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T Z IR EER & L CEERRBE S FLEMREEN TR Y . £ 6 ORWIT ok
KO RBRANAAEIL E L CTHHEH STV D 9, it s s RMaw (7 ¢ b
TFINN) E, TSI A R AnT A N BEFREEY. AREEEEY. RY 7 =
JmNVERER DD, THDE LT, FlE, i AV A gl IRE. UEGFO%
BRZZAEPEVEZ R Z L MR SN TR Y, fHx ORBOTHCIERICA R R RS 4
AT ERMBENTND 50, PTHHIESEAZ AT 27 4 M7 I A/MTHONT, Lk
A EDRE 2 2RISR L TETH D Z LG sh T, flziE, 7=/ —
PALEH DL ANRT b —id, RIBBASLERMES IO L OB EL L DR A
R T D LMEINTWD 19, o, 7=/ — B, FRIR) 7=/ —1 e
LTHBESND 7 VT I VERINERB AT AN b=y A4 — b7 7 V— %28 T 5
ZEBFOLNTND 9, IHIZ, TR M=V ARIEEZ AT 2 KRRMLEWSZOFERIT, A
MR DAL FFIE KT 2 WP 2R T 2 72D D ZHERE D & L THWbn L Z &
N d 5 6100

7 AV A EMEELFE (FDA) 12X 2% & 1940 485 2014 42K £ TITB AR O 58
TEHE L LT SN2 175 DR FALEID 5 5, 49%I25H 7% 85 HR KW £ 7=
ITENLOFEMRTHY W, BUELEELO T — RV — NMEEWM DL BRI G IR
KEINTNDZEERLTWD, MR ROIEFEDN Y — MEEW E 720 | HUd LT
ERE LTSN b DL LT, A FABEA F A (Taxus baccata) WMRD/N7 U Z
e (XxFV—)) 1213 X< I XX AV RY (Camptotheca acuminata) D
TS RTW VBT 7Y T a4 a Y (Combretum caffrum) D
AT VHERFEF B AXET AV oy 17 Vv (Podophyllum peltatum) H30D T
EARFZ v bF 1610 Fg0F 7 hyF=F=FY Y (Catharanthus roseus: |H%
Vinca roseus) HROE L AT VIivA KW B3k 0 BUE, 23 AOEYHRIEIZIB Tl
R EEE B E 2 B2 LT 19-21),

=F=FVUNLHEBESNIZE YT A A, ROV T TAF LR 7 Y AF U
Wb HIE O M NI T 2 U NE DA RET 2 2 & THIEZFFET 5 22, £
Ty WA TA DS N O T AR A RORT ) 28 0i%, Vg OBLES % B
T 5 Z & CHIIA A IE S AVHIIRE A M I CEIET 2 149, b, BT hTFioR
ZOFERDA Y )T AL FRA Y AT —F 1ERKT, DNA U OFERES 2 HE
5 Z & CHIRE O S Wi 6 G2 I CHRIREHIAME I L 7R =3 X &5 &l 2929,
TERRTZ 48 X UpBERRINTT ARV FIZ RS VY AT B T HEETH D
20, RARA Y AT —8 IR ROl (G2 #) ICB5 L TWnWaH7ed, = FARY
KX DNA Ui OFAE A 2 HET 5 Z L2k G2 i ciilgfEif 2= Ik ST R h—v



Azp|EE T 29, ZO L) ITHEMEROILEMLENE Y — Mg e LT < o
AFIIS FLH ST 5 26,27
T4 NI Anof T, RY 7= —VEITHEY T TR b IREICAET 2WEDO—DT
5 (Fig. 1), RV 7=/ —NDHbL A Y7 TRAEL, PUEE, i, v/ LA, =
A ha U kR EOEBEEEZ AT 2 b D0 %< 2830 v A% (Leguminosae) HEYHS K
RN DEHELRMGIRTH S 30, ZNE T ARMEYM D N7 7 (Millettia taiwaniana
Hayata) O HEt X7 A YV 7 74K /A4 F® furowanin-A. warangalone .
isoerysenegalensein-E 1%, b kb AMFEMIKKD HL-60 AILIZx LTT AR b—3 AFENE
HardZenmEInTtnd ¥, AU~ AREMORNI ©7 574 2 (Erythrina
poeppigiana) (X, FAT AV, 77V, TVTITHAMTHRAT, BARTIZIHHEIRCEL
B E L THEZONTND, ZRNETOMRATRY ETTA XTI NAR Y T T,
T INT 2 )=y A TINR ) AT TITR, AT ITRXFLT, T Tl
NRekGte7 = ) —AMED ZIRREMIZE A TN D Z L3 TV 5 3942, Tanaka b
REDOMD T N—TIEDMENE, ZNEDT = ) —AMAEEY DN DT e M
RETANA-1 OEMAER EOF T A N ATEE 9, AF ) UMEHET B RE
(MRSA) X° Candida albicans \Zxt4 HHUETEE 4449 F 7 estrogen S ARk 2 i
BIEMERTHZ LR EBRH LMNITIN TN D 46,47,
EFOIIPEEIEEE AT 20O 7 0 NI ANV ERETHHNT, ETHIRANO S
UAFY T —BREKICER Lo, BAMIIE, HIEER RENZ L h | I L REDAR
JE L, MRNITERRAIEREEIC R D N Th D, ZDT-DR UM% D=1 %— (ATP)
PEAE Z RN R Ch DB RICRE SIKFEL TV DL Z LB TN D 8, I HIZ,
DS ARBR ISR R T 720 T2 < IFRIBISRIE T CTh = R L X — A 2 fFE R AE L
THEY., ZO%FET Warburg 205 & JIEZN T2 49, A3 AMIAE LTS 7 7 HEHE HEHE | 2 6 BE 7
BREA AT O T2, BBBOWM D Th D U R —ADERDTZHOIZNy h—A Y FRlE
BEOTEEDEWNZ & bR ZRESE 26 9 —DDOERTH DL, LorL—F, iERITZ
DEEDE LT CILEMTHDL AT NI I AXH— (MG) ZEATDH, MG T, 1
PICT VT RIEE T N2 RO To DI USED @ < L # RV ERNRE . il & &I
IS U CIAREGMEOM I 2 o L, Mila gt 2 B3 5, MlNIZIZ Z om0 &y MG
RS D10, 7V AT —EBRE XITNDMERIEFIEL TV D 4950, 234l
DX IRFERDTLET 24 T Tl MG EAGITLET 2 Z b WL DD R Al
TR INZEBT D207 )V AXFH 7 —BRENIEELL L, ZOFfEEETHL 7Y
FXHZ7—F1 (GLOI) OIEFHNTHEL TNDHZ ENZN, 2D &b, GLOI #HE
FTAUTIEGAIIRANIC T R b — 2 AFFEIEMEZ A2 MG & L, BERASIH S
ZEmb, GLO IHERIOBREIINAOEMFIECHHATHDL EEZ LD 5D,
TR T, ETHDICY ARED ORI ET T A AL DAY 7 TR A
AR L, & b GLO I EERIGMEIC AT S EEMEZ2 5 ONC e b |tk HL-
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60 (Tt 2 MISHIFHL FEPEICOWTHRE LTz, ZORER, TV Eef 45477
A%, GLO Tk 2 BAETG M3 X OV HL-60 a3 2 M S FEBH Z 5 P 23 gl 2 &
R LUz, Frlc, v = viE T oF T 5 isolupalbigenin [T 721 Y 7 TR O T
B bV GLO T FREEMEZ 7~ L, HL-60 M2 37 5 AL BTG b iR o 7o, &6
W, ZOMEEED HWET, HEEL7-A Y 7 7R D 1 f erypoegin K (= U R=F
K) 12 GLOI OFEEIEMHIFFH DD, GLOT L3R5 1EH A% 6 6, 7> HL-60 #llid
WZxF U CRD TR e HUEEEEZ G55 Z L 2 R Lo, KXo —8 | 8 8 T,
GLO I BHEEMZHTHA YV 7 TR AZHOWTREEH L, F DL EALE TIE erypoegin
KIZBF 278z >\ CRedi 75,

Phytochemicals

{
| | | | |

Carotenoids Phenolics Alkaloids Nitrogen-containing Organosulfur
compounds compounds
Phenolic acids Flavonoids Stilbenes Coumarins Tannins
Flavanones - .
Flavonols Flavones (Catechins) Flavanones Anthocyanidins Isoflavonoids
Quercetin Catechin Cyanidin Genistein
Kaempferol Apigenin Epicatechin Eriodictyol Pelargonidin Daidaein
Myricetin Chrysin Epigallocatechin Hesperitin Delphinidin Glvcitein
Galangin Luteolin Epicatechin gallate Naringenin Peonidin B y i
Fisetin Epigallocatechin gallate Malvidin OICLONEUT

Fig. 1. Classification of phytochemicals (cited from ref.1)
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AL D TR F—FEARD—D>Th L RIL C6 LAEMTH D 7V a2 — 2 % HFME
LLT, C3ILEMDENE RIS 2RETH D, ZOMPERTIZ, 1 LD 7=
—ANT VLT ATE R 3V ey Raxo 7t b URBICHAT S, Ve Fa
XUT MY VBRI ZURBALT AT E R 3V VEREPERREEICH DS, Uk R v T
T RV VRO —ERIRIERORIEY E LTRILL C3 LA THDH AT NI Y A FHh—
N (MG) IS D, MGIXaFHICT VT e Rk MR SOV VR =LA
W CROGPEDRIEFE T m < MOl EEZ G52 2 &b ARIZIT MG 20T 5720
7V AR T — BRI &I D R AR D (Fig. 1-1) 4950, 7' U A x4 77—+
I (EC4.4.1.5:GLOY) 1Z MG BT N EZFF b IFRRINTER S ~I AL
NTB—=N% SD-T T MMNVITNVETHAERL, IRWT SD-T 7 NIV TNVEFF
X7V AXH 7 —E 11 (GLOID 12L&V D-ALEICEHR I D 49, D-ARITABR T E~—F
WL > T LABIcEBm I, FERICRED, ZOGLOT & GLOU 257257 ) A7
— BRI 1FEAETRXTOMBOMBANITHFEL TWD, MG X, Z 7 BONRE,
Rl 8 LT 2 2 LIC ko> TE L OMIMSRRIZEE 4 52 57200 TR < mOiliaErE
WEoT, TRV RZB|ESEZITZENMBNTND 50,

DS AR TSRO SR R 720 T <L ISR T T b = 0L 3 — AR 2 i R IR AF
LTWDZERMLATEY, Warburg b8 & L3 s 49, 23 AN IMNE A2 B A T

PEUVER R G AT 9 o BIBROMERN Y ThH D ) R—ADE KD T2 HIT~< 2 |k

— 2 Y UEREIEENTTE LTV D, ZORER, BAMIZE TR X Uﬁ#*ﬁ%ﬁ)m@b MG
PEEBREANC T2 D720, < OB AMITIXZ A BE LT 272912 GLO T OTE L
ﬁék%z%ﬂéo$%\_nif_ﬁwhw\k%ﬂhw\m#hw%§@%<®t%
DOFENENEFHIL T GLO I OFBL EHSCBERTEMED FAPME SN TWD, £z, GLOTIX
DS AR DHLAS AFNI R T D IRPIMEZFFE L= 0 55,50 HAAMRIZE VT, GLOT O
REUIBOEITORRD AT =Y DT LD 0b Y OB D Z L ERRESINTND 57,
oD &6, GLO THHEANT, BEEMIZINT MG OFREA T L CEEENK Z 1)
T H7DITHHR D TH D EWFFS L5, ZiUE TIT myricetin, quercetin X luteolin
IREDKIRT TR A RiZfax e s GLO L 2a%CETL 2L, b7 TR )
A RIZ L DEERAFEEORBENRII 7 IR /A4 KO C-4 i vR=rEE C5ire K
2 ENG R DMEN MG & GLOT & ORISR OERME L FHU L TnDH Z &
MDHEEZNTND 59,

I CHETIE, BUEGEEEZ 6T 2B kOFHA Y 7 IR 2RI Z L2 H
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& LT, RNY BT T A 2 (Erythrina poeppigiana) ® i O&FEA Y 7 TR & HEEL .,
t ~ GLO T2k T AMEFEEMELZH O T 5 2 L ailhilz, TORE, 9 EOBEE{LEY
FHEET L LB 1LEOFHA Y T TR A HEEL ERE L, £72 e b GLO
I 2155729012t F cDNA 74 77 U —nb 52K GLO I cDNA ZHAEL . KIGEFHEIR
R DEER S XTI EDORBR O NI N T 7 4 =T 4 —7u~x N7 7 40—l L DR
DR ZAT o 1o, ANRGREEFIZML A AWT, BB L 728HE A Y 7 F7 48 © GLO I HEEM
7wl L7z,

[Glycolytic pathway]

) Fructose 1,6 Glyceraldehyde
D-Glucose =»—>—> _bisphosphate 3-phosphate ——>— ——» Pyruvate
Dihydroxyacetone
phosphate
l L-Lactic acid
|l (|)I-I ﬁ
CH3—C—C—H CH;—CH—-C —OH
Methylglyoxal (MG) _ D-Lactic acid
Glutathione
(GSH) Glyoxalase I
(GLO 1I)
Q 0
Il
CH3—C — CH - SG » CH;— CH—C—SG
OH Glyoxalase I OH
(GLOI)

