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PLO1
Toward Understanding the Unified Mechanism of Protein Aggregation
Yuji Goto (Institute for Protein Research, Osaka University)

Although aggregation is one of the most important properties of proteins, aggregation has
often been an obstacle to studying the structure, function, and physical properties of proteins.
However, a large number of amyloid fibrils associated with over 30 amyloidoses including
Alzheimer’s disease and dialysis-related amyloidosis promoted the challenge of studying protein
misfolding and aggregation in comparison with protein folding (Fig. 1). Amyloid fibrils and
amorphous aggregates are two types of aggregates formed by denatured proteins. Nevertheless,
the mechanism of amyloid fibrillation and, moreover, the relationship between amyloid fibrils and

amorphous aggregates remains elusive.

To study amyloid fibrils, we
FOLDING

developed several types of unique 6\ b @ = 3 @
techniques. First, to visualize amyloid 3 Gaa .

fibrils, we combined total internal \ R ETTEERMATION

reflection fluorescence microscopy ﬁ ‘ 3

(TIRFM) with amyloid-specific thioflavin h o L

T (ThT) fluorescence (1). With this

approach, we succeeded in observing the Fig. 1. Models of protein folding and misfolding.

growth of amyloid fibrils in real-time at a

single fibrillar level for various amyloidogenic proteins including B2 microglobulin, a protein

responsible for dialysis-related amyloidosis, and A peptide associated with Alzheimer’s disease.
Second, we showed that ultrasonication is one of the best means of accelerating amyloid

nucleation and thus the formation of fibrils (Fig. 2) (2, 3). By combining a water bath-type

ultrasonicator and a microplate reader, we constructed a HANdai Amyloid Burst Inducer

(HANABI), which enables a high-throughput analysis of ultrasonication-forced amyloid formation

of proteins (4).

Third, calorimetry, one of the most Thioflavin T asonm THT fluorescence o,
Ho s, £ Fibril formation
O
powerful methods used to study the \\\‘ / t. (min)
+ - k- 0

w18

proteins, has not played a significant role in

thermodynamic properties of globular ‘A

/ :
_>|<- I

underStanding protein aggregation. We Ultrasonication
succeeded with B2-microglobulin in direct Aj:
heat measurements of the formation of ;::
amyloid fibrils using isothermal titration E:

) =
60 120 180 240 300 360
Time (min)

calorimeter (5). The spontaneous fibrillation

Fig. 2. Ultrasonication-forced fibrillation of proteins.

after a lag phase was accompanied by
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exothermic heat. The results indicate that isothermal titration calorimeter will become a
promising approach for clarifying comprehensively the thermodynamics of protein folding and
misfolding.

Our results with various unique approaches indicate that the solutions of denatured
proteins are often supersaturated above the solubility limit and ultrasonic agitations release the
supersaturation effectively, excluding solvated monomers to form fibrils. We suggest that amyloid
fibrils and amorphous aggregates are similar to the crystals and glasses of solutes, respectively,

and supersaturation is required to

—
QO
S

(

form crystal-like amyloid fibrils. MetmotobiNty curves

(Blue) without agitation
(Red) with agitation

s
\

We propose a general view of how Amorphous

aggregate
the structures of protein and

peptide precipitates vary

Short peptide
1 iy Sojyp
: , 0 = —*.—(ﬁ “0ility Timzg
dramatically from single crystals Small protein

log ([32m] /mg mL")

IS
Protein concentration &

Ui

¥
Large protein

to amyloid fibrils and amorphous 1 R;
0

aggregates, in which "solubility" 0

0.1 [NaCl] /mol Lt 1 Conformational uniqueness
and "supersaturation" play critical

roles (Fig. 3) (3, 6). Fig. 3. (a) Phase diagrams of p2-m at pH 2.5 depending on the NaCl

and B2-m concentrations. (b) General phase diagram of the
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ILO1

How Chaperonins Fold Protein

Fumihiro Motojima, JST-ERATO Asano Active Enzyme Project

Although protein structures are coded in their amino acid sequence, many proteins cannot fold
spontaneously. In cells, the various types of molecular chaperones contribute to assist protein
folding. Chaperonin GroEL/GroES from Z.coli is an essential molecular chaperone and one of the
most studied molecular chaperones. Chaperonin GroEL binds various denatured proteins to
prevent aggregate formation and assists their folding in an ATP-dependent manner (Fig. 1).
GroEL binds denatured proteins at the hydrophobic apical end of the central cavity. By subsequent
binding of ATP and GroES to one ring of GroEL, denatured protein is encapsulated into the cage
capped with GroES and folding reaction occurs.

To explain the efficient folding function of chaperonin, a number of mechanistic models have been
proposed so far. In these models, denatured protein is assumed to fold freely in the chaperonin
cage lined with many hydrophilic residues. One of popular models, confinement model, assumes
that the conformational restrictions of denatured protein in the limited space of chaperonin cage
increase the energy of denatured state and accelerate protein folding. However, we found that
denatured proteins in the chaperonin cage interact with the hydrophobic interfaces between
chaperonin subunits2, The finding that fractions of denatured protein escape out of the cage
suggests that denatured proteins are loosely tethered at the hydrophobic interface (tethering
model).

To know the function of hydrophobic residues, we performed complehensive mutation analysis
and revealed that hydrophobic residues at the interface of subunits and at the upper half of the
chaperonin cage are important for both folding acceleration and the retension of denatured protein
in the cage. However, important residues are different for substrate proteins. The analysis of
conformation of denatured protein by fluorescence resonance energy transfer (FRET) show that
denatured protein is extended in the chaperonin cage and is not largely extended in the cage of
less-hydrophobic mutant. We assume that weak hydrophobic interactions between denatured
protein and the chaperonin cage wall destabilize non-native hydrophobic interaction and enable to
form native interactions. It is known that some proteins initially form non-native hydrophobic
interactions and their spontaneous folding is trapped (hydrophobic collapse). This model can

explain many experimental resuls and seems to be reasonable.
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Fig. 1. Tethering model Iﬁ ;
Denatured protein (thick grey GroES éiﬁ In-a_age (:). }
curves) bound on one ring of GroEL 7Ty i folding

is encapsulated upon binding of 8 -~ tATP H

ATP and GroES. Denatured

proteins in the cage interact with @ f‘/\g'
escape
hydrophobic residues of the cage GroEL L ) é

and 1s expanded transiently at Tethered

different positions (tethered intermediate

intermediate). This intermediate proceeds to the folding in the cage (in-cage folding) or the escape

as denatured protein (escape).
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Development of Multi-Step Syntheses of Industrial Chemicals with
Integrated Biocatalytic Key Steps

Harald Groger
Faculty of Chemistry, Bielefeld University P.O. Box 100131, D-33501 Bielefeld, Germany;
E-mail: harald.groeger@uni-bielefeld.de

Multi-step one-pot processes represent an attractive synthetic concept for the improvement of
overall process efficiency by decreasing the required number of work up and purification steps. By
avoiding such time-, capacity- and solvent-intensive process steps, multi-step one-pot syntheses
contribute to a significantly improved process economy as well as to more sustainable synthetic
routes. A key criterion for multi-step one-pot processes is the compatibility of the individual
reaction steps with each other. In organic synthesis multi-step one-pot processes are typically
based on metal- or organocatalytic reaction sequences. However, also organic multi-step one-pot
processes based on the combined use of different enzymes or the combined use of enzymes and
chemocatalysts offer interesting synthetic perspectives. In this contribution, strategies and
synthetic examples for the combination of different enzymes or the combined use of chemo- and
biocatalysts towards the development of multi-step one-pot processes in aqueous reaction media

are presented.

In the field of combination of enzymes in organic-synthetic multi-step reaction processes we
developed a one-pot transformation of the readily available starting material cyclohexanol into the
bulk chemical g-caprolactone. This process technology is based on the combined use of an alcohol
dehydrogenase and a Baeyer-Villiger monooxygenase and only requires molecular oxygen as a
co-substrate. It is noteworthy that the cofactor required in the first step (NADPH for oxidation of
cyclohexanol) is regenerated in situ in the second reaction step, namely the Baeyer-Villiger

oxidation of cyclohexanone into g-caprolactone.[1]

In the research area of the combined use of chemo- and biocatalysts for one-pot processes, we were
interested, e.g., in the investigation of the compatibility of palladium-catalyzed reactions and
enzymatic reductions in water. As an example for such a one-pot process the synthesis of chiral
biaryl-containing alcohols wvia Suzuki-cross-coupling reaction and subsequent asymmetric
enzymatic reduction is shown.[2] Another example for the combination of palladium catalysis and
a biotransformation is a one-pot process comprising a Wacker oxidation and subsequent enzymatic
reduction.[3] A further research focus is on the combination of enzyme-compatible organocatalytic
reactions with biotransformations towards multi-step one-pot syntheses. It turned out that a

reaction mixture resulting from an asymmetric organocatalytic aldol reaction is compatible with a

— 22 —



direct subsequent enzymatic reduction without the need for a work-up step of the aldol
reaction.[4,5] In addition, an organocatalytic nitroalkene synthesis has been successfully
combined with its subsequent ene reductase-catalyzed asymmetric reduction, leading to the

corresponding nitroalkane with high enantioselectivity.[6]

(1) S. Staudt, U. T. Bornscheuer, U. Menyes, W. Hummel, H. Groger, Enzyme Microb. Technol. 53,
288-292 (2013).

(2) E.Burda, W. Hummel, and H. Groger, Angew. Chem. 120, 9693-9696 (2008); Angew. Chem. Int.
Ed. 47, 9551-9554 (2008).

(3) H. Sato, W. Hummel, and H. Groger, Angew. Chem. 127, 4570-4574 (2015); Angew. Chem. Int.
Ed 54, 4488-4492 (2015).

(4) K. Baer, M. KrauBer, E. Burda, W. Hummel, A. Berkessel, and H. Groger, Angew. Chem. 121,
9519-9522 (2009); Angew. Chem. Int. Ed. 48, 9355-9358 (2009).

(5) G. Rulli, N. Duangdee, K. Baer, W. Hummel, A. Berkessel, and H. Groger, Angew. Chem. 123,
8092-8095 (2011); Angew. Chem. Int. Ed. 50, 7944-7947 (2011).

(6) E. Burda, T. Ress, T. Winkler, C. Giese, X. Kostrov, T. Huber, W. Hummel, and H. Groger,
Angew. Chem. 125, 9493-9496 (2013); Angew. Chem. Int. Ed. 52, 9323-9326 (2013).
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From Mechanisms to Applications of Two-component Flavin-Dependent Monooxygenases
Pimchai Chaiyen
Department of Biochemistry and Center of Excellence in Protein Structure and Function,

Faculty of Science, Mahidol University, Rama 6 Road, Bangkok 10400, Thailand

Flavin-dependent enzymes are among the most versatile redox catalysts found in
nature. To catalyze monooxygenation and other additional reactions, flavin-dependent enzyme
employs a reactive intermediate, C4a-hydroperoxyflavin, as a key agent to incorporate an oxygen
atom into substrates. We used combined approach of quantum mechanical and pre-steady state
kinetics to elucidate the mechanism of oxygen activation to form C4a-hydroperoxyflavin in
p-hydroxyphenylacetate (4-HPA) 3-hydroxylase (HPAH) that is a two-component flavin-dependent
monooxygenase consisting of reductase (C1) and oxygenase (C2) components. Results show that
the first step of oxygen activation is the proton-coupled with electron transfer and the process to
form C4a-hydroperoxyflavin is almost barrierless.

HPAH is an attractive enzyme to be developed as a biocatalyst because it can convert
several phenolic and catecholic acids into bioactive 3,4,5-trihydroxyphenolic acids products.
However, the bioconversion of p-coumaric acid into 3,4,5-trihydroxycinnamic acid by the wild-type
C2 is not very efficient. We therefore engineered the active site of C2 and found that the Y398S
variant is more efficient than the wild-type enzyme in the synthesis of 3,4,5-trihydroxy cinnamic
acid. Pre-steady state kinetic study showed that the Y398S mutant binds to p-coumaric acid better
than does the wild-type enzyme; with the same concentration of substrate, the reaction proceeds

more into the productive hydroxylation path instead of wasteful flavin oxidation.
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Website: http://www.sc.mahidol.ac.th/chaiyen_p

Dr. Pimchai Chaiyen is Professor of Biochemistry and Deputy Dean for Research at Faculty of
Science, Mahidol University, Bangkok, Thailand. Her research interests are in the broad areas of
enzyme catalysis, engineering and application. Her group studies flavin-dependent,
PLP-dependent, redox and aldolase enzymes. They have contributed significantly to the
understanding of many fundamental aspects of these systems, including mechanisms of oxygen
activation by flavoenzymes, reduced flavin transfer between proteins, hydroxylation and oxidation
by flavin-dependent enzymes. The group utilizes kinetics (transient, steady-state, isotope effect),
spectroscopic, computational and structural approaches to investigate enzyme catalysis. Their
research also includes enzyme applications in biocatalysis, biorefinery, bioreporter and drug
design.
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LEBREICIEHE~EHT Vem OBRMNELTNSS, ZIICBAERED U —ZHALTEEMF
DBREZAETDHELIEFARETHS. TIT, AL, RNIBRICERZENMLUIZEZITHEIZED LS
HERANMENT, MBASNEZOHIEIE1—F—3aL—3> (Computer Fluid Dynamics) [Z& 52
ERETICLI-BEBEEET oz BAMICIK, EBNSORESf, BESM ERSHZEHE Y5HIC
L, REMGEEERICIE RR BEODADRENRL/NIGLIRICEFTTHIENTES:.

Fi, FELE-EBOMAMELTRFHEROBRLEZOREANECEBORAMESELUA—

IFWICKDFAZVLEABBO RSN ZTL, BRERFHVELTEREDRICE 1[375‘;..\&')‘91’1,73(,\
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CEVPEBRAICEERZEORENES EBOFEFENBELONLGENIEEZBALMNILI. S5I2, EBXRE
[SIXBRIEIEA Y — TSN, BIEFEUELTREILLTVNAIEESNY Y, BREREITHEELLTO
REMPCTH AN HRBENEEHLAITH K-

2) RAEBERABRAEBEORT—ILTVT

BEREHEOBEESAUIL, —RMICHESH-UYET L~8F L NEBT AN ROONS. B, NE
HENEL TR 60 L QAR E CREMEYMRFORAFRECEBOMAKS LUVa—E—, &, Btk
EDOREEBIGATEIEEICHREL. TD#&, EEHAHNZE 500 L/hr ITRT—ILT7VTEFTL, BEIC
2,000 L/hr DEBH#EELHRRBRERE CTEDEEICLH>T, EROEERISGOERIIABRMEELTRAR
B AROMAERE HRORERREZTL, BREEICHERENILEHRELEL. 30I2, BRZHTH
BAELTLEBOFEEENBLEONTBESHIREELGEVEBMHERL, BHOESIUEERMELT
REREE N EEEFLT-.

3) ERAELESHOEETIDEHEHETOUMRE

2013 4 12 BIC#Ett /@ HEBE 3 THIC, 885, 000 L DNEBEEHEZRITIIBEIBTI L. KEESS
CORBHMELTIE, BROGRESILSEIERTHLEIL - B BILEERB - MHEILI-S5A U BRITE-oTLNS.
FRIE ZIEZERHIET 572012, FERHKELUVREIEFDIVIOERE R DBEREURELRYKRELZAS
TRELEREIRICRASEARAEEFRALTHALIEEHLTEHILET, BEHRODEETHSIL YL AT
B TOERERERERREITTAIENTELSIUEBRTHDS.
ASAOTHELLZRYALECDOBERELTIE, EROMBBRBEDAIZEDBREEICHAT, BUZKDE
BEH2/5(ZHNFIL, MBRDORLEEH1/8, E4ID CORELEHN1/10E Tz 5N, LEY QMM
ERENEZREFSE, HIC, FEROESDRELFRBTES:.

APRIE, BHEREFT@/ N ARS—DORRICE->TEH, BoHE
LEVORKOCLEVOREDREGKAZENDIEE THEICAL
L, #I, EIfAKPAERGEDEE THEEICHGIEN D
& BN HOBREE M T2aRBERHEREFNETEHEN
HETWS. ERICASAOTRELTWAERBEER 1 TR
T. RIS, REESAVICKVEEINIBEROMEELLT,
KYITLy o aTHY-TOREEZBRTESIRIZGS-2EM
5, PERDERENM LTELEEZ TS,

120ml 300ml 450ml

B TASERRERFORKCHEY, On) 2FwE.-a B XASERREZENALLESR

RIBEMRA EMAE1I=vhbR BEAKRZE E+EH

BiZ, FURKFE PIBABMBIIRICTEER, CRAEE, C2IC

FRHOEERLET.

(51 FAXHK)

1) FLEZT, ARG EERTF MERE—B, A% — A+HEHHE—N, EHTE KREERICLSHE
BHAEYRFORE. BARRIFERE, Vols, 3, p123-130, (2007)

2) K.Uemura, I Kobayashi, T.Inoue Inactivating of Alicyclobacillus acidoterrestrisin Orange Juice by high
electric field alternating current. Food Sci. Technol. Res., 15 (3), p211-216 (2009)

3) HEHIFE, M Th, HLEEF, RIBLEH XRSEFRNLEBICETLEBRNIOEESTOHEN. B
1RERER, 71, p21-32, (2007)

4) YAIVRTH—5L Ty BaOEMERERM p359-366, IBN978-4-916164-93-3

I JEE

H EZZE (W oz 7= L)
1993 F BKBEXPEFMEMZE/RAE BHRyHa—RL—a3r PRAEAA/2001E K
RERFREMRERFARRETRIRREET, B (BF) /2008 F BWARyAI—FRL—>3a3>
PRFER TR ry—/2013F RyAhHyROT—RIENLYIH DRMEHREEFHSICE
SULERE) /20145 LHEIXEXRFARFR EFXRERIFERZEEX MTERE) REICES,
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AW02
E—-lLamErRtEt~0—EL-REH
HuRoE— Lk &t

EAEDROIZAWVE, TO20ay h T A RBE—LRLTEOEL I ZEHET S, @ixe—1
DAL ADFERZF 72T TR, ZOHEL EDMCHRERIZE -1 OB L S ZHEN BB
ZDEERFETHD, JAICETIHEIENADE—LEHICE > THLS D, ZLTE LR
MZEFLEN TWAE I TH 5,

E— /WA ORERRIK - & LTI RERKROEAE, &y 7 HREKS, B — L FOREET AR ETHY |
AR, TBE. BERD PR SN D RAE SRR EDRHERE L L THbhTnD, £,
E— AR ENDZOBRME TEB 2D L Rx 4w « 77 AOMK, iEibiE TORI O, AREE W\ PE
S CIEEE Y — S — MR L HE TH 5,

YHIIE— L OB T 2RI OV TR AHAICERA TE 72, ARITZDOHRTYH, B
TRTOE— Ll Em B, A Ic@\n- B — L KREDORZ., 8EE TOIMIEIR L2 F283
HAEE— NP —N—DR%, Z O 3 RITOWTHRHITT 5,

1. BgEITRTOr—ASEmNEE

REFHFTDHZLICE > THOLOEEE TRy, EREZIESCT I B~ LEERE OB L L
THAET H7ET TR, E—=LDOFYRMH, Z L THRICHRELSEELTWS, E—LDjEict > T
REOEAEN T T ASr, BEB~A T AR EE A5,

E— /L REITEE T 2~3% L IFEZ A < B, ORI O R EILY / —fg s 4L
A VEETH D, IBIERITREIE TR B — /L T COMEA TR TRIL S aR D OB FHm RO &L &
SIEZ T, FHIEFFLOHA, V) — VEBENEEOBREER T 9,12,13- Ve ket s 25k
fz (THOD) L7220 JaffbaEbI 2 ENMbNTWD, xR — L TORRE E, §
Bl A i 2 ) Ry —F (LT LOX & %K) OIEMEE I 2 DAL 2T L E—L
TR LTz,

{77 ARG OEFEIXRFORE Cha IS ivh, BEREORBBEMESCZ Ot o WE %
EBEZHEEAESMOBREITEELEHEE CH L, BT, HEROREZMEL HWRIFESE 2 A
22T, HOREMECHRIFICLDEA-DEPEA THIAFLNEEZZITIZ V), S0z
R EZEREOESWEHERNS D Z xR L, AT & LT,

FIVEFEOICT T AL e 5 EABEITBEEME D SV, B X —EFHO O v U —Hilf#H
AL, MEE TR TR OEAFRDOE WA LROZT X LX —2HEiE(k L7z,

EREERFET D = A BREHRTO 2> THIAEE— VT, FEBWHEO 7= DEERFH KO EAE 5y
R DN T RIE ST E— VO R b 2B b X85, Z OFE#EIT Proteinase A (LA
T PrA & FKiD) EMHINEEROFECH SOOIt ~RH SN D EEbh Tz, T2
FERERR SO, J8% - BB P O SRB RM0F OIRE, MR X - THRAKRL O PrA TEMEIT R & < 2L T %,
FRED B — N LEIZ 3\ T PrA EH OIRWEERE O R - BESCEER O LA E Z LI WEB A3
Bk L OMHE TR CEA L, WO PrA THMHARZ K5 LTz,

2. HEFHLIENTE—VREDORR

AR O Y KREOIRERILITERL 2B ST 5721 T, FRoBLEZFIETRRTLH D,
WA LR & FEF T, TS & FWRIMAMEO M B2 BRE U TR KR EBEER Y GIEERL %
e 2EEE U RE /A —¥ —1 (LAF LOX-1 & #id) OV LOX-1 VAZERAZER LT, BT
MDAV —=2 75 LOX-1 DIEMEEZ R BRERZH AL, ZORELZEAN LT KREZ SR
BRICHWD &, REZOHLOTYH, BESHLLZFIZBOTHRFLNM ETHZ & &2EER L (K
1),
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2001 2LV, Z® LOX-1 L AE & b5k

oMo BT T B /LB LT B LR A B

(CHAT BTN FHDOF AN F 27 KL N s NED

DR TR LLHEREIC LS LOX-1 LAK 1Lip°xyge"ﬂse-1 [ moxaLx
FOBFREBIE LT, ©— A OE O mwmvwﬁgf fa

%Z%-> TCDC Kendall] & 0 5 [l 5 LA 9-41POD gm

IZ&Y TCDC Kendall] OB REFH, THGD 20

7> LOX-1 L AHE % 7T RO BRI R e N N N
Uiz, Z0% = ORIIEH F 4 TO/ERER i R

Bz ot LAb kWl LOX-1 L 2 &4fE [CDC

H1 aEb5ELOX-10BFE (A BEULOX-ILRESF - KEICKDEEHAEBR DAL (B)

PolarStarJ & LT 2008 QEG: Dl:'l:' i?ﬁ%ﬁ% Hj],?ﬁ L 9-HPOD: 9-hydroperoxy-10, 12-octadecadienoic acid
. N[ 4y =] Stfn N - THOD: 9,12,13-trihydroxy octadecanoic acid

o Dk, AMRORREEDIHIAS =00 gg: gsonn@smmnntm

5 10 4EDL 12 #%7- 2013 £EITIEK) 17,000 ~2  BUER2: RETOLE (KET6%HABH)

H—)b &N D KIRAE 35S SHRIC B2 LT,

3. AP —N—DRR

RS TR DA =T E— L OWENEERTE DR — Th D, BBt E % He
Fr- M ESEA720DICEE— N2\ OERT 2 —"—OHERITEETH D, ——DHEREE
PIHBICRIZN TV RN E E— LD EIX S B AAF Y RCWRIC b EEE L KIF, IR ikEE
TOTHHEND D, BHTiE 2002 4 L 0 | & EEME D — S— D HIER Sy & EHIRIC A L B
DOYEFRIEE CHfFTE L, Y — "— ORI /IREZMEFFT 2B DA — L IWEEH S AT A [y
Rev L2 5a) #EALR,

VAR Z OV —"—Z W B LI RE A L S B b 0 2B Lz, ZhE Tlaffito s Xvize
— L CHRE SN TH 720, fAEE 90 JEE 2D 2 & T T ABERPER T I ~afH T35 X 5%
BLE (M27/), Zhickv, farhid
RO B — LRI O“h MR 7L< 720 |
T A D BLE | RIR ORI EE K
DELHMFEIELIZENAREERS T
(K24), EHIERTeZ &N FHAE
LxZO—MHETHEHFELORWE—L
DELDOD LIl oTo, Y ——%
HH 7T ARRIREHE & HIZ[—7
=7 MEAEE—/L) & LT 2014 R X A
DRI ~EAL TV D, M2 #HEHY—N—IcEbagsmnEng

& JEE

Bk | (ot s 72 L)

19874 FEMRFEFHEN LFR2EE

GRS AR =R ey 2 1 S W S N

199 54N 9 64T T — ABEEHINESEOTD KA YL %
201493 XYy Re v — U lifliGlLE 7 v T THFERTIC TEES
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AWO03
MR ETE A OB & T DREA

FERR R FE R I FERHS A A R E K
FEH FEE

1. [ILBHIZ

A AL T A FAR & L CERE T DFSE L REODUT T, & VN B OB B ~ O BhiE R
WEDOTEROEEMRIT 2T o7& 25, B2 EA XU & T H24EMICEBICFET S THlnEE
Wk AT LDHF ) MER] BRSOV, THIBFRE TS (Cell Surface Engineering) | ##2WE L
7=.Chemical Engineering News THI L\ WA AT 7 /v Y —if7eEik HilaEE TZ2OB%] O
SE LTCRESI, 7 A Y I 0FEN G T7— 2 7 (Arming) #fF ) &0 5 TFF817% (Arming Buddha) |
AU T4 B s ST, BUE, R O, BERE 2 0600, i) - B 7 E OB AN LM EHZ LT
MHfEEE T 1%, IS B ISAMIC L IR CIFA S T& T 5.

