEZ L2 AL Mk
\ZPRERL 2 B2 L, stachyurin (10) O&& M & #E R L 72 fEZL
2CTNAYRIG VY Y= OEIA R, hoBEBRO(L
FHBICLBHUREL 2 5N, CH/VIAVRIIVI = v O
72 B BERE O BASE L HEE TH VEI B ORI~ O Bk RF S L 2.

BnO BnO OBn OBn

a-EIRH
c-7YV vk
3 mHCI, THF
reflux

2. IZyO0FF%A MY
YT ) — AR O NARFRIE O RHE AT 2 BISE L, BEOFHRAL
FEAH LS T4bb, b7V a— A0 3ERE L 6l
FEGUET 5L, A LELWTED OAEER A Ui %
& BEONARES S FEEFRBICETLT L ERHONICL
7o, FEKEIGHL, INFTHRELEZVWEEZONTEL
NS 7 a TR AN LA L7z

B hHYIZ

L IERALEY O REREICER L, MBS TG 2T
L THEBLERNT Tu—F bR E i L7 (R A
ARALFOF RIS D (TG VO e %
MAEDLELZ LT, ME%OBEVEEFELNZEEZ LN,
RO SIARRERE S HIR S 2 42 2 AL A BUS O A AR LA 1 b
Y%, RSO % 852 LTI L, AEmHRoB#IC
DRI LT, SROBIEAFFEOFRANNG LIz,

(5| FA>Zk)

1) Chemistry and biology of ellagitannins: An underestimated
class of bioactive plant polyphenols, ed. by S. Quideau, World
Scientific, Singapore, 2009.

2) S. Matsumoto, S. Wakamori, K. Nishii, T. Tanaka, H. Yamada,
Synlett 2020, 31, 1389-1393.

3) H. Yamada, K. Nagao, K. Dokei, Y. Kasai, N. Michihata, /.
Am. Chem. Soc. 2008, 130, 7566-7657.

4) S. Wakamori, R. Osada, S. Matsumoto, R. Kusuki, K. Muraka-
mi, Org. Lett. 2022, 24, 8130-8135.

5) S. Matsumoto, A. Aoyama, S. Wakamori, H. Yamada, Biosci.
Biotechnol. Biochem. 2021, 85, 1937-1944.

6) S. Wakamori, S. Matsumoto, R. Kusuki, K. Ikeuchi, H. Yama-
da, Org. Lett. 2020, 22, 3392-3396.

7) R. Kusuki, K. Murakami, R. Katsuta, K. Ishigami, S. Wakamo-
ri, Chem. Eur. J. 2023, 29, €202301096.

8) D.Ikuta, Y. Hirata, S. Wakamori, H. Shimada, Y. Tomabechi, Y.
Kawasaki, K. Ikeuchi, T. Hagimori, S. Matsumoto, H. Yamada,
Science 2019, 364, 674-677.

BB DLREsN AR, BIVESREAES KO
BERFIIBWTERL T Lz, BB calsnE Lz Jms
Beks - i INHEBRCEO CEREBHIVAEZLEY. T2
KEFgeH TN & T LMW RS - M R, B
SESERAE - RS 7 & OSBRI SRS AR 12 ALE L B
T, SFERRICHZEE L LTonsId % THIRW & T L
7o RARH RS - BEOCERLIeE, HTRS - Y B Ldek | i
WoLET. ABIZEHRE, £ ORFMEEOEHO T8
&, FELBIZLIDAMOB OB T, LEIViEEERL
WAL T, ®BICARD F L2725, RIEFHEIC THEE W
7o72EF L7HREURY: - (RIGMERSAE LI L RiF g5

HO HO OH OH

B-ZEIRHY Q
HO OH
OBnEEA 5
(+)‘CSA al I REES
BnOH, DMF OO o C-7V Y RES
reflux HO s l
- > HO N4
i :
28% HO 0 . OH
HO' o OH
14 —BEOBE 0. 1poh

BnEDRE HO

OBn

11: 10-OH OH

B4, FF32u2HOARING R C-7) av b C7)ay Ro Yy v = O5EEK
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Anti-delicious peptide antibody-based techniques for evaluating the optimal aging period of dry-
aged beef

OffIE 20, B B GREX - Gk - fE)

OMasumi IIJIMA, Akiko TANABE (Dept. Nutr. Sci. Food Saf., Fac. Appl. Biosci., Tokyo Univ.
Agric.)