Hemimercaptal S-D-Lactoylglutathione

Fig. 1-1 Glycolytic pathway and glyoxalase system



B ERRITIE
1. —fRAVERAME

FEJCEEIX P-2000 7YX VAR T U A—%— (JASCO, Tokyo, Japan) THlE L7z, UV
BEIWIR A7 MUEZZENZEN V560 (JASCO) 72 6 WNZ FT/IR-4200 (JASCO) % Hu»
THIE L7z NMR A7 b AVIZNEBEREL LTT R T AF LT (TMS) Z vy, JNM
ALPHA-600 (1H:600 MHz, 13C: 150 MHz; JEOL, Tokyo, Japan) THIE L7z, EIMS &
HR-EIMS (% JMS-700 ¥~ A A7 fua A —4%— (JEOL) I[ZX->THIEL], U BT
T L7 v~ 7T 7 4 —|Z1d Merk silica gel (230-400 mesh; Darmstadt, Germany)
iz, B HPLC 1358 SPD-20AV UV # Hgs 2 2l L 7= B LC-8A & %
Ay, 17 A% Develosil ODS-10 (20 mm X 250 mm, 10 pm; Nomura Chemical Co,
Aichi. Japan) %\ 7z, TLC 7L — F (Merck silica gel 60 Fa54) D AR > FE UV 7
YT EIT I VREHICL DR L

2. HEDEEE

RV BT T A 2 (Erythrina poeppigiana) FFz1% 2002 4 7 A IRV THRE X
Nizb Oz, GEHIUEAR (No. 020722) 13 H HBEL MK F 4 S Hd7 1 K- Tkl a7z
HDOEFEH LT,

3. fhi & HAE

RV ET T A IR OEALE O & BB DWW CTIT B PR A R4 S 0% 5
WX o Thivz,

MU UM (8.88kg) 27 by (2x18L) IZ 72 HfiRIE L, WEEZBEEL THES
NFE (BeERY) ZIEIC p~FH . Y7 ura X ¥ oo NNCEE T L2 v
T U, 3 O R[IEMEE S35y T 7o, IRNWT Y 7 ma A X U alEtEE Sy (84.5g) %
UMV T A< N7 40—k, AL A—TE R (40:1510:1-1:
1), 7 bhribNiczaarih—A% ) —/L (10:1-1:1) 4 500 mL T&EH L, 36
E45y (A1-A36) #157-, Hi4r A26 (1.38g) X, m~FHr—Tk&hr (2:1) ZHWE
SOUBTNAT A aw NI T T 4 — ) IRTZ Lo TEEY 10 (181 mg) % HAf
L7-, 4y A28 (27.7¢g) 7kt h—7T%ky (10:1.5-3:1) 4 200 mL % fu
T VBTN IT AT a~ T T 7 o —IZf L, 4215 (B1-B42) #457-, D55, H
4y B14-B21 (2.73 g) IZOWTEBIIRVPBr —FioF L (5:1) ZHWE=Y U 7L
T hTa~w NTT7 4 —I280 26 sy (C1-C26) %#137-, Hi5r C5 & C6 (78 mg) #*
iR bh—TEhrr (20:1) ZHWCE Y ANV AT A a~ NI T77 4—I2L-T
t&# 5 (9.2mg) L{LEW 8 (8.8mg) Z4rHEL 7z, i\ T, M4y C7-C9 (110 mg) %
VUGN T Lra~vw NI T T 4—IZL) T -7 (3:1) THEHL, 1B
A9 (6.5mg) #157-, Wiy C23 & C24 135 bW THIMER (250 mg) OFFEE=F /L

-6-



O ERRICEVIEAEY 4 (14.3mg) ZHEEL7Z, HoN7 A (21.8mg) % 4y BURLWiFH
HPLC (%#h#d : 30%CH3CN—70%H:20, 6 mL/min) TItA#¥ 2 (6.6 mg, £ 153 min)
LA 4 (159 mg, 163 min) Zp#fEL 7=, 5 B22-B32 (3.15g) I~ B2 —
e (5:1-1:1) T o ~FHor—7T8hr (2:1) IZXDVVBTFNDT LY
n~ T T7 4 —%1T0, LG 6 (16mg) L&MW T (30 mg) %457, M4y A29 (8.0
g Xr7uearva—7%hry (10:1.5-3:1) ZHWEY ISV T Lra~v NI 57
S =X VIR (955 mg) Ef7-. o~ ¥V —T Ry (15:1-1:1) XV
Yo —WiE=F L (2:1) 2N VB AD T hra~ NI T 7 0 —2 X0 ik (21.1
mg) &, & 62 HPLC (30% CHsCN—70%H20. 6 mL/min) (ZX V{L&%
1 (5.3 mg, @75 min) ZHEEL7=, M/ A33 (1.67g) Z n~FH o —7T&Fr> (15:
1-1:1) ZRAWES VDSV DT A7 a~ 7T 7 0 =248 THRHIRY) (189 mg)

IZDOWT, SRR B Ui T v (2:1) ZHWE=V VDSV ET AT~ NI T 7
€ —IZHE L TR AR (25.2 mg) 1572, Wiy % 5 BUiE HPLC (30% CH3CN
—70%H20, 6 mL/min) TH# L, {tA#% 8 (6.1 mg, & 39min) ZHfEL 7,

Erythgianin A (1)

ke [alp2s —8.4 (¢ 0.10, MeOH); UV Amax (MeOH) nm (log &): 261 (4.90), 206
(4.94); IR vinax (KBr) cm-1: 3393, 1670, 1620, 1572, 1516, 1260, 1212; 'H and '3C-NMR
(Me2CO-db): Table 1-1 and 1-2, respectively; EIMS m/z 386 [MI]+ (11), 285 (14), 279 (32),
256 (41), 243 (16), 228 (17), 213 (22), 199 (12), 185 (34), 167 (100), 161 (53); HR-EIMS
m/7z 386.1013 [M]* (caled for C20H1s0s: 386.1002). Differential NOE: Irradiation at 5§4.95
(H-3"—6% and 2% enhancement at §5.89 (H-4") and 1.42 (H-5"), respectively;
irradiation of H-4"—3% enhancement of H-3"; irradiation at H-5"—5% and 3%
enhancement at §3.29 (H-6"a) and H-3", respectively; irradiation of H-6"a—30% and 3%
enhancement of H-6"b and H-5", respectively; irradiation at §3.73 (H-6"b) —27%

enhancement of H-6"a.

Erypoegin K (2)

GRS [alp23 + 0 (¢0.10, Me2CO); UV Amax (EtOH) nm (log €): 266 (4.37), 203 (4.41);
IR vinax (KBr) em—1: 3435, 1654, 1625, 1558, 1541, 1508, 1398, 1255; 1H and 13C-NMR
(Me2CO-db): Table 1-1 and 1-2, respectively; EIMS m/z 354 [M]* (69), 321 (51), 295 (100),
268 (16), 59 (20), 44 (26); HR-EIMS m/z 354.1100 [M]*+ (calcd for C20H1s06: 354.1103).

Hydroxyerythrinin C (3)
IR [alp23 £ 0 (¢ 0.10, MeOH); UV Amax (MeOH) nm (log ¢): 262 (4.90), 214 sh
(4.95), 203 (4.98); IR vmax (KBr) cm-1: 3405, 1663, 1626, 1579, 1456, 1370, 1270, 1214,
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1071; 'H and 13C-NMR (Me2CO-ds): Table 1-1 and 1-2, respectively; EIMS m/z 370 [M]+
(3), 352 (18), 337 (42), 334 (18), 294 (100), 176 (29), 148 (11), 44 (6), 43 (12); HR-EIMS
m/7 370.1069 [M]+ (caled for C20H1s07: 370.1052).

Erysubin B (7)

AR5 [alp2s 0 (¢ 0.1, MeOH); UV (MeOH) Amax nm (log £): 283 (4.57), 226 (4.33),
203 (4.46); IR (KBr) vinax cm-1: 3380, 1650, 1620; 'H and 3C-NMR (Me2CO-db): Table 1-1
and 1-2, respectively; EIMS m/z 352 [M]* (5), 321 (100), 203 (5); HR-EIMS m/z 352.0940
[M]* (caled for C20H1606: 352.0947).

4. KRIGEFHEBRZ AW #Z e N GLO I D38l

t b GLOI ®4£ ¢cDNA IZ, t hifi cDNAlibrary (BioChain, Hayward, CA, USA)
5 PCR 1% (sense primer 5-TAGCATATGATGGCAGAACCGCAGCCCCCGTC-3', anti-
sense primer 5-CACGTCGACCTCACAGCACTACATTAAGGTTGCC-3) (2 Xk~ Tififd L,
t b GLOI % 6xHistagfs & ¥ v /N7 EH L L TREESELT-DICT T AI KRR X —pET-
14b (Novagen., Darmstadt, Germany) & Nde I 8L Sall §fiCH 7/ n—=7
L. 77 A3 FpET-hGLO I #{Ek L7z, pET-hGLO I |3 KiFE BL21 (DE3) #iz=1 7
faARL—va R EVEALE, 77 AI RpET-hGLO I 3 A L= KiGEZ 7 v
U 100 pg/mL % & Te LB B5H (LA 55H#1) ([ChEE L, 83TCT— WA > F=2X— K L7z,
Z ORAIR A HT- ISR U7 LA 52 1%1272 5 X 212z, 37°C TR 8 I A > %% =
~X— 1k (ODeoo=~1.0) L7z, A V7O ENBD-TAHT 7 hET /¥ REKEE 1 mM
ER DL HITNA, EHIT 4 A % 2 X— K L7z (ODeoo=~1.5), B3 ik % 1= 0> (7,800
Xg. b, 4°C) L. EiEEZED, 140 mM NaCl Z &1 30 mM Tris HCI buffer (pH
7.5) T, 1m0k, —80CTHRAF LI,

5. MLz e b GLOI # > /37 E DM

AT LT KEGE L~ M2 1 mM dithiothreitol % & 3e 30 mM Tris HC1 #%fEiK (pH
7.5) ANz, KWL 5 30 Bf. 6 [BEE M (SMT, Tokyo, Japan) L7z, &%
Tr— N 543,200 g T 15 53], 4C Tl (TL-100, Beckman, Palo Alto, CA, USA)
L. k3% PD-10 77 2 (GE Healthcare, Uppsala, Sweden) (27 771 L. fEEE%
N7 7 4 =7 4 —r v~ 7T 7 0 —HOKEE HEE R (20 mM sodium phosphate. 500
mM NaCl, 20 mM imidazole, pH 7.4) |Z{&#t L 7=, 308265 & H AR C b L 7= Niz+-
T 7 4 =7 4772, (HisTrap™ HP, 1 mL. GE Healthcare) (27 771 L. FEW Ay
% e R RRE R ChEd L7= %%, I AR (20 mM sodium phosphate, 500 mM NaCl,
500 mM imidazole, pH 7.4) TWEME /D DEEE X 87 H a2 Uiz, B L 7-BER IR
7% (50 mM imidazole, pH 7.2. 20% glycerol, 20 mM glutathione., 5 mM MgSO4) |
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Ex#iz, ERICMETSHET —30CTRIFE LT,

6. XUNRIEOER

X 87 B IE 1T Bio-Rad Protein Assay Kit (Bio Rad. Hercules, CA., USA) %W
TRIE L7z, 0.3 pg/pL (ZFRE U7z & o x7 BAEHER (IgG. BioRad) % % o /X7 EREE 3,
6, 12, 21, 27ng/100 uL (2722 K 9 AR L7z, REHRIL, EEROFHRINCAD X H
WA LTt 100 pL 12 U7z, FEHER S K OWEHE IZ Dye Reagent Concentrate % 4.5 fi%
AR U 72 Y taiff 2 900 pL 9" OMN A =8 T 10 23 FEHE % . 73 G R (UV-1600, Shimadzu,
Kyoto, Japan) T 595 nm DOWSEREE A JIE LT, FEAER O SERE D S EERER R 2 VB L .
REHG T D2 X ERERDT,

7. SDS-RUT 27 UNAT I RFLVESIKE) L Western blotting

Rl U7z e N GLOL # >0 2pg (V~o—7 VU7 b7 A—4aH)
7213 0.4pg  (Western blotting /1) % SDS-RVU 727 U7 I Ry VEXKE) (PAGE)
BTN RNy Ty — (FPEE 125 mM Tris-HC1 pH 6.8, 20% 27 UVt —/, 5%
mercaptethanol, 2% SDS. 0.025% 7 1€ 7 = /) —/L 7 /Lb—) I[ZHMR L., R T 4
S L TH U TNWVERE LTe, 774 =T 41—/~ N7 T 7 4 —RIORIGHE M
R (2 X7 E R 10pg £7203 2ng) ZRERICAHE U CRRUE S & & $12 SDS-PAGE %17
S 72, kEI# . Western blotting 7 /WVIcHOWT, #2278 %R) 7 vk =05

(PVDF) & (fL#% 0.45 pm. Merck Millipore., Darmstadt., Germany) (Z#55 L., —IK
Piik & L CHL Histag HUiK (7= IgG. 1,000 547, Thermo scientific, Waltham, MA,
USA), “kPiR L LTI A A VR AT 7 X —BHEEGHT ¥ IgG Hiik (2,000 547K, Sigma-
Aldrich, St Louis, MO, USA) % H\ >, {41213 nitro blue tetrazolium/ 5-bromo-4-chloro-
3-indolyl phosphate (NBT/BCIP, Sigma-Aldrich) % H\ 7=,

8. t I GLO I FRIEMEORIE

MLz e N GLO I EERIEMEIL, Oray © 9D ikE A L TTo7, T78bb,
EERLUGATNC, 7.9 mM MG, 1 mM BT 7 V2 F A ERML, NI ALV T X —LD
RO LT D E T, 25°C, 90 T LA ¥ aX— |k Lie, BERMOGT L Lo
B, LAY, E235EE D DMSO % G e UGATK (8 mL) (ZEEFE X /327 E (1ng)
ZINZCHGA L., 256°C T2 47f. 240 nm TOWSEEOHN (1 O.D. = 3.37 mM-1 cm™1)
ZHIE L7= (UV-1600, Shimadzu), 723, GLOI OEEEIOHEHIT GSH @ bromobenzyl
#HEIK S p-bromobenzylglutathione (BBG) X, Vince 5D HiE 6N LY Sk L7=b D%
H FPEA IR A B BUR D B G LCn e 72T, EEE 72 5 NS BBG 139 A F /LA
NARF R (DMSO) (T¥fiR LT L7z,