2. MREREZ L NITBEDOHLOEREFEROFR LIERA~

Mg~ & o3 7 B ORI IL, S BERE 2 AR E LT, MR A3, B2 5 ORI RSB
DUEEHERINAR B E S F Ch DT INTF = 2 o I B ET ML TH LN Lz, o AT
THRUATDa—T I/ NVF = b aZBBMITRIT 2 a =7 70T =030 0, & HITMInEECR;
A L CIEMEEAL S IR OBRANE N HREEHTED, 20 25045 F 20 L CHIIRBESE /2 5. Th
ENOaATEZII, GP T (FVav VT3 AT 7 FINA ) bh—)V) Toh—fFT7F Nt
HEE SN B BUKMEREINZ CRIRICE L TRV, £77, U v & AL A= E TSIE M EAL & B35 12
370 DIGTENL Y2 OE < NRIEHNZA Y, 2RO N KSR IZBUKIED 53U > 7 )V & R4 11
NS D, M~ T 1 —V U T ERG P 1 7 > h—I%, FASY, HE, BerE, B bl
FLEIZW T2 D FE TR A REAEMICR N SN TR Y, BUKMEOMHELSMNIH £ 0 @R R o7
W, ZOREREBITESRESNTODHATAOG P 1 7 v B —MF 37 Bk, MiflaEsb o
SN TIRFF SN D2, MluBEZ & SEERE e L 0551, S HICMIlIRE T PI-PLC (KA Z7 7 F VL
A ¥ b= VRERIR AR Y 8—F O L0 X SICEIliE 5 1T TRl DR AMNB IS BT 5. b
D—HDOT v AT, MlANTO X RV EDOMEEBIZL D7 4+ —NT 4 > 7 OEB LW/
faz N L= V4 =V A K DEMAEILE KRR A T 14 7 2 237 By Ofas~DPEH > 2
TAELTUSHL T DIFFEHTHD. W 7TV - RE R AL VEBET A Z LIk - T, flix
DEERS R BERZ NI E RAA I EfilREFIR TR T 2 Z LWL RDDTH L. ¥ v
RIBOREBIZBNT, bo L bEN TH o7 4 — T v 7 IEEEMIO FF = 7 V7 i IC &
Roh, £z, 7 7NVF =0 OFEITEFRHIITHEE L2V 5 212, TORBOBEA~—2 (1 0°4;
T OAM) IR L TV D, Lvh 2 OTEMER S & M MBI L T b LB 2D
ns.
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3. F LIRSS O

FROFEICLY, T o7 oot rn— 2 EMASEEELTE RV EmD a0 285 %, %
REOMIfRE CHer LT, MaRE TR FICETOML T, BT Y/ — VA ApE T & S M4 (il
BEABHIE L C& 7o, £, U N—E afilaREie s Lotz Fv <, BRETB Y CRIBED 7 v 7 VRIS
B, BHNOH LA AT —BVORIEZ L L, X F v — [N FxFP—] 235 1T,
PR D T — L T HRBPERM S, 0, MlaREI, KBEREGGEORTH L8, 71 FI 7 L%
ERREDAFT U EIRTEL L NI ERAAL VR ERFTRTHZLICED, KBNS Zh 6075
QR EPEA A v 2 BRERIN T & 2R (KRR O B 217\, KE O E B G R O & KE
WHEICHBLODHD. LT AZ R LT 7 — AN, #Mligil & UTIET 2@ mBEsE
WD U B A 7 VIENL S AT DEATOMESLIZER/R L, BREEFL 72 T <, BIREUOH L SA A
T ) a =R TE EHERIER L T D

4. FHLWF U RIE [Z] 0Pk

BALTZ DNA MOAEFNTELZ ANV BEEMROREIZT 4 AT VAT LFE TareF )T
WeRAFZ o P=T V7] ~bREELTEE. Z< OBARKRMOBIRFIZHERT 27T ROX
VR E RIS, DA Z—T y MOEHR U CHBEfRIT 2 Z £ 3 T &, A L7l % @ DNA
MOEAEFENTE Ml L DX X7 B A OMBLOERE D FICZERFTT 4 A7 LA Sh, filaz
—ODIFHERL LT, 2NV E BB OB THRFFCE, WObAELEE, WEROLWVWOTHLEE
28 R THRBUSBIE TE Y10 T 2 L b AMBRIC AR o T2, S 5IS, 7 2/ BERLAIHT 72 LT, PCR ik
OO LY, 2RI BEDOT X 7 BEAINRIEICRETEDLEWVWH A Y v MbAIEND. 2D XD
2, M TR TICERL, 2 OMAEDLEDS 7477 ) —PbilEaTo2b0E AT
VT A ISR T E DR A D LT, RO LWOBERE Sy +OMInZ, TERRAALHET) &)
HwpnF 77 7 av—68ALT RS FEE (T4 77V =) pBAID1 LD HR~OhF
FHEDTND. ZOFEE, X oV EOEREOMENT A 77 ) =Dz b i Lizy w3y
B O L ERERBIIZERC S ) A2 a— RSN TRV LWARTF R U7 oA Szt
FLOBRARIE L CTE TR, RN T A 77 ) —OIFRAE IR L T2 5% 0 RV B LHEOR 728
Bl—%2 L8 (35 %R L T T 5. BREZ R LT- % < OB REIR NS o R B OfE
BLSOHUA - PUABER ORI A R T D & & bie, BRICKHE Liz#i=72) B> K EFIORA S Y —
=V 7 OEBLCEEIER O T 7 F U ORIEIC LR L T 5.

HEZ Lk K. Kuroda, M. Ueda, Biomolecules, 3, 632-650 (2013)

WEHE - F2E (D277 HHoX L) 1955 A £, /1984 - FUE RS RSB LR 7efl T b
B RFLE T LA 2010 4E A AR, A A U F 2 N — B2 E 2015 4F 0 AR R E 2 E .
BE R RFERFBEEF TR - %, 58N A A5HlE > % — (KISTIC) - 1R
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A-a02
HEERTFRESIIESCFH-TH)E SARS 3CL 7OF7—HEEERD & B & EE M 5E
(HBERKECHELARPE.CE) TOTFA091—T A RKRKEEAT) ORI ' IEREL .
INGRERth ' BREBEK 2, SR °, h)IIBE 4L LTSS, Rk —

QEL:S)

FE AVEER SHIEERE (severe acute respiratory syndrome, SARS) 1%, 21 fH#c#] D # BLURYLIE T 0 Hr
fiozam ) 4 /LA (SARS CoV) MHIEDJRIK TH %, SARS 1 8,000 % 8 2 2 fEH] & 49 800 A DIt
ZH LT A VARBTH LD, WELEANRIGRIEDLTY 7 F IFFE ST,

SARS CoV DAl 1%. SARS3CL 7’15 7 —+ (SARS 3CLP®) AWM TéH Y. SARS 3CLP™ fHEFH
XA L/ P SARS HOE L 720 5 5, FrxlLTINE TOMET, WEES &R DT 2 BRI %
o7 F F7 AT b REBHLEA ORISR & %0 SARS 3CLP° HARD X Bk S S i i pkth Lz,
LT 21X, ZO_TF RREHEHR & SARS 3CLP° & O ASERMEHT OfE FE2 S L2, P, YA N TO
BOKMEA BEAERIZE B L@ 7267 T RERER O A /K & BLEEET 21T > 720 THE 7T 5,

[ 5k - #ER]

T ATV 2 EHREYE & L, Diels-Alder ity E MK R, HFmENZ L0 HFIEER VR R 3
EfGTo, D% OEELEBTRACAIEA 4 & Lz, #ERIBRINTITINETIIERY DT 0
1A RO THHAEEZH G0N LI T U0 A X2 R(ESZIGH L, BRI{bAERY 5 %3
—DTPT AT U A~w—L LTHEE, TO#%, 4 TIRRTEALEM 1 255 Z LIRS Lz, Bonizik
AW SARS 3CLP BHETEM: ;ﬁﬂﬁ%ﬁof_ THDLETHET D,

ot = g™

A-a03
IVRI7ANREETEIRIZVDERHAR
(BKRIREME) OWUAHK, 7)1 X
[H/Y]

T RT7 A NEF, EMICHAETLIMED THY, MEO—FETHHE Y LAXITHAETS
Neotyphodium B-RRE R ENHMOLNT WD, ZORIKEDRELET LT I (DIE, BEDOEHROE
BHEROEIRMGI 25X 2T L anb, LML, ZOEMITZEIMR ST Y, FTxik, 2
7 I DEYIEVEDFE & = OERBEE A R~ X7 I ORI 2 BibE LT,

(7 - w5 5]

RIIVOBEN e 7 o Ra e — L7 I K2 KOT eEeT7F L 3 AW ERER
bzl > T, Aﬁiﬁ“é?fﬁ%jff:o SUERFTORER, it s L CHEAMF > &, ErrbE T UV
EHofba 4 #—FICBHZ LI L TWD, BIfE, B U ke 77 =20 0EANZ L LT
UVDOERERFFTH D,

L deprotection ]\
Br—(\— )3 °
oTBS [ M o uanigin lation Q\(
@\(o 3 N f ] y H)j/ N-mMe
- N2
N » H)j Me ---------- > )
)

! N\
H Me Cu salt

2 4 peramine (1)
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A-a04
LARSrO—/LIEBHRDEREFTDS IR F LS ISR M T 15T
(BRAFABRAESRIRE. 2REV OILERER . EERE ' 8FMA ' BARIGET 2 DfEakk 2

QEED)!

LARTZ hr— Res) (1) 1%, 7 RVOREFEICEENDIAT AR ZEKETHRY) 72/ —
THY | B b, o, REE TR SRR L RPN ERE SN TN D, ZD7D, Res KUZEDFHE
RITREREME R o LB, B 72 E~DICHPHIRFE N TWD, AFZE T, BaiRE LizdAe v
e b 2 F L & T b Heck B & 5 Res B RIEZFIHA L V. #7272 Res iF DO A R & T A
T TV —REEEIT, T VI IVRIIENE R D NS SRR R Al 24T - 72,

[ 5k - KR

Ao Q) EAFLL@)EERATE h= N ALY 7 aaxF5 0w A (D F(EF. HKDMF F 5K
JEEE, Wy T Y TR A BB, 0T, FO—ERICOWTEKRY 7 rno A2 ot ZBpR w3
(& BiAR#EAITV. Res 58K (5) #4372, F£7-. DPPH 7 VB /L% AV T Res (1) & Res FE(IA 5
DT I IABIEERE 21T - 72, ZOfE%, 27, 3,5-(0H) ,{& (Bab) &

3,4,4 —(OM),f& (Bbc) 23 Res £V & WEMEZ/RT Z & 3B 5 f@of:o S BT, AR ETE

PEIZ ST b Al 24T (OH), . i N e
| R Pdcat R BBr: iR
of:@’(‘%&ﬂ:ﬁ—é O/ I/O 1_:: X 3, R1i:<>/\);>
5

1)9ﬂ?$%‘%$%ﬁk AL,

NS 2aR'=35-OMe 3a R? = 3-OMe 4aa R' = 3,5-OMe, R? = 3-OMe 5aa R' = 3,5-OH, R? = 3-OH
B SR AR, 2bR' = 3,4-OMe 3b R? = 2-OMe 4ab R' = 3,5-0Me, R? = 2'-OMe 5ab R = 3,5-0H, R? = 2"-OH
2014 Qg); HA I, 2cR'=30Me 3c R?=4-OMe 4bc R = 3,4-OMe, R? = 4-OMe 5bc R' = 3,4-OH, R? = 4-OH
N vt e, 2dR1=250Me  3dR”=34.0Me 4bd R = 3,4-OMe, R? = 3',4-OMe 5cc R = 3-0H, R? = 4-OH
2P LI RETEE  20R'=2.0Me 3e R?=2,4-OMe 4cc R' = 3-OMe, R? = 4-OMe 5dc R = 2,5-0H, R? = 4'-OH
2f R' = 4-OMe 4dc R" = 2,5-OMe, R? = 4-OMe
%, P. 60. 29 R'= 2,4-OMe dec R = 2-OMe, R2 = 4-OMe Rfsveratrol (1)2
4fc R'=4-OMe, R? = 4-OMe R'=3,5-OH, R" = 4-OH

4ge R' = 2,4-OMe, R? = 2',4-OMe

A-a05
7077_’{\// A [i?// Z@Iﬂmﬁ§$ﬁ¥€mun§kj—é
(B XE-Eae  BR CEURX-AT)OEERM )il &, E+EMEL . FEER ME —

QERED)
77741V A (PRM-A) [I~vy/—Z Man) AT 22=—2 R RRIEG FLAEWTHS.
PRM-A iX Man @ 2, 3, 4 N/AKERFEZFR#T 2 —FH T, 1MBL U6 MKEBIEZFE# L2 s
ENTWDERN, BNBBR FOFHGIEIHL NI > TV, £ 2 TAMFSE TIE methyl
o-D-mannopyranoside Man-OMe) DERWNEEEIF %, KFEFEG ﬁ'é?ﬁﬂf%b ViRERFICER L1 Lo
FERER 1772y, PRM-A L OFERICE T 2BRNBER FOKEZHLNCT 522 L L.

[ 5k - KR

PRM-A i Ca2t F/E FCHEE L, Z DEEARN Man & 8- RAGICELY IATe. BV IAENT- Man &3
BESEARZ TR U CorfiEtk:, TH-NMR 2B 5 ENOREMT 22 08 TE 5. ZodbEkllis
LIZxt L CiT272& ZA, PRM-A 1T 1 EAEG LT
BEEIRHICI Y AT Z E MR S L2, LovL7g
235, Man-OMe /7 FCi&, PRM-A X1 XV
# Man-OMe % B /eAIICE D iATe Z E B B0 &
o T ARERIZ, PRM-A 1 XV ¢ Man-OMe
WXt L CHRLS AR T D2 27" THDOTHD,

Man DERNEEFHIF 71X PRM-A L OREIZB G- L Pradimicin A HOZ X2 9 Man-OMe
TWNWAZ L EZRETAHEDTHD. (PRM-A) OH
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A-a06
REMYE BD-12 £ S GEE FOWBERRT
(BHEX-EWER. *IBIC, ’ E L BREMH. LB XL EEGH.  ERLW)
OFe &FF AL FEZ' R £ ANl F°.H0E ARES HR —8°. BF =+

QELD)!
BD-12 X streptothricin (ST) JEFLAEME D 1 D TH V| [ktE

o) )
H
Streptomyces luteocolor NBRC 13826 |Z X > THAEIN D, ZFDILFHE HZN)kO O(')" Na/“ N
EOFHBIL, N-formimidoyl-glycine &7 X /HENRT I FFEG LTV D N~
M TH Y. FemAB family O~7F K& AL ICARRIM: % 73 ORFI2 u " om

NEDOEGHKICE G LTnd &Pz, E72, N-formimidoyl % /NT@HA\NH

1%, N-formimidoyl FE#AREEFR AR AR 27”9~ ORF2 (2 L » TAABRK S °

N5 EHEZ b, AR TIE, 26 EESRE O RIS ORI 21T - 7=, BD-12
(71 - #ER]

FemAB family OE£#1%, aminoacyltRNA #HE & L TXT7F N4 )(J)\ OH k) i
WA LT %, L T ORFI2 14, glycy-RNA #E: LTBD-200 = (Lo N—ﬂ/Njin
T /ML glycine T I REEETER A M5 & PREL, Mz T H H o
ORF12 Z W TR PUS AT o Tc, ZDfER, 7 I /L glycine 73 HN H
6 LI T 431 27T (LA DI T2 L, ORF12 O~ F 8 hAaj/W
BRIEMEEZ RN T 2 2 &R HPRTZ, & HIZROGHRIZ RNase 2N L7z n
Yo RIOSEWIRE SR o7- 2 & 735, ORF12 13 tRNA K17 streptothricin (ST)
BNCART T REMRZMEET 2 2 L LT L, 2 OISED X, ORF2 23 22— K3 2% N-formimidoyl
KEBBEOKE TH DL L PRINZENDL, BIE, REEEE W invitro f#fT 217> TR0 . £D
IR ROV T HMET 5,

A-a07
TVLSHFYVOREETIRAMI VIOV BOESHHR
'"ERRER.  EEXEKRE)
OfRERT . HAAE . REMIE . SREEG . SHEX . FAH ' BBt ' X)II&RE

QELS)
EEIZB2ET 2=V AT B %Y ¥ (Rhododendron dauricum) /X858 717250 HIV &2 R4 X0 ) &
OAUREAET D, RMeAEWMIET ) 74V VRO T AR UE S INEALEART A Z LIV AERRT D
EEZ DN TWDN, ARHEERIZET 2RI E STV, RO T N~ % R LR
T HMEH & L CREMZRIFZENM T b Dk, BUED & Z AR T8 A FOEREEHRE D I
ThbH, RFETIIF DY 7 v X BEGEIED T 7 — A K

Ol
AF T LT, AAREEEOBE T/ n—=v 7% REt Lz, < /I”“
\T//\/Y\/ NN

" cH,

H

o oni e

[k - K]

TY LTHFYYVEHELD RNA ZhhiH U, FrEDEIEIC L VIR cDNA Z4 77 U —2fEL
7o, Wty — 2 = % —Genome Analyzer (f /L' F) & W ZEFIFENTICHE-S & EST 77— _—
AEEFE LI, IRWT, BT B/ A FEMEEHRR E FAD f A X o 4 —E LT r V— 2R Ti
Sl AV —=27 L 3FEOGEMBEL T 2157, SRS T 2B (Pichia pastoris) (28 A L, fHA
a2 BER DIGPEZ MG LTS3, 1 B DCA AEGRIESRZ 2 — N5 2 & Al Lz, BIfE, M
AMFEOBHUBIOF Y 774 B —v 3 VOV TEERFETT> T\ 5,
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A-a08

ELUEAEIA—RFEADARB LUV IO—RAESEAEOXEE LB ERIT~DIGHA
(EBEX-SHAEY. 2T K iCeMS, "B HE- M) OBRET 2 HWEMAE® HRESRL " T
AR 2 ESNER AASE NERE—° ABE

[BY]

FESH I T AR OB AN TOE AE O 1A R B ML TH 5 13, %@W%%k%ﬂ%mu
THEHE L OHAEHAPEETHDL, TD5y %&L%%%uﬁﬂﬂ RIS 72021, B E A EE AR
DONAAEEEROPUSNEE L 70D, YFEETIE, BL 2 OFS X I ﬂ?é&%@fi@%ﬁﬁ
BAENABREICHAT 2 2 ER LOHERE R 080EMAD/SAD IDICER L. LU GaAFEEZ U W
¥ RDORAERE S & U TR L7 BEH-E R EE AR O X i mEEMr 217> T\ %, 2072
B LU EABEORBEEZITo TE RN, B L UVRTFOEANEIESFE L TEAE L ORAEMET T
DGENHDHE NI MLESTEY ﬁ%k@ﬁAﬁﬁ 2B 2 5 R o R BB A~ O S IR
ERD D, ZOMBEEFERT D7D, B Tf#éﬁ@%%%h%htvyﬁ%mﬁﬁbk
mé%ﬁ@ﬂ%ﬁﬁﬁf@ékﬁz\xﬂﬁfﬁ%?w&Lf@ﬁbt7:~x@%EWMEiw\
NERREE SR Ch o 72 7 a— AFEAE AE AOL & o IiE s b, SRS 28 L <2 ofF Atk
B RREE LT,

[ 5k - 53]

AOL O WSS RE N KR Ch om0 L VR P AMEBOR D550 LV EH 7 a2 — X

FBEARDOEREI T T, W TE L EAHEARLE AOL & ofEMmE/ER L, MAD E2EA Lz &
_% T3 72 B BN RDE H AL AOL ONARKEEZH 6 E Lic, 20L&, 5 D07 a—A s
%u BV EABERPRVIAETNTWD Z RSN, BLEX Y, PR S R C

BHEICHT 2RV UCEGWETA T TV —OFAM%ERH L,

A-a09
D9 R D RF-AIAT IO AT LR & FRTiE D FERI RS %
'"EIWE KT ERATO, 2REAK-HBE)ORRFRE ' B H 2 EHRA'
[B/]

~IVNT 7 V% AT Anaulaciulus simplex.(Verhoeff, 1936, Julida: Julidae)® BAtH1 4341
— I 7R X ) VHLIAMT, n-hexyl laurate & ERk Ay & T DB e = AT OVIREW T
ik &5 (Shimizu N et al, 2012, J. Chem. Ecol.), Z DRI TERE B A PIE R D [k
Eﬂ&f’ﬁft LW Z & ZRRBRIICEFR L TV DD, BEGITZ LIC L RES (LT 55

IZRAT T, FENTORBERZE R 72D, FOBEWICEE S BHE 00, TOMHELAKE T
2.

(5 - R

7 % A7 Anaulaciulus sp. 3 EICECRSHEL LFESN, B3/ e R TR (BREREET
WEHD0) . HKITITk R & L THRETE S, BERN LY ~7 YUY A5 Anaulaciulus kiusiensis
(Verhoeff, 1941)% . KFZEDOANER ENHANANT 7OV AT R ONE T Z @ EINE L, 158
T llzF T 3 L. GCIMS 43#71{(5975 Inert XL; Agilent, at 70 eV), HP-5MS
capillary column (0.25 mm x 30 m, /& 0.25 ym), He; 1.00 ml/min, & 60-290°C,
10°C/min} L7z, ZO#EE., 7V 3 — 85 23 E D 1-hexanol CHERGEEES 43 23 4L €4 lauric acid,
myristic acid, palmitic acid & Z1{t3 % 3*EF”(C6 C12,C6-Cis, B LW Cp-Cre & i) K N 1-0ctanol }:
lauric acid & ¥ AT AL L7z Cg-Cqp EIT/HMATE 7, EARBEORERNLHFRAIITEBRES T Z & 12
2% B 2H . KREILAREOE R CITE 5’* HF LT T Ce-Cra(n=19) & Ce-Cia(n= 20),@{1&1{2!K
MRS > TRETE, 20 2 FHUOFIREICIL, TEREAFHIEZRBOERho T2, FEEREN D72 < Fm
TERVWRY Y~ 7% 252 Ce-Cre(n= 5)2: Cs -Cia(n=1), ZILEAEECIT Ce-Cra(n=1) & 2 5
(Ce-C1o+Co-C)lc £ M= b H v . SRANHENE RO L WMEFREE L Bbh b,
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A-a10
Chemical study on antifungal substances produced by endophytic fungi
(Graduate School of Bioagricultural Sciences, Nagoya University) OEnkhee PUREV, Hitomi ISOBE,
Daigo TAKEMOTO, Kazuhito KAWAKITA, and Makoto OJIKA

[Aim]
Epichloé endophyte is a microorganism that resides internal tissues of the temperate grasses of the
subfamily Pooideae and provides the host plants with fastness against insect and pest damages. The
main aim of this study is to isolate antifungal substances produced by the endophytic fungus Epichloé
festucae 437 (wild and a vib4 gene-overexpressed strains) and to determine their structures and mode
of action.