ARLAE OB R AT, SRS ORBRPEE T, BAESWRREREMREIN TR Y . WEE
HIZEAT 2 EORIETRER T TV RV, AUHFE T, BEFR 2, SAORRRIZER T 5/ t,\
FRIIZFHI C & D BINERIN ORI L B Lz, £ FRORTFO BN LWARTF )
,%Hu(%wbw&f%PJKﬂﬁéﬁ%@W%%ﬁﬁ\:hﬁﬁ%bt(ﬁﬁ@~wuﬁM&i
TARHURIL, BERRERIETE (ELISA) ([CHEHAFWRETH Y . TBWLWARTF N OERIEOHENIZ
A LTz, WRICH & 1%, PRAERZEE (DRY AGER DX500) 2 FV TR H 243 0-90 H Ok
WEAERLL AT 500 mg ORI Z T 7L E LT IBWLWRT T R OFEOF R L E&EE,
37 L7z ELISA TITo 72, £ OFER, BECFRFIZIE~3-15ng/mL T BV LWASTF R B8FEE L,
T DOPRREENE, AR ELELEE O ~E | FREFHE T bW L & RFl S L7zl & — B2, 30 H
THRRICRDZEEZRH L, kDD, Fa NMERICHRL L. THRW LWARTTF RHtR] &, #4
R O TRRGEFRIZ I 1T D A | ZIREFTRERTUATH 5 Z LN RIS N, S 6IHx 1
ARG E vE O YU H 2 = L TE S A O F ki (ZZ-BNC) ? 4 ELISA I[ZIFHT 2 2
T, B LWARTF R WRNCREAFRT O TN LWATF R OEREEAZ, 2 fFmES
HHZEIZHEE LT, BIEARENOER LA REF L TW5 (R 2024-158236; lijima H &FfaH) .
Our research aims to develop a novel measurement technique that can objectively evaluate the optimal aging
period, using dry-aged beef, for which quality control is subjective and no national standards exist, as a model.

We first succeeded in producing an antibody (affinity ~2 x 108 M) to a "delicious peptide"!

found in gravy of
beef meat and also in establishing a quantitative detection method for this delicious peptide by ELISA. Then, we
found that "delicious peptide" was present at concentrations of ~3-15 ng/mL in our produced 0-90 days of dry-
aged beef (water extract of 500 mg meat pieces), peaking at 30 days, which corresponded with the recommended
eating period indicated by the dry-aging machine and the period most highly rated in sensory evaluations. These
findings strongly suggest that our anti-delicious peptide antibody can effectively determine the optimal aging
period of dry-aged beef. Furthermore, by applying our unique nanoparticle (ZZ-BNC)? to ELISA, we have
succeeded in quantifying "delicious peptide" in dry-aged beef with double the sensitivity (Japanese Patent Appl.
No. 2024-158236; lijima et al., submitted), and this technique is expected to be practical application. 1. Yamasaki

5, Agric. Biol. Chem. 42, 1761-1765 (1978); 2. lijima 5, Biocatalyst immobilization. Academic Press (2022).

dry-aged beef, delicious peptide, ELISA

FHREMH - B 2EE (mi206786@nodai.ac.jp)
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Intestinal bacteria of Armadillidium vulgare inhibits fungi

Ol KEAN T, KALR Rl 28, BpAT 522 23, BB Fk4. B4 HEdh 23 OBR K - A8, 25K -
EMEREE R, 3HPEK - MICS. 4 BiRK - AWEIR)

O Masahito KATOKA!, Toshiki Nagakubo23, Nobuhiko Nomura23, Makoto Ueno%, Masanori
Toyofuku23 (1Col. Biol. Sci., Univ. Tsukuba, 2Fac. Life Environ. Sci., Univ. Tsukuba, 3MiCS, Univ.
Tsukuba, 4Fac. Life Environ. Sci., Shimane Univ.)

THERIZAERT DA D X I LU (Armadillidium vulgare) L. EHEY) OREIEAR % B_CTofE - PEH3
HZ LT, TEADORBURBICREREELLTEOT, FLIOL ) RAERRESEMENS, £ D
WAEDEHEEH L TWD EZZ BN TND, U T N—TTIEIANL ALV OEENS, HEOE
B &l 3 24 Brevibacterium sediminis H4 BEZ BEE L 7=, [F—3 v — VN TAHIE & B %@
HERT R L7BRIC b BEEOAEFTMHIN A DN LD | EREOTEEWE A EAL TN D Z EAUR
Shic, A~ 7774 —HEHTIZEL>T, KMEOER Y FAX—205
dimethyldisulfide (DMDS)23f i 41, DMDS O BIZEB W T HPIEEIEENHER SN, 2 b
DN, HA R EAT 2ERMENERRYWE OO E 2L LT DMDS REEINT, £
Brevibacterium EFRIN T T A ~—%HWZPCRBLONEEPCRIZE T, HAELZITEALED
I8 AL EROFEMES LOBRG O RBME AR SN, 202 b, KEOMEITIA
H A NNTBNT AT DIBNME TH 5 2 L PR I LT, AMFEORFIL, #HEMEY
EHELGT2ME - HE - B ORI BT T VOREITORN L RN & D,