BE RER
L A Y7 TRACEHOHEE L MERTE

RIETTA TREOY s ma A2 A wiEER S Z VTNV T L 7a<x N7 T 7 4
—IZ X o THBEL, &I BT HPLC IZ LV BEMD 9 SO &EW 2—10 % HEET 5
L BITH A Y 7 TR 1 (erythgianin A &%) %47 (Fig. 1-2), 9 >OEH{LE
WD 5B L&Y 2 1% Ficus benjamina (Moraceae) 75 Bl S, #iE 60X TV 5D 5,4
dihydroxy-2"-hydroxyisopropyldihydrofurano[4,5:7,8]-isoflavone & [FliE S 17z, (k&
WNIAESL & DI E T ITHRE SN TWDH AT MAT—=Z LHIGT 52 LIZ LD ENEN
hydroxyerythrinin C (8) 62, erythrinin C (4) 63, erythrinin B (wighteone) (5)64, M-Wi-
2(6) 69, erysubin B (7) 65 lupiwighteone (8) 69 laburnetin (9) 67, isolupalbigenin (10)69
ERIESNTZ, ALEW 2 13~ ARMEMN LRI TOWMETHY | ELEAOAHNRE X6
NTWeoizZ LD, erypoegin 7 /V—7D—>& LT erypoegin K & A4 L7=,

HOH,C_ o o

Fig. 1-2 Chemical structures of compounds 1-10 from Erythrina poeppigiana.
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Erythgianin A (DI MRS & L TH O, EtElalp2-8.4 (¢0.10, MeOH) T HR-
EIMS (m/2386.1013 [M]*) DO#55 L 0 43 1i% C20H1s0s & RE L7z, IR A7 hLjddh
B NVR =M (1670cm-1) &b RefiHi (83393cm1) OWINE R LT, UV A~ k
e C-20D NMR A7 M7 —4 (61822 & & 154.5) (Table 1-1 & 1-2) {2k Y 1%
AV T IRFEBIRTHD Z LN RE I, TH-NMR 27 fLinb 1 HOEEFBKE

(611 6.45) . 4-hydroxybenzene AL DA /L MLOFEEBHEKFE (16.9 & 61 7.47) &IKFERE
Ao Fax v (4 13.57) B Wdihydropyran (b Rrv 7 2) BRIZ, OO
Wk (G14.95 & 61b5.89), AT /NI (11.42), & FuF o AF L5 (613.29 & &13.73)
O 7 FNANRBM E iz, Fig. 1-3 1273 K 912 C-3 fi£IZ 4-hydroxybenzene S DAF{EH

Table 1-1. tH-NMR spectral data for compounds 1-3 and 7 in Me2CO-ds (600 MHz).

Position 1 2 3 7
2 8.22 s 8.19s 8.19 s 8.18 s
6 6.22 s
8 6.45 s 6.41 s 6.35 s
2' 7.47d(8.8) 17.45d(8.8) 7.47d(8.8) 7.46d (8.8)
3' 6.91d(8.8) 6.91d(8.8) 6.91d(8.8) 6.91d(8.8)
5' 6.91d(8.8) 6.91d(8.8) 6.91d(8.8) 6.91d(8.8)
6' 7.47d(8.8) 17.45d(8.8) 7.47d(8.8) 7.46d(8.8)
2" 4.87dd (9.5,8.1) 4.45d(2.9)
3" 495d (5.9 3.27dd(15.4,9.5) 556brs  5.75d(10.3)
3.32 dd (15.4, 8.1)
4" 5.89 d (5.9) 6.77 d (10.3)
5" 142 s 1.30 s 1.30 s 1.43s
6"a 3.29d(9.5) 1.26s 1.25 s 3.62 dd (11.7, 6.6)
6"b 3.73d (9.5) 3.67dd (11.7, 5.9)
5-OH 13.57 s 13.24 s 13.47 s 13.42s
OH 8.56 br s 8.57 br s 8.55br s 8.61 brs
OH 4.41brs 3.84s 4.73brs  4.202dd (6.6, 5.9)
OH 2.85br s 3.85brs

26"-OH, Disappeared after addition of deuterium oxide.
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HMBC (H-2'(H-6) & C-3 ®#EPE) & NOESY (H-2 & H-2' (H-6)? NOE HHAEM]) =
XY MO GFNERBENTZ, (LAY 1 O H-NMR 227 MU bEMT O L7 4 v
KE (G 5.75 & 61 6.77) DRV ICHENIEAKFE (61 4.95 & 61 5.89) BHFEELTWNDHZ
EEBRNTEA T & L <HEBILL Tz, C-2" o A FLELi: HMBC (H-5"/C-2", H-5"/C-
3", H-5"/C-6"DHHEY) Ik > Tz, C-6 & C-7 (iZlZ#5E L7 dihydropyran Bgi%
H-8/C-6, H-8/C-7, H-4"/C-7 & OH-5/C-6 O] CHIBIRItEZ <k L TW»5H HMBC A% kL
NolRE LT, C-27, C-37, C-4"AriZis i A% ik b7, 64.95 (H-3") ORH T 65.89
(H-4") & 61.42 H-5"NENZFH 6%, 2% DOHIRZ R LT-7% NOE EBan s, & 512 H-4"
EHB"OZENENOY 7T AREEF SN L&, H3"TOY 7 F Izt LT 3%DHKMN
BIRINTZ LB LNTHL (Fig. 1-4), MK FITHT 5 S B 2GELIZ, NOESY

Table 1-2. 13C-NMR data for compounds 1-3 and 7 in Me2CO-ds (150 MHz).

Position 1 2 3 7

2 154.5 153.9 154.3 154.4
3 124.1 124.0 123.9 124.1
4 182.2 181.7 182.1 181.8
5 160.6 164.3 160.0 157.6
6 109.7 94.4 113.3 106.0
7 167.5 167.7 167.9 160.6
8 89.4 104.8 89.4 95.3
9 160.3 153.6 160.0 158.2
10 107.3 106.2 106.8 106.6
1' 122.8 123.0 122.9 122.9
A 131.2 131.2 131.2 131.1
3' 116.0 115.9 116.0 116.0
4 158.6 158.5 158.5 158.5
5' 116.0 115.9 116.0 116.0
6' 131.2 131.2 131.2 131.1
2" 79.5 92.7 100.6 82.0
3" 95.4 27.1 70.1 126.4
4" 79.9 71.4 71.1 117.4
5" 19.0 25.5 26.0 23.6
6" 75.8 26.0 25.5 68.7
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Hmm— "H-'H COSY
H—>C HMBC
H=-->H NOESY

Fig. 1-3 Key HMBC, NOEY, and H-1H COSY correlations for compounds 1-3.

Fig. 1-4 Difference NOEs in compound 1.
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AT fVEfE H-3"E H-5"DTO NOE OB LA LTz, ZibDOFRICED .
C-2"\LIZ A F NI L C-3"E C-4"(LIZ D ? carbinolic K23 A UEL A2 FF> 2 & S RE
STz, mEMIZ erythgianin A O#E L, (O-reF(2R,3R,4R)-5,4"-dihydroxy-(3",4"-
dihydroxy-3",4"-dihydro)-2"-hydroxymethyl-2"- methylpyrano-[5",6"6,7]-isoflavone (1) C
b5, Ll MBLEIC DN T, BBEN 0 TRRETE R o7, (LAY 11,
ISR L S 7z 8”,4"-dihydroxy-2"-hydroxymethyl-2"-methyl-2",3"-dihydropyrano &
¥ 249 % dihydropyranoisoflavone (Yt Kt /A4 V7 FHKY) Tholz,

erypoegin K ()i ARy & L TH L, IEYEE[alp22+0(c0.10, 7 h>) THY
HR-EIMS 75433 % C20H1806 (m/z 354.1100 [M]H)TH 2% L 7E L7=, HMBC A7
cuns H-37E C-8 THIBME N RS 4, C-7 & C-8fZIZ#5A L7z dihydrofuran (Vb K&
77 v) BHRRE I (Fig. 1-3), 1-hydroxy-1-methylethyldihydrofuran ¥4/ 9 2% A1
V7 Z Ry 0D [alp2HIZ LV, erypoegin KIZT7 & (L&MW TH D,

ta¥ 8 blEE a3+ 0(c0.10, MeOH) TH Y . 7& IfkL L CHEES /L, HR-EIMS
225531 %& CeoHis07 (m/z 370.1069 [M]Y) & ikE L7z, L&Y 8 I251F 5 3-hydroxy-2-
(1-hydroxy-1-methylethyl)-2,3-dihydrofuran 5D 1FfElL, H-1H COSY (H-2"/H-3"DFHBH)
& HMBC (H-5"/C-2",H-5"/C-4"72 5 TNZ H-6"/C-4"DFABRE) »Hraiviz, C6 & C-TiZ
ftA L7z dihydrofuran #0#54A13 H-2"/C-7 & H-3"/C-7 OB % ~9 HMBC A~X27 kL
WZHEADWTIRTE LTz, LA 8 OLIR b51%, H-3"/H-5" & H-3"/H-6"DFHES % 7~3 NOESY
AT MVEY trans BliE (H-2" and H-3") ThoHEIFE LT, LLENDG, LEW 3 1T
hydroxyerythrinin C 62 & [6] & L 7=,

LA 1-8 © T H-B8 LN 18C-NMR A7 hLD v 7 F O EMIREIL. TH-1H COSY,
HMQC. HMBC 72 5 TN NOESY A7 M VOFENT N HAT - 72,

2. FHHAZ L N GLOTI O RIBEIC & %568 & sl

HifE U721t/ 1-10 O &k GLO TIZkId 2 EEREFIEMERHMER ICH W28 x T e h
GLOI #1525 7= DI KIGHEIZ L 5 BLR AL L7z, & MilicDNA 71477 Y —»6 PCR
HBIZL v 2Rk b GLOTcDNA Z{ER L, X U /RUERBLT T A KR X — T Ak,
KIGEIZHA LTz, KEBEEANTH VR0 BaRBL STtk KEGHE OWIRIR 7 58 Niz+-
T4 =T 4—ruavw I T77 40—l T 52 LTU AT T THYOREREEF & B
452 LM TE= (Fig. 1-5), Fig. 1-6 12 SDS-PAGE £ L O* Western blotting D& 5% 71
T, BN GLO TiX 184 HD T X/ BEERIEN S0 D 4 L BT, 2 BIEZEK LT 5,
SDS-PAGE (2L - T, HEKDOFHEIND & 23 kD OALEICH —DO/ Yy R3S
., BRIz e N GLOI ¥ U\ B 55 Lin T, Bile s GLO
I DAL LT, KIEOR#EK 250 mL 5% 10 mg O 2 o 7 BB b,
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Fig. 1-5 Chromatogram of E. coli homogenate expressing human GLO I on Ni2* affinity
column.

A B kba ¢ p
200 - 16
1};?;= 99 =
66~ 66 =
45- 45 -
31" «—HishaLor 31~ « His-hGLO
22- 22 -
SDS-PAGE Western blotting

Fig. 1-6 SDS-PAGE and Western blotting of puriefied recombinant human GLO 1.
Lane A, C: crude extract Lane B, D: purified hGLO 1
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3. bt b GLO I BEEIGTEIT 3 2 BB LA O 7T

HiE L72bA% 1-10 Ot ~ GLO TSk 7 2 BERRLEIGE DR ERAAEZ M L=, &
UTF g7 ary hr— b LCHEMO GLOTEHIO BBG % A= 69, BBG (X7 V4 F 4
VHERTEOLTFEE R Fig. 1-7T 1R T, &fA Y 7 7R N2K 2D GLO I OIFHEIZ KIZ

WA Fig. 1-81T/RL, 6D ICs fi% Table 1-3 I F & 7=, Alnlfif Liz(bA&Y
OF AW 10 28 ICs0= 4.1 pM & e bIRWVBLEEEZ R L, LR, LA 5 (5.0 uM),
8 (9.3uM), 9 (20.2pM), 7 (837.5uM), 6 (39.7uM), 4 (925 uM), 1 (95.2 uM),
2 (109.4uM) ThHo7z, LA 31X, 100 pM IZB W T HIF & A ERLEEEZ RS 2o
7=, {LA® 10, 5, 8. 9. 7. 61X BBG (ICs0=65puM) LY HEEMENELS, FTHA Y
TIRCERODARICT V=NV EER T 50EM 5 & 813k kN GLO TIZXId 2 BHETEM:
<, ARRE BRICZZDOT L= AEHT2{66% 10 13 L0 v e b GLO T BHETEME
ERTZENHLNE ST, DLEXY LAY 10 ITHR AR D I= D DF L ) —
RIEAW & 7 B ATBEME D R ST,

I/Q_Br R=H S-p-bromobenzylglutathione

0 o 0 (BBG)
RO/U\:/\/U\E&N\)I\OR R:O S-p-bromobenzylglutathione
NH, 0 cyclopentyl diester (BBGC)

Fig. 1-7 Structures of GLO I inhibitor BBG and BBGC.
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Fig. 1-8 Inhibitory effect of compounds 1-10 and BBG on hGLO 1.

a, compounds 1-4; b, compounds 5-7; ¢, compounds 8-10. Dose dependency of the
compounds on hGLO I inhibition at 0-100 uM was measured. Data represent the mean
(£SE) of at least three independent experiments. Control is vehicle (DMSO) alone, and

BBG was used as a positive control.
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Table 1-3. ICs0 values of compounds 1-10 against hGLO I activity.