[ Methods and Results]
The endophyte strains were cultured in a liquid medium for seven days. The culture filtrate was freeze-dried
and washed with methanol. The methanol-insoluble fraction was separated by ODS HPLC to give a partially
purified substance that inhibited the spore germination of the important plant pathogen Dreschlera
erythrospila. The major part of the structure was obtained by NMR analysis. To complete the purification of
the active substance and determine the molecular formula by MS, we are now examining the HPLC
conditions using a number of columns, which are appropriate for polar compounds

A-al1
Streptomyces P\ EET B anthracimycin DS I 50132
'"EIWE XTI, NBRC) OFMA+E . MEAE? E+EEL

[EY]

77 NG VEE  Streptomyces BN EA N EFET D~ a T34 RRARIV Fr X2 A4 RTh D
anthracimycin |37 7 LAREVEE Sorangium J&ORHRANE 2343 5 chlorotonil A & 3, 4, 8 D&
B2 bR < LGB REROBRICH D, Fxr OMDIRD 3EFICKRE < B2 5 EW R Gi% BIEIK %
EET HHNTIES . ZOEGICHEEN b 7oiv7e, ARWFSETIL, anthracimycin O 4G RRRTEEIAR D%
EFNAIERA LA O AR EZTRDZ LI, AAREFRAEHONCT LI EE2HNE LT,

[ Fik - 5]

IXUOIRY 7 A REEERET D720, [1,2-13C) il 2 8525 B hh 48 BEHI D 24 R Z & 12 4
BRI 5 2 & THBEGWIZIRY A E W7o, $538 0K @ anthracimycin (37 % / —/LIT K0 fhiH L,
YUV N T T7 40—, ODS 7L nu~ N7 T 7 4—BIXOWHR HPLC ([Z X v ERIL
72 #E#k 47z anthracimycin @ 13C NMR IZ X W BHRIZETHIRHEK TH D Z LRGN LD |
~ 774 RERIC— RN 7 a B VEBHRETIE RN EARENT, LLEXD ., ED 3 2D AT
NIEFATF A=K THD EHR SN0, [ATFNV-BCIATF A= DORMEToT2E 2 A, VT
NDOAF VY BC O 7T NVOBEBRNEEINTZZ e AT H =k THD 2 RSN,
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A-a12
Pseudorobillarda BHRIRBDEETH R BHEDDIBEHE
("EWLRII K. ? Mycosphere) O TFILIEXR '. =HX#Z ', Olivier Laurence’. T+ jz@ 5L

(QERED)

Fleming (2 & % penicillin O3 RLK, TRAEMITEIERE E U THERICHIZEDN 2SN TEZ, L
2 LiTHe,  Penicillium X° Aspergillus 73 £ ORE N B 1%, BEALEW & BBEET 2 HE RN m< 720 |
BHULEYORRNPEEL <> TETWD, —FH T, ZIRREMD OB E A TV WAES SR T
ZLEEINTEY ., WMEMDOEARENT O N TIE, BiTORMNH 5, ABFFETIE, “RIHEYD
WEBI D72\ Pseudorobillarda JERIRE D & OFHULEMOFE R 2 BEIZ, BEREI OB & AEFED
DAEERRIT 24T > T2,

[ 51k - 53]

Pseudorobillarda texanaMS 9788 % S F X E /o5 i TR L= & 2 A, IRIKEEHINZ 0.4 % DER %
INZ T2 BB L C RAF e AEBENE O BTz, 25 CT 30 HEE &%, HMEREKE 7 X ) —L
MWL, ZOREMZ VTN TAIa~w N5 74— 0ODS AT L7ua~w N To77 4—28D
S L7z, D%, HPLC pBUC KR L, 3 O EWE ST, & kot NMR A~ FL
N HR-ESI-MS f#tTic X v . 1 2138 #E monascuspyrone & [RE S L7213, &V 2 SI3HHHRIE
YCoH o722 L6, robillafurane, robillapyrone, &% L7z, ZNHD O HLEa ALEWTHD
monascuspyrone & robillapyrone [TV 340 % ~ & AFIERAGAING ST-13 DRI ~D 43k 2 758
L7z,

A-a13
HYYERARATFR LaT2 DRIV IR EEHRXDRE
(RKBRE)RBES. OE FESA, TR, BIIE
[H/Y]

LalT2 iZ¥ =Y~V U DOEK L SN 59RO LT F RTH Y & RIEMEZR b ONTHLETE
PEART, LalT2 (X2 DOMiE KA A ko THER SN TEY . N KiEERIZa-~Y v 7 AtEiEs
AL, C KL 3 DOV ANLT 4 RIERICE > TV Il En 2o Cnd, Z0k)
IetEE EFFOXRTF RiIhoW Y UV EHERO L b EHEA W SN TWAENR 3 DDV AT 1 RiEH D4
RERUIZ O W CTEBRAICIRE SN BNER, Z 2 TARIFZECTIX. EEOHEH2 VT LalT2 O ¥ A
VT 4 RO EE B 272572,

[ 5k - AR

LalT2 O ANT ¢ RiEEER-T2FE £, CNBr, hU 7> Asp'N [ZL-» CIEXRAE L, Cys
PRI OBCH 2 RO LTz, 15 DAL Bl &2 LC/MS (2 &L - THbr L, 1 FHOZRERRZ Tk
ELZ, ZOHHTHEE. 2250~ 7F F (CEDHCR & DCVCS) M 24D A7 4 REEAIZ X D28
BINWh bt s, ZoBFoS 525 LIIRETH D LB 2, B 5 8EREZRF> 2
P OEMMEAEME ZNTIULFEAR L, MSIMS ST L 7 T 7 A T — a v Ry — 2w ik
52 CHRBHRROIREZR AT, BB R D 2 FEOTF ROGRIZIE, BRI AL
7 4 FEEOEMBPLELIRDD, ZNEERT DT-OICRRE5MTHRETE D Cys ISR ERL %
AWz, LSO MSIMS 79 7 AT —a vyl LR, ZoMIicaEns 2 #Ho
ZEERRENHIB L, LalT2 OF R TOYANLT ¢ FEBHRKEZRIET D Z LN TET,

. i i . ||
AKKPFVQORVKNAASKAYNKLKGLAMOSQYGCPIISNMCEDHCRRKKMEGQCDLLDCVCS
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A-p01

Darzens RIGZFFIALI=RKARSIVALILEVEHDODEERK
(R RREGRRE. 2 KBEEinES) OKBFE'. A0 FH2 /MHFEK'. FAHER. 2FEq .
B A

[ERY]  Rubrobramide I R5E2FEED—FTH D Cladobotryum rubrobrunnescens DEEFEWLH & HLEf
SH, ¥UADY CoNERMEAME L-1210 26T D laEE %2 AT 5, £7-. Flavipucine (X [FEH X
Aspergillus flavipes 7 DHEESNTERY . 77 LMGHEEI KOV 7 LRI 2 HUETEEZ 6 O,
ExIZINETIZ -7 BEB-ST b7 I KL TV AFY—/L & D Darzens KL ZFIH LIZHHE y-7
72 LBHRICERE L TS, A AROSEFIHTL2Z2 LT o-72EBR7 FTIR 1 BLU 3
725 Rubrobramide & Flavipucine & N ZNEKT 5 Z & ZFHHE LT,
[ 5 #ER] £ 07 mETP L ETIR L EA Y TFAT VXY — VL% y-F 27 % LB
BOSIAT L, y-F 7 Z  2 ZER LT, HitW\WT, BbHivle 2 % p- MV RV U TTARLER L
71(‘: 5 A=) ORfRE L L HIT 3 DOMEERMEIEN —ZIZE A S 41, Rubrobramide % Ak d
WA LTz, EBI2, AL 78 IERE2 B LI21%, VCD e X7 U7 4 —1EIC XD
ﬁ!ﬁlﬂ“/ﬁ‘ﬁ“?*‘@r{ﬁﬁﬂiﬁiﬁﬂﬁ%&mﬁ‘é 3:75>“Cé°f:o — .7 X N%& Boc Z& TR L7-3HE 3

A TTFNT ) A — b -
. 0 =0
DFOGEAT 5 & Darzens i Lo o EtsN T b TSOHHO Pl
N \&/4 T :J R ‘: S CH2C|2 N 0
0):77’:7/5;LTT L. N R WNHZ THE/H,0 = 10/ HO N 0 rt 19h
4 35 B v7z, PAClL(CH3CN), ] 2 (2 Sieps) (£)-Rubrobramide

rHWTILAE 4 O X —v

Y Boc REMEKMRET B L, I 5] ¢ E'SN ° foo PACACHION) Wfi
BAL DN —#5 L Flavipucine R8O FIH,0 = 1041 O HN 50

acetone

A TE T, B°C 67%

FIawpucme

A-p02
Inagami-Tamura EDLF (Endogenous Digitalis—Like Factor) D& BbL ML
(BRIRESRRE) OBAERL.MME . wEIHEX, PIFHX

[B]

Inagami-Tamura EDLF (Endogenous Digitalis-Like Factor) (3Ff E « HAT HIZ L > TU ORI L 0 Hjf
SNTEWETH LN, /JBONTEDODIRIDIZORIZEITIH &I > TV, ZOEGMIE D A
HeEMEE (1) Z428 L7y, 15,16 MOKEBEOEZEON BRI AT AAOEETH D, £2T
Fex i, R SICE > TIRE SN MEE (1) 26 &ICkkx R E %2 5 LIEHFM 2172 Z &1
X ¥ . Inagami-Tamura EDLF O EOMEELZH LT 2 L2 B E L CTHFZERBRLA L 7=,

(5 - R

INVE VBT T NS REGICERARESRE KaXx T 7 ho 2 (T8 K ZHW4 1M Heck X
T X o T. 89-trans-7 7 b 2 3 #1572, fi < Friedel-Crafts B 7 /L X ALKIGIZ L U B BRBAEEZITV,
E BT 7 BeBED S 8T 15,16-cis- A — V& T DEAE 4 KOS 157,

OH

YO0,
———————————————— @ ®OH OH
HO

. intermolecular
' Heck reaction

4 (0-15,16)
5 (p-15,16)
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A-p03
SOFAT-HMQC NMR ZRWV=IEATaA—IL B ISR/ ARIZKADTIOAF B DiEREAEHBEORIT
(FEARRECEEEBRIOEAREE . HLE—E ' ®FRE—2 AT

[BEW] 7Ayong~—JF (AD) OFRRKHELEEZZ LN TS 42 FHEOT I K B X8

(AB42) 1%, WEHET 2iBFE CHRMIBENE 2 R, A/ N —T 13, BT a— I EiEE AT 5
TIR)ARTHLIZAXT 7+ UPHEBBLENT oX /) UREEKL, AB42 @ Lysl6 & 5%
Lys28 &~ A FNAIIMAZ BT 5 Z L2 kD, BEEEZMG T2 L 25N L7 (Sato, M. et al.,
J. Biol. Chem. 2013, 288, 23212). — 5 C, W7 a—WdEs bW 7 3K A4 K (£FV v, X¥F
vFr, FrTvoa—L) b AB4A2 OEEEZ I L7223, T OREMGIEEOEMIIAA2EE TH
STz, RBFFETIE, ZHODOIEDTa—ART TR ) 4 RIZBWT, B BROKEBREDONER OO
ABA2 BEEEHNHIRE ~ DR B A RN T L7z,

[Hik - /] BERO 2 HDH0IE 4 (kR EEZ b oT ) v, T 8T, o7 =m—»MEH
T 5 AB42 DT 3 J %, SOFAST-HMQC NMR % W CHEHT L7z, ZOfE%E, £V b
BFvF 0L, AP42 OEEIZB W TEE: Hisl13,14 3 L O Phel9,20 72 & L HHAEAEHT S 2 & AR
BNz, —FT, 77— L ZBWTIE Ap42 L OMEERNMTIEAERD NN T-. 7
YT xa—WEA U Fx 2= g VIR LR L TV 2 E D, B & AB42 DA
YER Z [AERIZIHAT22Y, EOMAEMERBIZEAERD NS T,

WIS, ZNHDT TR A KA A42 O 2 SOEERE (BIEA R L OMMEMERE) o L& oEp
WAVERT 20 %0~ . ZO/RE, BRO 2 (iKBEEEZ L OT ) VBIOX T BT L, 0 FNKHE
FEAICRINT 2 FHEPEE M LT, AR42 D4y 1M B >— MERGGEE A E/EHRT S Z LiIc k- T, il
BRAEMET L ZENRBEINT. —F, 2 (KB EZ L T-270WnWr 7 = u—/v & ZOBRby i,
BAHER RO ZME L TWD Z EAuR Sz, U EXY, B BOBEHOKEEEON EDOEWIZ
£ o T, AP42 DEEMIFIBEN B2 5 Z LB ID RS LTz,

A-p04
EFFEYMHE LDS1 BLUBEEREEDERK
(BREK-' T 2B ) — . ‘AERER) OILEEE . TBR2 BB s T  BEEX ",
FH=EX ' KEf= > MGz . Blgs

QERED)

IR5 FAEFFH S E DA U RED OBRIEHET ~OIS HE 7210 Tle < . WA FROM5E T b i
INTWD, KIFRETIE, T4 UX27 Y (Lemna paucicostata) DRLERAVERIC X - THERLT B IEZE
iy ¥ (11 £,152)-9,13-dihydroxy-10-oxooctadeca- 11,15-dienoic acid (1, LDS1) %% i L 7=, LDS1

210 nM &5 (EIRIETT A % ) o e

ot L CHESFHE LA "7, LDS1 O &W%cow :SBAZWMQOOH cisa.

MEEERMEICE T HAEEDL 2D oH 1 OH 15 , OH heptenal

(2. LDS1 fE s Z2 R, B L OY, LDS1 (total 7 steps) —— Ah—Hhcoon

DAERRICETF L (Fig. 1), Figure 1 Oleic acid
(5 - R

LDS1 @ 13 (i/KERFERIEIK 2 1L, oleic acid & (cis)-hept-4-enal % HFEWE & L T4 7 steps THHK
BFET Lz, ALEW 2 D 10O I NAR=)VEiET LT v a—)L 3ICEK LTz, #5517z Folefine ®
T U NMALEIRIBBLSOSIZ Z D | 18 fi~OKBIEANZRF LTc, £/, 8 DAF LT ZXT V% 10
ROBINIICE LT A Z 12X . LDS1 DA F L= AT LEKINLDST 4% BIE L TW\5, LDS1
X 6 FEOERE & IRBEHO R SONEFEFHEIEMEICE S LT E5 %2, LDS1 28I A TR
PRI 572012, 13 fiKkEERE, 11 7, 15 i —EfEA DTN ENOKRIEMER, RESHEMHAE, BX
OV, 13 (KA FENT 8 AL ARG OSSR O G ICE T LT, BIEE T2 LDS1 O/ RRITEM LT
TRV OGN T, EFEFEEENE LRT T 5742 8, MEEZRMEICEET D877k
REB/DHZENTET,
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A-p05
7-Oxoorobanchol DILEEFEAR S RICEET SR
(FHR KR #rF R, BRBE. AtEHE., OISR

QERED)

Striga x> Orobanche 72 & DIRTFAMEELOFE 1L, 15 10O W S5 5 HFRIT E 2 o LTI
THZERMON TS, TNORIFEFMWE & L CTHBESNIALAWERIIA NY T 7 F o LRI
SNTEY, TF, HREYERLES L LTHRWTER SNTWS. 2009 4, BEHRORKA RY
=7 7 k2 T¥H % orobanchol D THL AL X 417= T-oxoorobanchol O HiEfE 2N X du7z. AMFFE Tl
7-oxoorobanchol DY FEMER AR Z B E LT\ 5.

B, 5L B,

O
7-oxoorobanchol 3' "genuine" orobanchol 7-ox0-5-DS \q
[J5ik - #R]

F#< 1%, BEIZ 7-oxoorobanchol @ 4 (\i/KEFEAZRE LIZET MELAEW TH D T-oxo5-DS DT X -
T AT VA —IREMDOERREER L TS, ZOREARN R ERREZBEE L2235, ARk
DI EN R AT ZOREE, ARTREIEO YT AT VA~ —iEIC X D RFENFINFARETHDH Z &
Z R L, T-oxoorobanchol O Y=2iE ARG AliE % HENT L 7T-.

O

A-p06
Juglomycin D RS REDEIFE
(R KA GIRE) OGMMHR. MK, BfFEa. H—H#
[Bm]

Juglomycin ¥8 (1 ~4) LRI Streptomyces sp. £V HBES /= 1,477 b/ U REMTH Y |+
L (Bacillus subtilis) <° KNG (Escherichia coli ) 72 EWZXI T 2 HEIEHMEEZ AT 5 Z L LT
W% (Scheme 1), ZiLH DOKIRMNIIAEFEFN THIBO LS RIIZHE W, ERAEESND EZ XD
TWo, AENE Juglomycin FHOAGHKZZEIZ L, IR GHIEZRAE T L2 L2 B E L THI%E

ZATIR 0T, NH, 0 o
[ 59k - 55 HOZCA/COZH o 00O, USHA OMe O OMe O
o — s L-aspartic acid OO R T T e OO OO
L-7 AT X on OMOM L DeE OMOM OMOM
L 15-F 721 MOMO  OMe 87% MOMO  OMe MOMO  OMe
SF Y NN OO j v § !
L7c VRS w w
. . 1,5- naphthalenedlol o) o)
£ v | Juglomycin %A o o O
s W ﬁ“ seg
OH OH
7272 (Scheme 1),
- - HO O
i —a— 7:7 % —l— Ve @; Juglomycm c(1) Juglomycm C amide (2) Juglomycm A(3) Juglomycin B (4)

[ if# L 'EHE  Scheme 1. Synthesis of Juglomycins (1 ~ 4)
FAE M Ji L, Juglomycin C (1) & Juglomycin C amide (2) Z# &k L7z, —FH., AR EE 5 1TxiL
DDQ Z#1EHSH 2 LWL T 7 R U TBRRISEIT L, (LB 6,7 WL D Z LA R L
oo ZLTHLEW 6,7 DIRFEILDOBRE L ELA1T/2\, Juglomycin A (3), JuglomycinB (4) D& k4 i#
B L7z,
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A-p07
3L K2R IRAY oxypalladation Z AL = decytospolide A, B & 3-epi AN S FRHIE
(MERFEHREI. 2 EEKRBIFELE.EXRRER) OFRX X' REFSW 2 EESFX "3

(B THP BRIZAEBEEEZH T 5 2 O RKIRMIZE ENDFH T, RARWE RIS W TR, ke
NI ORI TENHRE SN TS, Fxid, N A VR ' N = VO A BMFSEOmER T,
24 PA it L 7V — AT UL T AT L BT AT LAEIR 7 THP BB oRSEA2 R L, Ik
2> R U T complex I #38JIZBEE T 5 pyranicin DA E ERK LTz, BRAVSG DU KON AR5
PFMEIZOWTHAEE TICER D KESEEZ AW LEEEND, 2,6-cis-&# THP IROMED X —77
v b ELTEL DT N—TNEREIT > T & 7= decytospolide A (1), B QDA RIZISHT2HE L=,

[Fik - f5R] (9-7V v R— a2 HFEWE & LT, (EER7 Grignard 7 /L% ALKES, KEEREE
DOIRFEFED I & Dess-Matin 21l #i< 7 AT L AR L Grignard 7 VS AL G & 7 12 A R
BV AR L DT V=T UL AT )L OB L0 BALRTBERAZ Gk L, AF 875 —v
a ANZRDBRBIKIT e FuR v B e GBI OIS 27 1%, Feh& TR T OKEREE O JEIE s 4
RATDEINTEE 2o T2, £ 2T, BALANS AR KER ATV, [AER O TR 2% C decytospolide A
(D, B@QOREESET Liz, SFALZ MVIESTE & O BW—E &R LT,

OBn

0 OBn BnO,, HO,, AcO,,
l)\ >, \/\/'\rAm AllylOCOAr, Grubbs 2nd Ar O\A\/\/krAm Cl,Pd(MeCN), 0 O o Ac;0, pyr. O °
DCM, reflux hig DCM o~ m? ‘ ,)I\/ DCM : ,)I\/

OH OH o) OH Am™ Am* 0 Am“"0
43% (6 steps) 90% (E:Z=10:1) Ar=2-Naph 92% 64% 3-epi decytspolide A (3) 72% 3-epi decytspolide B (4)

(single diastereomer) (5 steps)
several
Mitsunobu

condition

?}Q o OBn am 1) DMEAD, PPh, PhCOZH, toluene OBn Am Hom ° Ac,0, pyr. AcO\O o
i &y ) KaCO5 MeOH \/\/\(;H Am* Y0 w I bCM Am“ 0 W

56% (2 steps) decytspolide A (1) quant. decytspolide B (2)

A-p08
KEAVISHEUORBEY equol DI F > FABIRE BT
(PR KIREGRIRE) OKTHE., B, BAFRR, A&ME
[BH/Y]

Equol i, KEA Y7 IR THLHZABA ORI L TEASND T IR/ A RTHY,
ANZIRAS ASPEL Ay AR IR 72 & D FBh & BEE R & O AHE SN TWD, £ 2 TRIET
%, equol DEFIEL T L, FMEETEVEFBZ2 & OIS HFEIZ 72 T & & 2 72,

[ 5k - 53]

. TR IR I A —NDOERREIT T 24V A FFIRUZXTILTE RE 42X FFT T =
VIR & HREWE L L. Perkin &, oo, KEEREORFE, BiA T b, BLOBRILO LB X
IRy A —NEBIFRINETER LT, ZOREE S LI, WISHFENE equol DARLIZH
WCHRI LTz, ZOFER, 7V — 747 ATe N2 2HEHWEE L, 7V —fbHlE LTy
TU—I— R A 3 %, AN FiEE LT L-7 ==L 27 > o5 - MacMillan filii 4
EHOTAET V= ULRISZIT, 7T B R(9-6 #1572, it TT7 I K7 F— 1L DA L
BRIZ, Eoe, BEML, A TF b, BLOBRLKGEIT) 2 EI2L Y, =F U FARRIIZ(9-equol (1)
AT HZ LT LT,

o)
N

N - _

b‘Ph OMe

- B N
OMe LoTf H-TCA No HO o)
CHO , 4
’ /@/ \©\ CuBr(l), NaHCO; | MeO S wy,
—_— —
= CL

OH

MeO OMe  (o1uene / E,0 (2:1)

2 3 rt.,19h OMe
5 (S)-equol (1)
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B-a01
HERE B3E CYP105A1 D=FE LR (R73A/R84A/M239X) D KIEE TORIHEEAZL D2 & T-ARF Y
YT HEERFE N
(EKfR-B.2ELEXR-IT, CIEFEE. ‘HEX- ABDOEARE ' REBEHS 2 EHESR .
THER . AR HER . EHEL . KEER CEHE— L RIE ' WRZz?

[B] Fexix, HHRE Streptomyces griseolus 13 CYP105A1 73, B4 X D3 (VD3) D 25 fii & lo
MAEKEBLL, EEREZ I D THDH 1025~ Rexi v % I D,y (1a,25D3) 24T 5 28
EBHOMNI LT, 6T, IEEEMICEREZE AL, @it “EERIK RTZARS4A %157, KEEHE
IZEBHEZ I D, (VD2) D la MKE(bIEMEIX, 25 AT KERLIEIEIC H~HBsh TR . FDJRKE LT
Met239 |2 & D SRR E DRI S, AFSETIE, @V VD2—10,25D2 R4 & DR 2155 7
B, R73A/R84A D Met239 A E#L L 7o LA BRI EZHE L, T ORBSMELZHREF L, 25 D2 O lafif
KEBBALIEYEZE LIz, £72, 7-A X2 7<=V 2 (7-MC) 12k % O-i A FIAGIENE ST,

[ 5% - 53] WT & R73A/R84A ([ZHNZ., 13 FED =@ FA  (R73A/R84A/M239X : X=A. L. I, F.
G. Q. K. S. V. R, T. N, C) & —HEZHIK M239A ORILT T A I REMEE L, KIFE IM109 (2
L7, TBE;iZ Uy, WT, R73A/R84A. R73A/R84A/M239A. M239A % . 23°C T 100 uM 7" >
YU ImM-T 2/ L7 Y VERIF(E R, 1 mM IPTG (2 X W 3B & W72, 40-48 BRI A & [
L. BEIag . mO0EE L FIEOWIN AR NAERIE LT & 2 A, R73A/R84A/M239A DI, -~
LHKD 410 nm (LD B — 7 NI SN o7z, L L, BEEEEL 13°C, -7 I/ V7 U VR
EAZ 10 mM 2T 5 LBHE R — 7 BB IR, FRROEMET, ZHERKDZL <23 410 nm (12
v’ — 2 %~ L7z, HPLC Z W la fLKER(LIETEZJET 5 &, —HTERROH T, R73A/R84A/M239A
Db EWEREZ /R L (3S>I>V>L>F>G) . R73A/R84A DOF) 20 (5T o 7=, HIEEFIEIZ O-i A F L
{LiGEVEZFI~D & . WT>M239A>R73A/R84A>R73A/R84A/M239A DIETH - 7=,

B-a02
EMRESSY D PEERRBYMELEET S CYP105A1 DHERERRIT
'"BUEXR-IT 2RERAK-2.CIEVHEE. ‘BB AMREE)OREHE ' TEER ' EHET 2 K
RWER. EFELE ' HKETF . HEEM | KEERLCEHE- " RIIBELWAZ

v 4 22 Ds(VD3), B4 22 DoAVD2)D lafrds KO 25 fidKER{L &7z 1a,25-8 Re v B4 3
¥ DB LU Ds(1a,25D2 B LV 1a,25D)T S E I FRAFEAZAT L2 AL TR Y B
JECHLMEDTEFI L L T ST\ D,

R E Streptomyces griseolus Hi3k CYP105A1 X VD3 @ 25 if. & la iz & /KiEg{k L. 1a,25D3 %4
5, oz i3 X RS S AT > 51 iz CYP105A1 OIS 2 Jhic — H 28 B{K RT3A/R84A
ZAERLL 25028 KON 1a piAKBRALIEMEZ 2 F 1 400 1538 L OV 10045 ER- S8 5 2 Liosh Lz (1],
—J7.25-t Ra& v 4 22 DA25D2ITHT 5 lafi/KEREAEIL, & ® T < \R7T3A/R84A & 25D2
DRyFUZ7ETIANG, Met239 OMISHA 1la (ZABRILIEMEZLE L TWD EHER Sz,
R73A/R84A @ Met239 # S £ F 27 I/ BICEMR L 7- —EERKZ/ER L, 25D2 1T 5 lafiL
IKEAVIEVEZ A=, ZOFEE. RT3A/R84A/M239A I R7T3A/R84A D 20 fi5m M EMEE R LTz,

CYP105A1 Z AW - HHAWEEEDO A REME 2R D728, Fix OIEEIZHT HIEEEZR~T- & 2 A,
AT A FRARER 70T 2T 7 A7 o F AR, 7V 7 = F ARENCKH L CRWIEEZ R
ZEnbrott, TOHEIE ArgT3 BEEOMAICZ OO TEERZEH A R-LTEY, EXID
IKEBALEOS DA L B CTho7-, £7-. CYP105A1 1A X F v ZmfEIMIER (A R R ZF o m/Rx
ZFNIHK L THKBBIESE A R L, BRENZEIVIEEEZE L ERFIELZ LTI LT,

IO X HIZ, CYPL05AL (T &E D/ D S T X F B Tk L CiEtEE R, TOHIITERED
EWSICAZENTEY | VG ICES K ERE AT KV EEISHN R 2 &b,

1) Hayashi et al.(2008) Biochemistry, 47, 11964-11972
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B-a03
Expression of soluble manganese peroxidase in chaperons over-expressing E. coli and in vitro maturation
by ATP-dependent chaperons releasing
(B K& E) OAlfi Almasul, Bo Zhu, Jasmina Damnjanovic, Takaaki Kojima, Yugo Iwasaki, Hideo Nakano

Manganese peroxidase (MnP) is able to catalyze a redox reaction, even for bulky compounds. Therefore,
MnP is highly used in paper industries, biodegradation of synthetic polymers, and bioremediation of
environmental pollutants. However, MnP is mostly expressed as insoluble form in E. coli. The objective of this
study was to improve the solubility and the ratio of holoenzyme of MnP (holo-MnP) from P. chrysosporium
expressed in E. coli.