Armadillidium vulgare, which is a soil animal has a significant impact on the soil nutrition by
feeding on dead plant and animal matter and expelling the decomposed matter. Hence, A. vulgare
may interact with microorganisms due to their habitats, which is poorly understood. Our group
isolated a bacterium Brevibacterium sediminis H4 from the feces of the A. vulgare, which inhibits
the growth of fungi. This bacterium inhibited fungi growth even when it was inoculated in another
medium from where fungi was grown, indicating that it produces a volatile antifungal substance.
Gas chromatography-mass spectrometry detected dimethyldisulfide (DMDS) in the culture
headspace of this bacterium, and anti-fungal activity was confirmed by chemically synthesized
DMDS. These results identified DMDS as one of the volatile antifungal substances produced by
strain H4. PCR and qPCR using Brevibacterium-specific primers detected the genus in the feces
and hindgut of most of the individual A. vulgare examined suggesting that this bacterium is a
common intestinal bacterium in A. vulgare. The results of this study may lead to a new model for

interactions among bacteria, fungi, and animals involving volatile substances.

bacteria, volatile, antifungi
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Development of a method for producing mycelium masses through complete artificial cultivation
of Tricholoma matsutake

O#H ET 1 i B—2, A @RS OFY > HD - 8BkRSkEWF, 25U > HD - F9eiff)

O Toshiko KUTSUKAKE!, Toshikazu TSUJI2, Kentaro IWASAKI! (Institute for Future
Beverages, Kirin Holdings Co., Ltd., 2Kirin Holdings Co., Ltd)

Y HZTITEETEARDOIRE AT L TRHIRE] THLH-O, NLHERREETH L Z Enmbi
TW5, vV &7z THIET 28BN THEHECONT S, ZHVE THA OGN ITHOI TE T
WD, BRDD TEE~DED A I =X LD THEIARATH D,

Fexld, v~V EZ T OTEENSSEESNIZEHROFND, —EREL EOWERET X ) BE S ThER
B CHER T 5 2 & T, HHRRKERIEZ AT 282 A L, ZoKNBHELRICEAILOEE
[ZOWT, HER L —F—BAEE 2 VTSR LR, ERADB OB LN 5K ERBIOSHEDH 5
DD RNMEET DRB AR O Z LB LN o7z, RS ZHREFT LI R. ZoERMIL. &
WK RFFREZ AT DR IR 2 B0 ~ME X 2 2 2 & T, HFEES AR L TE DO Z OAEHIC
HRILLIZEREE Y, SHICAREDEFF~Yy v a/l— A ROV A RZETEFTTHZ LR ERHL
MW Tp T,

AWFFENC LY | FRESDGGIIRATHL EZEZX N, BEANTHEETENY A XD~
2T REARBIZE A AIRE L Ie o T 2 LD, WRMEE DO Z O H bl R EZEMH O RN Z T2 &2
TXT7, 1. SBIFITEE~DODD A = R LFIC BT THIENTEHLEEZ TS,

Tricholoma matsutake is a mycorrhizal fungus that lives in symbiosis with the roots of living
trees and is therefore notoriously difficult to cultivate artificially. We discovered a strain among
those isolated from the fruiting bodies of 7richoloma matsutake that consistently forms mycelial
masses when cultured in agar media containing above a certain concentration of free amino acids.
Using confocal laser microscopy to observe the morphology of the mycelial masses obtained from
this strain, we observed intriguing structures. Results of examining culture conditions, it was
found that these mycelial masses could consistently grow to champignon-sized proportions when
transplanted into a medium containing a cultivation support with high moisture retention
capability. Although this study suggests that differentiation into fruit bodies is immature, it has
become possible to form edible 7richoloma matsutake mycelium masses using a completely
artificial cultivation method, which has revealed new possibilities for industrial use of mycorrhizal
mushrooms. It is also believed that this research will be useful in elucidating the mechanism of

differentiation into fruit bodies in the future.

Mycorrhizal fungi, Tricholoma matsutake, Confocal Laser Microscope
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Macrolactam-type secondary metabolite produced by actinomycete stabilizes cell membranes and
promotes thermotolerance

OF5RE B 1, A EmEF 1 EE £z 55 K2 it flOBERBRRIET, 25 I 1RIKT)
OShun SAITO!, Yurika OKUMURA!, Keisuke FUKAYA2, Daisuke URABEZ?, Midori ARAI! (Keio
Univ., 2Toyama Prefectural Univ.)

el E T, REEZ SR CHEET D & FIRCIHAE SNV EREESEROYE N EE SN
LG EREL L, 20X @ E T8 3 v 7 {8 (Heat Shock Metabolite: HSM) | & fii4
L2t AWFETIE. BoREPEET 2 HSM X, ED X5 2B 7207y (What), £ X5 I([ZAEES
500 (How), Ze¥AFEIND DNy (Why) NI 2 Z & T, B R OBRE, B L0 HSM 4
PEIZI T BHEIS AT LAREFEROMAAZ B S LT\ 5, 48l Streptomyces sp. JAT4 INEGE
T 2% HSM IZHOW T 21T\ 2, 26 BER~ 7 1T 7 X MEEHIZ 4-6 BERHEEL AT 20L& Y
streptolactam D (STD) % Hiff - #i& @ L7z, STD Offaxf LR EIZ W T, NMR #HEB LW
G WE OAEE BT & O, CD A7 hMLOFHE & EROHEIC L v ikE LT,