Compound ICs0 (uM)
95.2
109.4
N.D.
92.5
5.0
39.7
37.5
9.3
20.2
4.1
BBG 65.0

© 00~ O U A W N

=
o

1Cs0 values are defined as the concentration of compounds 1-10 required to reduce hGLO
I activity by 50% compared to vehicle alone. Values were obtained from Fig. 1-8. BBG

was used as a positive control. N.D.: not determined
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IR B

RUETTA IWEOT & b AlHE S D 10D A Y 7 7R 2, Z0H2H0 1
WA Y 7 IR THY ., erythgianin A (1) a4 Lz, BEHOILEHD H> b, {LAEW
2%, ZhETics vRMEY (Moraceae) T—HIDHiE V23 5 DA T~ A BHEY CTIIHT
HThHY, DOEADOALAMPEZ DN TN\l &b, ZiLE: erypoegin K &4
L7,

ZHETIC, GLO I BRI EAIE LT o2 FF o FERD BBG 351 HAL TV A,
ZNPISMIRIRHE kD 1 D & LT baicalein, myricetin, quercetin, luteolin 72 £~ Z 7R
J A K 58702 curcumin™72 DR Y 7 =/ —/VFEY GLO T LEFRMEEZ G925 2 & 8 WmE
SINTW5, SEHEEELZ 10 FDOA Y 7 TR AZHONT, KIGERIREZFRIH LT -
R L7 2 B e N GLO I BERIEMEIC X DB A RFI LI L 2 A, 1ZEALEDIEY
NP ETEME 2R L. 6 LA’ BBG LV bW LEEEZ A9 5 2 L AVRENT,
ZOHTYH, L= VEEETA2EEWITEV GLO TEERIEEZ R L, FRC T L= L%
ZOfFT HAEW 10 135 B IRV LEEE A R L,

REOIX, Z AP LA Y 7R A RThHLZAEBA 72 b NSO 8 FiD
LB HNWT GLO T B HLEEMEIC DWW TIE LTS @, ik 5 L 100 M
DIREIZ BT GLO I OFEFEIEMZ 80%ETH b0 1 fidH Y, K0 D5 bo 5 Fl
50% &V HFFTWVBHEIGME L VR S 2o Te, XA BA L O%AETE, C-5ICE R 5N
72, BH—Hi T~ MG & GLOT & ORISR O E LA L7z C-4 LV AR =
AL C-5frt Rr X OBHNIEIE LW, AFZE CESE NI LT-1 YV 7 TR 1T,
9T/ genistein AT E L TEBY, Zo#&EE2H3T5, L, 100 uM DOIREIC
BWTH GLO TIZxT AFEEZIZEAE RSV ED ((LEHSE) bHV, 2D C4
PEANKR= e C5 ALt Rr¥ I Eo#iElX GLO I HEFEICHLATITIRWAREHENH 5,
AWFFETIX, < DAY 7 TR UNEe b GLOTEESREAZEL, 7L =14&iTE F GLO
I BERIEMEZLET 5 OICEE BB 2R T 2 EDNRB Sz, BUKR 7 L= L on s
&8, GLO I BB OIEMEIAI~DIEE OREA ZHE L TWAAREENEZ DN D,

INHDA YT T RUVENERICH A LT ED L D B RET I REd 5
TURMETHL, ABRL BEBIC OO Lo VERET AEAEW 10 1ZHIA AAIOBR O
TeODFELER ) — MW & 72 D R B 5,

/N

PUEEEEZ AT 2Ok, Y 7 7R 2 RWHTZ 2 HME L, ~ A RHE
MRV T T A A (Erythrina poepigiana) R0 10 FEOA Y 7 TR ZHEE LT, %
D H B9 FIFREELAEY (LAY 2-10) Th o723, 1 FITHHIL &M TH Y | erythgianin
AQ) &% LT, AEEY 1 OB EI TSRO T L > CQRE LTz, (ka1
W ISR L vz 37,4 -dihydroxy-2"-hydroxymethyl-2"-methyl-2",3"-dihydropyrano
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EHIEZ R LTz,

BInFLFHFELZHWTE b GLO I Z KIGHEEBLRICTHILSY, W—ICET 52
AT LT, HEEL 72T R TOEEWZ O TR E ~ GLO TSk 3 2 FLEEME 2 77~
TeRE S I 28D 7 L =)V %453 5 isolupalbigenin ({LA#) 10) 23 b 58V FHETS
PeaRTZEDRH LN ERST,
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Sfs — S

o
RV ETTA IRENOREBESI-A Y 77RO ~AMFEMEE HL-60 (ZxF3 5 i
HEGE R =R

Fii S

1970 LD IR il < B WADTRIE S —7 v b & LT GLO I BEZRENER ShTw
% 1374, GLO I BEANL. 2 AMIECTITHE L TV 2R DRIEY MG Z#ZfE S8, £0
FHEICEX OB AMBOMREELFET L2 :E20605, 774K /A4 KO myricetin,
quercetin, luteolin 72 &1%, & h GLO T IZXI9 2EEEHEEMELZ A L, b b B fpHiiakk
HL-60 |23\ CHIFBFERL ETIG M2 7~ 3 2 L Vi STV b 59, [AERIC Santel 53,
curcumin 728 GLO I {EMEZFLE L, ZOEFEOMESIL, FRKICHRENTZT7 TR /A4 KT
& 7% quercetin, myricetin, kaempferol, luteolin, rutin X ¥ Hi8E <, FEEAED 2
PR 1821N1, FISZARAS AAIREER PC-3, FL23 Asflifiakk JIMT-1 72 & ONE MDA-MB-231
DI A THET 52 L Z2HEL TS, ZbDZ &b, GLO IEEEZ AT
HA YT TR AT TS ML EEE 2 R 2 LI SN D,

HL-60 fifaiX 23 A PfER T pb3 ZRKE LT 5 ™), pb3 I DNAEEOREVFL L
Whivd LI, Bk DNA OZEIZEH G LTS 0, L7chi->T, psb3 Z XKL T
% HL-60 FITMIENAORIZIZ L > TT AR b= A& LT <, < O HE R
NAAEMALE DR 7 ) —= 0 ZITIER S TN D 9,

FH—ETIX, RV T T A I (Erythrina poeppigiana) 75 10 DA YV 7 R & H
BEL, 2025 1 FIIHHOMEZ L2 L2 LN Lz, S OICEE T LR TER
BN KRIGERIRZE AV CTEICRICHEE Al e b GLO I 238, BT LiglkshL
Too FERLIZMH AT E b GLO I Z2HWWT, 10 DA VY 7 T R ORI EEIE LR
L. Rl v=fbanic A Y 7 IR RIEmWILEEEZ R~ T2 L2l 6nII L, £ 2
TAETIEIT V=V EEGT 24V 7 TRATERAL, T ia b0 3 e 2o
ATEDA V7 F R AZDOWT, HL-60 M OMIFREFEIE M K AFE T B L et LT,

B ERRTIE
1. #EbEay

AREETHV /= erythgianin A (1), erythrinin B (wighteone) (5). M-Wi-2 (6). erysubin B
(7). lupiwighteone (8). laburnetin (9)3 X U\ isolupalbigenin (10) Db A& 1T Fig. 1-2
VR LT, BEEME GLO I FHEHITH 5 S p-bromobenzylglutathione cyclopentyl diester
(BBGC) 5%, Thornalley & ™MD HIEIZ XY AR L7 b D% WL YK F4 ZFH =N
b LW 2uniz 3 b G475 N2 BBGC XV v DMSO (iR L CiERA L7z,
BBGC DfbaA#idE i Fig. 1-7 12 L7,
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2. HL-60 #0352

b N ETEBEERME B ARk HL-60 13 RIKEN Cell Bank (RIKEN BioResource Center,
Ibaraki, Japan) X YA L7-, HL-60 #ifdiZ 10% FBS. penicillin (100 units/mL) .
streptomycin (100 pg/mL) %00 L 7= RPMI-1640 55 (SIGMA. St. Louis. MO, USA)
F1C 5% CO2 #EZ XA T, 3TCTHE L7z (CO2 A »F 2~—%— IT600, Yamato,
Japan),

3. M EAFROWE
HBY A 17 1T CellTiter 96 AQueous One Solution Cell Proliferation Assay Kit
(Promega, Madison, WI, USA) # v, G OEA 71 b a— Wit TRz, Ak
X . 3-(4,5-dimethylthiazol-2-y1)-5-(3-carboxy-methoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) NI b2 RU THWEDORICERIZ L > TEIL I, aEEo R~
Yo BREERTHILICH EDNTND,

HL-60 fiflia . 96-well 7L — k (BD Biosciences, Rockville, MD, USA) (2 1.2 x 104
cells/well THEFE L 7=, 37°CT 24 BE] 7' L A &% 2X— | L%, 1—50 uM O3 &%
ZIIML, SHICZ3TCTA8 A o FaX—F L7z, WNTMTS#RizEMNz, 37CT 1
—3 WA RS, 492 nm (2B 2WEEZHIE L7 (Multiskan FC, Thermo Fisher
Scientific, Waltham, MA, USA), 7¢¥, &+ DMSO REIL, 0.4%LLTFE725 K9
(IR L7,

4. MG OE=®

HL-60 #fuN & B P o MG X, Chaplen & D ik % kAL L {To7=, T
72 5B, MG % ophenylenediamine (oPD) #=H W THFEMARIL L., £k L7z 2-
methylquinoxaline (2-MQ) % 315 nm OWEFEIZ -5 T HPLC/UV I L 0 & & L 7= (Fig.
2-1), HL-60 #fili% 6 cm 7 1 v 2 2 (ZREFEL (1.5 X 106 cells), 37°C T 24 WffE] 7 LA
¥ ax— L%, EEREEWEKIEE 30 pM 23R YT 7 ar bhr—r b LT
BBGC # 4 10 pM IR L, S 512 37°C T 24 KA ¥ ax— h L7z, fabEy
TOMER%, s AT 4 U LEZEPL L, 3L LTAT 4 ULAZRIORIRITEU L 72, M
I PBS T 2 [IBEy% 4. PBS 300 pL (28 L, HE WM (Ultrasonic homogenizer VP-
050, TAITEC. Saitama. Japan) (2L VD HET T A ALz, REIR— b FZiTMnE#E
BOAT 4 U MBI RBE AN A IR 0.45 M), O (13,400X g 154)) L TR~ »
X7 L7= k3% % Sep-Pak Light tC18 cartridge (Waters, Milford, MA, USA) (&7 77
A L. BB EED, WA LTCBRIERN 2 bRE Lic, FERAEBSZ oPD (RKIREE
25 ntM) L WNEEH#E L LT 5-methylquinoxaline (5-MQ) % . EF&URIZK L CTRIBE 2.5
nM, HIREAE PR — MO L CRIBEE 0.25nM & 1% 72, =8I C 3.5 BEIG Lz, X
JiniR % FE Sep-Pak Light tC18 cartridge (27 77 A L. 10 mM KH2PO4 (pH 2.5) THei
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%, 7 r=FU/L 2 mL T 2-MQ & 5-MQ Z¥&H L7-, &HEIL SpeedVac SPD1010

(Thermo Fisher Scientific) T#J 100 pL 12725 & CTifE L. 485 7 A Develosil C30-
UG-5 (4.6 x 150 mm. 5 pm: Nomura Chemical, Aichi, Japan) & #@htH 80% 10 mM
KH2PO+ (pH2.5).20%7 & F= 1 U /L& v 2650 a O EE R 2R UV-1570 (JASCO.,
Tokyo, Japan) THitiL72, HPLC iZ PU-980 (JASCO) %M 7=,

O _H NH, NS NN
+ e
7 N
07 CH, NH, N
5-MQ

MG oPD 2-MQ (internal standard)

Fig. 2-1 Derivatization of MG by o PD.

5. B ANR—EIEEDOWE

H A= 3 OIEVERIEIL Caspase-3 Fluorometric Assay Kit (R&D Systems Inc.,
Minneapolis, MN, USA) # W TR DU~ =2 7 /WZHt> TTo 70, 726, HL-
60 Al % 24-well 7L — I (BD Biosciences) (Z 5 x 105 cells/well THfE L, 37°C T 24
Bl 7 LA v Fa~— b Lk, b EiRimL 7z, 37C T2, 4, 6, 8 KA > %
2a_X—hF L%, 1.bmL T =2—7IZB LEY, =l (1563Xg 64fH) L CHilEZLED,
PBS T 2[RI L7z, S oM ZIRAT O MIEAARR 2 2 TOK T 10 23 A 3% 2
— b UCHifa Z2 iafigts . =0 (318X g 543[H) LT RiGAHED T, MlREER (%237
B L T100—200ng) . F v MIEENDISHEER,"FAA LA h—1 (100:1) &
Caspase-3 # Y H'E (DEVD-AFC, #&IEE 5%) #iEF LEIGNERE LT 37°C T 1 IEfElA >
X2 _X— kL7, KR % black 96-well flat-bottomed plate (Nunc, Thermo Fisher
Scientific) (2 L., SUGERRY O Y58 E % EnSpire v /L€ — K7 L— K —%—CHl
E L7 (phid 390 nm. #H 510 nm; PerkinElmer, Waltham, MA, USA),

6. HUNRNTHEDER

B R EREILE % 2-6 L [AIEKIC Bio-Rad Protein Assay Kit % 721% Micro BCA
Protein Assay Kit (Pierce, Rockford, IL, USA) Z#HWTERE LTz, ¥ /X7 EOEREYE
WZiE, ENENIgG 2N T V7 2 v aE W,

7. WEERHENT

A E 7T One-way ANOVA %1772, Dunnett D% &K E %17 - 7= (GraphPad Prism
7 version 7.03 for Windows), p<0.05 sl #HICHETH S LHIE LT,
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BE RER
1. &FEA Y 77RO HL-60 M4 5 A FRIC RIT T 2

A a7 FEDA Y 7 7 R erythgianin A (1), erythrinin B (wighteone) (5). M-Wi-2 (6),
erysubin B (7). lupiwighteone (8), laburnetin (9) 3 X1 isolupalbigenin (10)?> HL-60
FRRL OB AEATRIZ KT TR E MTS 7 v A2 X Vi~7z, GLO I oBEmMBEEA] BBG
IAKEBMED T2 8, BEE R OFHER BBGC 2R 7 4 72y ba— b LTHWE,

ZALE D HL-60 ffulZ x4 2 28 % Fig.2-2 IR Lz, b O g5 ICs0 2 5H H
L Table 2-1 2779, fFHe h GLOTI I2xf L TR bMWERAEEEZ R L
isolupalbigenin (10)? ICs0 (% 13.4uM TH V| 7 bEW O T b HR HE R G FHRE
EEE R L7, L2rL, BBGC @ ICs0fElL 3.4 uM T ¥ | isolupalbgenin (10) ol fa
FEPLETEMEIL BBGC OF) 1/4 DRSS Th -7z, WIALEW T, 5. 1 D ICs0 (£ EH 37.9
pM, 43.4uM, 46.4uM & 30—50 pM OFIH TH - 7=, (LAY 6. 8. 91 HL-60 fMifaic
x4 AHHEEMEET < . ICs0 X >50 uM Th -7,

PLE, AT THDOA Y7 7RO T BBGC XV 5772 il sE L &5 2~
WIE RN 2R Do 72,
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Fig. 2-2 Effects of the isoflavone compounds on the viability of HL-60 cells.

