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HICHELSHEEZLTWAE I EBHMONTWV S, K4 & Eurotium herbariorum H &
benzohydroquinone 13 flavoglaucin ¥ & f auroglaucin % B L 72, Flavoglaucin iZ2W T

I IO E TICKREEIRIERA ARG SN TO S, ALFWHEIZX 2 7R b— v ZHIRaSEHEFB T
D120 hI v N TOAF viEdHZ L (permeability transition) OEFE, F b+ 7 o lLe
DM, I ha Y N ) T ORENOIEMAMEL THa I Ao N TN S, £ 2 TAHMH, H
>y NI MY R TEMOT, MEHKRITES I b3y B 7 OREROTREE~ORE
EME Ul ZOFHE, WEEE I b3y N 7 ORMLHEEMER B X Tl EsnRd
EMEIL 72,

Abstract

The epiphytsis of Aspergillus (Eurotium) fungi to dried bonito during its aging
process is critical for the umami taste. We have isolated the benzohydroquinone
pigments flavoglaucin and auroglaucin from the dried bonito fungus Furotium
herbariorum. Flavoglaucin is known to repress intestinal carcinogenesis. The alteration
of mitochondrial function such as permeability transition and release of cytochrome c is
known to participate in the induction of apoptosis by chemical compounds. In this
study, we have investigated the effects of flavoglaucin and auroglaucin on

mitiochondrial structure and respiratory function, using isolated rat liver mitochondria.
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Both pigments were found to induce mitochondrial morphological alteration (swelling)

and to exert the uncoupling effect on oxidative phosphorylation.
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T RTEMN, A2 L0 > KHATROARDZ CiE, 2 OMKRETHROH & AR & (G
LT3, BHix, £ OB THIERE D Aspergillus (Eurotium) BEBMSELEL, 202
EDGHBEF D 5 EAICEEBHEELTOE I EMBHON TS W,

HE D PELET 5 2 IRIGHEM O I, THEIEPREBAMEG & N ORBICHERL & 0N
HRAINTOEN, BEWCELETIERHEITOLI BEEWEZ/EE LTV, v FEfuik
F 13 flavoglaucin O #HMEFR TEHKEESICL D BHOHEESRHE I THE0AHTH 5@,

Flavoglaucin £ & ¢* auroglaucin (Fig. 1) (. Aspergillus (Eurotium) J& W EE T 5
benzohydroquinone 3 THEME LAIRIRAKFIRE &AL KR EHFTH T & TR,
BUIEE TITT 2 A VIIRIER © R HURALIEN @ 0 RIBFEIHRIEM © %, AOMBEICHETH
52 LMY BHENRESN TS,
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Fig. 1 Structures of flavoglaucin and auroglaucin
TPV NYTOEGHES I, ATP K&, HlEN Ca RIEDHERF TH 205, £ OAbicHI
JEDFL. ROS GRTEMEHRD) /EX%E bifTbh 2, SHREOIFWEIC K 2T A b — v 2k
FEBRBEIT D 1 21T, A4 v iBAME L (permeability transition) ®OiFEF, FrZ7 ol cd



PR ok D 3 flavoglaucin & auroglaucin IT&5 3 by R 7 OREE SRS EE~OBEER 221

RS, S ha v R 7OBEOEANEE L THE I EAMoN TS ®, Flavoglaucin @

AV R TIRRAOEEE, BUIA SIC X OBET S TR D (KB RS 2 e e/
AaERTEMERINTHS D, ULHL auroglaucin ® I 32 Y TAOEEID>NTIE
VELFMICEESATORL, 22T, AETET v MFI M3 FUTEROT,
auroglaucin ® I b2 ¥ NV 7 OB X BN O EEIZ >0 T flavoglaucin & HHHES L
12o