WIZ, JATA BRITT2E STD 24T D D0, £ DABIERIZ OV TRIT 23272, £7°, STD %
GUERIEHIC T JATA BRZRER L7 24, STD IEEIECOEBTZEE L, £ABFREE M E
HHEMZ R LT, FEWT, STD OERF 2B 635720, B La vz STD OMAaN &
FER L OVERSE FIMEEIC L REA AN L7z & 2 A, STD MBI /IE L, miEiEEIc Ly
APRKLSBELBRDOETFPBIE I N, 2D LlE, MR TRLE L RoT-Mlaliz STD A2 E S
HHZELZTREL TS, &2 C, LHESBEMEIC X 2 BEMREOBIZEL LA TIRER S o8t
FOERFGMEIZE 2 DB OE 2R~ T & 2 A, STD IZ X RO L ELER ML S e, LLEXDY
JAT4 FRIZ, SRR T COAEGFDOD STD OEFEEEMAL S5 Z LR ST,

We have discovered that actinomycetes produce a high-temperature culture-specific substance
that is not produced at room temperature, and have named such a metabolite “Heat Shock
Metabolite (HSM)” 1. This research aims to explore novel natural products and to elucidate the
regulatory system and physiological significance of HSM production by analyzing what, how, and
why HSMs are produced by actinomycetes. In this conference, we will present the isolation,
structure determination and thermotolerance-promoting activity of HSM, streptolactam D (STD)
with a 26-membered ring macrolactam structure, produced by Streptomyces sp. JAT4. This study
suggested that STD promotes the growth of strain JA74 at high temperature through cell
membrane stabilization.

1. Saito, S. et al., J. Antibiot. 2020, 73, 203-210 2. Saito, S. et al., J. Nat. Prod. 2022, 85, 2583-2591

Actinomycetes, Heat shock metabolite (HSM), Thermotolerance

WREMLH 15 B2 (ssaito@bio.keio.ac.jp)
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Discovery of soybean endophytic bacteria that suppress flooding stress at soybean sowing stage.
O%E thaz 1, JEE F1, B M1 MR 2, PR T8 1 QRIS - A0, 2 R - &
JEAIF)

O Yoshiyuki SAGEHASHI!, Riku WATANABE!, Yusuke KOUZAI!, Ken NAITOZ2, Chiharu
AKIMOTO-TOMIYAMA! (lInstitute of Agrobiological Sciences, NARO, 2Research Center of
Genetic Resources, NARO)

KA RILBEMIKER OREL - BE - BAEAGHEIZIW T, Frk 30 0 bafl 12 £ E Ttk L%
1.5 EDOMWENEESZNEE L > TWD, L, ERNOX A XDK 8 EllE, RN E <. HEK
PEDL LK HERHIA CTHE; SN TR Y . £FREYAHBRN S ER L5720, WBEIC XK 2B HE L
2o TS, Fexld, WMEMELZFFOX A XIRH (Peking) ([ZAEET D2NEMEMOF NG HAKIZ
K DHEREDOIRKA L A&z, HERZMH ESEI0ROL 5 ME % 8 Wk HEET 5 2 L ITkh
L. SSB (Soybean seed-born) &t L7z, 2D 55 3 HEKILZ., ZNFETHREDLRWHFROT /o
NI T IV LBMETHDZ ENRT ) LRSI TH LN E e oTe, By MEEFIZ X Dk -
ZHWTEENHBRICIZ . BANBESGICBWTE SSB BRI L) A XD RN L% 30%/ L
oo SBIT, ZOAID=ZAANTONTIENT ZHED, SSB XX A XAOWAKEE ZFENTT HZ & TR
P AKIC L DFE OB R BEZMZ2E N H Y | AEEDOLONZOMEO FEEZH > TN
HTEEHBMNI LI, XA XOFEREFOIRKA ML AZMZ2 HMEOME TR THY . A A
AT 42Ty NEME L TOIERBEIRE SN0 CTlEl, AD=AXLEIGHLIERAKA LR
DFRANE AT L FE O BIFEIC D723 B,

In Japan, soybean production aims to increase yields by 1.5 times from 2008 to 2030. However,
approximately 80% of soybeans in Japan are grown in converted paddy fields, and where yield loss
due to flooding have become a significant issue. Here, we successfully isolated eight strains of
endophytic bacteria from a flooding-tolerant soybean variety Peking. These strains suppressed
flooding stress during germination and improved emergence rates. We named these strains SSB
(Soybean seed-born), and whole genome sequence analysis identified three of them as a new
species within the Agrobacterium genus. In field tests, treating seeds with SSBs enhanced
seedling emergence rate by approximately 30%. Furthermore, SSB treatment slowed water
absorption rates, thereby reducing physical damage to the seeds. We identified that the viable
SSB cells play a major role in this protective effect. This study is the first report of bacteria that
suppresses flooding stress in soybeans. Our findings may lead to the development of novel

biostimulant, new technologies for mitigating flooding stress, and new varieties of soybeans.