HL-60 cells were treated with various concentrations (0-50 pM) of compounds 1, 5-10
for 48 h. Cell viability was measured using MTS-based assay. a, compounds 1, 5, 6; b,
compounds 7-10. Chemical structure of the compounds was shown in Fig. 1-2. Data
represent the mean + SE of at least three independent experiments. DMSO was used as

a control, and BBGC as a positive control.
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Table 2-1. ICso values of isoflavone compounds 1, 5-10 regarding the proliferation of
HL-60 cells.

Compounds ICs0 (uM)
46.4
43.4
>50
37.9
>50
>50
10 13.4
BBGC 3.6

© 0 3 O Ot =

The ICso value of a compound is defined as the concentration of the compound required
to reduce viability by 50% compared with the vehicle alone. Values were estimated from
Fig. 2-2. Chemical structure of the compounds are shown in Fig. 1-2. BBGC was used as

a positive control.
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2. MR KO B3EH o MG

BL1ETHRRELIC, A V7 TRBHEOARLE BRIZHD 20T L= Va7
% isolupalbigenin (10)1% A HUH#L 2 £ GLO I 1Zx%f L TR BELETRM: (ICs0 E. 4.1 uM)
R L7 Z &ED2D | isolupalbigenin (10) Ol EIEFEH EIEME T GLO TIHEDOFHE & Bk L
TWBHZENREINT-, £ Z CTHIRN® GLO I O EZKRFET 5729, isolupalbigenin
(10) & BBGC THLEE L 7= HL-60 #MIlAOHMIRGIAMEHK & 524k O MG #REZHIE L7z, 30
pM @ isolupalbigenin (10) % 72(% 10 pM @ BBGC T HL-60 i 2 4LE L 7= & & o ffiuks
O MG 1% 30 pM isolupalbigenin (10) TiZ 0.23 = 0.02 pM. 10 pM BBGC (28T
% 0.23+0.01pM Th o7z (Fig.2-3), —7F, MIEMEKF O MG 122 < T Lok
SN hotz, b ORERIL, isolupalbigenin (10)1X in vitro (2B 1T 25 GLO 1 4%
Z AW EZER 721 T < HL-60 fMilaNiciks W\ Td GLOT #FHE L, £k S7- MG 13H
RTHIR ) DRSPS D 2 & R <R STz,

0.3

0.25 * *

1

0.2

1

MG (uM)

0.1

1

0.05 -

0 N

DMSO BBGC Compound 8

Fig. 2-3 MG accumulation in the culture medium of HL-60 cells treated with DMSO,
BBGC or isolupalbigenin.

HL-60 cells were treated with DMSO (control), BBGC (15 uM), or isolupalbigenin (30
puM) for 24 h at 37°C. The concentration of MG in the culture medium was measured by
HPLC/UV after derivatized with o-phenylendiamine. Data represent the mean (= SE) of
three independent experiments, and were analyzed for significance by One-way ANOVA

with Dunnett’s multiple comparison test. Significance, *p < 0.01 vs. control.
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3 HANR—PIEIEDORIE

WIZZNODILEMZ L > THESNHMIAENRT R F—T AL DEONE D E i
AfL7ce TR M=V ZADETEM D DI, IREFSNTZT ANT X U RS AT A
7T T =R THOIHANR—EDOT7 7 IV —=THY, ZTNOHIEWTNLRIEKMEAL L TES
RENT M, Z X BEORESRIZE > TEME LS D, — KIS, TR b= R ZERE
SZODORENRH Y, ZO— 2130 AME (L LIFTALETZ—) RET, THRRF—T X
13 AR—B-8 DIFMALZEY) T AL BT H—IC L > TN SN D, b 5 —20FNENE (b
LIEI bz RUT) BT, DNA #E5, MMk b2 [HEEFERE (ROS) ARk,
B N LA BUNE OBIEREG AR DHDO KM ED SRRy 7 NARI hary RU TN
MOME~DY M7 a e ORMEEE TR —LOBHEB L OH A/ —E 9 OfF
ML ZRET D, EHLLORKE, HAR—E-8 L9 OIFMALDHE, TR b— ZADFEFT
EHSOTND N A=Y 3 BIEMAL ST R b= ARHEITT D 92 Lnh, TR b—v
AD~—H—& LTHAN—E 3 OIEHZHE LT, TORE, Fig. 2-4 ITR-T X951
isolupalbigenin %7213 BBGC THLEE L 7= HL-60 Aifid Clx W3 1 b RERMEAFRIICH B el
A= 3 IEMEOHEMA R b, L% 6 RFHEICE W TR KRICELZ, 202 &
isolupalbigenin 7% HL-60 #id CT7 AR Fh—Y A &FFE L= Z L 2R/ L TW5,
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140,000 A
120,000 - - [solupalbigenin »
z 100,000 —a— Control
'E 80,000
(]
]
o 60,000
7]
]
o
g 40,000
Q
20,000

Fig. 2-4 Induction of caspase 3 activity in HL-60 cells treated with DMSO, BBGC or
isolupalbigenin.

HL-60 cells were treated with DMSO, BBGC (15 uM) or isolupalbigenin (50 uM) for
the indicated times. Caspase 3 activity was measured using the caspase-3 fluorometric
assay kit. Caspase 3 activity is expressed as an arbitrary unit of fluorescence intensity
in proportion to the reaction product. Data represent the mean (+ SE) of four independent
experiments, and were analyzed for significance by One-way ANOVA with Dunnett’s

multiple comparison test. Significance, *p < 0.05, **p < 0.01 vs. control.
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FIUE B

T L= b SN TAEE T, BRTROAEY RN BRI A RO 2 E AL TV D
33, 7o & zIX, KO (Glycine max) 7O HBES =77 v 1)L/ O glyceollin FHi%, 7
VoV E R T 2ALEMR R L ER . FIRIEER 2 b NS A f e S g A
HT 5 EINREINTUVD 80, naringenin DT A k1 7 U EEEMES luteolin D A 7 =&
FRBLETEMEIL, L= VOB AL > TEOENERT D Z L RHE ST 5 8182,
ZHUE, U= AR RV BKMEREE D I TOR AR E —F y N Z 37 H LD
HERABE0ITOART K hoteied LHElI SN D 39, SREIOERTHEM Lo bEHmoh
T, L= EEE T oF T 5 isolupalbigenin (LA 10) 7% HL-60 flfaiZ %4 % & & 58
W IEEFEIL TR E 2 R Lic, 2D Z &b AFHOEWNIIIT L= VR DS EVO B
KEREDTFENRFLE L TWD EEZLNRD, LnL, L= ER—2DtE¥W 5 ok bk
GLO T izxt4 2 FFEIGM: (IC50=5.0 uM) 1ZtEH% 10 (ICs0=4.1 pM) & [R5 T > 7203,
LB EIE IOV T LA 10 1IF E DM E 2R S inoTe, T L= iEd —oF T
5H 9 —20tE 8 D GLO T1Zxtd HHEIEME (IC50=9.3 pM) (LA 10 X° 512k
SHETH oM, ML EEMEIEIs > 72 IC50>50 pM), ZHHDZ Ens, 7
Vo VEERER S D Z ENEETHDH T ERRB I NI,

Takasawa %, myricetin, quercetin, luteolin 72 XD KR 7 TR /A4 iz b C-
AN TN A= E C-HALICE Fed U RAZIGRIZHE > TED, ZN6ITMG & GLO 1
DOEEFEFSTREOBEBREEIEL L TWD Z 5, B b GLO Tk 5 20 RA 22 H %
FIToH Y . HL-60 MaIZxt L CHIFBEFEFLFIE M2 R T 2 L 2 WE LTV 5 59, i 5 D
HIzk B, RRHEKT TR ) A4 ROP T myricetin 1L, & b GLO Ti12%f L T b iRy B
P ETEME 72 & ONC HL-60 M k9 2 FRV il EEE 2R L, BROE Refx v
HNE N GLO LIk 2ESEICEBR L TWD EB_RTWD, ARIOFZETHEH LZ 7
FOA Y T7TRAT, WIS T TR A RERERIC C-4 LD TR =)L & C-5 LD
ERFrFUELALTVD, EHICWVWTADIESS BERO—D2DE Fux L C-4 fir
WAZE L TV AIZH 000 57 GLO T BEEMER HL-60 1[CX3 2 7 A b — v AFHEIEM:
WCEWR R ST,

ARAFZEClrE, HL-60 Ml 3V T isolupalbigenin 7% GLO I #EME4BLE L. GLO I fH5E
#lD BBGC & [FERIZ MG OFEA L MG ORI ~O B ER Sz, £z, B ANR—E
STEMEDRRIFN 72 EH B SN2 &6 TR b=V AFFEN & TV D AJREtE 0 R
ST, & BT isolupalbigenin |2 X AT EIEMEIZIL, 2 DO L= VEEOFENE
BCThDHI LW Eniz, LLEXY ., isolupalbigenin [IHIAAKIOBIFIZHITT-U — K
ftamo—o L LTHIRSh S,

INE
isolupalbigenin (%, HL-60 fifiZk LT MG OERBEGIEEH I L, S HITHA—F 3
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HMEEARICHARLIEZ DB TR M= AFEEEDOH D Z L DA LIS/ oTz, L
L. isolupalbigenin ® HL-60 fifEiZ %92 ICso ffi% 13.4uM TH Y . BEA D GLOI [
#I T % BBGC (ICs0fi 3.6 0M) X 03726 DTN -T, 2507 L =14 HL-
60 fiaH > GLO I FREICHETHIIMO T R h—v R 2FE L2 b, 5%
isolupalbigenin Dtz b L1, LV AR — MeaWz RHE 5 /MR H 5,
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B RV ETTA AR OREBES LA Y 7 TR erypoegin K Ok 17 7K ia5ERS
R
B e

TIR LAY T TRART, FRAx RSB TIAFEL TV D, TR DR, it
H. LA VA, Filgib, MRESERE . 7R P AFEE, HUER. SIRIER L NS, =
A v F o RRIEME R ERReD CINEIPHICTE S ABEEA B LTS 880, ZDH b, A VT
TR OHIEGEMEIZR>TH, Bl 9, U [ ISR A 89, Fd A 9086 5\
TR A W E N Tl 702 A T OIEVEEL O invitro 38 L O invivo®7 )V EFEH L ThHt
JESZN R AT T 5 Z EBRBLNTNWD, ZRHDA Y7 TR OR MR 2 1E
AR & U C U asEIC B3 2 8 n Bl O FHEI R L E O DNA &1 Ok,
MAE TR OFRE, BT#EE LT IRIEA L OOFMIC K 2HRIMEN, =2 bR
Ty Rur oy I VRERE 2 LA s &7 AR b= A OFER ERMD
LTS 89,

EFIL TNETISA Y 7 TR ORI EE M & L sEH ETE IR 2 2 T, L
BAKIE L TCOFHBULEM OB Z B E LT 2D TE 72, ZORYIOIKIT, H—
BERIOE R0 | MDD BB LB E IR ORY 7 = ) — ks
MIZHOWT, 260 GLO T BEEHEZ LN T 5 Z & Th o7z, GLO IITfEERDOFI
PFEW) Tl D MG Dot L2205 7' ) A% 7 — B ROFEHER TH 5 4950, MG I
Z Ry E IR, Bilge E EAAEER L, MlRICk L CORyWEE e Th D, GLOI D
FEEICL > THRETHL MG OFFEGI S LT, xRy A FOBEEMIRICIHNTT
R =V A& FHES 2 1877,

B BT, ~ARMEW ORI © 7T A 2 (Erythrina poeppigiana) 187> 5 Hif L7
TVENRERT DAY T TR EHFDRE LI, RETIEA Y 7 TR ERO A B
WZHEE LTS 7 7 VBB E LD 3FDA VY 7 TR 97205 erypoegin K, erythrinin
C 1 X W hydroxyerythrinin C {22\ Tt k A HL-60 (Zxf9 2 M sE %85
WZOWTHRF L7z, S5, EFMIETH D E MRMIMLY > RERIZKT 5 erypoegin K ™
TERIZ W T bR Lz,
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R =0H hydroxyerythrinin C (3)
OH R=H erythrinin C (4)

erypoegin K (2)

Fig. 3-1 Chemical structures of erypoegin K, hydroxyerythrinin C and erythrinin C.
The numbering system and the A, B, and C rings characteristic of isoflavones are
shown in the erypoegin K structure. Erythrinin C is a regioisomer of erypoegin K with

respect to the location of the furan ring in the ring A.