Our previous study showed that disulfide bond isomerase DsbC improved the solubility of in vitro
synthesized MnP (1). Hence, E. coli strain SHuffle T7 Express was chosen as the host for in vivo expression,
because it overexpresses the DsbC in cytoplasm. The MnP was also co-expressed with various other chaperone
combinations including dnaK, dnal, grpE, groES, groEL, and trigger factor (tig). The solubility of MnP was
improved by co-expression with DsbC-tig and DsbC-dnaK-dnaJ-grpE. After the purification of Mnp, the
chaperones were found to be co-purified, and native PAGE indicated that the chaperones-MnP complex was
formed. To disassociate the MnP-chaperon complex, the cell lysate or the semi-purified MnP-chaperon was
incubated with additional hemin, ATP and ATP-regeneration system. This in vitro-maturation step led to the
production of holo-MnP with comparable specific activity of commercial glycosylated MnP form P.
chrysosporium.

(1) Ninomiya and Zhu et al., J Biosci Bioeng, 117, 652-657, 2014.

B-a04
Substrate specificity of L-amino acid oxidase/monooxygenase from Pseudomonas sp. AIU 813
(‘Mahidol University, “Toyama Prefectural University) ODuangthip Trisrivirat', Daisuke Matsui’, Yasuhisa

Asano” and Pimchai Chaiyen'

L-Lysine oxidase/monooxygenase (L-AAO/MOG) from Pseudomonas sp. AIU 813 is an FAD-bound enzyme.
The enzyme catalyzes both oxidative decarboxylation and oxidative deamination of L-amino acid. Oxygen is
utilized as a co-substrate. The reaction yields o-keto acid, hydrogen peroxide and ammonia as products for
oxidase activity while amide and carbon dioxide is resulted from monooxygenase activity. L-AAO/MOG is
useful as a diagnostic enzyme for detection of single amino acid concentrations in blood as biomarkers for
disease diagnosis.

L-AAO/MOG gene from Pseudomonas sp. AIU 813 was subcloned into pET11a vector containing BamHI and
Ndel cutting site by ampicillin selection, and overexpressed in E. coli BL21(DE3) using auto-induction system.
The enzyme was purified by ammonium precipitation, dialysis, anion-exchange and phenyl sepharose
chromatography. Substrate specificity of the enzyme in a reductive half-reaction was observed in an anaerobic
condition by spectrophotometer. Results show that L-Lysine and L-arginine are best substrates to reduce the
enzyme bound-FAD during the reductive half-reaction.
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B-a05
L-7 2 ) BF I F—B /I ) FTF VAT OEREAIC X HHERESRE
'"EUE XTI -AETIHt. ST ERATO, * R KIZE)
OMHA KT " MENKL 3 RIEER . BEAE 2 RFRA

QELD)!

Fex i, AT I EBBIC X DR A2 LSS HIIT O 720, BRE AW ERIEOREE
HE T & 7=, Pseudomonas sp. AU 813 K L-7 X / fo-AF v ¥ —EB/E / AF U7 —8i%, HEME
L-7 2 BOBEBIIRT X/ OS & BRCAI LR B RS 2 il i3 2 Rt D 7 T B UBER TH D, K
FERTIX, AR OT XV BERAME~OFHZ B L T, ZREANZLHWREOULEEZITo T,
[ 515 - #52R]

ANT7 e RUARIETH D p-7 v v KL BEFERP-CMB) DRI LV &/ 4 X7 —EBIHEHERN
WL, X H—BIEMER LR T E00, KEREFTD 5 DOV AT A VERKICRaMERZEA
L, AX U F—BEEERIEL L TR V== T 2T 7o, Sh - BRARESE C2541 1%, AR
BERELD LA X —FBDEEN ERE L, LUV UV ERICHWD Z ENA[REL e o Tn, AR BAUEE
FX p-CMB IZ LV IEEDIR TR R LW b B LRI RER S T I Cys254 BAEE L T\ 5
TEBHLMNE ST,

S BIZEVERRRREAL 2 B DN T D 7o DI AREER O IE R 7 > MIALE T D 5% 5 (Argl02, Trp235,
Asp238. GIn258, Tyrdl6)ZHIFNERAZE A LT, ZTOREER, GO A RAEERE D238F 1%, Mk
L-7 2 JBRICHT AR A —BIRENEAD L - A R L-T 22T T = EOBUKMET R
MRIZX L CAF U —BIENEZ R L2 006  Asp238 NIVEFRRICEI G- LT b Z ERHEE ST,
Asp238 & Glu [ZEHLT 5 Z & T, -V AT DB RREN EH L, K0BIRIC LY v U &27E
BETAHIENAREL o Tz,

B-a06
ERERMUBROEREMRICIIMFEREDOHERE
(KRR ALt B, O+ F&. NE#HF. SBEX. /NI IE
[FrY]

SBIRMEBFREIISRA A 24l L LTEALTEY, ZORE PR DM DT
O DIINETHDLENZ . & DR EREREEOKIBICEL KFETEEA 4 OFEEIT N
FTLH 1 OTERL, HOREFZRICH, OD&RA A 2SR LGS, AR TIEZOWEEIEL,
Bx e BmA A v NARITRE A S8R ERMERER 2 ERT 55T, Bz elmet: 2 Fi- v 7B
FRME OB & I T 5.

[ 51k - S

AAFZETIE Fe(Dla-7 b 7NV ZNVERIKIEE S A% X —B 7 7 S U =BT 57 X/ Wkigivr
FHEHNRE L TERBA A OB Z £ Uiz, ABESE OFMETL 2T 285AICE £ 5 Fedl)
A AT EDTA 72 E DX L — MNABLERIZ X 0 B IZHBEL CREMRIO T AR &0 b, 127 R
FIZ Fe(DA A2 Z2UMMT 25 2 & CIEMHRIO R o BERICHECICEILT 5, 20O X9 RFkikesmA
FUREBRREIE L, TARBERIIH L TERkA REBRA A EIINT 5 2 & T, ERBMOBRBIKS
L 7= 0B Z A DA A2 B U7, SBEEMREEICRE U C Euim Mo 5B R B O (b 2 i U 7= i R
WL THET 5.
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B-a07
Biochemical characterization of succinic semialdehyde dehydrogenase (SSADH) from Acinetobacter
baumannii
(‘Mahidol University, “Mahidol University, *Burapha University, ‘Chulalongkorn University)OJittima
Phonbuppha', Ruchanok Tinikul?, Somchart Maenpuen®, Kittisak Thotsaporn®, and Pimchai Chaiyen'

Succinic semialdehyde dehydrogenase (SSADH) is an enzyme that catalyzes the oxidation of succinic
semialdehyde to succinic acid using NAD(P)" as an electron acceptor. Succinic acid, the product of SSADH
reaction is widely used in the chemical industry as a precursor for synthesizing commodity chemicals, such as
biodegradable plastics. Therefore, SSADH has a potential to be used in biocatalysis or the biorefinery process to
produce succinic acid. The knowledge of enzymatic and kinetic properties of SSADH will pave the way for its
biocatalytic application.

The AbBSSADH gene is a part of p-hydroxyphenylacetate (4-HPA) degradation pathway but it shares the highest
sequence identity with SSADH encoded by gabD gene in E. coli, a member of y-aminobutyrate (GABA)
degradation pathway. AbPSSADH and gabD from E. coli also share similar catalytic properties such as preference
to use NADP" as an electron accepter, number of cysteine residues at the active site (catalytic and neighboring
cysteine) and formation of disulfide bond under oxidized state. We found that the pK, value of the group in
AbSSADH that has to be deprotonated in order to achieve the higher activity is 7.5+0.1 and the neighboring
cysteine (Cys291) is not associated with the ionization properties of the group participating in the enzyme
catalysis. The enzyme also show reasonable thermostability at 40°C and relatively stable at 30 and 35°C. The
AbSSADH reaction proceeds via a ternary complex mechanism with K,,°5* = 189+31 pM; K, VA" = 113+18
UM; Vipa= 5£0.3 pM/sec and ke 137£9 sec™. The step generating NADPH is not the rate-limiting step, while
the steps after hydride transfer to NADP" is slow and control the overall catalytic turnover of SSADH reaction.

B-a08

Purification and Characterization of Xylitol Dehydrogenase with Broad Substrate Specificity from Newly
Isolated Pentose Fermenting Yeast Meyerozyma caribbica

(‘Prince of Songkla University, *Toyama Prefectural University) OWiphat Sukpipat', Poonsuk Prasertsan',

Hidenobu Komeda® and Yasuhisa Asano®

[Purpose] Meyerozyma caribbica strain 5XY?2, a new pentose fermenting strain was isolated from Thai starter.
Thai starter or “Loog-pang” is a rice-alcoholic fermentation starter from Thailand. M. caribbica could utilize
hexose and pentose sugars to ethanol and sugar alcohols. In this study, xylitol dehydrogenase involved in the
pentose metabolism was purified from M. caribbica and characterized. The gene for the enzyme was also
isolated.

[Methods and results] A NAD'-dependent XDH (McXDH) was purified from M. caribbica. The enzyme
exhibited broad substrate specificity toward sugar alcohols such as xylitol, D-sorbitol, ribitol and L-arabitol.
Xylitol was the preferred substrate with a K= 16.1 mM and k./K,, = 68.9 min'mM™. The enzyme had an
optimum pH and temperature at 9.5 and 40 °C, respectively. Enzyme activity exclusively depends on NAD" as a
cofactor. The gene for McXDH includes a coding sequence of 1,086 bp encoding a putative 362 amino acid
protein of 38.9 kDa. The McXDH was found to be a member of the zinc-containing alcohol dehydrogenase
family and to have homology to xylitol dehydrogenases from other yeasts.
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B-a09
INVOM—RBRKEBROEFBERKRICET I8N\ VEI R/ ERILFHTE
(RKBRE) OB LLERAEL. AIHAIA, dLIBER . BHIE, inER

(QERED)

FRALIR TR PG & BSOS A MR ST A ALy bah 2 ) v AT, %b@i%%%mif
NAZUGHATE S, L VbITEmE 5 OIE L A3 EEE B OED R G T A I
SNTNDD, ZOREMR A=A LI RHATHS.

WERR T SR OREAE GBI R CH 5 7 V7 b —APiKFERESE(FDH) X DET RS 2170y, & O filuilE
TEENIEFICE. FDH 3SR L CH D FAD IZMZ 3 2O~LCEFLTWD., Fxn s
=T DFATHIET, ~LCHTa=y Ny CEME EHEEFBET 52 &, £72 DET Bl
A ZIVEETIE, 3200955 1 20O~L CHDET RRICEESE L EEmL7=D. LrL, &
TR OFEMIIREAHOEETH S,

AWF3eClL, FDH #E5/1¢ L7 DET RGO A B = A LAOfEIRZ & AEEL LT, # U X0H
TEEICA~ I C OBNENL -2 BT 5 2 L1C kY, BTBERENED X 5 8 E 5 1T 20887
HZ EEHME L.

[ 51k - KR

FDH ® 3 2D 5 H 2 2DO~h C OENREEANLFTH D Met % Ala, Gln, BIL O Leu |ZEH# L7
THKZVER U=, 7 2 7 BEECS T N RV~ A C 2 LT-2 8K, FDH & OFEE
ER B N1 ZHUIED~L C 23 DET BUSESIC B%J%‘L LTV & D SE iR & SCRF
LV, —h5T, BAFONL CHEIENL % Gln (2K LA, MBLETR OB FEE/ B 2 A [T
7 ML, ZOBMOY T MISHETOA M fiiﬂﬂi&bfmb\ FREORNRIL Ala & Leu lZ L 5%
ROHBH X2, 2o &1L, ZO~L CITEME BEHEETBEIZ1T O T E2 RT3, o7
J BRI OB BB Z HID. 1) S. Kawali, et al. Electrochem. Commun., 2014, 38, 28.

B-a10
TESTH/AIWCANSTRSThF—ILEEMTSH7 VI CoATERAY F—EIZEETHHRE
(RARE- AL, N 2EEEH)
O B ' .ty K. FEE EM2 A EELFEH EE'./NIIE!

QERED)

TN SRR DER T THD n 7 VH o DERKIZE L TX, IBBEA T VT e RE&RT n7 v
T NEBEBREND ZERMEINTWD, KR TIIMAEMC LD n- 7 VT AEPEZ LT <
feRilEZ 7T VT & RIZEITT 2MAEYMERRE L., 7T REEICEET A EBELRLRIEFOBRKLT
D HHE A AT,

[ 51k - 55

MR RAFHE B L OERAD O OHBER 24102, 7 N7 T WV RER LT DR ORR 21T 72,
T NI TH TN EART HREEIIRIE CERD TN 1T NI T H ) — NV EART HMAEYZE 121
MEE L7, 17 b7 T 0 ) — )VEERNE N> 7= Klebsiella pneumoniae ssp. pneumoniae
NBRC3321 #:4 T, ARRISICEG- T DR O 27 7=, REO cell-free extracts (CFE) % i
UGS LIz A, T I T VA RE LT 0B CIEIIBIE SN ooy, T hNTTH
AN CoA ZHE L LIEBEAIC 1-T o758 ) —LVoERRRD bz, CFE 24%&fh 7 L7 0~
NTZ 74—l L. T b T T B AN CoA% 1-7 b TTH ) — N ~L BT DR Z IR L Tl
WFET, TR T —NEFERNICERETLI 777 vavelfGLic, K777 var i, Kt
B3 5BERZFRE L, N K7 I BESZRE LT, RESIEHRZ S EICRKEOT 7 AL DR
BEEBEE A7 v —=0 7 L, WEEBRKRIGEZER Uz, RBRFEDOWRERIT O ABERN
TRITHIANCAET NTT AT —N~EBWT 5 el Lz,
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B-a11

SRIREE Pythium sulcatum B3R o 3 T EAFLEESR B T ORI L O
THEMRAEY) Mortierella alpina 1S-4 (23817 5K
(RRRER.ESKREYOA CRAREEBEFIZVN OXHFKRE ' PAEFRT ' RHERER ° BARE
INITIE

(QEE:D)!

T A YN 2 UREEPAI, ATEEERO T & ek AR S W sE SNTFEREE - T
W5, Lo LESEZ OHSIZAMIEF L TR 0 | 2l CZE LIERBHAETED R D T\ 5. AR
T EPA EFEOHETH D, o3 NMafbEEFRE LT % RIRE Pythium salcatum £V BB L, BR
Saccharomyrces cerevisiae DI B3 % IV THEREMEMNT 21T o 72. S HIZ EPA OHIBMATH LT 7 F R
VHR(ARA) % & AR E T 5 IR EY) Mortierella alpina 1S-4 (23 A\ U EPA FFEAEpE 2RI 7=,

[ 5k - KR

EPA A PEMRIRE P salcatum &V, #i#E PCR & O Inverse PCR #17\, BEFEND w 3 Rafn{b B
EHRMEEZRTREr VBB (Psul 038127 a—=7 L. B S cerevisiae TABEFRIE
{6F DFBUFMNT 21T > T2/ R, IRFEE18 KK FEEL 20 D o 6 [ENER A KIS T 5 w 3 NENIE~ & 2544
HZEDNHERR SN, —FHa RUERBEE %S, M. alpina 1S-4 ¥RICKE LTz Psul o 33861 % @8
TaE—H—|ZTCHIEIT DI X —%BE L, T anNs T ) 7 AEIIT M alpina1S-4 |28 A L7z,
FER, Psul o3BG T ORI LD 03 RIEMBEOER MR TE, 28°C, 7 HEEEEIZHB VLT, Bl
5 59 30%, #9 0.5 mg/mL & EPA /7% HesB L7-.

B-a12
Flavobacterium psychrophilum B3E2545+—E O KGE TORKR MR
(RERRE.*MILBKERRSG. ‘Xt =vE - NAF M)V I R K. BRKIER)
OFEEF '\ PIMCE 2 BHRER . k&b °. EHES L RILE !

@=Rio)

Flavobacterium psychrophilum (37 2 /KBDORKE TH D, T, KEPELET D 2T 5 F—ER
TamAKIRORNEFERTH DL Z LRI, Y ARa T —RIIEE R o DI TR R O
VRIS BN TH D, AR TIL, KELZEO KBE TORBERARE L, Z OV 2 3 2
7o

[Fik - FER] pUCIS (27 v —¥ —Fdd & 5T F. psychrophilum =7 7 —Y&I5 T2 A L1z,
TN K ETKRIBE IM109 12002, 5538 % 18°C TITVWVEA L7z, IWHERHAR 2 LB K5 #HIHAE L. 10,
19, 28, 37COSMEIEE T 14 HHEEEE L TRFFIIICHERIR A BRI L 72, 5538 ODgoo 1. 10, 19, 28°C
DEE, 4-8 HEIZ 5-6 ([T LE, 1ZE-ETHolz, — 7 37COHAE. 5 HEITK 4 1TE L%,
B Uiz, Big& BT D FITC-21 7 — 7 U o fEEVEIL, 19CO5E TR b E S, 37COLA T b & -
7o RIEMIT 37COLE DA, 6 H B LR LTz, 553 EiE D MOCACc-KPLGL(Dpa)AR Z3 S 1%,
3ICOEEOH, 7-11 HHICEA L, 12 HHUE, BT CE, R O I F oA £ 77
A — Tl AT, RS LUk R T L b s aZ 7 —ED R 10CE 19C
TIXEHIMT, 28CL 37C T 15 Bz bz, 37CDI, 6 HHLRE, MoHlka=iTzL b
N5HaZ 7 =80y RPEFICE B SNT 858 BIEB KOERORR & /37 ' 0 SDS-PAGE
TiX, 10, 19, 28CTIEAHM TRy RBR LA, 37°C T, 6 H B, KIGE B ROFKMES >
RITBEDON RBHEER LT, PLENS, REEFEIL 37CTHDHELD 2 WIS 0OEMESZ T 5 Z &
W& a7 5 —BaEENME T2 — 5, B F U aiiEtEs L OAWERERFREEZ R T T
T—BIEER ER T D Z LRI IS T, ZOEBE, REROFEMHICEEL WD EBbis,

1. Nakayama, H. et al. (2015) Biosci. Bioechnol. Biochem. in press
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B-a13
HEMRERK Y F—RBORET I/ BEEOBRMKEIC L 2 BEEEREKORE
(RHEBEIKRZ-AWERFE OB/ E(Z, KM FHEEX BERK#

[E/]

MWW OIEOREIL, 7 F v 2 RERERK S LT 57 F 7 FETEDLDILTWS, 7 F I3 CHE
BOESIENB AT MMEEM TH 203, EOREIIFIET D5 —HOMEMIT, = AT IVEEE 2K
RS D I FF—REEAL, ZOVFUENRUBAT D, —Ji. EVEEBERO A RET T 25
> T I L > THMRENDBREAR OL R WVEM & SN TS, BREET CII oM E N
bt afRE T, HIFEEY OV YA 7 I Thii Ty, BARSMRENE b o7y T —
BEAIHT D2 N TENIE, AT T AT v 7 DI BRDERIZORND Z ENTRIND,

Z 2T, AR TIE, B & OB O Bl boTE AL 1L — O 20 O @ETEME LA WIRE L
FESE DO FHRMEZ R S 2 X O IRHEEREICFET 27 I/ B A ORI E L L 7= 8 Rk %
B3 L. ZOiEM 230 L7,

(735 - R
I BN HGBREE Thermobifida fusca JICM3263 137 FF—E O N Kl & AF T % 7 (His-tag) 23N
ENDHEICHRET T AI AR U, BREME LT, MEEM O IAHEEE T L (PDB: 3VIS) &
FERY—ET Y I EFRA L, EESANSEER T D L—T R ORITO b v PESINLET DT

BB ABIR L, AR LT T A REHR L U CEM AR ZRBME R I, KIGHE
BL21Gold(DE3) & X EHi#fad 5 = & C, BRKTFIA 7TV —%ER LIz, TnbE2T 41— 7T L
— hEHWTEERL, ¥ 7 G %%, 4-nitrophenyl butyrate % J&& & L CTIEPED @\ A FAK A 5
WLl (—RAZ Y —=02), RIS, —RAZ U —= 7Tk LI- B RIKOBI AT, Gt %
Kdte (ZA 7 V—=27), BIE, BAERMOK 1.3 5O HIEEZFOLRENPIG I TN D,

B-p01
FZIRAa KRR S BB L= #TRF B E B157 %A ELET HRRKRYNA—EICETIHE
(RFRREGRE  ERP) OEREN. ARAH | X822 BEER . KER’ EHNTE'

QERED)

T Raa AR ME, B SIREET COMINTETHHEIETCH D, £ IERT HMEYD
X, EREBERM LN, £ETHEGH - B LTWD 2 R D, £ 2T IBE R
FIZERHL, ZOFRTHHRENDRNVEFARY NX—E A (PLA) IZEAZY T, PLA X, VUV UFED
NERFER = AT NAEE ZMKDRET 28R THY | MIEOBREIIEA SIS, RAFETIE, B - &
BT CREMRPLA ZPEAETHME DAY U —= 2 Z ) BERAF W BI57T BRAHEEL . Zhn
PEAT 5 PLA OPEEIRE, MREHRB I OELE 7 v—=0 27 2Rl BT,

[ ik - KR

KRR KPKIEEEDO T ¥ Fua KA MEFERE L, Ly F v (BXhRA77yForalr (PO %
) DREEEIC LA ) —=v T E T oo, ZORS. EVMERIEE BI5T RN HLBES v, 087
HIFEHTIC & 0 FTR BT IR S AR S To, IRIC, BERRS RO SR 21T o 72, BI5T #ROERHE L%
PEG 20,000 & FHVNCHEAME L, 20%fafn (w/v) BRZIEEBRZE, 50% (v/v) 7& Mo bEz T 70, &F
BT LI~ TTT7 4= KD R TR o272, T8 btk O 7L 2 Ak
R & LT O FEBRIZHW =, I8 PC & AW =R G C4 U T BRIl &2 T A 7 a~ 75
7 — THENT UToAE S ARBERIE sl AEIRMEAN & PLA, Th o7, —F . BIGT Bk 7 LEdS
fEHRNDIE, PLA, Za— KT 25 & PHISNZBEFITRWEE e o7z, & 2T, SDS-PAGE & IZiE
Pt AT, IEMENY R ORER X VX7 B O - RIEZRA AT, ZORRR, BT "7 E
Ny R EZD N RIRESNENT 5. (Q/G)ESX(V/N)X(V/N)HETP D7 2 BRECHINE S, 7 MER E
A LIE 2 A, 57 kDa DBERERMZ /X7 BHve v b LT, UikBaFORIGEIBIR ZME L7z
FE R, AR 3 (23T PLA IR MES R S 4L, BUEBIR T EEM O EE21T > T b,

_48 —



B-p02
A L B R A D B B B T 5B
(KRBT AL EEFZRR. EESBAFE, ) ORES | IUAEALR ', #%

[B/] ERNOERBIGICENT, ZOBRNDHLEERRA S L CERICHAESN TN D, [FHER
FD% 1%, WHKEERZ TH D307 LT F o EBEROMAEDHEBEZOEAMAITH Y, IR
FOR 7 LY R—BIE@E iR 7 VT FrOBE—HFTH L. i OIS H AR
H(HRE)T, %HFEBNAONEETHD FIP IETHESNTWSR, ZAETIZZIN S bEERR
FIDOWAL S % in vitro TIEFEICHE SN - RIZRV. £ 2 T4 0, HEEE FIP & TML )z i
L, "AMOMEEDOEREZBIET S22 L. £, MLEZBELZMEEET L TOWMLT i
HiTH 7.

[FiE] 7= A BEik7s, BEMIEET), TASABHEINIZARES KO FIP IBICHECTREL, AW
FHENIEAL KB R FEREBRNICE T CHE L. M bEEERANL, EERA L C=sET
—¥, A—%AN, ¥7~v 7 E, BRSVILVTFv, Tl F—F, RYUF—L, R b—F%,
WABRIKIE LT 7 LU R—Baxtg L Lz, BRITAR TR LN OEMEL, B EEHZY
DL TR L.

[F5 5] 72 AT (pH3. 0) Tkt 7 a7 7 —EREA ENTVWARY h—F, =7+ 5 —Eih
L0 EN LA ER L, [FOHS. 0) TlE/Sv 7 LY R—F, F—FZANDNEN-T-. FENSEE T Ah
UMEICE @ pH 3B B30 7 LT F U OHE—RKITH B/ 7 L Y R—81E, TASAMELT] (pH6. 8)
FERGTEIE ST (pHT. 0) Thi b mWil b HZ R LTZ. EAWEHEIL, BT —ERRE S TH2RN
Hg/So 72 LT F o &0 7 L) R—PUAOETICEBWTHRE SN, &51Z, in vitro HLEET
JZBIT BHEEENICE N TH THEY O R Th o7, SREIOMFHC LV . BB MRS R
DI LERTEE DB NRH LN E 7o 7.

B-p03

SRIRE Aspergillus nidulans 3533 23 GH family [ZE93 5 B-~> 77—+ Manl134A D%
A& DABZHRE DR

( BEX-E 2 ZEX-BI ° 2XkE-£&%8) OFH &E ' £A HFK | ILH #0E ' €F &
FLORIR MERB L FUR K EE EN L KK W Bk TE L EK T L MM EX S
g ML

(QEED)!