endophytic bacteria, soybean, flooding stress

REEMTE  REEE (sagehasi@affre.go.jp)
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Development of Practical Preparation Methods for High-Purity (S)-S-adenosyl-L-methionine
Okt 1§22, A% fith (v~ kst E3E - (it 365

OTokiaki TAKEMURA, Kazuya ISHIGE (Yamasa corporation, Biochemicals division)

S-adenosyl-L-methionine (SAM) (X, DNA X° RNA, ¥ /X7 ECfRE 72 EHEx IR0 5
P B ATFIUERMIICHWSLND A TFAEMEEGARTH S, SAM [ ZLHINO 7Y A h & LTEWTE
FERbHoT=N, IEHFETIE, mRNA V27 F o ORI L 72D mRNA OFIFREZEMICEE 7 Cap
3 D A FIAUERIZ AR RS L THDEZ RO TR . L0 & e SAM 0 2R 7 Bl ik
DD KD BTz, SAM ITITSFMGEMER (SR, RIK) BFEMEL. A TF VSRR E U THRE
THDIXSIEKDATHD, — BRI TS SAM ITEERA O SN b DT, SEHEOEH
FIL 0% E D, — 7 BEFEIE T SAM Z Ak L7258 1T e S KD SAM 3G 505 08,
SAM A kEFRITE L WA E 250 2 72 OICE RN R SR IR CTH - 7=, AR TIE, BESR
ETO SAM OEFEMZFE O DXL IR A N T T V—% et L, TOME, AU EIREN SAM
B RkEESR ORI E ZfRT 5 2 L2 R L, SAM OAFEMEZREMICED D Z LT LT,
SAM DOFERUFIEIZ DWW T H et a2 B TR F O S KD R K~ B A 2 I35 Z LIk
L. S IFEA= 95%LL Lo @il SAM O FERMIEZ L LTz, FZERD mRNA O A FAALERIC
BT, ZOEME SAM 1Tilidh & i LT A T IUERIGIEZBFEICE O H 2 L DR I T,
S-adenosyl-L-methionine (SAM) is a biological methyl group donor to various biomolecules such
as DNA, RNA, proteins, and lipids. In addition to its demand as dietary supplements, in recent
years it has been highlighted as an essential material for the methylated Cap structure of mRNA
for mRNA vaccines, requiring the development of practical preparation methods for higher purity
SAM. SAM has enantiomers (S- and R-forms), and only the S-form functions as a methyl group
donor. The S-form content of commercially available SAM prepared by extraction from yeast is
limited to only about 60%, whereas enzymatically synthesized SAM is strictly S-form. However,
practical enzymatic synthesis of SAM was not feasible due to severe product inhibition of
SAM-synthetase. In this study, we found that boric acid and urea lifted the product inhibition of
the enzyme and dramatically increased SAM productivity. We also established purification
processes that suppressed the racemization of S-form to R-form, which enabled the practical
preparation of high-purity SAM with an S-form content of above 95%. The obtained high-purity
SAM significantly increased the mRNA-methylation efficiency compared to commercial SAM.

S-adenosyl-L-methionine (SAM), Boric acid, Enantiomer

WERELE T K22 (takemura@yamasa.com)
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Structural analyses of ambergris odorants by crystalline sponge X-ray analysis coupled with
supercritical fluid chromatography

OB 28R, AR B2, MfE foz s, IR BE L EWH RRES2, ek 2520x% V> HD ¥V
VR, 2HTERBEE SR, SADEKA T4 7 WA =2 AR E)

O Yoshimasa TANIGUCHI!, Yuta KIMURAZ2, Toshihiko TAKEHANAS3, Rie MATSUMOTO!,
Daijiro UEDA2, Tsutomu SATO?2 (IKirin Holdings, 2Niigata Univ., SADEKA Corp.)

FEIER X, ~ v a v 7 VT HROBMMER D RIRERITH YD . ZORBIREV IXERSTHDH K
UTNRTNa—LOr 7 Ay (1) BB SVTAEL 2{bEMIICHRT 5, Fxidl
DFEIEEFE & ot < HHEAFE T COFEXEDHE~OBLEIC X 0 | FEEEF 2 N TAET D%
EHTE D, NTEERERIZIX ambroxide 72 EOFRR DD E £ D 2 L AMGER L1220, REEDL
EMHLEHEEN T\, £Z T, B’a PR LEZBEREEK o~ 757 +— (BLF SFC) &,
AR Y (LATF CS) {EZMHAET-oE (SFC-CS 15) P&IEHT5 2L T, Bobhi=¥ 7L
BONTEERFICE TN D EFRRD O ERE Z AT, R, 1 g REOERHBEMEINS, 2 D
B b EmEEate s MEKSES ZHEET 2 Z LN TE, WTFROLAEY b e SRR E & & o s
ENZRE) LTz, SFC-CS {EIZ X DM EMAT X, BARPIIIEME T+ ot T &2 MR+ 5 2 & ik
LW —2R0, #HBEMUERNE S MEBOTZORBERIZEDODNTLE) Z BN E D RIbEME X —
T b ETHBRICE N ERET D Z L AR LT, £, BEEEHRE D LI IO ERRY DA A A
S ALDOBLENRAREL 720 D N TR OFEFEIG I M B Rk ., SEREORER EIE.
DHBEEIRMAZRG5 2 LR,