A EERITIE
1. erypoegin K, hydroxyerythrinin C 3 X O erythrinin C D fEH

erypoegin K (2) . hydroxyerythrinin C (8) 35 X " erythrinin C (4) OfbFA# 1T Fig.3-
LIDR LT, ZhbDEamid, H—RITBRIHIETHE > TRER L, RY e7 71 FH#
BnoT7® bt v DS a~ b 7T T 4 — GBI HPLC Z AV TRERLL
5 5N TAL B OREE L4 HPLC % HW TR 99%LL ECThH 5 2 & 2R LT-,

2. HL-60 #ifa D k52
5 2-2 LRERICAT o T,

3. b RRMHIM Y o/ ERDRFHE
b hRMEIM Y > /RERIE, Percoll-Hypaque % FEAJALE 9212 K% Percoll isolation kit
(Lymphoprep, Axis-Shield, Oslo, Norway) ZH\, ®OFEH~ =27 icHt-> TiT-
7o, HBEL7ZYU »NBRIE. 10% FBS, 100 units/mL penicillin, 100 pg/mL streptomycin
RN L 72 RPMI-1640 553844 T 5% CO2 2 G TeUH . 37°CC 24 WFHITES & L7z,

4. AURAAEAFRORIE

% 2-3 L RIFRICAT o T2,

H AR—F 3 LEAE N Z 72 EER Tl erypoegin K # 12 5 2 BEMIRITIZ A A 8—+F 3 i
##4| Z-DEVD-FMK (R&D Systems Inc., Minneapolis, MN, USA) % &2 100 uM (2
2% KON A T2,

5. B AN—PIEHORE
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I 2-5 L RARICIT o T,

6. EOEEEOM I

HL-60 % 24-well 7'L— KT 8.0 x 105 cells/well THEFE L 7=, #&HRE 10 pM (272
% £ 91T erypoegin K ¥R L, 37CT 6 KA o F=2X— L7z, Mgz 1.5 mL 7=
—71Z% LELY | Hoechst 33342 (Dojindo, Kumamoto, Japan) %z /1% (# 2 14.3 ng/mL) .
37CT 30 /A »Fa—F L7, IRWT, FED 10%/3T7 RV LT /0T & F/PBS Z N
Z. ER T30 MFET S Z & TRz EE Lok, @m0 (163X g 67H) L THiluz
£ PBS T2 [HIPEF L2, A7 A K77 212 VECTASHIELD™ i (Vector laboratories,
Burlingame, CA, USA) T~ b L7, @CBAMEBE CBIZ L7 (iR 352 nm,
WG R 461 nm ; Zeiss Axiophoto2, Carl Zeiss, Jena, Germany),

7. /%77 2 DNA Wi ko

77 2 DNA OWr i {ki3 Apoptosis Ladder Detection Kit Wako (Wako Pure Chemical
Industries, Osaka. Japan) #HW\WTHGEOFEH~ =27 M- T T2, T78b b,
HL-60 #l}% 3.5 cm 7 « v 3 =1 5 X 105 cells/dish THEFE L7214, IR 10 M 1272 5
X 91T erypoegin K Z¥M L, 37CT 10 KA > F =2_X— L7z, Mgz 1.5 mL F=—
TICBLEY, =L (163X g 6 77f) L THlusdED, PBS T1HEEF L, Wit
% v MIZE £415 Enzyme Reaction Solution, Enzyme Activate Solution 3 J2 O RNase
O UDEML, oMz TEM#%, 50°CT 30 oA »FaX—FL7z, K
V" C, DNA Extraction Solution Z /2. C%"/ & DNA it L, #5EEM%Z, F|RICTA
Y Fass ) =Nk (FROA Y T aoR s —v 16 4L EiR) A21T0, E O (10,000 X
g b, i) LCik&EaED, 710%~% /) —AT2[EY A L7%, TE (10 mM
Tris-HCl (pH7.5). 1 mM EDTA) [ZEfE L7 b D% 1.5% 7 H v — 27 VEKKENE,
SYBR™ Green I CHfa 1L, UV k7 2 AA /LI x—%—T DNA O bz L7z,

8. MG OEE
R 24 LIRERITAT o T,

9. WERHLEE

2 BEDOHHIZIL, Student @ ¢ REAZATVY, 3 FELL EOH#IZIE One-way ANOVA %17 >
72t%. Dunnett DL EREZITV, AREZE%Zi#H 7= (GraphPad Prism 7 version 7.03 for
Windows), p<0.05 Z#tatFHICHE TH D &HIE LTz,
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BE RER
1. 3FEDA Y 7 7R 0 HL-60 M3 2 AfFRIC RIE T 8

HL-60 #ja o EfFRIZKIET erypoegin K (2). hydroxyerythrinin C (3) X O
erythrinin C (4) O¥EIZOW TG L7=, HL-60 fifdZz 4k~ 722 D erypoegin K,
hydroxyerythrinin C ¥ 72(% erythrinin C T, 48 RHLEL% OflaE 7% MTS 7 v &
AN X > THIE L7z, Fig. 3-2 1277 X 912, erypoegin K % HL-60 MifaD /72235 L
WD SEDZENPISNE 572, ICs fHIE 0.175 + 0.004 pM CREXI DMl a7 7
GLO IFEEAITH 2 BBGC @ ICso i (3.59+0.10 pM) & kb, 20 f5LL L) CTH 5 =
EovrEndz (Table3-1) , —J. 77 VERONMEBEMEAKRTH 2 erythrinin C @ ICso fEIE
47.0+7.8uM T, HL-60 OMa/EfF3RICKITTHEILIH £V A 547, hydroxyerythrinin
C TlE 50 pM F TORIETHIfRAFRICH LTI E AL EREBR L LN o T,
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Fig. 3-2 Effects of erypoegin K, hydroxyerythrinin C and erythrinin C on the viability of
HL-60 cells.

a, erypoegin K and BBGC. b, erythrinin C and hydroxyerythrinin C. HL-60 cells were
treated with various concentrations of the compounds for 48 h. The values are presented
as the mean + SE of at least three independent experiments. Triplicate measurements
were obtained in each experiment. DMSO was used as a control and BBGC was used as

a positive control.
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Table 3-1. ICso values of erypoegin K, hydroxyerythrinin C, erythrinin C and BBGC on

the cell viability of HL-60 cells.

Compound

ICs0 (uM)

erypoegin K
hydroxyerythrinin C
erythrinin C

BBGC

0.175 + 0.004
>50

47.0+ 7.8

3.59+0.10

The values are presented as the mean + SE of at least three independent experiments.

Triplicate measurements were obtained in each experiment. DMSO was used as a control

and BBGC was used as a positive control.
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2. erypoegin K DIEH U L /RERIZHKT 2 1EH

erypoegin K 723t ~ HILFEAaE HL-60 (2%} L CHied THR\v A sEFE S5 2 L= 2
LG RICIEFAIRZ ST DRI OW TR L7z, 2 2 TIRIEFEAME L LTE FRIEM
U EkE vz, EORESR, b FRIFIM Y »/RERICxHT 5 erypoegin K OMifEsLFEEAE
A1359< . erypoegin K OFfEIEFEEREEIT HL-60 Mifa 7 & D23 AMIIEICFF R TH D 2

Lo snse (Fig. 3-3)

Cell viability (%)

Fig. 3-3 Effect of erypoegin K on the viability of human peripheral lymphocytes and HL-

60 cells.

Human peripheral lymphocytes and HL-60 cells were treated with various
concentrations (0-5 pM) of erypoegin K for 48 h. The values are presented as the mean +
SE of three independent experiments. Triplicate measurements were obtained in each

experiment. The significance of differences was evaluated using Student’s ¢ test. *p <

120

100

80

60

40

20

-O- peripheral lymphocyte
-~ HL-60

*

Concentration (uM)

0.01 vs. HL-60 cells.
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3. erypoegin K {2 X% HL-60 f#ifldd 7 R k—3 AfHE

erypoegin K WiFE T AHMIAEN T R h— AL DL DM E I NEHLMNITH20,
TR M=V AD~—H—ThDH AN~ 3 OBFRIEMELZHE LTZ, 1 A8—F 3 EMEIT
erypoegin K £721% BBGC % 15 pM THLEE L 7= HL-60 il CHRefMK AR E L <L
7= (Fig. 3-4) ., &Iz, B A—F 3 OIEME(LD HL-60 OHIfESLICEREREE L T D0 E )
MELNZT B0, I AN—F 3HEFDOHFIET. erypoegin K 2 L5 HL-60 Diffifid
AFRIIRFETEEZON TR L, TOE, H A =8 3 [HEAIOTRMZED
erypoegin K C 6 K] & 7213 24 R ALt Ofa A== n mliE 3 2 micdH - 7= (Fig. 3-
5) o ZDOZ LN, erypoegin K IZ K DAMIEAIED > 7 F MRERIEICIB N T A A/N—E 3
WEHLTWD Z LWL MNITR T,

100,000 - X
80,000 A
>
=
® 60,000 -
(90]
o)
(72}
S 40,000 -
@ =O= erypoegin K
@) -~ BBGC
20,000 A == control
0 F & & 0
0 2 4 6
Time (h)

Fig. 3-4 Induction of caspase 3 activity in HL.-60 cells treated with DMSO, erypoegin K
or BBGC.

HL-60 cells were treated with DMSO (control) or 15 pM erypoegin K or BBGC for the
indicated period of time. Caspase 3 activity was measured using the caspase-3
fluorometric assay kit, and expressed as an arbitrary unit of fluorescence intensity in
proportion to the reaction product. The values are presented as the mean + SE of three
independent experiments. Duplicate measurements were obtained in each experiment.
The significance of differences was evaluated using the One-way ANOVA with Dunnett’s

multiple comparison test. *p < 0.01 vs. control
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Fig. 3-5 Effect of the caspase 3 inhibitor on the viability in cells treated with erypoegin
K for 6 h (a) or 24 h (b).

HL-60 cells were treated with various concentrations of erypoegin K in the presence or
absence of 100 pM Z-DEVD-FMK. The inhibitor was added 2 h prior to treatment with
erypoegin K. Each measurement was made in duplicate. Open circle: no caspase 3

inhibitor; closed circle: 100 uM caspase 3 inhibitor.

S HIZ, TR b= ARSI 72 TR RE CTH DD EEME & 7 7 2 DNA oW ki >
THRFT L7z, TORE, BEOERHEL 10 nM @ erypoegin K T 6 R ALEE L 7-Milfn CHIZ &
Nz, FHizxLTayr br—/ (DMSO A4LH) O TIIEOMZITIEL BRI N
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-7 (Fig. 3-6) , £72, 7 b= AR 72 7 7 2 DNA OFRIEY 22 8~ % — > (DNA
FTH=) IZOWVWTHFTL7ZE Z A, 10uM @ erypoegin K C 10 FEALEE U 7= fifu 2> & il
L7277 2 DNA O7 Jia— A7 )VEKUKENC X - TR 72 DNA 7 ¥ —» gl sz

(Fig. 3-7) . ZNHDORERENG . erypoegin K 13 HL-60 FfEIZ W TT R b — 3 AR %
EMHILSED Z LI H o THIEZFFE L TWDH Z LR L E R o T,

Fig. 3-6 Detection of nuclear condensation.

HL-60 cells were treated with 10 pM erypoegin K or DMSO for 6 h. The nuclei were
stained with Hoechst 33342 and fixed with 5% paraformaldehyde.
a, erypoegin K; b, DMSO (control)

Fig. 3-7 Detection of apoptotic genome DNA
ladder.

HL-60 cells were treated with 10 pM
erypoegin K or DMSO for 10 h. Genomic DNA
was extracted from the cells using Apoptosis
Ladder Detection Kit Wako and separated by
1.5% agarose gel electrophoresis.

Lane 1, 100 bp size marker; Lane 2,
erypoegin K; Lane 3, DMSO (control)
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4. MG DR & EHE

BRI T erypoegin K (3EH v ME#L 2 GLO I OFERIGEELZRET 5 Z L &R
L7z, % Z T erypoegin K NEEICHIIEN GLOI ZHEL TWANE I EHLMNZT D
7212 erypoegin K THLEE L 7= HL-60 fliiZ 1T 5 MG DAERKIZOW TG L7z, & DOkk
E. MG T 10 uM @ erypoegin K C 24 RFEALEE L 7= HL-60 #ifE O ¥ f#HE Cldm RS LA
T ThHoTD, FRRICAEE L2 # T TmIREO MG 23 S, £0&EiE 10pM O
BBGC TRIERICEE L7 & = DEDK) 3.5 f5miRE Th -7 (Fig. 3-8) . T b DFERIL
erypoegin K 23 fifaN GLO I {5 FLE LT MG # A L, B5iPIcom, S
DThHhdHEBZZ LN, —J7, MIFEFHLEIGMENES 2> 72 erythrinin C (2B W TiE MG @
SHEITRD Lo Te, Thbb MG OAERL & ISR EIEEIZ 1B B 27 B o &
L ENRE T,

06 7 k

0 i [

DMSO BBGC Erypoegin K Erythrinin C

Fig. 3-8 MG accumulation in the culture medium of HL-60 cells treated with DMSO,
BBGC, erypoegin K or erythrinin C.