Fxix, Bt o aME—0RBIRE UCRIRE Aspergillus nidulans % 4£F S 72 BITHIESMZ
DWEND, B B~ —ENET S glycoside hydrolase family 5 (GH5) 3 KXY GH26 & i
FRMEZ A SV B-~ > —F (Manl134A) # ZAH L. #HH O GH family TH 5 Z & &2 42"H
L7z, BEFIOD B~ —+¥ (Man5C) LHFER LI L= L 2 A, BERFIRHMLRES Bt b
BH ST o7z, ABFFETIZ. Manl34A OAEFZEAREEZIHLNCTHZ &2 AE LT,

[ 5k - R

Manl34A & Man5C OV > B F 2 MR EEZREL, B~ F 2B L s SE
LA ERT DOREMENRS D Z ENbhoTz, £7-, Man5C OEjE pH 28 4.0 THHD
[ZxF LT Manl34A 1% 6.0 Th 7=, WIZ. manl34A D& TN (Umanl34A ¥R) Z/ERLL .
FEx DEEAME—DRFBIFE L TAEBSELL A, B~ T ORuRB\IRE LIZEE, BAK
(WT #8) 1Tl T Amanl34A BROEBNE LK F L7z, &6, pH4.0 & 65 ITB W T
Man134A & Man5C @ B-v > T F—BIGMEOHEDNRZMFT LI L 2 A, pHE.5 IZBWTERWHE
FhRAE R~ LT, DLEORER LY Man134A 1XFFICHMEATTICEIT D B~ ) v O fifIc EHE 1k
B Rl Z LR ENT, RFEO—EITAENE L Z— [ ) _R—3 g A LRI HE e 3 |
DXEEZ T T ThiT,
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B-p04
Directing positional specificity in phospholipase D—catalyzed synthesis of 1-phosphatidylinositol
(Graduate School of Bioagricultural Sciences, Nagoya University) OJasmina Damnjanovic, Chisato Kuroiwa,
Ken Ishida, Hidetoshi Tanaka, Michiko Muraki, Hideo Nakano, Yugo Iwasaki

[Background and purpose of the study]

Phosphatidylinositol (PI) could become an important dietary supplement due to its effects on regulation of
lipid metabolism in humans. Due to its limited availability in nature, enzymatic reaction between
phosphatidylcholine (PC) and myo—inositol catalyzed by phospholipase D (PLD) could be a sustainable and
cost—effective alternative for PI production. Our previous study used Streptomyces PLD as a template for
generation of Pl-synthesizing variants by saturation mutagenesis targeting inositol-accommodating residues,
W187, Y191 and Y385. Since the variants generated Pl as a mixture of positional isomers among which only
1-PI exists in nature, the current study aimed to create 1-PI specific PLD starting from
W187N/Y191Y/Y385R PLD (NYR) which generates PI as a mixture of 1-PI and 3-PI in the ratio of 76/24.

[Methods and result]

Four residues of NYR’s inositol-binding site were subjected to mutagenesis and screening for improved
specificity. NYR-186T and NYR-186L emerged as the most improved, achieving 1-/3-PI ratio of 93/7 and
87/13 respectively, at 37°C. Structure model analyses pointed at G186T and G186L mutations to increase
rigidity of the binding site, thus restricting the orientations of inositol. Further structure rigidification at low
temperatures increased the specificity of both variants to 1-/3-PI > 97/3 at 20°C, with no change in Pl yield.
PI synthesis at a range of temperatures and subsequent analysis of the thermodynamic parameters revealed
different mechanisms of inositol binding and its temperature dependency in 1-PI and 3—-PI specific enzymes.

B-p05
PEHTL= L) BEE R B A & R R BB ROPE
(BRBEERE)OBE A MIES IRR—. 5H &
G5

EZBEGRFRY L=V ) VBRI KIS, T exv ) Vg (FPP) ITf&ExSnb
HHOR EMT V=V ") Vg T T A~ —HEE L, 2 LT YT =) Vg (IPP)
EEAMICHG SE T T AT V=V 20 ViR EOREX v ) TIRERIBRAEZ G T 5. Lol
A B R Methanosarcina acetivorans 1K D[Rl MA1831 1, % O ISIZI % T, FPP
EAFAT VN U (DMAPP) B OMEA G & ki3 2 “RERENEREE CTh 5. & Z T MA1831
DR ORGSR 28D, APRREREAHEET 2 Z L2 L LTz,

(7 - w5 5)

KIGE CRI S/ 2 %% A, FPP & DMAPP # 2 & LA G E1T-72. bhi-
A % LC-MS TEtT, & L<IddRA 7 7 & —V A L7214 HPLC THHL L T NMR fi#hricfit L
7o, FORER, FAERMIZIT ALY 2 U AEE SO CoNERM L= ) Uil RESNH,
FImNT NP2 YV iR E AL ST, L LR S EULEM A ETEMATS L HEE Sh o ibd
WX TN E T M acetivorans >H RSN TE BT, Z OHGMKINTARMRERE LRV AlierE
DE, —F T, e ER L= ") VR L [4CIIPP #HE & L TS EITV, KA T 7 X —F
ERZIZ TLC IZ K DA T AT o 1o R, Cao 2 HUb & LTckkAx IR ORY 7 L= ") Vg
DERPREINT=. & TAN, M. acetivorans DFEX v U TIREDRFZIHE % LC-MS ZHW\CTH
el 2 A, KRIBHERELFEEIZ Cos XL TH Y, MA1831 OAERD/MA L ITRKE < BUVE-S T-HE R
L 72 o7=. M acetivorans ¥ MA1831 LMt 2 5D EZIRETAY 7L =) VA EEE R T
07 aFold, TROORE ZPEEX v U T IREOAHEZH > TN Dh LIV,
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B-p06
BRTIVEXRVLEZEFLETHTIVLFF D LBKBRRIEDO T - FARIREO#ERA
'"EWE XTI £ T, 2JST ERATO. *Biclefeld University)
OXM#F ', Richard Metzner'?, Harald Groger™, & EFZA "2

[Hi]

= MU MEEZ, FAmr, 77 U VEKE, BRAIEO TERAEPEICRIT 2HBELRPHETH 5.
BRR T, T RFYL—= NV VBEEROMAEMBIFEL, TV FF Y ALT IV FF v ABUK
% (Oxd) 12X, = P AERTAOHAVRUVBBICRE SN D, Z1VE T, Bacillussp. strain OxB-1
H 7LV Ko AfiikEE#E (OxdB) 1%, E-(R/S-2-phenylpropionaldoxime (2-PPOx) 1Zx%f L, SI7{K
BRI KOG 2 92 2 E S B2 72 > T D D 28, BLERE I —31) L osZe . REFZE Tl
Bex 727V RV A RERED Oxd 2 HWVWTT L R ¥ A= o FABREORGT E21To 72,

[ 5k - KR

Oxd BT HMET A 77V —2 X0, +HHED Oxd BA& 12 LT D K HEE BBk 2 fERk L
. bz MW T, HPLC (2T 2-PPOx (T T =T o FABRRMEARFI L7 & 25, 2T OxdB
CREIFEORRETH D SERMEZ R L. F£72, 2-(thiophen-2-yl)-propionaldoxime (TPOx) & L
cyclohexyl-2-phenylacetaldoxime (CPOx) %% L, OxdB & Fl\ T v F AR 21T 7.
Z DR, TPOx DHH TiE, 2-PPOx DG LFMRIZ, 4 SOV T AT LAY —D I H, 32/F=1
UNANEBENTZN, B 1 OOV T AT LA~—[ 3B In2hot-. BE, (B-BXO9-=hrV
NDFEEEIT> TS, ZREITHIRAIZ, CPOx O =k UL ~OEMIIHER TE o7z, BXH
<, CPOx D ¥ 7 o ~F LVEBILN NI @m0, OxdB OIFHETAIZAETE T, = h U L~D%
WM TN hoTmEZ LD,
1) Metzner R., Okazaki S., Asano Y., and Gréoger H., ChemCatChem., 6, 3105-3109 (2014)
2) KatoY., Ooi R., and Asano Y., Appl. Environ. Microbiol., 66, 2290-2296 (2000)

B-p07
1-RRIPFUI-B-D-FIA—ADBEEHK
(BRREGE)OHLHYS. RIEE. PEFFFH . Jasmina Damnjanovic, HIFHE

(%5 - HiY)

WHFZE S Tl BREH SRR AR Y 28— D (PLD) #EATLFMICHE L, RAT7FINA )
v b= (PI) AEIEHEZHTHEE PLD OEHIZKPI LT, 2O PLAKKILTIX, FAT 7 FV
nalr (PC) BLOA /v b—nAZFHLTWEN, FERIC PC &7 va—2 LT PLD #{E
HEgsrt, "ATZ77F VLI Va— (PGle) BDEKRESNTZ, —H, 1-75RAT7 7 F I -8-D-7)v
a—2A (1-PGle) 1Z. 2001 42 b B O AR MERIE DS 5 416D T HiE - [F€ S (Nagatsuka et al,
2001) . = DOAEBBEERICHIER R 2N D b OO, fEERFHRIED RN T2 ORTEFE LWENT I A TV
W, FZ T, ZERPLD ICKDEEFEARICE Y. 1-PGle Zf{BICHHRd 2 Hikzsr+s2 L & L,

[ 5k - 3R]

PI A28 5 PLD % 7z PGle AR SE Tk, 272 5850 PGle BMERO AR TR O Hiviz,
Z 2Ty AREOMRAT D SR LE R R A9 HE R PLD (8 150 ) 2R~ &2 A,
PLD(W187K/Y191W/Y385Y)Z AR’ 1-PGle & fx LN EMR LTz, S HIC, KISEMIZEEND
1-PGlc ISt @ PGle MR ZRILT I 2 (RIC X W EMET 5 2 & T, 1-PGle O HBENR A[RE & 72 o 72, B
ElE. RAZ =BT 5 1-PGle B D UGS Z BT LTV 5,
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B-p08
EI74XXBHEE 1,2-a-Lfucosidase DEMETAL L 4—EE-ERIIWNIF)TEDEBEFTEEA~DIG -
(RNEX.CEMEE - BRI  TEXRES) OBURK ' . MELE ' . ERBER'. ASHBF .
EFHAER ' ERHVAEAAL L LREZ ' FUEsE "

QEED)!

t R I T A THEHMO)IIRIICE ENLESE 3 L EOA Y IFHEORTH S, HMOs 1397
JEPHE A B D RSB 7 & O AEPRIE A A L TR0 | ILIROR R EICHERE I Th 5, 2D,
B A~DIH % RIE 272 HMOs O KEARIEDHESINEEFITWVWD, LoarL, HMOs £ERTICR B
% Fucal-2Gal #i&EIFMbF1ER JOBERIEO W TIIUCIB N T H AR - (CE IR 722 & 2R G a3 A
TH Y., HMOs O KELFRIEDOWNL % 15T HFEE L 72 > T D, ERIZFHRA N INE TIZRATE -
Bifidobacterium bifidum 3D 1,2-o-L-fucosidase(AfcA)D 7' ) o v Z —H(KizBW\W T, 7 vik
7 a—AZAP-FucH & 77 b—2Lac)nd 2-7 a3 T 7 h—RA(2-FL) DA & BIRIZEKTH Z &
IR LTV D HDD, ZOULRIIP-FucF 125 LT 6% LKV, 2T, EilOMZekE RICHER T,
AWFFETIE AfcA DERhRT a v o X —PbE iR T,

[ ik - FER)

RN T a2 =B LDEH DT, AfcA DIFMRIEZ 2 727 X BRICEHL L 7o 28 BEE R %
35 FEVERL L 72, RO 7 a— REBIEMIIB-FucF & Lac 54 & D 2-FL O #:% HPLC Tl
ETDH LTI Lz, £ O E. N423H 3 L (N N423D/D766N @ 2 fli73p-FucF (2% L T 80%% i
ZHINHET 2-FL 24K Lz, & 512, N423H OB R IRRF BANME 2 T U 72 i F . AR 1T Lac O &
ROTHAOAY TPEICK L THEWT a—REBIEEZ R LTc, 26 OFER L D (N423H 28 2*-FL
RO TR A D7 a2 ke IV 4 TREOERICHHAZREFET7 a2 —EThDH I LR
’Eni,

B-p09
BEFRERBEALEESIY ERBWIOS L0 EEE LR GORH
(BB T-£9T)
OB T, AARAE, F)IEF. REEE. HASH. WAz, EHE—
CIE)

RN DRBENEL A IR OV NGB AFAE T 5 B G EER RIS L > T Bt 220,
RO~ XD, AL G OREREM: & 2 WX EME ORI B W TREM ORIENEE TH 5235,
[FE, ERICHEREENIAEASRPRETH L7720, AFRATRMIVETH D, BifE=
TIEEMHEEE TH D UDP-7 V7 v U gpisfiE s (UGT) oy TR BIEARE 2 HE5E L | KO/ GhH
FEREMERR T IC BT DA R 2 "TRRlc L C& 7o, IRtk e 4 I Thor e ¥ I v E & B~
DN IEE TH D 2-(2- N ARF L= FI)-6-8 FuFkx s a~< (CEHC)D 7 v 7 v gk
BIEIZONWTORAITD 20, AR TIE CEHC ORERENME K OANENREMIH 2 BRY & L < UGT 43+
FEFEBIRERE 2 D CH A RETRT 217 > 7o,

[k - K]

t MFRE VMG 7 a Y — A EHWTI VT a VBB GIRT 2iT o728 2 A, B X 2 E AR
HRRHMTH S vy, §-CEHC Tid7 v~ U BRKEEIL(6 A1) & OIS LR 2 L s fa bz 50
LD L, a W TIHABED VAR T oV EoAB b Iz, UGT HBIEEREZ WA R L 0 |
AT FE B0 7 FE Tl UGT1A9, BBE 7Tl UGT1AS, 10 28 6 (a8 A LB 5725 Z E AR
Nz, 72, MEEI NV RF U NEOI AL TIX UGT2B7 b %595 Z L AVRENT-, i, 35 UGT
DFFEEBINT S Z Lick ., X 22 E RERICOWTENMFFR R 7 V7 a Ui sk 2 gil4
HZEHKHI LI, ZoZ s, UGT o FZ BB S MR A AR R 2 H0W a2k
CEHC DIANENRE K O OFEREMEMITICHEIRCE 2 b D e EX b D,

_52_



B-p10
J)aYz/J)h EEICEHAEHEBEREEERSIVA\VED X SR EE RN
(RRE-EBECEXREBEI)OZARVFF .ALIGIAL ZEX= " FEHEE2L BK &'

QEED)!
7V a7y (GAG) (FEWMEN~ b Y v 7 ADOFEEREREFEZO—DOTHY, vav

gl 7 2 PO THEOKEESN D SR DS CH D, HIOIROMEIL, GAG & EHCHfEOEEN)
LT 5. JRIEMEESHERE (Streptococcus) 1%, ZHEY 7 —E L ARfafns v u=rt Ra 7 —EDl
BERIZL Y GAG #53fR L, BN ~MRAT L. Zh bR eIy ) LA ET—20#R 17
FTAR—Za—RENDETHF AT b T A7 =27 —BRI%, WAk iz GAG RELF 0 2 fia i
NIRRT D ENRBEEND. —F, Bl U (Streptobacillus) DB 7 A X
—2ix, WEREAZ 378 Smon0123 K77 ABC TV AR—F—RNa— RKEINTW5. AFEET
%, Smon0123 ® GAG REaf1 & OFES TR AEEER AW O NI THZ A2 HNE T 5.

[k - K]

Smon0123 & GAG REFI HE & DFES LAV EENTT 5720, #EGICfED Smon0123 O F U 7 K

T 7 VNI B RO EE R THIE L7s. FORE R, Smon0123 1X o Ru A F o ARER b

(CAOS) tibmWEfMEZ R L, TOMMESRIL0.6uM7Z-7=. £ 2T, Smon0123 & CAOS &
DEAED X Mk SR 24T - 7=, 2fREE 1.78 AD X BEIFFT — 2 ZINE L, oS FE#HEIC X
DA ROSEREE ZRE LT-. Smon0123 X2 5D KA AL Uinb R0, &% RAL L TIE 5 AD B #
NAT « WOEATOIRGTLCT IO R E 2 B-2— FE2EK L, ZOEV % a-~Y v 7 ZAHEY BHA TV
7o, W RAA L OBICAFET D27 L7 MZ CAOS 23EG LTz, CAOS OARfafiv a U figl 73 )
PEN T 7 VTN — )L A F R OKRBREAGIZ L > THRSRFE SN TEBY, 7 I/ EOT7E T IR
FAITER O RN I O Tyr-128 WEHEKERE A L T, LR - T, 2 O ALEH D GAG
FEIF “HEORIEICEE CTH D Z ERNRB I ND.
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C-a02
HEYRICHET S LIEMEYIBERNHME BT HR
(B KREME)OMOKE, AIIHESE, /DMIE FEE EBEEE, ME—

(QERED)

xa7erFavik, K700 FELLEOEMIZEGET 2 N EEEOHEY FAEERBO—FETH Y |
JRYMIT R 2 BEFEEILIER I CRA M & 7 > T D,

ATV TF a VB ROFESIME 2 BN LRI T 5 B2 b T0W5, ZOFELIWEIC
DVWTHFZET IR T, Fx1TH D HEMERN R 278 T 2 VI T 250 MEEEETHZ &
R UTo, EWRD HFR LR HRIZIL, 2 OMEICK L CH BICHEANENE 2 R~ IEHEwE )
BENTVWDLZEEZHOLMNI LI, 2D ORERIE, 18RS 0 S A TEEYEIC X0 M 2R
OJEFATHAA L, Y L7CME DS ERET DB 5 E 2B BT 2, LW B LWBRIREES £ T L
DAFEZRE L TV D, ARIFETIX, Z ORI bR O M EHEGERE'E  (Root-Exudates-derived
Microbe-growth stimulating Substance, REMS) DL FHIARIKZB BT 52 &2 BRI E LT,

[ 5k - 53]

AU B DO HEATAIHIE M DWW T, IR IRICHRE SR 2 N 2 72BROWEE D FH CRMi+2 Z &
L7z, ZOEMBREZIBE L LT PG RER O R, HEWEIIIEF ITEBIEDLEH TH S
e E NI, £ 2 C, HILIC 717 5% HW/= HPLC U2 X 243 i 2 AT\, 4518 53 Ol B HE Frfili
AR L 2 A, EEOBSITIEERBIE SN Z 06, IROBHKTIZIZTEE D REMS 235
FNTWVWDEZ EDIRIB I NIz, BIEFE TIZTHILIC 7 7 AOfMAEHLEIZ L HER & NMR % V- #
AT D& R D REMS Z FIE L TV 5, RFEED REMS (2B L T HERAHED TW D72,
ZOREFIZONTHEDLETHET L TETH D,

C-a03
Brevibacillus Z AW -HEMRTFRRILVED DT EFE
(BARPRESE) OfelE. R ERE. BREE. NE—

[ Bm)

T IIRE BT DB, (RRED D OKFHEREE, ALK BE DR L AT I 72DIT
RALZFEE STz, & OMRRITHEY O EFFIZHHATH D | [ILITE Y 228 S & LEICTER S D L9
FEICHIE S TWD, IFEDYr A XFT A5 2 NN 6 [z SIS 5 il
7'F RBRAE L LT stomagen MM IEIE S iz, EHEMEE O stomagen OREEIL, 3 xFD Y
ANT 4 RFERHEAT DT I /B A FEETH L 2 LEBRH LN > T D, RIFETIL, KEDX
R E h BRSNSy T % Brevibacillus 36833 A7 L% W5 Z & T, stomagen O RhERA /24 pE &
179 & &Iz, AFESNT stomagen DAEFER, VAN T ¢ REEGHAL ABEHZALNIT 52
EERENET D,

[ 5k - 53]

STOMAGEN Bn =AU T T A K& H\WT Brevibacillus =AU, LRI
TWAEAE AW CEE T 72, & EIE % EE: MALDI-TOF MS T/4#r L7-# %, stomagen ®
HEE L AT D0 FEERT YT TV EMRT LN TERL, £70, & HFICE oA LRI
T MALDI-TOF MS # & L7=& Z A, stomagen XV 6 Da KEWI 7 FaARNBHENZZ &b,
EEINTEXTF RIS TRIZSXHO T AT 4 REEZEEL T\ D Z L2358 <RIBSz, IRIC,
TR ARG 5728, Brevibacillus % 4 RO TR L, LC-MS 2 HW\WTH:E BB
EFEN5 stomagen DEBEZITHTFER, 7T VWD 7 T /VERI U IALRA AT 72 BRI L
ToHFIZ, Bt stomagen DAEFEENZ T LN ST -7z, Brevibacillus T4 L 7= stomagen
OfE L . ZOAEIEEIZ OV TR, BERFTTHY | GDETERT DL TFETH D,
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C-a04
AT DEFRFICHBITETILELEXS Y 0sGRXC2;2 DHSEEMRHT
(ERREGRE.  RBRBEEER. CREAKE)
OhftiE— "', BarEefE ' BHEE "2 EX " . ZEEA 2

QERED)

TNE L RE Yy (GRX) X, FVET AL ORTHEHANTHE U RIEOTANT 4 KA ZR
T HBETHEEZ TH Y, FUMLBIE-CER 2 7B L Ry 7 ZAFEICE b > T\ 5. HHF5E
HTIE, A FEFTEICEIL TS LZ L RFT 2 0sGRXC2;2 ICEH L THFFEETT» T & 7=,
OsGRX(C2;2 1%, BEFE T L 28\ F O, 7Y 2—o VB TEEMLTWS. £/, FEIFERTTWA
BRE 3 H HLLKE, ZERENABHICHAT 5. OsGRXC2:2 WFIFEHL A R OMENTIC X 0 FEEOMHIF I
WIHIEROBIEN RSN T 5. LLEDZ e, OsGRXC2;2 235 R IEOFENCEI G L T\ 5 Al e
PEMEZ BNDTD, AR TITEORERBELA ST L2 HE L
[ 5k - K]

CaMV 358 7' 1 & — & —ilffl F T OsGRXC2;2 %@ RHH S B - WA 1R E H\ 2. 35
BRI IR TG L TR, BHEAMRETS. —J7, OsGRXC2;2 1LIHMEREFEHEITENTND &
BEZoNDI D, IEHBEO—FETH LEBILKZEOWKFEFHOEEZRE Lz, EORE,
WBREREBRFEE 2 b — RO CRBLKEERICETR LR 5T

F 7z, WAKFEFIZB W THRIFEEICEGET 201U v (GA) IGEBERTOREEZ ) T LA A
RT-PCR ZHWTHE L. TORE, = b — L RFEITEHNTREZEIEE TIE GA WA MRS
KF OsGAMYB O BLIEWD, 2O T Tl < OsAmylA OFBUTERNE W H AN R bz, S
DT, WAKFETIZ GALBEE T -T2 & A, WMEPEBLRHE CIE GA IZ X B3B3 F5 > 7

PLEOFERD, OsGRXC2:2 1IWAKFE 128\ T GA ¥ 7T IVGRERKE O OsGAMYB X v T
WEEHZXHZET, BHEEMEILTNDEEZ2 LN,

C-a05
2-AFEF—IDERICEHIBREGCFOREEFNFDESASTDHE
(KPR E) OBIEHF. ILNELH., KAIER. HAEH

[B/9] W EEACAFET DRIy & LT, TAHHR 6 DORBEHN D 72 D IEBEFE R M AL
43 (green leaf volatiles, GLVs) 23 & 5, BAEMIZBITA 2N 60F VX, FEMEifEE2ELTHERD
—DOTh b, GIVs D1 O THHB2) -~FEtF—MIHFERNWEFEVEZETLHDOIZH LT, QE)-~Ft&F
—ERFERRDOFD L LTINS, ZHOOERMERSIT, U/ LB bEERICE RSN D 2
LIk oTAEL D, QE)-~Ft T —LEBD) -~F T — L ORMICL > TEAREND Z L VRIB
INTET, LEEB- T, ZOEMBIIBERAEMOREGMIEICEREZ 52 TWh ETIRINHN, Z0
FEHIRIEIH CH o 72, AR TIIQE-~F v —VEARICED A~ —L A Y X T —E %A
EL, Bo Izl b~ NOFRRD OUWE 2l T,

[Fik - FER] 2-~F 2 — MIREORBU - THEINT 2 Z L RRE SN TWD T, Hix ek
EDO~FEF— A VAT —BHDIEFEZR~T-, TOME, HbOEWIEEEE L7237 B RFEL
O EERRERL 21TV, 07 35 kDa DH—D N\ REEZ, 32T 4 7 AENTOFEE, 3-~FtF—1
W2k % Knfif1Z 0.73 mM T keatfifilZ 760 T o172, NMR M 21TV, BEREEHE NI 2-~F BT
—JUIL trans (KCH D Z L MR LTZ, B0 7 2/ BREAIZFS T, TSV CRERE G T & FE
LTze B2 ERI L, MEMEAE R LB IOV CHML 2 IS 2 /ER UIEME 2 E LR,
AR~ AR TURL A FBHEOBETNEEE AT OEHEE I FLTWD I ERHLNE A
ST, TR TV AEICEY 358 TuE—4 &AW Co37 ) b Hsk HI BRI BB LR b~
NEAERL L 72, #ED GLVs & GC-MS /5#HTi2 L 0 fifdr L7-kE R, B4R Tlx GLVs @ 98.8% % (32)-~
X F—ARNEDZOIK L, BEERE TIXQE-~F ' — ) 87.1%% Hb Tz, BifE, Rk
D GLVs IZOWTHT A TH Y . RETOBFELIELOMEOENL B IERT A TP ETH S,
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C-a06
A BRAEEERICETAEFOX I EEBIN v U TIFERBR OB

'"BELUEX-AETHERILEXR-AamfE) OFSNE '\ BM&RE ' EE T ', NEEEX '
[BE1]

YHFSTEE TRINL S VT2 & 77 (Phyllostachys nigra, /~F 7)) OWREEZFMAE (Pn M) 1, BEERSMT%E
WET 5 Z LT, HIEOMAED 2 WVIIAR DR & W o 7o NBIREEER 7 = — XOHIEINFAIRETH 5,
AT B 40 T S 7z Pl E, B2 —WRINHIEY & L T feruloylputrescine (FP) % 5 & F4
THZ LMD, FPAEGRHKEARILE OBFEMENREINTND, FPO LSk Rux KT I NE
DEHIEFEITZ < OMPFEIZB O THEE SN TWD A, FPAGHIREOBEHENGEHIX I N E TR S
LTV, ARBFETIL, Pn flila» S FP ARkBERZ R L, ZOMREZHGNIT L L2 E
L7z,

[ 5k - 53]

Feruloyl-CoA (F-CoA) & putrescine % 38 & LT, ARILIRMESA: TR L7 P Ml O HLEESR 2 H
ToBERTEMEDRR AT o728 2 A, BERIKTEN72 FP OARNFRD D, T2 X O FERER S
St E b5 2 LT WD TS Th - 7= FP ARIEMEZ B0 20 (FFREE TR Lswd5 2 &
WTE, 61T, MEERZ AW CTRER R 2R LRIk, ABERITT DLt Gk L LT F-CoA
. TUIVEZRFIKRE LT putrescine & BWEVE & LIS s 2 flitd 2 = & 23R S, Pn i
FBUNT FP &, F-CoA & putrescine 70 HEBZEATHK I TWND T &858 < /RMEE S 4L72, Pn Ml O R5 2
FRIZI T % FP G RREERTEVE DRI AT OFER, AU T TOREIE 4-10 H BIZH T Tl b mWiEME
RSN Z LG, FEFEOEEE 7 B H ORI D FP AR O 2R T, Bty KO
BT L v~ b 7T 7 4 —%&fT, FP SREER RS 1600 5 £ THORR L2, e
FERUCIZE D707z, £ 2T, FP AR D F-CoA 12K L TEWBIFIME 2R3 Z LIZER L, B
7 10— AXFHE BT feruloyl 5% ) o RELTEHEALRLET 7 4 =7 4 —H 7 L%&AEK L, FERIZHW
HZ L b Lz, BIE, ABHEIToTEY, ZOMEIZONTHIETHRET LI TETH D,

C-a07
ARIZBITETRAVRF—IL--BRARMDOBERSLUER
(HERRER)OmEFHAN. ' EFEL'.BIIE"
[B/]

A= 2 NI DR E LB RLVE L TH Y, FERLDOE LTA > K—/1-3-H
BIAA A SN TS, A > R—/-3-FEEIBAIIA —F L v O—FTH DA, TAA LA HZE#S
2D TAA ORFEIFIE L B X BTV 5. T T TAA IR E 2 0807 2 M 2134 G k0l
EEEBITRBRDH D Z RN TnD. TAA IFER L, 7 2 BBIE, BEG Lo k2 2
BEZTHZERMBNTWD. —J7, IBA ORFHIBE L ClIm B3 b7, = 2 TAIFE CIlIE &5y
Hrit & - T A RICBIT D IBA OFBUGEHM ORE S LOEREITo 2.