Ambergris, a sperm whale metabolite, is truly rare and valuable natural fragrance. The odor components of
ambergris are derived from the photooxidative degradation of the major component, ambrein (1). We have
succeeded the bioproduction of 1, and its photooxidative conversion to a range of volatile compounds,
demonstrating possibility of stable production of ambergris. However, few volatile compounds have been
identified in “artificial ambergris”, as well as “natural ambergris”. To structurally reveal unidentified volatile
compounds in ambergris, we analyze “artificial ambergris” by crystalline sponge (CS) X-ray analysis coupled
with supercritical fluid chromatography (SFC). As a result, 5 compounds, including 2 novel ones, were identified
with complete assignment of their absolute configurations by this method from only less than 1 g of starting
material. We will discuss the results at JSBBA 2025.

1) Yamabe, Y. et al. Sci. Rep. 2020, 10(1), 19643.

2) Taniguchi, Y. et al. Analyst 2021, 146 (17), 5230-5235.

3) REFb., b 2025 —RGHEIHIER TIE.

ambergris, crystalline sponge method, supercritical fluid chromatography

RREMLE A0 2L+ (Yoshimasa_Taniguchi@kirin.co.jp)
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Short-term exposure to volatile compounds from waste shiitake fungi beds shows lasting growth-

promoting effects on rice
OClever Nkhokwe Kanga!, Masanori YAMASAKI2, Kimiko Itoh? (INiigata Univ. Graduate School

of Science and Technology, 2Niigata Univ. Faculty of Agriculture-Institute of Science and
Technology)

Our previous studies revealed that volatile compounds (VCs) derived from solid waste shiitake fungi beds
can enhance growth and biomass accumulation in rice seedlings. Further investigation showed that rice
seedlings treated with these VCs exhibited increased grain weight and fewer chalky grains compared to
untreated controls after paddy transplantation under high—temperature stress conditions. To understand the
mechanisms underlying these effects, we used quantitative reverse transcription PCR (RT—-gPCR) to examine
the relative expression levels of several genes of interest. The results indicated increased expression levels
of genes associated with cytokinin response and signal transduction, protection against oxidative damage
and metal ion stress, and enhanced transpiration and cooling by suppressing H.O. accumulation in the VCs
treated rice plants when compared with the untreated control plants. These changes help prevent heat stress
and promote tolerance. Additionally, gas exchange analysis revealed increased photosynthetic rates in VC—
treated plants, indicating a strong source strength despite heat stress, which promoted biomass accumulation
and better growth. Overall, our findings provide evidence that fungal VCs from waste shiitake fungi beds can

promote plant growth and enhance abiotic stress tolerance without direct application.

Acknowledgement. Research supported by the A-STEP Tryout (JPMJTM22CA, JST) and the Niigata
University Fellowship (J23H0004, MEXT). Special thanks to Mr. Takahashi, the Faculty of Agriculture at
Niigata University, Field Science Education and Research Centre Arable Land Production Department, for

granting us access to their research rice paddy fields at Shindoli Station, Niigata, Japan.

Volatile compounds, Shiitake fungi beds, Cytokinin

REEMEAE - Kimiko Itoh (kimi.agr@niigata-u.ac.jp)
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Analysis of Individual Differences Induced by Bifidobacteria and Lactobacilli Stimulation

OVary FE&E. AR W, ZH w2, BHF RIE, SAEE #2F GKILERSH)

OTatsuki NISHIMURA, Sayaka ISHIHARA, Yukihiro HISHIDA, Miyuki TANAKA, Toshitaka
ODAMAKI (Morinaga milk industry co.,LTD.)

T ONAFT 4 7 AT EORIRFEM OBBULE EORZINE L TFHRT D08, £ OMFITITEANZEN
Ho, LinL, EOLIRERRTMHEE LTV D02 OFMITI O TldZv, ARBFE T, #K
FMEBIREOE EREICEICEE L B DRFEZRALNCT L2 L2 A E L, 50 4 OREH AN
O B U 72 AR AH i B AR B R D BRI (moDC) % B 7 ¢ R A RCHLIEE CHINL T 5 R A 1T o 72,
ORGSR, EREIEFFRIZ IL-6 DV A M A VEARIEANEDRD bV, IO/ E
FECHNEEEOE =K1 & OB M 2T Lz & 2 A, YikISENE L BN O Bifidobacterium
JBOHERAER L ORICABERAOHBENRO b, 20O & )6 Bifidobacterium JEBHE D, IE
FRRA) 72 RIS T 2 BARRERLIEOFBEICE G L TW D AN E X v, £ 2T, b MRFM
HEZ MR H >R HLER % Bifidobacterium JEANE MR CHITE L. moDC (/b S 7%, HEE 7 4 X
ZERFLERE TR T D EEEBR 21T o TR, 2 b — Ui L i L CHEICY A MU A VA
PMETT 22 RSN, UEDORERNS, b MNEEIZEDE 7 4 AAEOMRFERN. FHIK
(X9 D 1E O BRGIERRICE 5T D ARt g S v,