HL-60 cells were treated with DMSO (control) or 10 uM BBGC, erypoegin K, or
erythrinin C for 24 h at 37°C. The concentration of MG in the culture medium was
measured using HPLC/UV. The values are presented as the mean + SE of three
independent experiments. Duplicate measurements were obtained in each experiment.
The significance of differences was evaluated using the One-way ANOVA with Dunnett’s

multiple comparison test. *p < 0.05 vs. control.
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FIUET B

RV ET T A TG HEE L 7= erypoegin K, hydroxyerythrinin C 3 X U8 erythrinin
C ot b+ BimfEMlaik HL-60 (Zxt3 2882~ 7-#5 R, erypoegin K (ZFFH T8 /)74
JAFEFHEIEME 2R L2, — ., ABRICHES L1727 7 VEROALEN 72 % erythrinin C 1%,
ARRSERRETEMEDA R E S L, 612 3"Mic b R e ¥ Ui %2 > hydroxyerythrinin C
CTITAILAERR R MEITRR O e o To, MIRSEFEICEERAL T2 B2 65 MG ©
HRRIZ OV TIL, HL-60 #ilaiZ erypoegin K Z1Ef S 7=FF, BBGC Z/EH S 7=k L D
HEEEDO MG M ESN7=oixt L <, erythrinin C #/EH ¥ X => hr—

(DMSO) L% Tholz, ZNHDZ & HAIRSETFEEIEIEICIX, 7 7 VRO ENEE
ThdIENREINT, erythrinin C @ 3"fiLiZt FerF v ENFML =
hydroxyerythrinin C |%, HL-60 Ml D AfF3RICKT 2 BITIZ L A R BN R0 5T, &
N O L 2EEDOENDEEL TNWD EEZ BILD,

MG (ZEITHEFEORBREIED & L TR S LD RIGTED @S W IR = bEMTH 5
), ZHETITHEANLEAI N MG X "7, IBE. DNA 72 & L BT UGR L
T7 V=TI NVOMBENEAD &8 LD 2 ENWEINTND 89, F/o, 71—
T P HMEE ORIMEERE & BRI LT D 9, EEE, SMB D ESRIKICINZ 72 MG 23
b MFSAKIREE HepG2 90, b MEFMMLE o9, S 612k b AMmEAIILEE HL-60 9%
U937 9L TT R h— L A&#HE 2 2 LAHmE SN TV D,

BERIRIZIRIN L7 MG 2 X DM EAIC BT 20781, mM £ 721320 T OyR R
PHTIT 2 TN % 9699, %%iHMFBS%@URHWAMDﬁ%ﬁ*1mM®Nm5:
BINL T 24 WyHERE L7256, B h ol MG REZIX 1uM BREICE T 2 L2 A
HLTW5, ZHid MG mﬁ%«ﬂ‘ T DX R IERT I BEEAERKEGT L0
EEZLND, LR -o T, erypoegin K THLER L 7= #ifa /o At S 47z MG =i Fig. 3-
8 THRINDHIY BELITENL L THLAREMERH S,

erypoegin K Z & NARMIM Y > SHlIC/E & 872 & 2 A, HL-60 filicfEH S w7z &
DR RPE MR B Z R S R Te, 2O L XY AR L TR D &
RENTHRILSE 2 3559 5 ATREMED RIR S 47,

/NE

RV ETTA IANLHBESNTALAY TH 5 erypoegin K Id & b HIMFHHIfEE HL-60 (2
kU CIER TR s EIGE (ICs0 = 175 nM) /R T2 ERBH LN -T2, T D
ERIERRE P ~D MG OFRIZEN, I Fary FUTENLETR =2 AL D6D
ThdZENTBINT, —FH. b MR Y »/ ERICKT 5 erypoegin K Ol e
<, BilEMIEk CTdh 2D HL-60 MiaiZx L TRV AR TH -7, T D ORI
erypoegin K 233 ARSI 72 03 AABTRIEBHFE DT O DILME L 72 D W[ REMED B 5,
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AU
(9-erypoegin K @ HL-60 Ml (24 2% =F o F A RIREY /2 7 R b —3 AF5EEM:

m

Fii S
B—EmNPOE"ETRIET T A IRENOHBEL 10 DA Y 7 TR DOF T,
erypoegin K 2% HL-60 M2 % U Tl & 581 72 HIRUSEFEEIENE & 7 A b — 3 AFHE R4
R EEFLR LT, F72. erypoegin K X IEH & FARRYIML Y > /RERIZ %3 5 MR AL 758G
PEANZ LV ETRES Do T2l EOERIEN AMBIIERIR TH 5 Z L BRI N7,
erypoegin K&, 4 V77RO ARIHHE L1727 7 VEBRO C-2VIR3F T )VIRFEIL/ > T
1Y (R)-L(9-erypoegin K D 2 DONZFEMEEPFIEL D D, EBE, RUETTA IA0H
HiffE L 72 erypoegin K OEEalp2 13 THD Z Lnh, RAROHEWFIZEB W T
(R)-3 L HFEMEED 50% T 00077 EIRE L THEL TN D EEZEZBNLD,
Z ZTAETIE, (B)-. (9-erypoegin K ? 2 D Y 2F BMAK D A FEM: 2 26 BRiT
Lz, £z, ~ v AAKE FV = in vivo TOHUEGTEM: % FEM4 5 72, genistein %
FMELE LT (RS-erypoegin K 2B T 5 2 & 2k A T, AR L7 RS & RIRH SR DR
3 E CALEAEE 2 & BAEMFNICRETH D Z L 2R LI-th, TV T L2 HWT
HPLC |2 & V) BpDEF R R Z P8 Uiz, R L 2 SOXFREARZ v T, HL-60
HERRIZ 6 2 22N OMISETE EIEMER KO AR b — 3 ZAFFEIEIEIZ OV TRE LTz,

M ERRITE
1. (R9-erypoegin K DAk
(R9)-erypoegin K DA ik, dLFIMFFEE O FALKRFFLEE (B SN RSFHRMEZE) 1%
EME LIk > TiTbhz, HEMEE LT genistein V., 5 >0 T TRS)-
erypoegin K 3G 4172 (Scheme 4-1)
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Scheme 4-1. Semisynthesis of erypoegin K

Reagents and conditions : (a) Ac20, Pyridine, rt, 24 h, 86%; (b) 3-methyl-2-buten-1-ol
(1.5 equiv), DIAD (1.8 equiv.), PPhs (1.8 equiv.), CH2Cls, -10 to rt, 8 h, 78%; (c) Eu(fod)s
(0.1 equiv.), CHCIs, 60 °C, 20 h, 61%; (d) 10% aq. NaHCOs, MeOH:THF (1:1), 60 °C to rt,
12 h, 79%; (e) m-CPBA (1.3 equiv.), K2COs, CH2Cls, rt, 12 h, 71%.

1.1 — &5k

genistein /X LC Laboratories (Woburn, MA, USA) MHHEA L7z, T XTOIGNE,
F =T THIRE LI T ARERT, TR Y I RT A v 7 AL —F =TI LT
110tz 2B & RUGED R WREECIRIRIIAGIC T L2 LTV Y v Y2 TR, X
JDE=FY o T1Z ) 77T L— bk (60F254, Merck, Darmstadt. Germany) %
W2 TLCIZE D ATo7z, MRMIZ UV 74 FEIX KMnOs TiRi{E L7, M-S 25 Z LI
Lo TUTo 7o, TXTOI/LEWILT U 7177/ 60N (spherical, neutral, 40 — 100 pm ; KANTO
Chemical Co, Tokyo., Japan) F721%> U 157/ 60 (Merck) ZH\Weh 7 L7 v~ N7
774 —CHRR L7z, BSTBEEhELSHIELEE MPA100 (Stanford Research Systems,
Sunnyvale, CA, USA) THlE L7, IR A7 kLiE FT/IR-6600 (JASCO. Tokyo,
Japan) TH|EL7-, 'H-NMR A7 kL ix JNM AL 400 (400 MHz, JEOL, Tokyo.
Japan) THlE L7z, ' H-NMR A7 hLZoWT, {7 bid CDCls : 7.26 ppm £ 7=
I% acetone-ds : 2.04 ppm & L, FE/HE, ZEE (s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, 35X ' br =broad signal) BLOH v 7V 7 EH (Hz) &=L
77o BC-NMR A7 hLix JNM AL 400 (100.5 MHz, JEOL) # v, Yo ho 5 v
Uo7 THRIEL, B> 7 MiE CDCls : 77 ppm F 7213 acetone-ds : 29.8 ppm & L 7=,
HRMS (%, APEXIII (Bruker, Billerica, MA, USA) %7z1% JMS-700 MStation (JEOL)
WZEVHEE LT,

1.2 4-(7-acetoxy-5-hydroxy-4-oxo-4H-chromen-3-yl) phenyl acetate (8) DAk
8 D& HIE. Maharik D EEZHE L TiTo7z 100, U Yy 40 mL ICHE LT
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genistein (2) (2 g, 7.4 mmol) AEKIZMKEEEE (14.8 mmol) %7 /L= UKk F. 0°C Tl
T U7z, Y U CERIRT 24 MR L, £ U omiREKkm LToKICES AN, ik
B U= DB ZE Al L CHEE L7=%% . acetone/EtOH (3:1) THfES L T AEIAD
3(2.25 g, 6.35 mmol) # X% 86% CT437-, mp 203—206 °C; IR (KBr) cm': 3077, 1751, 1654,
1589, 1542, 1490, 1251, 1128, 1047, 990, 897; 'H-NMR (400 MHz, CDCls) &: 12.74 (s, 1H),
7.97 (s, 1H), 7.54 (d, J = 8.2 Hz, 2H), 7.19 (d, J = 8.2 Hz, 2H), 6.76 (d, J = 2.0 Hz, 1H),
6.59 (d, J= 2.0 Hz, 1H), 2.33 (s, 3H), 2.32 (s, 3H); 13C-NMR (100 MHz, CDCls) &: 180.9,
169.4, 168.3, 162.4, 156.8, 156.0, 153.4, 150.9, 130.0, 127.9, 123.6, 121.9, 109.4, 105.6,
100.9, 21.2, 21.1; HRMS calculated for C19H1407 [M + Nal* 377.06317, found 377.06312.

1.3 4-(7-acetoxy-5-(3-methylbut-2-en-1-yl)-4-oxo-4H-chromen-3-yl) phenyl acetate (4)
DE L
4 OAKIE. Maharik 5O FiEEKE L TIT->7= 100, 3 (500 mg, 1.41 mmol) &

triphenylphosphine (PPhs, 666 mg, 2.54 mmol) D&% % CH2Cle (10 mI)IZIEMEL . 10
I 25°CTY =4 — b Liz, ORI CH2Cl: (5 mL) (Z¥&fi# L 7= 3-methyl-2-buten-1-
ol (182 mg, 2.11 mmol) & diisopropyl azodicarboxylate (DIAD, 513 mg, 2.54 mmol) % —
10°CT 10 3 LA E T i T L7z, IS, {RiEZ —10°C T 2 R L. S BIZ=IRT 6 K
MR U7z, A IERRE L, GO RBWEAORKE S Y WAV rsa~ N 7T 7 4—
% FAV» EtOAc/hexane (20:80) T L. HEAK 4 21572, & 612 EtOH IZ X 5 Hft s & 1T
W, HAEBIKRD 4 (464 mg, 1.09 mmol) & L% 78% CT1%7-, mp 164-168 °C; IR (KBr) cm™:
2913, 1750, 1611, 1542, 1477, 1304, 1250, 1173, 1112, 1045, 1012, 908; 'H-NMR (400
MHz, CDCls) §: 7.81 (s, 1H), 7.55 (d, J= 8.7 Hz, 2H), 7.11 (d, J= 7.8 Hz, 2H ), 6.83 (d, /
= 2.0 Hz, 1H), 6.57 (d, /= 2.0 Hz, 1H), 5.60- 5.53 (m, 1H), 4.64 (d, J= 6.3 Hz, 2H), 2.33
(s, 3H), 2.30 (s, 3H), 1.76 (s, 3H), 1.70 (s, 3H). 13C-NMR (100 MHz, CDCls) §: 174.9, 169.4,
168.3, 160.6, 158.6, 154.3, 150.9, 150.5, 138.1, 130.3, 129.4, 125.8, 121.4, 118.8, 113.4,
102.8, 102.3, 66.7, 25.7, 21.1, 21.0, 18.3; HRMS calculated for C24H2207 [M + Nal*
445.12577, found 445.12574.

1.4  4-(7-acetoxy-5-hydroxy-8-(3-methylbut-2-en-1-yl)-4-oxo-4H-chromen-3-yl) phenyl
acetate (5) DAk

5 OG AL, Maharik O HEAZSE L TIT-72 100, k7 mrAL s (2 mL) FICHE
fit L7- 4 (1 g, 2.36 mmol) & Eu(fod)s (246 mg, 0.236 mmol) ZFZ-C/MTiB L7 S, 7L
TR PR L7225 24 RERIINEA L 72, WA RERE L, 5O RVEADIRIK
BV ANTFNT Ty asna~w T T 7 0 —%HV EtOAc/hexane (25:75) TIRH L. #i
BOREEE LT, 5 (610 mg, 1.44 mmol) I3 61% TH37=, mp 143-145 °C; IR (KBr)
cm'l: 3065, 2932, 1742, 1686, 1654, 1647, 1482, 1357, 1206, 1175, 1058, 923, 880 cm™1;

1H-NMR (400 MHz, CDCls) §: 12.63 (s, 1H), 8.02 (s, 1H), 7.56 (d, J= 8.3 Hz, 2H ), 7.18
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(d, /= 8.3 Hz, 2H), 6.59 (s, 1H), 5.15-5.07 (m, 1H), 3.38 (d, J= 6.8 Hz, 2H), 2.34 (s, 3H),
2.33 (s, 3H), 1.78 (s, 3H), 1.76 (s, 3H); 13C-NMR (100 MHz, CDCls) 6: 181.3, 169.4, 168.4,
159.8, 154.8, 154.6, 153.7, 150.9, 132.7, 130.0, 128.0, 123.4, 121.9, 120.9, 112.9, 109.9,
106.4, 25.6, 22.5, 21.1, 20.9, 17.8; HRMS calculated for C24H2207 [M + Nal+ 445.12577,
found 445.12575.

1.5 lupiwighteone (8) D&k

6 DAL, Maharik b0 iE%Z A L TiTo72 100, MeOH/THF (1:1, 25 mI)IZHE L
72 5(1g,2.36 mmol) (Z 10% NaHCOs (50 mL)/KiAE & Nz 7=, Rik% 60°C T 2 B #:
L. EOICER TR Lz, BE T CHEEEEZ 0 E TEEL, 2%HCL AR (5 mL)
MR Tz, WIZ, 1K % EtOAc it U, AHAIE 261 T MgSOs THiKTE, AL
7o WIEZWIEEE L, BOoNHODEEKES YD FNVT Ty vahhThra~w N TT7
+ —7% T CH2Cloa/MeOH (50:1) T, R L., BRI 6 (632 mg, 1.86 mmol) % IX
K 79% THH7=, mp 134-136 °C; IR (KBr) cm™: 3527, 3173, 2913, 1660, 1614, 1514, 1365,
1254, 1178, 1064, 829; TH-NMR (400 MHz, acetone-ds) &: 12.98 (s, 1H), 9.14 (brs, 2H),
8.24 (s, 1H), 7.47 (d, J= 8.3 Hz, 2H), 6.90 (d, J= 8.3 Hz, 2H), 6.36 (s, 1H), 5.28-5.20 (m,
1H), 3.43 (d, /= 6.8 Hz, 2H), 1.80 (s, 3H), 1.65 (s, 3H); 13C-NMR (100 MHz, acetone-ds
6:206.3, 181.9, 162.1, 161.4, 158.3, 156.2, 154.3, 132.0, 131.1, 123.6, 123.1, 123.0, 115.9,
107.1, 106.2, 99.3, 25.8, 21.8, 17.8; HRMS calculated for C20H1s05 [M + Nal+ 361.10464,
found 361.10460.