(71 - #ER]

% 2 WOA R EIRIKZEZ T TR L, 80%7 & ko /kKislk CHitt L7z, = sk 4 B4 5 —
U PTERERL L, LC-ESI-MS/MS 43#ricfit L7z, IBA ¥ 0 3R1%, IBAICKH D7 5 7 A
VMM AV OEREREI LTV —A G ATy L VT o2 TORE, BILIATH D
OxIBA £ &2 b5 E—7 B &7z, RIC IBA %A RITHKIZEE 100 uM & 725 K 9 125 LIREE
WM L7z & = A, IBA-Asp, OxIBA-Asp, IBA-Glu, IBA-OGle, IBA-NGle &2 b b E—7
ERE L. ZhoobdERET D10, TNENOEMLEZ AR L, LC ORI 0T 77
AT =T a NG =B UICRER, Wb xikobo L —FH Lz, £7, IBA #5RIC
T DM DO ERS E21T o728 25, IBA-Asp BLWVIBA-O-Gle REWZ En oz, Th
5O AL IBA LBRRFO Hfg HH S iz 729, \FEID IBA Z 0BT 2 &ZENH D EE 26D,
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C-a08
DRV RBBERDSEREER R EBRTFELOHEE
(BR-EYHEL RRR-B)OMER FBH'. =L X=2 8E &' 0@ E'. £t0@P) XHFF'

QELS)

BT DOLDOTHL UL Y A(GANE, FEXDOMRMEESCIHEIFIEE, EFERetER & &
FIERAFENAZ &0, UL U UARREREE D% EEEIZ I TiE GA20-oxidase (GA200x)35 &
X GA3-oxidase (GA30x)AY. fUEHRES Tt GA2-oxidase (GA20x)MEIVTEY . Wb 2-4% Y 7L
A NVERERMEBR IR IR T DR TH D, Txld, TN OEBEROWEMITICID A, 4 FD GA
NELIERE T D GA20x3 DREEZ A BN LTz, BARMEEIL, S-SHE THG Licy A ~—R+En
FHREAERI L7z 4 BRZTER L THRY . BWETHD GAy BIEEFLLSMNT S X A ~—4rFORITH G L
TAREEREER L TVNDZEBRHALMNERoTZ, 2 TARIFRIL, Z O EEIEE DK & BERIEE
EORBREMOLMNCT L EEENE Lin, £/2. ZTNOEBEROMIERIT L &bt TiT- 7,

[ 51k - K]

GA20x3 DIFRF TORFIREEFRRDL T2, LEREBEHRICLIELEZZ HiILD GAy FEL T VIR
WEIToT, TOME, WRHPTH 4 BEEEZ LD EBHLNERD | 4 BRI OHEKROHE
HEC BRI LTz, 22T, BoNedm FOBRIEHREZTTL L 2 A, 4 BEPHEERICHAFEEEK
JEEE N L DTN L3S0 oTz, £, GALOFEIZ L D A[HIC 4 BEREZIERTHZ & B
LM oTz, S HIT, EMMIRNIZI T 5 2 EIRTERGES L ORI CORTEGEZTH 5720,
A3xOT v N7 T A NERWEBIFC T 21T 572, EOREE, invitro & [RIERIZ in planta TH L &K
HigExE Lo TRBY, ZOZERERITMIE CIrbhd Z b oholz,

PLEOFERN S . GA20x3 1ZLLRI B BN TV D K 9 B T3 BRE 721 T/ < GABEN L
AT 5 L ZEEEELZR L TEMEZ B, GARSEARET 2 & Wolo, X7 E L~V TOFE
HITO T ENRBENT,

C-a09
GUVR— LM T AT ILEELEDEDREETVRDAEH
(BME KPR BXER) OREE, THRF, EFHBF, EARE—
QEED)!

7 R— gl 27 (GEs) 1%, 737U tr—1 (DAQ) W&o & Mo TR T
L, AENICERESNS E, UNRN—BOERICLVERAWE T ) > R—VDBERTHEEZD
NTEY, BUE, ®IRED GEs 25T DAG TR T I L 72> Tna. Lo Liilt, DAG 481
LCWRWE MIEHIZEBWTY, 77Uy R—HEEO~NEZ o EMIMERRE SN - 2 & RsE
INTWD. &I CTARISETIE, DAG MERHMLSD GEs OFZBERUR A 6T 572912,
FZFEA R KON 2k 2 2 MASIE T TR L, GEs WERT 205t L7z, £7-, GEs B b
¥'&EC& % 3-monochloropropane-1,2-diol (3-MCPD) gl A7 WZ 2O\ T & [RERICHRET L 7=,

[ 51k - FER)
SFEORA (K, 4, BA), - sfEOMA (W7, o~, TUE) &, HAMBEZILER K
(BBQ) THNEMLEE L7=1%, HhHFB X ORILEEZ1TV, LC/MS 2 AW TNEGREF 0% GEs 3L O
3-MCPD JElife = A7 W EERIE Lz, Fiz, IEMARAL L ORAT ORI E% GC/FID % H\»
THIE L. ZORER, sk 2nE (K 250°C) TR S = IRA L OFERAHIZEBWT, % GEs 2
AT D2 LR Uiz, 72, ERAMNEY (300°C~600°C) TR S N7, FRA, BRICBW
TIE, HAMBUCH AT 10 5L ED GEs 2MERK L7z, B AMASNARICBW T, % GEs 234
KL, SHIZERFCTHRE SN o7- 3-MCPD ElifR= AT VO bR SINT=. F7=, AL
72 GEs B X U'3-MCPD el & & AR L O U A OSSR & OMIZFERIEN TR Bz,
PLEOFER LY, FTxIZRENICEFELZE LT, 25 GEs B bLZWE 28 L TV 5 ATREME AR
2 X7,
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C-a10
AEBEICETHTAR—ADARELERICEHT I —EE
(RABER) OBFRAE. PRt REEZ

[EM]  ~ 33 —XIIRFEHEREDORN LRSI N, AR IND I ERHDH. 0L Xl
KDNGEET D ARLZEANAELD &, WEMETT 5720, ZOHHENRD LD, REEOHEREN
BERINTVWDEN (1), REHEENRERIZAS TRV, — &I, fEbictby, KOERITHEM
L, MOEBEIXEADT 5. £z, WBFERET 2 EEF L CORZRBNEHT 5. 2 b OmE %
{EREHRRICE T 5~ I 3 —AORLEMIRFTHELERTH LN ET 5.
[Fik - fER] e o —B L OBER 2 B0 (T 7R GHI SR 2 Ad, —20°C THEHPR
L, ZOBORBOEEB IO~y RAX—Z2DENZ2EGEICHIE L2, Timms (2] IZ0EW, #
BOBREOFMMOEEE RN Lz, £/, ZOEICESE~y RAX—XDOFEEEZHET L. 51T,
SEOREFFENZEA LT, bl OEH LR s EHH L, s LEZER 0o BEITZERD
MA~OfFIAfRE & i L CRY R mR GO, £, ~vI3 F—XEHELERICOWVT, BEIC
PE O RAE, A KON OB O 2 b2 B Uiz, fddfb L7z & 2 OKOEE ORI,
HMOEBEDORADEDO T NKRE W=D, AL HEOBIIZZERAE LD ERE LZ. IWH LE2ERIT
ZOEREMT-T OISR ETHY, 33— AOBHRIFZHAFESET 2 &, -5 R EEs &
OER— KRN HIICE LD RSN, BT R EORRITROTRLXF— L)L @& DT
B, KBLOHOEEZE, 720 NS OREMILIZHE ) 2RO HIE, wEuERICBIT o2 ~v3axr—X
DARZEACIZH L TO b s KET & Bbhs.

[FEE]  ARBFZEIE, WERT - IR R - IVER 7 v — 7 K LR o—# & L CEl L7z
[>c#k] 1) D. Rousseau: Food Res. Int., 33, 3—14 (2000). 2) R. E. Timms: JAOCS, 62, 241-249
(1985).

C-a11
B O/W IILL a0 KA D EHRRE D SH
(RKIRE)OF AN, BIIRE, hlIFTt, BEEZ

QEED)!

BRITHEICIVREEZEO L Z by, LaL, HA bR 7 SI3mmEmic L 0 REE
{LL, WEMETTA2Z 0855, OW =~ /Ly g OBTREICHE Y REE A5 & 2 K o —
DL LT, KOOI D BAEEMGE L ENEZOND. 2L DHAENREENI KT T HEL
TEBANCFEG T 2121, KA OBFSRED EfE 72 RN LI TH 203, FEERZ2MANRRZE L TWD.
AAFFE T, REMZRBRT LY a COKBORS E LT R DA, FigEEEL, Zhb
DRy AR O BRI KT THELPA LN THZ LA HNE L.

[ 5ix])

Bk N Y v A, FERR X OUKEFE A OFEIS TRA L, 2mg 2 DSC oAricft L. BE a7 7 A
1%, 30°C 2>5H —120°C £ C 5 °C/min TR U721, EHIZ—120°C 75 30°C F£C 5 °C/min THIEL,
BfRREDO B — 7 IR E &R DT,

CEES

K, AKEHALT N T LD 2 oy LOUK, kT MY A LEEED 3 oy Ok
HEEDND 3 OO@EY— 7 A, 0~—30°C, —20~—30°C, —35°C I, Zh b bIERK
L7REER L W, — A2 &S DM BRIERE T 5 —20°C TIE, KOZMPEHHE L TR, HEiTAm L
TWRWZ ARSI NT-.
€33!

AAFFRIE TIERS: « IR - HYEE 7 v — FIERRgE ) o—# e L C%EM L7z
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C-a12
MIToFToDFMBNEREREBDKS HHICRIFZTEE
(RKIRE) OFZERE., flIIFRth, REEZ

[BH] INEREFENE T 2FOSE 21X, WKIZE D AU DHENEOKG AP K E R85 KT
T =0, WO EAREOMBUEIZIE, BIEGRBEIEM 52 BV E L ONLT 7 U 3 i
ENDZENZWL. UL, LT 7 OUMBHENED K A RIET ROV TE 078
B2, F ZTARIFZE T, LT v 7 ORI/ N FNEL DK AR R ET B E, T
CHENEgE T T 7 A ENNCE VT A Z s 2B E L.

[5ik] /Nl (RERE), MTTFr 7y (B Rafo7a b 45707 r) BLOUksE R
FH—TCRIEL, "AZ~< 2 (Magica, Bottene) % f\\CT/hEWHE (B 2.5 mm, £ X 80 mm)
EIERL U 7=, /INEMEE 98°C OER TR XE 7%, REMmEZT V2V h A7 (EOS-40D, %Y
J V) KR L, WL BN oK O ERIE Lz, £12, FREHC oW T U —T
A—% (Re2-33005S, [U#E) #HW\W T EOET 7Yy (No.6, [LE) 12X HMHWEREREZIT- 7.
[(K5R] LT 7 ORI &0, WERTOIMEEROEKEN EH L. 2k, L7y~
Y ORUCIRENNET 7 LHARNRIERTH D Z LI K DWMKEE OB AL TS EEZ LN
5. Fie, WEEBROMENOEH L/ NERIEOY v 7RI, NLT 7 ORI LY EKEIC
EOTHEIKT L. ZRAOORELY, LT 7oL, AWAEBERNEOKSS5AhE L O
BUNRTEDOFR Y NI — 7 EOR I BE KT L, MEBEICHFEG LTS EZ26N5.
(EE] ABFgEIE, THREKRY: - IRKRF - RIEH 7V —7 BB Fa Yy —3 7T L) O—fHE L
THE LT,

(51 /K]

[1] T. Ogawa, S. Adachi: Food Bioprocess Technol., T, 1465-1471 (2014)

C-a13
BHEEOBRAASBANDBACHEREEFRRICHELX5Z5EFOAER
(BEEX-BRFERS 274 /7Ly a3—r0)) OTINEER ', BFBTF ", TEHN
FEENR FHEE ERIE—

(QEED)!
BHREOBRENET~DOREALCHEFIERN - RIUCEE L2 52 2K FE2HALNCTE 2 L1E, BAO
BPREICHT DGR A B 25 ECEETHS. 2T, AETIE, BAOZENZRZE Tk
Z AT 7O OB M LA S 5 72012, FESOHNIE ORI DA BN EAWT, BFEHEOD
W~ DR ARLE R BR T HFORFEMER 7B AN, BROMAEYFN RSO G T 5%
FERFICOWTHLNNIT L HZEE L.

[k - KR

ft3emx Hi3emx M 6em iy M LESERERNICETEHEZMEIYE, BRAOHE, 5L
AL, PRFREREIOBEVCEIT 2 BN ~OEORAREIZOW TR L. £72, BRAOEAHERD
RERRER Ay T D Hask~ R Y v 7 2 (ECM) #2878 (a5—4 1, a5—4 1V, 7478x%
IFv, TI=) ~ORFREOMEREICONWT, 7 U ZAZNANRAL ALy MeEE VTR
7o, EBIT, ECM # U XV ENEPHEEOBABG THBIONA 7 4 )V AR R T EEICO
WT, U7 AZA L RTPCR ZHWTHA. ORISR, BROA T35 YL ORHE T 628 TR E O
HEIeal, £-ER2LO L A=, BFHEIINEHIBEALLT W EEZHLMNILE. 51,
BHEHEEOBA~OEEREL AT 572012, B ERE ECM # VNV B L& O FEEEZ R~ L
25, BREEOMEBEREDEWCLY, BRROFHE ECM % /37 E~OFERENER D Z &
AL L. £, ECM % VXV FITfE LTERBTHEREIT, BRE8RTFBIXONNS 47 4V AE
% B -5 DR FEMER T ORBENAEICEM L. b0 RELY, BFHEO ECM ¥ v

R BEAOFEZMEIT 22 & T, BFEEOMNE - R AZ I TX 5 AlREMENRIE S iz
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C-p01
ME7ILISVICBRREVL UFi#REEGETERI I/ —ILOFEER
(BRRERE, 2KRMILKERIRE) OGBRK ' MIETR . EERS, EAER. FIE2 NH

M —1
a—

[H/Y]

HARPURIIN R M « SMRPEFUR O IL@ DR A IRIA < Bk 2 Z L IT L 0 B O PR EROEE
PEHEFFIZH S LT D B2 5N TN D. f)7m/—wi%%%%§&8%<®ﬁm’ain =
WHIEBLREZ BT 5 2 & D, BMOEREE~OBE G RB I TS, AIFETIXERIAERY
T )—=VZHEBRL, R T =) —nAEBMPT LTI LRSS ARGUA L O AR 2T 5
ZEIZEY, R Tz =ML D ARGBETEEEEIC O TR T2 22 BN E T 5.

[ 5k - R

BFDORY 7= ) — )L EMIET VT 2% 37C, 24 B4 o Fa_— L THERLIERY 7=/
—JVLEET VT R b, U AMERTE /7 a—F b IgM HRPUA & Ox#=ME%E ELISA I X 0
L7z, ZORER, 7 RUReT AN —7 PORGOIEREHEICEZ << & %5 Cyanidin X° Delphinidin,
IR A NZE £ D Piceatannol, 4 FIAHOERARY 7 =/ — /L Th 5 Ellagic acid 72 EFlix DR Y
T )= VZK VB LT VT I UBRAERPURICERE SN A Z R R L. £, TR
T x )= VT VT 2 TR N Z R B O R EEEEMNEINT A Z AR L. &
BIZInNoDX R BIIRENLBORERETHIBEH Y v~FRF B THEICHEML T
HH1Y VY U E R BHARICR L T RRRIC AR M2 R T Z E DAL olz, LLENBRY
T )= EIT T I UICHRPURY T REEREZ 5 L B R R OFBEOIEMLICE S LT D
ATREMEDSVRIR S T

C-p02

ITXIDUD A XTI —EFHEICKDBRREV AU FERICET SHR
(BRERERER. KRR RRERRE. CAKRR) OMETHR ' GEHK ' GEERS ' EHER .
FINE 2 LERX . REEZ .

[Bf] BARPURIC X 2 HURGRERICAE O B R R OB RIS MHALITRW ThICH 5T 5, AF5ET
(S f%é%ﬁk"%’aihéﬁTi‘/ £ 2D BRAERDOIEVELIZOWTHRET L, FEefp s N
BEThY Y OWEOREICEOLMIET VT U0, Fx ORMERSOFRTHENC, EEREST
¥ Cd % Epigallocatechin gallate (EGCG) ERUGT 52 & THARPUAD B RiREEZ D, B
PURICR Sh D Z L2 R LT-, 5612, EGCG IZ X % Z v 7 BofbEMICH>WT, EGCG D
U ONAF U H—BERIENEIC L AL R O RS ERICE B LG LTz, £Of5%., EGCG Efifi 7
NT I RTY DURERIKICHKT D X L T - IVIR =V OERAHEFT L, AT EGCG & TV R
UIMEA LTS ZERH Lz, I THREIIHUEZRHA 7 = X KON TE LR REEIT- T2,
[k - #5E] EGCG/HSA 12815 U H v REEREEAFICE L, JURED M G0 VR = LRk~
EGCG F{b.n B 5%, FURGREICEBERE DL 5 7 L7 I v OEZELIZ W THE L=, EGCG 2%
mﬁ¢572:wEV@%Mit@%%ﬁot&’% RIS T VIR = VBN B S T,
Flo, INAR=NFEOBRIT, NaClIiZ XV EMEZFTHIE LIk R., PURERRICR 5, U P UFRER
WO T 2 DR #95/A7E%ﬁ@ﬁ@&@m®%5brwéﬂtoé% . EGCG/HSA @
(£ AcES ﬁ#%ﬁ?ék%z%hé%m®mﬁ§/ﬂ7gk@ﬁﬂﬁﬁ_OMT%TWéht_&ﬁ%\
BERFZED TN D,

YRR, EGCG E/MiT V7 X d, REEMNBZELT HZ LI2L Y IgM AARBURIZ L > TR
WS, BRGEREEMLL T D LB X B, MAOERUZ X 2 EFHEOMER - RO —K
Lo TND ETREND BUE. INVHR= L EIND Y VU BRIETN ORESS~ 7 A % H\V = in vivo
TORRR Y, LOFEMRA D =X LD THEEZED TV D,
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C-p03
%, Y-V RWETRCSHIEBEOBRNEHETORTR
(AT BAAST SEAALRES., BEXEEE. 55— BRI . BRI
HERR) OMBEH ', KAREA 2, EREE o, ATORISE 5, (AT ' RS2 * BEs£ ' FA=
kO AABZ O, EDER 1

[HrY]
F ¥ BTV 3 — LR ERR O EER & LT AD-glucopyranoside (Glc), fprimeveroside (Prim)#3
HEHESN, TO—HIE, FYEOMIRCT 7 ) arThoH 7 Va—VEREGEMT 5 L vwbih
TW5b, A TIEL LC-MS, LC-MS/MS # Hy, FLAS, v—w R 8LE TR I 2 BLFE R O &I
AT Lz, v—n U RBROEBREO N, INEBRE CORBEAR DM DJRIK & U T FERIIC R L E 7R
BHERCThd D~ 1 = /A LEHE RO FE A R LTz, ABFE CIE PRET s LT, FrHEICBITo~vr
=IALEHER D RE 2R AT, Flo~v = bR OET VIbEM E L TIHERRILEY phenyl
6’ -O-malonyl-#-D-glucopyranoside (PhGleMal)% &k L, ZOEZEMSE L | F ¥ TR T TORE
PEA R L7,

[k - KR
AL BGEIEFE T Prim (4B TH LB L, v —r VRO HEITIMNE T T Prim, Gle 3% L <
L7, %E TOMEIT X DINZIE, ALFINCALZEREFE RG] CTh 2~ 1 = ALRE RO % 5-
% H8E L7-, LC-HRMS 34T O F:. benzyl, 2-phenylethyl 6’ -O-malonyl-f-D-glucopyranosides 73 7
— 0 VRSO T Y BT D L AR LT, T MEEW E L TER L7- PhMalGle 13/KiE
i, 90 °C,1 IREfE] D ALEE T 98%7% PhGle (22835 L Iz, v v = )L ONL B RAEROTEE b R
L7z, F72F v % MeOH, acetone {1 HH#% # Ti% PhMalGle IZ BRI ZE TH - 72,
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D-a03
AEEREOAMAPBRICEIT2EFRAHBERTROERSE
("E&RP-B. 25 K-J)— ., B KEIERT)
OMBMX ' /MUTR ' FEX VAIFEFEM "2 (EHEX?

QERED)

HEFHEILY) 7= 2 mEICM T OME—DOMEMTHY . UV V=0 LA o 24—+
EEAIMNC W L a1 ) 7= B EG Lictk, B9+ 7= ZEIRIZIRY AR, SERITKE
TRRGIRFBICE TS D, L, BT =Rt Eny T S = U REAOBBRIIARHO £
FTHD, FITAMETIE, EHFV 7= 0RGFICEE L TWad & &N d 1,4-benzoquinone
reductase (BQR) } U homogentisate 1,2-dioxygenase (DOG) Efn 1% @iEMEY 7 = 4 fif
Phanerochaete sordida YK-624 HfNTEBELSEH Z & T, @01V V= ORIz 5 2 5 8% M
L7z,

[ S8R 715 B O 2R ]

DOG EfsFH LIZBQR B FAHALZZ BHREX D KOV 7= ez ii&E Lo & 2 A,
BEE O D BRICHBWT Y 7 = el s m B2 L WO RERD G b7z, U 7 = s iRrEn
M b U7 RR A BRR T~ R LB - EARR (B4#k, D4R 12X 5= U ORBEREZAT
ST, Wk E BIINA=U AEREOR LA b, SHIZ, KA =U rEimL T, U
T =V REEIC B 2 DRI OWTHE L., TORE., 2 b — KT =) o &
VY 7= RERIIEA Lo o b DDV 7 = 2 RSP S KIEITAR T L7z oizxt LT, B4 K&
O D14 K TIEIAN= Y VRO BT Y 7 = BRI ER NN 2 L AVR STz, T b DR
5. EERHHREDH Bk > TR TV V=07 5 7 A 2 s ORGEIMERE S L. Fenton KUt Z i
TBHZ LTV = R MENm B9 5 2 L AVURIB I LTz,

D-a04
HEFEEEE Saitoella complicata @ RNA RV TEB B LURILAY— LTV T B
"EBWEX B, CBRA XK, REX) ILAEK EERE T CUERKT L HARE . OFmBEER ]

(QEED)!

F-FEE 3R Sattoella complicata %, 7728 RE Schizosaccharomyces J&Efi7e ERNJE L TV 5
WA 7-FEH$H  (Archiascomycetes, Taphrinomycotina) O—HfToh 5. A TEEIEIL FFEEFEOLE
BIZBNT, b PN BHE L ol LR ETH D, ZIVETOS ) LAHERIZ K Y, Saitoella
complicata SRR T EEFE (Euascomycetes, Pezizomycotia) (ZfELTWD Z E b hoiz. Fxids
J LY EECAZ D, 104 22T ¢ 7, 6933 D H X7 o — RiEI A 8 7~ (Yamauchi et al. 2015,
Genome Announc 3, e00220-15). 4, B A T B FAAVEERIAER MU 222 F 2 A (TSA)
ZRAWT, RNA~ v 7RITB LR 7 VA Y — b~ T2 {T- 7.