Different people have different immne responses to dietary probiotics, however, the mechanisms
underlying these individualized variations remain unclear. In this study, we show that residual
microbial species can regulate individual host immune response. When PBMCs-derived moDCs
from 50 healthy adults were stimulated with either Bifidobacterium or Lactobacillus, individual
differences in cytokine production were observed irrespective of bacterial species, implying
presence of innate immune memory. Resulting in exploring the background factors that regulate
immune response, we found a significant negative correlation between the immune response and
the relative abundance of Bifidobacterium in the gut. These led us to focus on the innate immune
memory by Bifidobacterium. To validate this, moDCs differentiated from PBMCs-derived
monocytes were activated by Bifidobacterium lysate prior to the stimulation with either
Bifidobacterium or Lactobacillus. As a result, cytokine production in the group activated by
Bifdobacterium before differentiation was significant decreased compared with the control group.
Therefore, the relative abundance of Bifidobacterium in the gut may contribute individual

differences in immune response against probiotics via inducing host innate immune tolerance.

Bifidobacterium, Individualized variations, Innate immune memory

REELE - kT #EE (tatsuki-nishimura871@morinagamilk.co.jp)
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Gene expression dynamics of Z.coli using low-input bacterial RNA-seq

OVaft £48 12, mffs —8 30 FRJII &fk 3. Ak HRER 4, At HELT 4 SR & 45 1L R+
1236 )1l TEA 1236 (1 EH(I% SEHERR T 2 pERRHIT - i‘jt CBBD-OIL, 38K - 7F/ 74’ 7 RIHTAIE,
4 BDR, 5 FURERIERLR - SEHEZ BN, 6 K - B ReaT)

OMika NISHIMURA2, Kazuki TAKAHASHI3, Kaori AIKAWAS, Tetsutaro HAYASHI4, Mariko
KUSE4, Itoshi NIKAIDO45, Haruko TAKEYAMA1.23.6 Masahito HOSOKAWA!236 (1Grad. Sch.
Adv. Sci. Eng., Waseda Univ.,, 2CBBD-OIL, AIST-Waseda Univ., 3Res. Org. Nano Life Innov.,
Waseda Univ., 4RIKEN BDR, Med. Res. Inst., Tokyo Med. and Dent. Univ., éInst. Adv. Res. Biosyst.
Dynam., Waseda Res. Inst. Sci. Eng., Waseda Univ.)

Ml 5522 h OB As - BB RE O 1T, HIECWE ARPE IS B 2 Ml W R [ oD 25 8) 2 PR Ll 9- %
ETEETHD, 77 RNA-seq | iLfK%%\é@%%ﬂﬁf&E’J RN 2 A2 TFETE DN MERIE TIE 108

AAELL B> RNA il 23 L, Z3EHLERICEIT 5 a2 A R EhRMEICIREDR H > 72, MEEEE O 2
*aa%mﬁf'ﬁ ﬁ’iﬁ‘éfﬁﬁﬂ]’@‘é I, &A /7 v b ZEUBHZE A L 72BN S AR AT R Th 5,
ARHFFETIE, Fex BT L7 mEEZME 1 M RNA-seq #4ff (Nishimura et al., J. Biosci.

Bioeng., 2023) ERAE L LT, SalEHRITIZH LK1 > 7~ b RNA-seq L& ST LT-, RIETIX
1000 HlfaAH Y OB R FIE D B EHERIIC cDNA HilR & & — 7 v A% FATT 5, ATFEEHAVNT, X
I OHIFEIEFR (23T A B3I A 10 MR T 8 MBS L, RH, &EEiE, X F LR IREICE
59 28 FREOFBI BB Y = Z2FIE LTz, & bIZid, KiBEUSOBEBEA~ORFIEOYLR
EHED TS, AEMITHME A BB LIRS, XA b0 VR EOEECHICERT 5 Z
ENBFFSND,

Understanding gene expression dynamics during bacterial cultivation is crucial for controlling
bacterial population behavior in growth and material production. While bulk RNA-seq is a
powerful method for comprehensive gene expression analysis, conventional approaches require
RNA extraction from more than 106 cells and are challenged by the cost and efficiency for multiple
sample processing. Technical innovation compatible with low-input and high-throughput RNA-seq
was essential for tracking the entire bacterial cultivation process with high temporal resolution.