2. EBRMBELUERAGE

1) EBRAE

Flavoglaucin $ & O* auroglaucin (¥, Enrotium herbariorum »» 5 HigE, 8L ®, Wi
FIE, FEBRIZIE N,-N-dimethylformamide (DMFA) ##E L THWLTZ,
Tris-(Hydroxymethyl)aminomethane (Tris &I%&0) . ADP 8 X OJMiE T V7 3~ (BSA,
fraction V)i, Sigma Chemical Co. £ D TN ENWEA Uiz, £ DMORAIE L, 2 TR 4E
Mt & 7z,

2) EBAE
-1 Sy MFI PV FUTESDORAE

T ha YR TESE, AR Schneider O HE®IZHEL, WA SICL D —HHR SN
RHEDZH->T, Ty MFREY R — Mol U7, WEBNHEK E L T0.5mM EDTA,
10mM Tris-HCl % &2 0.25M sucrose (pH7.4) &7z, #IEZAT A CLUT T T » 7o, TR
L7 bay FY THESHE, 2~ 3ml O Y a FERICEE L. KIS TICRS 2 ~ 3IFRILINIC
FIRMHET 45 & H 1T L,
-2 Sy MFI PV FUTOFREREDRIE

I b3V R T OMPRIEN Galvani IR FREMR (BUSET L) ZMOTHE L, K
TEPERE A BOGH1E 0.16M KCL, 5mM MgCla. 1mM EDTA. 5mM fE#% Y ¥ L O 20mM
Tris-HCl (pH7.4) %2& & (EH3050 17> 530 CEMEE TR LS X ARk FR &2 P L7,
I AV R TSRS S &, WPIREEE (Zvy I UBRE 3 ans R RN L.
ZOD#% ADP #NZ 5 &) VERILBRISAIRE O IPRIIIMEsh 2, ZORE% state 3 W &
IO, ADP 38 S U TR S N 70 IRTE % state 4 MR & I35, O state 3 WMk &
state 4 MEWR @ e % respiratory control (RC) t& LT, /iR ADP (nmol) & %1k
Fik (natom) DH» S ADP/O lhEZhehKeiz, RC B LT ADP/O KT i3t
BVEM %739, State 3 MO ERIZ T~ b —)UfiE% 100 & UTE L7z, State 3 WD H
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FBFI PV Y THRO A A EBHECEZE (PRG) HESFEERTIcLogBah
b7, HRBEHER~OHEEDOMEFEEZLKL T2 & D TEMN,
-3 Sy FMFI b3V FUTOEBEDAE

I3V N T RBEEIC R TOEEEEAME T (BOCEOIKT) 35 Z &2 5. Tedeschi
& Harris @ AEQOIZHEL, 550nm O WRIEHE O kD % Beckman HELsHEIEEEF DU-T0 % Wb
THFE Udco JE M BOGH1E 0.16M KCI, 20mM Tris-HCl (pH7.4) 2 & &, Ei THE L 72,
-4 FUNRIBEDEE

7 R BISEEYE & LT BSA 2 L. Lowry 5@ HIEADIZ X D RIE LTz,

3. ERER

1) Flavoglaucin 3 & U auroglaucin [2& 3 = ba v FU Z7EE{LOHIE

Fig. 2 1T flavoglaucin @ 3 b3 v B 7 MALTEEIEM % 45 0P ICHES U7cki 2R Uic
KCl ks m Lc 3 b a > N 7I2 flavoglaucin Z M A % &, 550nm O WS HvEadic K
TUlZko 2O &, flavoglaucin 253 F a3 ¥ N T ORBMLEZFBE L 2 EARB S iz,
Flavoglaucin IZ& % I ba ¥ NI 7 ORI EAVEER HERTH % cyclosporin A 12X D58
AICHESN (Fig.2), BWRLo# TR L X7 —IVi, flavoglaucin DL O HNMNITIKTE L
TR U (Fig.2)o IRIT Auroglaucin IZ& % 3 b3 > NV 7 O BBMLFERIER 20T Ui,
Auroglaucin OHRINICE D I bay M) 7Mbb TR U, L ERkEST 2 2 &
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Fig. 2 Induction of mitochondrial swelling by flavoglaucin in isotonic KCl medium
The reaction medium was composed of 0.15 M KCIl, 20 mM Tris-HCI, and 0.22 mg of
mitochondrial protein in a final volume of 2.5 mL (pH7.4). The numbers at the end of
each curve show the final concentrations of flavoglaucin. CA indicates cychrosporin A.
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& TEIl U (Figd). Auroglaucin iZ & 2 B RALE G D111 #12 flavoglausin & # I
T 5 EROSE AT L7z (Fig.3)o FEFITIEAR S0 A Auroglaucin OEl & cyclosporin A
DOEIN & D eI EFS NI,