[k - K]

TSA ZEEHIIZ 1ug/ml, 2pg/ml, 3pg/ml ORE TR L7BEORTL RNA < v 7 O1ER, TSA IR
B L 3ug/ml MDD X 7 LAY — b~ v 7 OVER Z1T > 72. RNA 35 L~UL A TSA B EKTF
FIIZ 4 26% UL Bic#in L 7= 154 B+, 45 26% LA B L7z 131 Bl F%2REL,
Schizosaccharomyces pombe DiBAs1- & OFELLT I/ BERECSIRZR 21T 72, TORE, ML= bo
D 53 BIET (34.4%), WA Lizb DD 107 Bis+ (81.7%) MELESIEZ S > ThkY, WA L&
BT DOFIRIFERE NS ORE L EEN TV, RIZTSA DRETEE 7 rE— 4 HRIZBIT 5
X VAV —=AE T T 7 ANNPEL LT D& Lo, REALENZE/L Lz (FHEIfREL <0.4)
BAGFHUT, BEBEMLIZb DD 20 (13.0%), A LizbDd 22 (16.8%) Th-o7-. fily, (i
W< RSN TV (HBIFRE > 0.8) OB FEITRINEIM L= b DD 59 (38.3%), WA L7z
HDD 58 (44.3%) TH-o7-.
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D-a05
REBITEET —XT Caldiarchaeum subterraneum THRRENT-
AEXFUBRA NI B DORRERZA
("FERFEHEKIRE, "R AR, B EMRAREE ‘A KRE) OBRERER .2+ RLBEREET
fERFEL °. BRAAE * FhEE . BHFRM . S KRESL S,
BRENEME L SH B /R RE . AEEDB S REE

QEED)!

2 EFF 2 (Ub) IFEZEMITEBANFAEL, R X7 B LIRSS T2 2 £(Ub k)T
RN OB % 72 AEMIRENCB 535, A5 7 AEFTICE VLTSN, REEEFEWET —% 7
Caldiarchaeum subterraneum M7 7 I FIZ1X, JFEEAEMIZIIHI O 72 W EAZ YR Ub #RBIE1 (Ubl) 23
FET 5D, AUbLIX, —#HO Ub{LIEIZEI -T2 Ub IGMELE%E(E1), Ub fEA R (E2), Ub U A —
BENDOKRER 7 LI, FEEMRAOA <o UEEZ TR L TW e, AR Ubl & A7 L%, BEZEY
MR EEZZ B TEZUb VAT AOFRAE L Z IR 5 LT, REBREWGFE TS D, RIS
TIXZ DO ULl AT LA DOKERERGEZ BHY & L CLin vitro TO X L /37 BAEHROG 7 DO FRES 21T - 1=,
[k - w5

AR D Ubl, Ubl ® C KD GlyGly & F— 7 LA 2 BRU 72 BEVR Ubl(mUbl), E1, E2 O #AHE 2
HURTEEREL, 2D EHOWTEEARIEREREIT 72, ZORFR, ATP (K772 mUbL-E1
ABIERDOIR, L mUbI-E] A ERARIZHAE LT- mUbI-E2 BAKROER. 2 EhiEd Lz, £
ToAREO E3 ZF% L, mUbl « E1 - E2 & $LTIRA LT-FECR 2 W T, BB LR D AREB Kk o)
VBEERE Lc, TORE, RKEO DNAEBIZEET 5~ 1 —EBD—20, ARICELY UblfbEih
HZLERH UL, 2OZENE, REOD Ubl ¥ A7 ANERAEMD Ub o AT A EREEIC, Z o3 7
BHOBMICE G2 Z LN R S 7z, Ubl k% /27 B D LC-MS/MS fEHTIZ LV . 78 Ubl 23%F
EDY P URBKICHEAL TS Z E &L L,

D-a06
EFERHAEREREDOARY 7 I VEEEE - SREEDOHEENET
(BNEX-BRMEE, 2 mEKMk- £ -HEEd)
OFR # ' &ZR kF' AR KF' #U KX AL &8 "
[Em]

b MFEAEIIIE A RBNMESAEE L, EHERENHEELZER L TW5. IBNHE ORI
JEV VKGR M IS L E N TE DL DG R TRIEEH RV, IBNHIEIC L D A SN
SN D EEDIL, KIFZ2E U TERNICERD AT NEBEMICAERICEEEL 5252 Lnb, BN
A RO PEMAFRITIER ICEE Ch 5. ITF, FEmMESHER LICAITHH Z LRmES
NTWBRY 7 I 0L, BRMENEAT 2 EELRRHEM TH Y, ZOENIREIZE 100 uM (2
ET 5. KT MENMERESEORY 7 X CHEERE - ARRREAMNTT A Z L AR E T 5.
[ 51k - 3]

b P S 30 fEE (Nature, 464:59-65 (2010)) @ 95 B AT « FE# AN AREZR 24 FEHHIC OV T
GAM HiiZ W TEER 21T\, 158 RIEB L OHENOR I 7 I (Fhbyiy, AFEXRY v, R
NNIV, TIRTFU, AV V) BEEZE L. £, EREIToTEKRICE T ABEEOR
U7 2 Uk ARR Y 7 REn DAL Protein BLAST IC X W MR L=, ZORHE, BN
ERE S BN 30 FED 5 6 4 FECREHIF O h Ly & U REES 20-30 uM i L, 7TFECAALI Vv
EEEDN 10-20 pM JBiY, 3FETT 7/ ~F L REN 40 uM RBRERD L-. Zodicix, shisd 2 BExR
U7 I UHERBED S BRIV ONFEELE. ZOZ 81T, b MENIERESRENHE AR Y
T VEEREFFOZ L AR LTS, ERICHWZZ L DIBENMEOFEENT, W 2hoRY
TIVARmMENT. 2056, BEEARY T I A - ik RAER VAR A0 RIS, BEEE RIEIC
BWTHRY 7T IVRENETSLAAWVICHLELLT, MENICRY 7 I UBRIHEEND L OBIFELE.
ZOZENDS, b MNENMERESFEICHRARRNY 7 URERBNEET LI ENEBE LN,
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D-a07
ABERERRRZAWVARIBEYSTUOSTHT UL/ U DERE:
BSEEECEBRRFEICLIENEL
(FBREEECIEERXESEZ. CIEBEKRET, ‘IR RKEE)
OLHES '\ ILTEE 2 #AE °. KEpHC°, BIIERE . @II—/\° AR ‘., PR BEREL

(QEED)!

TrOF Ty )= (ANG) (X, AIERTF R T o4 T o DORIBMEZ R ETH D,
TUTFT Y U AEFERBE O AL, R L =T K D REE ANG ORF RN SIS TH D, BT D
I NRREEIC S S OSSR O 7= B F L=zt L WBIRME A o Y ANG 125 H L.
KIGHEHBR (LB, 156 L) 2258 2 mg OFE#l e > ¥ ANG #1587, AW TIL, 525 EIL
LA E L, BRIEOWU R, MIEHEEMRITIC L2 HEREEZIT o712,

[k - w5

KIGHEHBLRIZE D B Y ANG OAPEIL, KGR & HEISERHIC X 28538, 3 Bt C
1Tole BEREOLBIZEY , B 1L 4729 Ok Y ANG R HUE oI &136 16 5 E L7, &
W KIGEE & B CAERE LT- b 2 ANG K5ORS L BERED ik 24T - 7=, PR YE At A= 7 K
Jo. BIHOEHGEL, Km. kea TIEMIAEM & B RISOMEZ R LIz, UL LAVEEMEFMT 5 R a8E8
HOLE R TIE, KBE CAEE LIzt Y Y ANG OZMEF SORE K 2°CRA > 70, LEORER IV | W
DB EMEICETS D OO, kiEE, KPR, Ko, ka DENZENREOWEER LT Z
LD, SRIOEFIENEHTOL EEZBND,

D-a08
Shewanella—BBESRDEFEERRICEATSME
(RKXRE)OMRRE. LIBEE. B E. BE &, /NI IE. s
[H/Y]

Shewanella J&\%, Zrk7MIANE FZBREZBINTEX D720, NI T VTV —F o 7OMAWE
Ze i LTS e RN 28T T 5. Shewanella J& | 3IERERT H~L b7 1 b e D MtrC %
HL, MOEEKNMI 7T T X7 LAF REMN) &2 SiE Tt 5729, MtrC 725 FMN ~ & &
TRETOMENEICRESN TS, 2120, RET/MIBANZNICARIBRZRTRY . HE
FREZRBLD DTSRI R T D & B 2 7. AR T, FMN ZTGIZH T 5 MtrC O&EIIZoOW
T, BRULFEH « SHFHTFIEICL VL, BT REREEBERT L2 HNETS.

[ 5k - 53]

AREROREIRICHLEE L FMN 203 2% & B OIS % BRI CRgEMICBIItx . =
AUX FMN % & BB E & 9 5 BSOS (MR E T RBENTS LB 2 b b . RIS
FIF LT, BRIV E T BEE 2 B L FICHE Lz, £z, MBBHEEHE(FKE T8
W) & B EMIC TR L7z, — RIS~ X7 1T CN ORI L 0 RiEMELT 5720, MtrC
ZHORERIC KON 2RI L, K0 - FKBIRISEEICKTT 5 CN OREBELZFHE L=, ZOfER,

KRB BB XK T L7223, SRR E S8 A 11

— PO LT —)7C, HRRRIROSEA TR A7 P ARE S
FMN(#1L) KCN iNNSAETIT o7& 25, CN OEALE [FIRFIZ, ~24
& Mt@ DRITIBES Iz, ~AOBTNE, EEBIE OB T
FMN(E7T) NI —IZ L DB TRIS &, MRFREIC LD LHlrTtE 5. 2

Shewanella NHOFMEREZFHATE2ETBEHTT L E LT, MtrC 241
M. RSN TO RN EFmEE S TICFMNE LT 2B oER K2 iRE T 5.
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D-a09
B HE RN TR EAE MamK (2855 RN — L ANE B A
("RREIBRVATL, *ERKXEI/NAF AFM, ® R KBt B R
OHME H| "2 &M XF° k¥ ME. EHE &%

[H] REMERE L, MK —L LCiEen w7 % by —A) & X 2 M AL 7 %
ThbO, v 7% MY —AiE, 50 nm OBEERILAE R (BA) ZET0E/MaTH Y Mgl
BRICHIE SN D, ZOMIBNELEIZT 7 F CFREHE MamK 22 b 72 Hflifagig &L~ 27 x kY —n b
OHEERIZEVRIZNRTWAEEZ LN TS, LnL, ZHE TOMILE FBEMEEBLEIc LY
BonTBY, AXTZHIENTYZ 2 MY =208 ED LD ITEE V., £72 MamK MBS ED X H
W~ 7R Y —AOREZFEH L TWHD08 52TV, R TIE, Afladts A —
v 7 EE W T MamK fifl@g o~ 7% b Y — AHIIRNELE 235 1T D& E 21~ T,

[ 515 - FER) WM Magnetospirillum magneticum AMB-1 12, <7 % kY — AR R RTE
THEEAE MamC & GFP OB A EREY 77 A3 LV RBSE, v~/ % bV —A 28 L
72. GFP B & E AE 2 %8l Sl 2 ARt TR LoD, 24 Ll Liche D~/ bV —
LENEE XA LT T ABE LT, TORER, WAEKTIE~ X MY —A%, a7 micih-o 72w
SRICELE S Av, MlEAE LFE L CH MO RN » TLREICREF S v, MlE s SRS I
JA~ZEC R SN DT DNBER SN, — . mamK KBTI, 26 7 vidiifaing 7 o 4
LBV E T ITBERIRZTER L TR Y | M HOBICIT IS RS E 22 T E S Tz, mamK
KREPKRIZT T A RvH MamK (B4R 2B EIEL LV AF 2 —FTIL, 7R Y —AILER
EHREEZEIE L, —h, 77 F URREREIZRME S 1Lz ATPase {EMEEMIIZ AR 4 -5 MamK
R SE- MR TIE, EERREEIXREE Lo m, UEOREENS, MamK Ml E#KIL, ~ 7%

Ny — L&A 2 E L CRERESIREE IR L, AN TOSERCEREL I E . 2hRre
KR —L LTOMREEZ LI TNDZ LR LMNIR ST,

D-a10
REERICE T IREE R FiaREHOREL
(BRI ABET * #EXBER K OhERN 'L BERT . RANF " HAEKS

(QEED)!

TTAI R, MEHES LoEMEE L TRERRET, MEOEL - BIGEEEZH Y BEEEKRE
TTH5D. IBIL, TT7AI RITJIRIIER Y, B8 & 0bh 5 KEET CHLMAEDR 2T
HA[EMEEGR S LTCHLNTEY, ZOZENLIREROEIEIZIT T A ROBEIZE > TEEA
BERNTTHILZENEZLND. LL, MEOHENT T AI FOGKFICHGZLEEL VI LD
ITWERIZH LD SN TR, 2 2 CTYEE TIEEINZRKOB & %, BHIENICE T 2 HEPH
JETRL, 7T AI NOBENFEZFFMICIEET 5 Z & T, ZOEREFEOMR] % 3 7
[ 5k - K5

ETNTTAIRELT, HEABENED pBP136 (rigid # 1 7) 33X pCAR1 (flexible # A )
AL, TTAMER - 25HW & LT Pseudomonas putida KT2440 SR DOERZ W=, A
LTI 126 mLADAEYF—7 T 2az MWz, 1/3IZ# R L7 LB iid{AEs 1 100 mL 2 Ahi-7 7
22z, GHEESREERRDBETHERL, HiERMtE, e RBHPEEIC LG AICBT 58
BARTEAARE & hig U7, SEBRBHAADN O 0 43, 45 DRIIRGRZRIL, AT TIKOLNEETET S
1/3LB RIS HIIZIRIN L C, BB LTG5S TIREE el (MPN) JEIC X - THERE L7-. MPN %
I, 96 K7L — 2 HWT, 245 (7203 12 15) TOOBRMBAEIRINZ/ER L, #EHFrIcHEE L
To. ZORER, BERBEIOSC T, BEEEREZ SR T 2RISR MITEZR Y, flexible # A 7D
MEEZ L DT T A NI rigid A 7OMMEEZ L DT T AI R HHAWIS TR L TEWE
PO BEOREME D R ENTZ. SRIIMD T T 2 I FIZoWT b2 R FETH 5.
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D-a11

%*ﬁfﬁﬁ@7ﬂ'5-&t‘/’/>7’/77’)bﬁ?(i (RA)—methyl 3—hydroxymyristate T#H%
(BRIFREESRRE.  SHMKE. ‘BEAKLHt)
OFREER' XAFZEIBAXF . ANIFSHLHF R KNSGESH 2, KiiLETF . BithER?

QEED)!

HHRIE Ralstonia solanacearum 1%, 200 LA EOFEMFEICEY: LERZ 5| S 29, NEILEIEMIC
PRI EAE RITTZ &000, JRIRPEHI RS O & BIBRE BB LE I N T D, REITHEE R
TR L, KEOHIEINZHE (EPS) %#FE4ET 5, £0 EPS BHEEHOEAKNLET 572
D, HEIEZER T 5. EPS 72 POJRFE MK FIZ L F 2 L—& — & 7378 PheA 1T L - THIFE & 4L, PheA
T AT a7 (QS) 1Tk Tillficsns, QS v 71 & LT AWIL BREEERM NS
methyl 3-hydroxypalmitate (3-OH PAME) 2 S4LCW\ %, L7aL, 3-OHPAME % BE/4E L7a\WBED S
K HHZENL, ZTNHLORRTIEHMO Y 7 F A0 BHEEL TWD Z ERERB N, £ZTK
WSETIX, KA QS v 7 FNo+, ZORKEERS L O HERDFRE & AT,

[ 5k - 3]

QS ¥ TN FOHEE S REEFE 2 o — R T 5 pheB i&in+ D KIERE (UpheB ) % AV, EPS FEAL

HE AR LT, AR (OEL-1 ¥R DOEHEWINO Y 7 A2 R LIz, NMR, MS BL OGS
mﬁ EDOWEIZE Y, QS ¥ 751 % (R)-methyl 3-hydroxymyristate (3-OH MAME) & [A7E L 7=,
3-OH MAME (%, EPS 721} C7e<, ZWRAREIEY & MlabE itk OEAZHE LT-, pheB B85 1O
FRAR SEGR & B BLSEER ) 5, PheB 7% 3-OH MAME &kl E CTH 5 = & ZHERS LT, [FEEDFEER ) 5,
b RAF T FF—E PheS BZAEERTH D Z & D3R IR S V70, Bk % 7R B4R D PheB & PheS 72543
TR B LTz & 2 A, REITy 7T D % A7 (3-OH MAME 7> 3-OH PAME) & —% L
T2OD T N—TIZ53M 4, Phe ¥ L /X7 B D2 =—7 72051 ST 72~ 72,

D-a12
BRREIT S LTV T T LA FOBEEERELTO—T L niREt
(BrFF KRBT aRIRIE) OIS/ XE . KBEF=, BLEERX
[H#Y]

FHAYRE Ralstonia solanacearum 1%, 200 LA bEOFEMFEIZ YL 5 7T A2 lE TH D, ANE I3
WM OHEE KN TREDOHIIEI 28 (EPS) 2 P64 L, MEE ROBEKEZLEST S Z L T EERSE 5,
EPS 72 EORIE AR FOREEIL, 7 ATt 7 (QS) Ik THII S TW\Wb, Fix i, & QS
RAEHIET % 755108 (R)-methyl 3-hydroxymyristate ((R)-3-OH MAME) T2 Z & &2 5002
Lz, ZBRKEOENTH S, 3-OHMAME 1L 6 [FREEE AT FF—E PheSIZL > THRRIND Z
EDBRRBENTND, oL, ZTNOOMEZEHENIZGENT 27 — 2137\, £ 2 CTARIFET
I%, 3-OH MAME O# SIS PEABIIZE 21TV, 3-OH MAME & PheS Z BIADFE A 2L FRIICFEH T 5
72D a—TH AR,

[ 5k - FER)

£FE 3-OH MAME 771 27 ® QS ¥ 7 F /WEVEFHIIZ 1L 3-OH MAME & kB3 KAERE  (ApheB #5)
RN, EPS EANHEEIN DR/ E TRl L7z, KRRV T FTH D (R)-3-OH MAME D
i/ NE LR R 0.04 nmol T o 72, SIAIZ 04 nmol TH Y, FEMHIZ 10K TN L=, 3/t Kexv
FEBRERIT 6 nmol TH Y, THHEIZS HICRKE K F L, IARFURE CRACEWIREETH-
2o ZTHODOFERND, ZRIFICED QS 7T AOFEICIE, 3/t Rux g, AFLT 2T L
EBEIOCH4 U LOHEENEETHL Z ENHLNI/oTe, ZHHDOHMAIZHE-SE, 3-OH MAME
WHBFE T e 7 ) 7 I AN —THRINT 7DD T VX ZEA LTS —T %7
PA L, TOEREED-, BALE, BEREIED 1 2T v 7RIETRERLTWD, ZORIGNTETIK
%, QS VI T IERERRD TETH D,
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D-a13
DMoR EICKZEROLELTEBEZRDTIL—FTPvEA~ADIEH
(BHEAREMER) OSREE, FHREX, BFEH, RHE

FEDOHASHIEIN OB TN DD, USNRE BT 272 EOBRIENREEN, TTAF v
MO~ A A4 —TL— b A LT vEAEICAmS O 7w, Fiz, REEDOR 7 Y —
= ZTICBWTEERMOBEORZEMELME L 72 5. Foxld, SiV)-Mo(VDIEEH T, EIThEAE
EMo(VDEZ BT L CHOOEV 7 KA BEAEL, ZOKIGHA D TFFECLHE & b~ CHREFCILiA
FATHE N & & R L, BB @775 (direct molybdate reduction:DMoR %) Z N7 L C & 7=. DMoR
EITRRBRIE 6 LEEARE O Si(IV)-Mo(VDIAK 2 N %, FTE ORFEHE CRIS S5 721 TLE L
TR E G252 L0, BHEOAEREMEET 58RO T v iks LTHIfFTE %, 4ElIlE, DMoR
HBIck o/ Na F—PRBLONINa—2f4 I AT—EDT L — 7 v EAIECONTEETD.

WX, o Nav X —BOT7 v p=ba Tz o D- I Aat T )y REREE LTHNY,
ERTH p=rue7=z/ 77— bOURMENFIAEINS. AlE, Si(IV)-Mo(VDIEHRIZ 20%(V/V)D
DMSO #/Mx5Z & T, WMEIO~/L h—A(CHMFETTHL 7V a—ADERNAREL 720, ~ /L h—
ARAI A —AEWEHE L THW I var X —BDT v A REMNT HDENHK. 1220k
B, FABEEOHEEBEROARAZ V—=  ZIZGIGHARETH D Z BRI NT.

Wiz, HEEOROREAZFHT L2 LT, Zha—AL Y AT —POIEMENEHIES N LT,
DMoR ETIET7 NI b —ARF I N —RAREDF h—ANRNT L a—RRLXa—R R EO7 )L K—
ANZHARTHREICEWRE 2 5 2 DM\ 279, pH=4.5 ® Si(IV)-Mo(V)iRE % A= & 25, BE
mM D 7L 3 — AREFICEENLE MM O 7V Y h—AEERT L2 ENRHRE. REZS F—&
DL & LT B 45 phenol-acetone-borate £ KV il TH Y, mWBHIMEEL 52722 &
WD, JNVaA—AA I AT —BDT v A IUSHNAEETH D, U EOERERICONTHET 5.
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E-a01
ETIWVEPELTATHD A NV ERBILBERI7I—ETDOMEEICEE T 24T
("BRREBIERZ PRARE. CEREYHEEL) SHIGR ' BALE ' KTHRALBAER . R/
=R OARBE'

[B] % o7 GG EEE (R T ATV Z I —F : BUF TGase) 1%, FIRZERE LTHX
NI BROLRER— T X OIS EH > TS, b MEDHAE TIE8 2D T A VF A LWTE
ELTCHET 7 I =2 L. 2RO MOL & THEANSEREREZA L TWDR, MTh
5 OEBBIBRENZOWTIIRBPRENEZ, =R A F A (Oryzias latipes) 1. BT 774 v =
EREEIC, THFEAIER 7V —=0 T2 BOETAVAEME L THO LA TS, ZHIAEECEEE
BAAKROBSENES THDL-DTH D, MAIIREMADLNAZ D Tease EXxfHLE LT, B T
FHRT A VA L TH DB Toase (T62) ITAEYT 5 A X DEEFZE DM b NS AL 2 fif b
L. TOBEBFRAEEREKOER - KRBT 2 BRI LTz,

[ 5k - fE3] F—Z R_R—Z BT D, A X BT D TGase (ZHHY 4 2 HEEIRFH#E 7 OOFAE
L7, 20955, b MTIRAF MBI L, BREIZZHETH D T62 OELLEE T (01TGT) % %}
GUZE TR Z 2 L NV BEONER AR DT, EIEICE> TRBEICBW TR IS4, [KIET
B LG A I EEEI S ICEI SN0 T, REEREZITRVE-ICHER L, - ORBRUEN %2 H
W, BERIEMEORE N NHURER 21T 70 o 72, PURIC K DR BURNT ORGSR, ThE. B, =%
WRITHRFIZRWR B WL D LTz, — B OALFR RGN & AT LT, 7 AREEHIN CTd % TALEN (5%
FNT OITGT B 1 & RIS ERZER U7z, Z OMERERIR RO/ R B H 22 28 bid e o
ST, W72 0 OITE#IICE L CIT 21T 72 & 2 A, BARNCE U Ca & ISk s 238k <
HZ EERHLE,

E-a02
REHIVNVERBILBRRICHTIBREERERERTFFOERE
(B KBeRIEMF) OAREA BRERF.JINBEF. RIIEH, ARFR
[H#Y]

BN GBS N T ATV E I F—8 (TGase) X, BT U AA T UARTFHNCE VX7
BHROINHE I FREE ) VUL L OIS, Y R_TF REBEBRT 5 ]G 2 il o7 7 2
V—Thd, RERKIZEBWTIL, #BED TGase D FAMIIZ 72 - 724G TEI< 2 &2k, &
FEOREE 2 L X7 BREDNERS S SN, REONY THEICHE S T2HEMRIEREIND, LrL,
TR RRIFIZZAG S D & X 7 BRI BT B il 7o E e, RIHINE D538 58 TR L OS2 E % 5F
i+ 2 HiRIERZ® ETH D, AFIETIL, a2k TG L T & 724 TGase (254 2% & BOG
PEIERTF ROIEREEZRE L, RKERZE O D 5 K ER RS OMIICERT A2 Z 2B E LT,
[5ik - K]

F M TGase & @\WnEZ RTEERTF R (K5) OIFHEE LT, £9, BB L7t hOEK
Mz BT 5 TGase DIEEER Z1To 7=, REMEOMKIZE A F B L= 7F K (Bio-K5)
EMAZCHIGSED L, TGase KRR T O X 37 E L Bio Kb NEBEND, KIGEDE
AT LB H LT AN EEE LT T MMZET LT, BioKs ARG LI=Z L NY
BOHZRG LI, B LIeZ R0 EEH o CRAT LTofE R, RETAY THRICBID 5 BEX
DE U RTBELUINCY, BEESID D 4 DOIE X XV BEREAZFRUCFRIET 5 Z L Bk,

WIZ, REDOFEREZFML 5 5 Alfeth a5 2, REMIEO SRR R COIEHZRA T2, TGase
WEREERFEFO 3 b~—H—L LTHHBNTEY | BAEZ T TR, ZOMFEEERHTSZ N
HRIUTHE R RIERE 72D, WIAER L 7=_TF R (FITC-K5) % LAREEFEMIL D> D45 728 7 12 dshn
L. TGase OIEVEM H A2 R T fE R IEEAZ A T A ST 7 e U TRET 5 2 &k,
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E-a03
BROBH L ETICHSE NI E B LB EE
(B KIREIEFMP)OKXZEERN. AEAL. MARE, RIIEH. ARBE