In this study, we established a low-input RNA-seq method suitable for multiple sample analysis
based on our previously developed highly sensitive single-cell bacterial RNA-seq technology
(Nishimura et al., J. Biosci. Bioeng., 2023). This method enables direct cDNA amplification and
sequencing from bacterial cultures equivalent to 1,000 cells. Using this method, we tracked gene
expression during F. coli growth at 10-minute intervals over 8 hours, identifying characteristic
expression patterns of genes involved in metabolism, motility, and stress response. Furthermore,
we are expanding this method to other bacterial species beyond . co/i. This technology is expected
to deepen our physiological understanding of bacteria and contribute to industrial applications
such as biomanufacturing.

bacteria, RNA-seq, time-couse analysis

REBELFA - M)IIEN (masahosokawa@aoni.waseda.jp)



iBEE 5 - 5E102
WEHEF 3 H 8 H 14:15~15:15, BELIT : RAX—REKESL= T E

INAIN=AXRT N A A= 7 BT T VERA UTo @ AEERR I S AT A

Detection systems of overproducing microbial strains using hyperspectral imaging and anomaly
detection model

O EA 13, Il 18 Ju)Il fit 23, R fEZ 23 =0 I 7 V2 RSk, 2ERMTE - £ 7 1
TR, 3a=R 3 NV —FEERIREETIE T )

OYu WATARI!3, Shun FURUKAWA®3, Wataru KITAGAWA23, Takehiko SAHARAZ23 (1Konica
Minolta, Inc, 2AIST, 3BRL, Konicaminolta-AIST)

WA L DWEAEZ FERET 5720 . TEOWEAPEREZ AT DAY & 2RI % T

ELEMBARRTH D, E$®Lh¥1%®L% 0 KRB OWURENRERK T A7 T U —
DOVERNEG L0 DT A7 U =06 B O 2 03170~ B BRI 9~ 5 Bl o 52
LEESTETND, NANRN—ART hbA A= 7HSDIE, HERGEDO AT MfE#HE 1 B
7B NVBEAL TG T 28 TH Y | Al LA GOE S 2 & TEMNMAEY O BEIRHATRE L 72 5, KR
WFFETIE, HSI & BT T VMG D78 LA > 27 L OBHFITE Y #7, FFiZ
AU b FexUfgig (PHB) AERBEZRNRE L TABRBH Y AT AORBEZFHI L7-, £7. 28~
7B —%Eieay b — URRASEREM BICEAE L, 200 EFEEO 2w =— 2 FIZER S E Tz,
w’\A4ﬂ~z&&bwﬁfﬁémwf*m%:m*—®&%x&&%w%ﬁﬁﬁ4m4mMnm
DIEHRGT T CTHE L, BE OV EE SR EREZ RICRERMET VAMHEE L, 612, F—
DFEREEH LT S 72 PHB AEfEKE 2 b e »—/I/HE@ AR =— DAY MVEREL, 5
WREET VICHEH Lz, £ORR, B LHES 3w =—(3 93% D IEfEZ T PHB A pERK & —
BLIEZ b, KRURAT AREWVIEE CIEMMAY 2 AR TE 5 2 ENEIES Iz,

To commercialize microbial-based production of substances, it is essential to develop techniques
that efficiently create microorganisms with the desired productivity. Recent advancements in
genetic engineering allow us to construct large-scale, comprehensive mutant libraries, thereby
increasing the demand for techniques that efficiently and automatically detect target mutants
from the libraries. Here, we developed a novel microbial detection system combining hyperspectral
imaging and an anomaly detection model (ADM), and evaluated the accuracy of this system using
poly(3-hydroxybutyrate) (PHB)-producing Escherichia coli as a model. First, reflection spectra of
approximately 200 colonies of a control strain containing an empty vector were measured using a
hyperspectral camera in the wavelength range of 400—1000 nm. An ADM was then constructed
based on the mean intensity and standard deviation at each wavelength, and reflection spectra of
both PHB-producing and control colonies on the same plate were measured and applied to the
ADM. As a result, colonies identified as anomalies matched the PHB-producing colonies with 93%
accuracy, demonstrating that this system can automatically and precisely detect target colonies.

Microbial-based production, Anomaly detection model, Hyperspectral imaging

RIREMLE  EEH (yuh.watari@aist.go.jp)
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L, #YRIGEIC L WV ENOEFEEE R Tnd, FEH LI,
FREREE 2 AT B v —OEEEH S 5 Lo B, BN
BT WA Wty X BICAEH LT
ToT&7 BRI T 2HROMFEWEDH B, GVE
EIEIEN D b DL, 45T EKI300 LT oA ILEW TH
L. BEMEIZL > TCINEZEL, #@YRSEYT L. &
HHIL, ZoEOR L, TabbRAAEELD LAY
WIEIER T ARTEAS IS L7z F72, WA RO
BHALEWZ LD L IIZZHELTOLONEANTH - 7272
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