Auroglaucin 80 n moliL

Auroglaucin 160 n moliL
Flavoglaucin 50 n mol/L

Flavoglaucin 50 n mol/L

Absorbance decrease (550 nm)
2

O]
@

Fig. 3 Induction of mitochondrial swelling by auroglaucin in isotonic KCl medium
0.18 mg of mitochondrial protein was contained in a final volume of 2.5 mL reaction
medium (pH 7.4). Reaction conditions were the same as in Fig. 2.

2) Flavoglaucin ® X b3 ¥ R U 7FRERRADEE

2R3y R 7O NAD RO flavoglaucin @ FBIZ DWW CERETE M A T W THRET L 72
(Figd)o HMUAI Pa Y NV TRAF VI T70a Y bo—VillER TR UL D ICERE &
U VRN < L8 U 7o WEIEYE 2R Uy BHIRES state 3 PP & state 4 W ASER® S i,
RC & ADP/O HizZh £ 6.6 & 2.7 Th » 72, Flavoglaucin % state 4 MEIZERMT 3 &
Z D% state 3 MRS DTNl a0 5 —T5, state 4 IFRPFE L M s niz, 2O &
5 flavoglaucin 283 b3 ¥ N ) 7 OWRRICH U Tl B EM 2 G35 2 EWRE I i,
Fig.5 iT flavoglaucin @ EIEMKEED RC. ADP/O b & U state 3 M~ DB A% L,
Flavoglaucin 29 % & State 3 WISl & 1 52— State 4 Wk iZ Mz =, RC HAsEA
FITIKF U7ze ADP/O Wb BB IERIENITIR T L 2 & 5 flavoglaucin 23 db /M 2B ¢
BT EMRE T,
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L-Glutamate 15 g mol/L

Flavoglaucin 20 g mol/L

ADP 600 nmol/L
l DNP 30 g mol/L

L—Qlutamate 15 mol/L
l Flavoglaucin 5 mol/L

ADP 600 nmol/L

!

L—Glutamate 15t mol/L
ADP 600 nmol/L

!

RG=1.3
ADP/0O=15

ADP 600 nmol/L

N\
State 3 respiration
RG=6.6
State 4 respiration ADP/0O=21
100 nmol oxygen
"""" 32"""§ T

Gontrol
Fig. 4 Effect of flavoglaucin on mitochondrial NAD-linked respiration
The reaction medium contained 0.15 M KCI, 5mM MgCl2, 5 mM inorganic phosphate, 0.5
mM EDTA, 20mM Tris-HCI, and 0.8 mg of mitochondrial protein in a final volume of
2.0 mL (pH7.4). The reaction was carried out at 30°C.
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Fig. 5 Uncoupling effect of flavoglaucin on mitochondrial respiration
Reaction conditions were same as in Fig. 4.