[BR] BHEE L XT3 T —4F 27 EOBKENEZ X 7 SRR OB RN R U, s g, &
AR AL U CIEF R R BRRE N R DN D RBTH D, Z NV HRIBLEER N T ATV 1T
—t (TGase) 1%, BHEBRO FER THHMIs~ ~ U 7 AZ244G L. £ OREMSLEMZRET D
L THRMIERIE~T ST D 2 LPRIRSNTVND, L LA 5, FHEBSIEICEE T 2 37 pifk
G AN =X LIREARRABRRENEZ D, AFETIE, BRHEDOET L~ U 22 VT, FistET
(29 TGase DB ZMEA L, BIREOF - 2BRLTINCRT 2 L2 AN E LT,

(51 - #ER] 8 #ilisd ICR M~ v A T HRE PAZE(UUO) 24T\, BIRRHEIE 2 358 L=, ffiTicIix
RIFLD G O, LPR% 3, 7, 14 HREBRGE Lz~ 7 AOBREHER Lz, BH(EOETREIZ SN T
RS % 72 @ MRRIE BE LI L O~ — I — BB T+ ¥ VX B OFRBLE DAL % a8 LT R R
UUO A% 0 BTG U T ERRHR SN, TGase 74 V¥ A LD H b, BRI HENZ EIC
f71£3 2 TG1, TG2 22\ T, mRNA - ¥ VRV ERBELZHER L= L 2 A, BHIESETT 512
T mRNA &0 FHIIROND DD, ¥ Ry GREEXED Lz, TGL, TG2 I X v KR
BBIND I NG I VEREE0REENTT R AW TR T OREIEEZIE Lz 2 A, i
SEDFIERET TG, TG2 OIEMEN ER- L, ZORIIEHEOK IR A b7z, —F, Sk Uiz 3
BARTF RERAWIERGRAIZB O TE, TG IZRME LR, TG2 XMV E kI B3\ T 72D
ERMEEREINT, £72, TGase ICE VG END I NHE I VS RIEEX VR EERIET D20,
TGl X OTG2 DIERTF RERVIATEZ VR EDRIEEIT>T-O THRET D,

E-a04
BERHEOIRILF—REFIHEF PGC-1a
(EHMFIIKRKERRE CHAEIRXKBERER)OBHESE ' ZHER 2
[B/Y]

BREANLGECREZANHOALR LT v NOREICEE LMK TH D I FIERK 1 ThH D PGC-1
ald, HE F L —=0 712K > TERG CTORABNPENT S5, HELIX, ZNETICPGC-la 28
KA RANOEREIRE SE72 PGC-1a-Tg ~ 7 AIZB W T, BRAOEML LA O E2fERL
TWD, AFFETIE, PGC-1a-Tg ¥ U AOEGOMNRHEE, BIaFHBLIB L OREEY OME
AL DOBIEIC Z VAL NNCT D Z & 2lAT,

[ 5k - 3]

~A4 7T LAIEICLY, PGCla-Tg ~ 7 ADEEMIZB W THIEEHT X/ (BCAA) R#T237T
HLTWDZENTRBEINTZ, E5I1Z, PGCla-Tg v~ U ADFRFIZEBWT BCAA REEESZEOBES
TR OZ R GRBNEIN U 2 & 2R L-, £ B A L O 2350 T BCAA &2
LTWe, ZHEORERIT. BREAIICE TS PGCL o 7Y BCAA U 28 L, FrAGEEIRE A Bic%
HBLTWAAREMEARE LT3 (PLOS ONE 2014),

IHIZAZ AR —LEITICE D | BEAEICHE D B R O S TRETW . FRIOKEEMERETY D4 8)
ZREt L7z, TCA [Al, BCAA ®B-7 7 =250 7 2 JBAH, T L TFY X7 LAF KRR
ET ARG X UE—Y) TRy v FIVOREREED D L~V NEL LTz, 2B DOREENS, PGCLa 28
TR WA Tekk 2 7 B AR LT TCA [FIRE A TR L L | GBI O = kL —JH & LTV 2% mlRENE
2RIE SN 7= (PLOS ONE 2015),

— 069 —



E-a05
HepG2 MIRRICE(FHTF 7= D LDL REKEMEE
(KBEXZ, mAEYREEH) OFEA X, =8 FAT, 8E Et, RE 7

QEED)!

B WA Y AR % X7 E(LDL) LV ITEIREE(LESFE D Y A 7 IR IE L Z LR 6T
W%, LDL L~UUEE IS TR B L T\ 5 LDL Z A AR(LDLR)IC X Wi & 5. ¥4, LDLR #
LV RT B DGR EAEHET SR & LT Proprotein convertase subtilisin/kexin type 9 (PCSK9)73[F]
ESA, M LDL V-V a2 5.2 28R+ & L CTHEBEZHED TS, £ 2T LDLR %21
kx4, PCSK9 #{X F WA K TE2R L, ZOEMAEEZ IS 2 2 L I3@BIRE(CEE O T Bhic %3
DT iR RSN D, BAFEDORY 7 = —iifind LDL VLo R4 L. HiEh ke
fWERZRTZENIOLNTWD. FUIRY) 72 ) =L THEHT > by 7= EAL, LDLR X
PCSK9 |2 5- 2 I o\C, b MEERIFEAMIE HepG2 ZAWTHT T2 Z L 2 HINE L.

[ 51k - K5

HepG2 iz K yRE D Ly 7 =0 T 24 REEAEE L7-1%, WST-1 52 X 0 Ml 734 5140 L
T FER, HBIRE CHIRAETFRICEEIL o7, HepG2 il 2 FIRED L T =0 -3,5-V 7y K,
WAk 7 =T 24 B L 7-7%, LDLR mRNA L~ 2 5 585% ) 7 )L % A4 L ER PCR &
WCEDHE L., FREtcliby 7=V 2ML, LDLR % VX7 E L~ B2 H 8%
T AF Ty MEZEVRELE. f% & LTLDLRmRNA « # o 7B L -YUVIH by 7 =2
DEEEFHICHBICHEM LN, 7220357 ay RIRMTIREL LR o7, £
HepG2 flifa 2 F IR E DO LS 7 =2 0 T 24 KL L 721, PCSK9 mRNA L~V H-X %% %
U7 %A LERE PCR #ET, PCSK9 Mgt % /7 E L~ h 2 588 % ELISA 5125 -
BIE L7ZREE, mBRNA LoVIEBEIZEL Lo T2y, XU\ L~V IaEICED L.

E-a06
HDL(EEOL R TO—)L)EAIZH 115 ABCA1 O C Kii4E1S% D REREHT
(mKBRE.? WK iCeMS, * RABAEM) ORALEA . sKEHAL 2, FHME °. MR BHA >°, EEN 2

QEED)!

ATP-binding cassette transporter Al (ABCAD(%, #E =L A7 1 —/L(HDL)DEAIZMIEDEZ
VRV THAD. ABCAL ITHIRANOBEIZ 2L AT e — L2 BESRETHLIT R R TaT A
A-T(apoA-DIZZ T T Z & T HDL OFEALEMI L, KA S~ 2 L A7 v — L ik R
ICBWTCHERZEZ R LTS, sl E TIZ, ABCAL 2 HDL BRI — BRI & A ~—
b UHEREE Tk 92 2 &, MR & Ko To B BRI THIILNE E CHBAROEE AR T 52 & 2 W
LML, ABCAH 777U —i&, tho ABC %77 7 2 U —{TIXR LN WEIN 2BV C R
URAEEL 2 FF . T 2 CARIE T, ZoRW C REEEICHEH L, ABCA1 O A ~— (L oMREIC B
W, ABCA1 @ CREGFEIA ED L O REFEIZRTZL T DLDONEHLNITHZ &AM E L.

[ 5% - #ER]

ABCA1 @ C KiifEigk %, o> ABCAH 77 7 I U —0 C KUtk & ANEZT=F AT X R0 4
PERILTZ., 2D DOF AT X R0 E % HEK293 MR —iIc B S8, MlaEic /e 52 &
E7a—HA KA RN —IZX o TN HTZ. £z, B L2 apoA-1 & OFEATEMES, apoA-l |2
K HAREPEHEME A T35 2 & T, BENRFF SN TV A E et L. £0R5%, ABCA1 & @
FARMED e by ABCAT & DF 2T 4 L X8 IR RE A e~ 7= D%t L, ABCA4 3 XY ABCA13
EDFATH R EITRERREF L T2, 51T, SR FTIRIAHEOLBEMEE &2 s — 0 TR
& o THENANEE B COILHURE A fRIT LT= & 2 A, HRBAZIRFFL T e ABCA4 L DX AT X LRI
DSAIRIE B ORIk T DI H o ToDicxt L, Hrex ko7 ABCAT L DX A7 %2 "7 HIFFEET
H LT IS H 72, T HDOFE) D, ABCA1 @ C RIRFEBIIFE ETOIE & HREICHE
ThV, =D ABCAH 777 IV —0 C RKEERIZEDERZRBETEZLZ ERHA LN ST
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E-a07
NPCIL1 I3 B ETHIE &Y fomiroid A DBERRMGHEEICESILATA—IILEGAABEEEA
("I IV, PR K iCeMS, P I KRBT BB, ‘FR KM BlE. B R- U8 CBRK- B mEK-RR)
OFi5 H& " #A ML 'VES2 BE' LU0 B2 ' KH R/RKAS.
KE fL=° AR FMYLCNE EF L EBEML

(QERED)

BHEBIOEHHERI VAT 0 — L O/NE B O % 5 Neimann-Pick C1-Like 1 (NPC1L1)
X, ma L AT e —VIIESERTH D ezetimibe DEMZ LRI ETHD, ZHETIZH LI, *
Jap—fThrruaVv a0 HEELZHHALASY fomiroidd A A NPC1L1 (IZ2X%9 %
ezetimibe DFEEZMET L Z & & RH L, NPCIL1 KFHNR a2 L AT o0 — VEGALZFLESTH Z &
ZBHOMNI LT, LML, fomiroid A & V&S LT 2L EMREIC R OIEME 258D 2 O IR
HThHoTz, &2 TR TIL, fomiroid A DFERFILEWE H T, NPCIL1 1Tk DA 1EMEZ iR
R IR R O

[ 5k - 53]

Ezetimibe O\ % #23% L 7= [3BHlezetimibe-glucuronide ([SHIEZG) & NPC1L1 Z&BLH0IE o
SEHNT, BRI OEEIEEEEZ R Lz, ZORE, WTIholbah b EZG #EEI2 I3 E
DFRH BT, fomiroid A OREE R M RE XN 72, WIZ, NPC1L1 (2% 9 % fomiroid A D E RS
SHEXEHTAHT-D NPCILIZREKA W7 7 —~aa P h Ly v u UG %K L7, Fomiroid
A X, SRS OB B/NMEIRIZE £ 5 NPC1L1 ZBHEAKIIR LT, & D JFTEZ /MEED & i iR~
ERET LT~ ar Uy X AER AR LTS, — i, ZOERKICH L ezetimibe (X[AER
DR ERE 2 o72, ZOFE LY, fomiroid A 13 ezetimibe & 13272 B HEA4£02 T NPC1L1 &
EHEATHZ ERBENT-, BIE, NPCIL1 ® a2 L 2T a0 — LA Tdh o NERI R AL v %
HRERL L | fomiroid A 723 N Kbl R XA A » EFEATHOPMFIH CTh 5,

E-a08
BHEEISHELU a-Y)/LoBORFAREHEENSEROR
(BHEXREVER.EAESSMIT OSHBEN . XREA . AREANL IMAFHE—2 L '

QEED)!

VTR, FET v a— LPERENRTREE (non-alcoholic fatty liver disease; NAFLD) #4551 A3 H#4/0 L T
W%, NAFLD 3512 K D AFIE~DOIEIFERIC L W BIE L, O/ 9 ENTHEMIEIIFCHH3, K1
ENIELA R LA« RIERIGR PIC L > CTIET A a—EIFS (NASH) #8lxo L, S5
VIFREZE « IFRgis A~ L HETTS 5. 2 2 CHUE, T~ OBIERBRIMHI IR E R~ T B BER S
TV, AFRETIE -V /7 U UomNEE @ hRET I~ o iSRG 2 R e & 2R L.
[ 51k - K5

bt MIF AHIRaRE HepG2 Z RS INE#CT 24 BRI R L& 24, AL Ly F O Ptk &
DI EROFBENER I NT-. 2 TAREERICEBEO I NV IV FIIAVTAY U E2TRNL,
BHAA VL RO REMIAZ 2-7 13 ) — UHHIZ L C 510nm O % bhik U=, Z D5 R
INT I ENT AV AT S HEEFICHE SR R 2 R T 2 E R I, mIFR
FET Il D FAME 2308 U TSR RZ DA 7 a~ N 7T 7 4 —ICCHRIZEZ A, D
) 63% N a-U /LU THD I ENMERENT-. T2 TRICa-V J LU BOSEEZ Z DT T Vi
RTHEI L& 24, LY HEREN 2B EEMEIZNIR L "I 2 LR snl. SbiZa-V /
L UBRIE, RAW264 = 7 1 7 7 — UHIBAKKIC B\ T U AR 88 (LPS) filli Tl S h 5 — k(b2 (NO)
PEAIZH LT HIHITERMZ R L= 2 &5, NAFLD RIEE T /VICIIT D RIEZIH20 53 i £
N, JZICICR v 7 A (5 i A R) IZIEEEH D WILEEME (FE 20% 8, 45 20%+==
~ 2% 8, R 20%+ 3 — il 2%R) 2 HEBEHEBREIELLE A, I NNERITa—r
RN BT e~ TR HME R 2 78 L7
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E-a09
Alu BHID—EHR IOV AbENT=22 /308 E ALG-2 DIRE/ERRIT
(BKREGE)ONEFN . REERLR. kit 5 0. SEE. SREBEE. LAFH . RIEK

(S LEM]Ca2HERSIU/INIE ALG-2 (X, PRV RABEERFELTER RSN, Ca2HKFHICHER LA
UNVBEHEBEERTAIET, HIBBE. BNA. VT FIVEE, MNagELEDEB#EECESEL TS,
E A2 ALG-2 BN—HEIC Pro ICECRIRICHFET 2B BDOEESRINEF—TJ%RMTHILLEEZLD.,
FNEFNDEF—TFEHD ALIX, B KU, Sec31A RTFRE ALG-2 A RO EERILIZERILT-, XEREE
BB LYBASMELST-Sec31AD ALG-2 IS LD BB LT EAKBNIZL>TREZRSEF—TJ2EEL
f=o COEF—T (PPPPGF) ZHF DA /NI EEIZ, Alu BHID—EATIYbShT=4/\0E PPIL3a &
MAGI3 A #rfzICR Doz, A BEFIEL FARS U RRY Y SINE [SEL. TOVALIIHRRET AV T+ — L
EEAHITH, —HBITHEEETRFEICERALTWSPPIL3 (X a &b D2DDTAVIA—LEEHEDN . a DH
MNALG2 B EF—T7%HE D, AuERFIID IS LA PPIL3 DHEEEIZE D KSICEAH DD M ITREATHY.
BIRWRTSAL T I2&>TALG2 LHEBEERT2EDNELT-IGE . FiiREEEI SICBA DTN H
%, FZTAMETIE., PPIL3a 8 KU MAGI3 &£ ALG-2 D EEABTE1To1=.

[HELHERIGFP B E D PPIL3a, MAGI3 ZZNZNAEEL . HEK293 HIFEN TR, HAZEINMEERER
[Z&YALG-2 LD A BRITEToT-. MAGI3 [X ALG-2 L DA M FEREINT-M., PPIL3 TIXEEN RSN
Motz WA IFEF—T7HELURIZZDRIE TREMDBWVESZHFON. HBEEICEVLRoNT -, TDR
RZEIEDH1=8. GST @A D PPIL3a Z KGR CTRESE. FBEL. EF—T7HEDRH ML ALG-2 LDFEE
BEDBERERANz, EF—TJERICRM TRV EZANS LT, REMICEF—I7MHEDOEHMEESHT-
RIFREEE Bz, FRMEOBLWRTFRTRIYBWMEEGARE SN2, 22 /B DI IKE
BIZKDEF—IHADRREDETHAEEICADEEEZRIFTIEATEINT,

E-a10
AV LFEE A INDE ALG-2 LHHEERAT 5 MISSL O E1/MNaigE (23 1+ B sefgdT
(BKRREGE)OHLEF. FHEHBES. 5REBE. LEFH. HIEE

[H/Y]

ALG-2 (apoptosis linked gene-2) 13 L7= 5 >D EF N REF—T 2RO LT U LFES X
VNIBETHD, ALG 21T IV T BEI U ChA 72 Xy EFEAER U, #I N as oo il f2)
B D Z L DR T D, K0 FEIZR R E 2 I~ < (ALG-2 O BA/EHRFA2RBE LT L 2 A,
BT REAR N X v X7 ' MISSL 3 B2 o 72, AHFIETIE ALG-2 (2 L 2 H1H1/ I MasE@t oSl ks
7% MISSL O&EIZH LN T 52 2B L,

(71 - #ER]

F9. MISSL & ALG-2 & OfiA 2R T 5 7-912, Hi MISSL Hifk % AV TR ibk Iz 217 -
T2l 2 A AT LT TCORNEMNED ALG-2 Wb S, 202 &b, NIErED MISSL
EPNTEMED ALG-2 L1V 7 MEFHICHE AT 5 2 L o T,

RIZ. HeLa #faic GFP @4 MISSL (GFP-MISSL) A3 S8, MPNO AL  v7 LR 2 5
XHE5 L, GFP-MISSL (X Ky MRIZZEL L., ALG-2 33X Sec31A (ER exit site v —H—) L 1ILf5
ELT, £72. ALG-2 23 BME L72854120%,. 20X RRESLITA LN -T2, ZDZ &
5. ALG-2 DB AFEAITESE L T, GFP-MISSL i ER exit site (2T 5 2 L B350 - 1=,

I BHlz, MISSL #3845 &, ER-INVIHO~——ThsH ERGIC-53 D RTENRLE L LTz,
IO EDG, MISSL 1% ALG-2 & 2/ aiat O P B B 5 2 & AR S iz,

% Z T, MISSL O /MEGE~DR G- 2 FAFT D720, W TV h ) 75 A7 7 Z—E &2 T,
MRS ~DfE AT =F — L= & 2 A MISSL B L NALG-2 % FEHHMH L7 BRI W EME T Lz,
FoWE A FRICRBINHE ST 2 &, A HEZRBME LR L RREDRKTAR LN, ZNHDZ
& MISSL 1% ALG-2 & [ L C/hal@zxE OfilEIz B b - T D 2 L AR I iz,
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E-a11
ALY LEESEAE ALG-2 I2&5 NFAT1 DEEB 5E S 4
(B KIREGE - ALY FEGR) O, 5. SRBE. LAEFH . KWES

QERED)

NFAT1(Nuclear factor of activated T cells Di%, %< MBI WTHA b A v DOBILTREIC
HERRGR T & UCTERT %, RREESMH T ik, NFATL ($HIIREICRE L, MIEN Ca2iBE %
R X5 &, NFAT1 1T calcineurin (2 X W Bl Y Vb S, fMIRE N LENICBITT 5, £ Dk,
P A N HA BB IR O R RAOEFRELSNICH S L, N0 OBEIEHR L ZFE S5, 4if
FEE T, CaiaEAE ALG-2 DM AE/EMEAEEZRR LI L 25, NFAT1 23 FHAERIEM & L
TZEIF BN 7-, ALG-2 13X NFAT1 EfMEERAT 5 Z & T, NFAT1 OBITe, Cazty 7V nEExs
FRELZHIE L CTWD RN S 5, AIFZETiX. NFAT1 & ALG-2 O AAEH KO O A BRI RE
EPALNCT DI EEHMICEREITo T,

[k - K]

HEK293T fijaiz SGFP2 flé NFAT1(NFAT1-SGFP2) # J¢# &4, i GFP ik % AW\ TRt
FEREAToT2 L 2 A, WIEMED ALG-2 28 Ca?HRFMIC L RIE LT 2N G oz, 7z,
HEK293T #fifid 72 £'12 NFAT1-SGFP2 % JHl & & it ALG-2 HilkZ VW TRt 2T 72 L 25,
FIE O Ca2+if B EHBIIMIC £V \ALG-2 13 NFAT1-SGFP2 & & b ICEENICER LT, & HIZ,ALG-2
DI EHEN T AR EZHAND-D, Vo727 —BE2HANWELR—Z—=T vk A 2{To7,
HEK293 #fifiil & ALG-2 knockdown HEK293 #ifiZ, NFAT1, Nanoluc-NFAT response element %
R X, Mg E L7=E 25, ALG-2 knockdown HEK293 #ifad J543, X Y &\ Nanolue D3
H'ENPELNT, ULEL Y ALG-2 73 NFAT1 EMHAMEA LT, NFAT1 OG5 MEZ HilfH3 2 rTag
DR ST,

E-a12
INEFERAURAFZEBETRN—RIZEITS ALG-2 BHFV NI EDES IR
(BARREGE- AP FEGE) ORFAEK. HikTF2. REaE. 5RBE. MIEE. L£ASH

QEED)!

ALG-2 (apoptosis-linked gene 2) 1%, H/LI7 AfEAEF —7 Th 5 EF-hand % 5 O L CH
Ho AN T MEIFRNCER 2 I 2 O RV EREET D ZE TN U NREWT 27 5 — L L THRE
T 5, Fxld, B ALG-2 /% )7 B O ALG-2 fEA ik RE L, 2 20 ALG-2 f54EF—
TEHALCI LT, BARDEN S NI BRROTD, T—H =2 T 2 A ALG2 fEEETF—7

(ABM-2) #&EoX o R BEERBALT-LE Z A, CDIP1 RzF b=, CDIP1 id/ MafEA L AR
ICRBNFHEEIN, caspase-8 I L7727 R b—v R &gt 4 5, KifFFETiE, CDIP1 & ALG-2 O
BVVNUEA N U AGREMET R N = A ZHET S A REtE A EE T 2 Z LA B E LT,

[k - K]

GFP %@l S 7= CDIP1 ORI E 7= 13 ABM-2 fElik 2 K S 7= A (k% HEK293 AHlaic 585l
S, P GFP HilRIC X Db I8Ic L 0 ALG-2 & OFEG 2/ L=, T OfEE, CDIP1 XV
7 MEIFRIIZ ALG-2 EFEA L, TOREAICIT ABM-2 fHIENEE CTH D Z ENHL NI R -7, KR
(2. ALG-2 OJEBUIMBINT R b — 3 AT 52 DB 2 MGk LTc, ALG-2 Z %3140 L 7 HeLa Mgz
/MEEA S L ZFHEGASE Brefeldin A 0P % & FEUMEH L TOZRWES & i U CRIFIZE 11
il SV, T AR b= AR D BRI H D caspase-8 DY b #Ii <472, & 512, mCherry ft& CDIP1
& GFP e S ¥ 72 ALG-2 1y % 37 B 2 3588 & H1 mCherry HURIZ L 5 50)Z TEREFEBRIC &
) CDIP1 L#EET 5 ALG2 1M X X A2 ERE L=, CDIPL &5 LS & & iz, EER KA
A V% FFo7- SHISA4 & Scotin & OfA RSN, ZHHORERL Y, /MMalklE ETo ALG-2
FER) & o X7 DEAIRIE R DY caspase-8 DIEVE(L Z #4192 AIREMEN 5 D & 2 T D,
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E-a13
O—VILE—BAERTFERFETI7 RN —REEBAA DR
("B X IGAER-ICRES, 2 MBEERE)
OMAEWF ', KBt ', FERE? JIIEHRE % PHE? tOL/T ', XHBEH '

[B19]

Y NRF (Apis mellifera) DBEENDWTH0—Y ¥ Y — (RJ) 1%, ShHRE2LEEICHEEE
LR EET I Y, Bix R ARBRERE RS L OB Th D, BB, RI EEHX VX7 B O B IEL
P 2 AL PR 53 7> B EEREME 7' R YPDWSFA Z[FE L, BSIND U 7 7 7 VERESER L S 0T
HZEERA LU, LA N Y 7 b7 7 R L RI OFBMERE L OFBIBR A RFTT 5720, ZhE
TIZ, kA A4 EBBIbKFICED 7= bURIEEAWTATIICEILR N 7 v 7 7 VR EE
L_XTF REER LT, ZOXTF Fa2T7 v MG BRI IEC-6) IZRINT 2 & TR N — AN
RNz, AFETE, 72 b UBIGICHAWEZEA AT F Rick B IEC-6 #ilaD T R h—3
AFEIZED LY ITHETENERFT D720, A4 2HWOTER LT T R ek L7,

[ 5k - FER)

WERLAKTE L BRA A F I AN LD T F RESINO ) 7 b7 7 U EREERRLL, BBk
WIRTF REAEk LT, &FRA AL, BiA Ao 2 fafilig & % v— RlZE VT Brniz, _7F
REHIND b U 7~ 7 7 Ui EEOEE{EIZ, MALDI-TOF-MS 471 K 0 #esh Uiz, 1ERR L 72 b2
7F & IEC-6 MICHIN L, 24 Bfilhz381%1C WST-8 33K 2 F W 7= W e BE I E 12 K 0 M B AR &
BH LT, ZO/RR, $aA 4K VER LIZBRERAT7'F ROWIE TR0, 14412k 0 E
B LB LA T F ROBITIET R F = RTF L A EFESNT, A A BRECIY TR —
VAMBES N, FTo, BA T UBRERICHESRA A, BA AU RERICHESA A2 T
T F RO IEC-6 Mla~DFINTIEL, WIT N bhA 4o RER & RE BT 7, Mlaliz b x
DEENERIRD 2 EMOEA AL EHA A N L DAL TIT AR N R D 2 ERIE S LT,
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