3) Auroglaucin @ X b3V KU FIEERNDEE

Fig.6 IZ auroglaucin ® 3 F 2> KU 7D NAD ZIEWADHE LB LIk AR U, 2
yha—)bTE I b3y NY T RIS state 3 I & state 4 Mz L, RC le& ADP/O M
FezhzThn 12 £ 29 Th -7 (Fig.6), State 4 FFIIZHM L7 auroglaucin id, £ DD state
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SRR AMIHI U state 4 MR ZME S E 5 2 & TRC B LU ADP/O A BHFITK T &€, =
OYEMIFBIERTFEN TS > 72 (Fig Do TN 6 D#E M 5 auroglaucin 13 flavoglaucin & 4
RIERIEM 2R 2 EBH SN LT 5 7,

il Auroglaucin 80 2 moliL

[ ADP 600 n moliL

L-Glutamate 15 moliL
l Auroglaucin 40 x moliL

ADP 600 n moliL

L-Glutamate 152 mol/L
ADP 600 n moliL

|

RC=25
ADPIO=23

State 3 respiration ADP 600 n moliL

100 nmol oxygen

State 4 respiration

RC=12
ADP/O=29

2 min
]

Control

Fig. 6 Effect of auroglaucin on mitochondrial NAD-linked respiration
0.45 mg of mitochondrial protein was contained in a final volume of 2.5 mL reaction
medium. Other reaction conditions were the same as in Fig. 4.
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Fig. 7 Uncoupling effect of auroglaucin on mitochondrial respiration
Reaction conditions were the same as in Fig. 6.
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4. EE

Flavoglaucin & auroglaucin iC2WT I Fa v K T OMEIC RIETHEERF LI ET A,
FiE KClERIcEmIniz I bary MY 7, KIBEO flavoglaucin TRHFEBIZHELEFHEFR L
72 Auroglaucin i3 flavoglaucin [i#k, L& Z U7z, Lo EFED flavoglaucin &
R85BT EERRET BEERMG SN, MEREEDREICL D DB D, NRIETEDHHEIZHES <
SOROMIZODNTEAWPTH 25, “FEEEHI ba v ) 7 oGl WL ek
BE LI EARE ST,

HHEO I b3y BT OIS 5 3 FRIPHRIE 2 & E2RRT 2B oI
EMS, I ha Yy R TIERRANOREIC OO TR BM A T O Tl U7z, Flavoglaucin
& auroglaucin (. NAD B X a7 BIRILRIFRD state 3 FFIRZ IR T 2 —75 state 4 Mk
AMEESE 2 BERIER) C&TI bay N 7IEERRAREGT 5 2 EAHIE U 72, Btk fE
MERTAEWEDOZEA EMRELOBHRICHE L, I hay N THEZN 2 HTREAR

[4pH) ZHLET2MEEETH I EBWOLNITENTHENAD . WEFEIT K 2 B IE
Do FHIT 3. Z OILERE P SEBE pH BRIET HT O£ 1E> C L3EZL Shidn, £0
e BES I by R THEOMEEERI L, HTO) — 72 sgcl itk s &
Bbhzn, TOBTOMIZIEEL 2 HKRPILNETH 5, Auroglaucin i3 flavoglaucin & L
U T state 3 WFIRIPHIEM AR < I S A AIFRE I b3y B 7 IR O ER
antimycin A ¥ &£ Uf rotenone @ [HLEIRAL % M 2 72 B 152N 1 X 2 2% d 5 N,N,N,N-
tetramethyl-p-phenylenediamine (TMPD) IC& Bk shrcZ Eh o, Bt EmRiIcmi <
BAREMEEN &RT 2 EDmRBRE N/, FESIHLFT IS L TRARE SITRETT 2 0%
Wb 5,

BUEE TiT, BALK ) IR RfEM 22" Ly 2 ba v ) 7 ORRILEFERET 5 7 £
PEMDBZH RN SN TO 20809 BB/ & IGHEERN &S 34T L PIT LN &
6. flavoglaucin & auroglaucin @ BrIb#E M & Mg MALTEE M O BLEPEIC >0 TIE A% E
IR RG2S H B, AWFIEIZ & D flavoglaucin B & U auroglaucin 753 b > KV
T DR SRR U CTHEEM 2R3 S EMH o h &M 7ohs BEIF S bar Y 7 EHn
72 in vitro HEBRTH D, FLABDFBIETTOHERTH S Z &M 6, AR IEENGED
in vivo W#EARET 5 bOTEBNWEEZ SN,
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