1.6 (RS)-erypoegin K (1) D&%

6 (169 mg, 0.5 mmol) % CHzClz (15 mI)IZIEfE L 7= H DIZK2CO3 (207 mg, 1.5 mmol) &
metachloroperoxybenzoic acid (z;m-CPBA, 160.24 mg, 0.65 mmol) %Nz 7-, KIGK%E T
JU A KR FERIRCL2RERIEEE L7e, SUGIRZ Ailg O & $nCH2Cla TR L7, A
WEBIEREEL, SoNTHERWE S VBTN T Ty ahhTdhra~ NI T 4—%
FVCTEtOAc/hexane (40:60) TIAH, L. 1 (125 mg, 0.35 mmol) ZILHE 71% T/,
mp 251-254 °C; IR (KBr) cm: 3487, 3403, 3281, 3078, 2978, 1900, 1831, 1671, 1615,
1575, 1479, 1252, 1170, 1068, 958, 827; tH-NMR (400 MHz, acetone-de &: 13.23 (s, 1H),
8.51 (s, 1H), 8.20 (s, 1H ), 7.40 (d, /= 8.3 Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 6.20 (s, 1H),
4.89-4.83 (m, 1H), 3.84 (s, 1H), 3.35-3.21 (m, 2H), 1.30 (s, 3H), 1.25 (s, 3H); 13C-NMR (100
MHz, acetone-ds) 6: 181.6, 167.6, 164.3, 158.4, 153.9, 153.6, 131.2, 124.0, 123.0, 115.9,
106.2, 104.7, 94.4, 92.7, 71.4, 29.2, 27.1, 25.9; HRMS calculated for C20H1s06 [M + Nal*
377.09956, found 377.09954.

(R)-erypoegin K: mp 247-250 °C; IR (KBr) cm'!: 3488, 3403, 3078, 2978, 2696, 1832,
1774, 1671, 1618, 1572, 1479, 1291, 1203, 1252, 1171, 1025, 959, 841, 826.
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(9)-erypoegin K: mp 246 - 248 °C; IR (KBr) cm': 3487, 3406, 3077, 2978, 2929, 2803,
2697, 1900, 1831, 1671, 1619, 1574, 1480, 1291, 1171, 1068, 959, 826.

2. ¥7/ 575 HPLCIZX %SR-, (9-erypoegin K ®H:545%E

7 IRE LTEKENTZ(RY-erypoegin K 1%, BEIHA ¥ 7 1 /3 ) —)L/~FH 2 (30:
70) | ¥E 4 mL/min, it 254 nm OFME T, 704 7 4 CHIRALPAKAD-H (10 mm
x 25 cm; Daicell, Osaka, Japan) T/ L7=, 215 DOEMET T, (B)- B L (S)-erypoegin
K ORFFRFIZZ 24 11.4 min & 19.2 min Tho7-, HEE—T @y EpRL, v—X
V= XKL —H—IZ L > T40CTHEHELT,

3. e DRE
P TV 1.9 mg/mL ORETT & R ASEEM L, 25°CIZBIT 5 g [alp?s % hEt
EEF P-2200 (JASCO. Tokyo. Japan) % FAWTHIE LT,

4. HL-60 #ifa D Es#
HL-60 fifidix, &5 % 2-2 L [REEIZ T 72,

5. N AN—VIEHOHIE

H A= 3 ORIEIL.HF _F 2-5 L FRIZAT o T2, I A 8—F 9 OIEPEHIE . Caspase-
9 Fluorometric Assay Kit (R&D Systems Inc., Minneapolis, MN, USA) % H\\7=List+
X0 A= 3 LAERIZAT o 72,

6. OGO

HL-60 #if% . 24-well 7L — K2 8.0 x 105 cells/well T L=, #KIEE 5 uM O
(8- F721%. (B-erypoeginK ML, 37CT 6 KA & 2X— kL7, LIIZ, =
B 2-6 L[ABRIZIT o 72,

7. %7 2 DNA Wrh b
HL-60 #ifid % 3.5cm 7 « v 3 =12 5 x 105 cells/well THEME L7-t%. #&KIRE 1uM 7213
3uM D(9-, (R)-erypoegin K & ZLZFIEM L, 37°CT 5 M1 v 2 — b L7z, LUKk
I3, = 2-7 LRRRICIT o 72,

8. MG OE=

HL-60 fliiz 6 cm 7 1 v = (2 1.5 x 106 cells TR L, 37C T24 K] LA
Fa_X—h L7, (9-. (B-erypoegin K #Z I LIAKIRE 1 pM 721X 3uM (2725 X 9
WCHSIML, &5HIC387C T8I E/13 24 Bl A v F 2 _X— K L7, DIBRIZ, % 324
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L RIERIZAT o T2,

9. t b GLO I E:HEIEMERIE
3 2-8 L [FERICIT o 7,

10. FEFHLER
2.7 LRIERICAT o T,
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BE RER
1. (R9-erypoegin K D&Y

(R9-erypoegin K ()P4 11T genistein (2)% HF#1EE LT Scheme 4-1 (2R L72 5
BBEOPISIZ L > TRO X 5 I Tz, £7. 2 OBRET EF LT 86%DILHET 3
2353 541, 8 1% diethyl azodicarboxylate ™1X 4>V (Z diisopropyl azodicarboxylate (DIAD)
Z AW BOSSRME T, 3-methylbut-2-en-1-0l TULEE L 7T3% DI T 4 B EH Tz, IRWNT
Eu(fod)s Zfilfi & L7z 27 7 A4 BUHLIZ LV 61% DI T 5 2157, IS T T
KRGS 2 Z LITHD 81%DIERT 6 MMFHiTz, WIZ, 6 D L =IO RF AKIZ
eV T Brexo-tet BRLEUGIZ L W HEBROERIRT=—T VO EMRERA T L Z A, KoCOs DAF
ETFTmCPBAZRIGSEDZ ET1DT AN T1%DIER TS 5 17-, lupiwighteone
(6)1X genistein 7>5 Maharik & O 55 100ZHEV, 4 BRBEO RS TERR S L, IRIX 44%
Th-oT,

B BB O BOS S & CHRITE 8D 1 ICFREMIICELHL L 72, genistein 7* 5 erypoegin K ~
DKL 28% ThH 72, A LT erypoegin K &, KIKH ¥ erypoegin K @ 'H-, 13C-
NMR A7 MV ERELTZE A, ERIC—H LTI Z &b AR erypoegin K 2 i 1L KEK
HSRAE S SALFRICRIE CTH D Z L B3R ST,
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2. ARk L7=(RS-erypoegin K D HREM:

Ak L7- erypoegin K OABREM: X HL-60 #ife O SEFE B IS L - TR L7, 45
DA E 721X KIRHE KD erypoegin K % VT 48 REEJALEE L 7=, AR L 7= erypoegin
K 13Kk D 7 & K erypoegin K & [RlER, 587 72 MIl@s R8I Z2 R L, £ OHRE —
Ml A fFER iR IIE2Ic—H Lz, B 50 ICoEbATHEIC TR L2 L 912 175 nM T
boleZ EBARKL erypoegin K 1T RIRHRIE S &AM FHIC B RIE TH D Z L DR S
ni- (Fig. 4-1) .

—8— Semi-synthesized
=O=Natural product

Concentration of compounds (uM)

Fig. 4-1 Comparison of anti-proliferative activity of natural and semi-synthesized (2S-
erypoegin K.

Human leukemia HL-60 cells were treated for 48 h with various concentrations of (2S)-
erypoegin K obtained from the natural or semi-synthetic sources. Cell viability was

determined using the MTS-based assay.
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3. T7EIREWHHH(9-. (B)-erypoegin K D745 HE|

WFRMARO &S O FEIITW G N AEBEEZFF O E ) NEH LN T 572018, &
B L7e 7 & I {RDerypoegin K% I E N DL BMERIZEIT 5 Z L 2% 7, Fig. 4-2a
(X TN T L% IV THPLC T LI RIER D 7 v~ 7T W end, Ththo
HRELE LTS DHCENBHEE LTz, T72b5h, B—271 (#=11.4 min) & E—7
2 (/=192 min) OLHEEE [alpBTZN L —89°, +86°Tdh -7, Tahara 100X
erypoegin KOBERIZ2-OHAZ H T 514 YV 7 7R ALEHDK-M1 (Fig. 4-2¢) 12O\ T, £
D77 EROC-2NEIREE Tl ([adp8=—76°) THLZLEZWMELTWVWDH, 2D &
NS IEFEVEE 8T B — 2 1% (R)-erypoegin K, A gtk % 7§ v — 27 2% (9)-erypoegin K & &
7E L7=, Fig. 4-2biZ(R)-F L ON(9-erypoegin KDL FAEE %7~ LT,

A peak 1

peak 2

OH

peak 2: (S)-erypoegin K

L] 10 20 30 min

Fig. 4-2. Separation of (&)- and (9-erypoegin K optical isomers by HPLC using a chiral
column and their chemical structures.

a, (B)- and (9)-erypoegin K were separated from a semi-synthesized racemic mixture of
erypoegin K by HPLC, using a chiral column of CHIRALPAK AD-H (10 mm X 25 cm),
under the following conditions: mobile phase, isoPrOH/ hexane (30:70); flow rate, 4
mL/min; absorbance at 254 nm. The peaks were determined to be (£)-erypoegin K (peak
1, retention time: 11.4 min) and (S)-erypoegin K (peak 2, retention time: 19.2 min). b,
Chemical structures of (&)- and (S)-erypoegin K. ¢, Chemical structure of DK-M1, which
is 2-hydroxy derivative of (%)-erypoegin K.
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4. (9-% L O(R)-erypoegin KOS EILM: & 7 AR b— v AFHEIGME

HL-60Mfid D EAF 2RI xH T 5 e BAER O A BRI IZ DWW TRET L 72, HL-60HifE %
Hex 72 REDO T2 IR, RIK, SIKDerypoegin K T4SKFMIMLEE L, MR TR EZMTST
AL > T L72, Fig. 4-31177 X 912, (9-erypoegin KITHL-60#0 02 % L CTH& S
7S ETEME A2 R L, 2 DICsfEIZ90 nMTZ & JIBREMDICsofE (175 nM) D#I1/2
Thol-, ZhIZx LT, (B-erypoegin KiZ50 nMFE TIEE %2 i T H HIRsETEEEM: 2
IRE TR o T, 2D Z LD | erypoegin KOTEPEARIL(S)-erypoegin KTH U | (R)-erypoegin
KIZRNEWEARTH L Z EBNBH LN E 5T,

100
90
80
70
60 -
50 A

— —

—@— racemic
—— (R)-erypoegin K

Cell Viability (%)

40 - —&— (9)-erypoegin K
30 A
20 A
10 A
0 T T T T
0 0.2 0.4 0.6 0.8 1

Concentration of compounds(uM)

Fig. 4-3 Effects of racemic, (A)-, and (9-erypoegin K on HL-60 cell viability.
HL-60 cells (1.2 x 104 cells/ well) were treated with various concentrations of racemic,
(R)-, or (9-erypoegin K for 48 h. The values are presented as the mean + SE of three

independent experiments. Triplicate measurements were performed in each experiment.

-58-



WIZ (9-erypoegin KIZ L > CHHEINLMIAENRT AR b —T AL HbDTHDHZ &
E ST B0, TR M= 20 ZODTEHERFHE CTh D DEHE /L L &7 ) I
DNAD 7 ¥ —EDOAF B DON TG LTz, ZOfER, (9-erypoegin KTHLEE L 7-HL-60
I CIIRZ DEENG & Bz s (Fig. 4-4a) . (9-erypoegin K 1 uM 7213 3 pMAL
P X o THI180HE Bt D BEE 5 0~ & 72 2 U 72 7 7 ADNAD 7 X — B3 H b a7

(Fig. 4-4b) . —J7. (R)-erypoegin KMLELCTIZDMSO (=2 hr—/1) AL FEEE, Z 0
&9 B OEHESPDNAT # —DERIT R oo 7 (Fig.4-4) .

a

Control (S)-erypoegin K (R)-erypoegin K

Fig. 4-4 Nuclear condensation/
fragmentation and genomic DNA ladder
formation.

a, Representative microscopy images of
nuclear condensation/fragmentation. HL-
60 cells were treated with 5 pM (9)-
erypoegin K or (R)-erypoegin K or DMSO
as a control for 6 h, followed by staining
with Hoechst 33342.

b, Genomic DNA ladder formation.

Genomic DNA was extracted from the cells

treated with the test compounds for 5 h
and analyzed by 1.5% agarose gel
electrophoresis. M, 100-bp DNA size
marker; Lane 1, DMSO (control); Lane 2, 1
pM (S)-erypoegin K; Lane 3, 3 pM (9)-
erypoegin K; Lane 4, 1 pM (R)-erypoegin
K; Lane 5, 3 pM (R)-erypoegin K.
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(S)-erypoegin KiZ L HHSEN T R F—v A THDH I L& I BITHERT 572012, TR
F =3 2T Ko TEMAL E D 7 A X—E3 L 9DFERTEMEZJE L7z, 0.1F72130.5 pMD
(9)-F 7213 (R)-erypoegin K CHLEE L 7= HL-60/M i 7> & R EFA LM fl ik 2 F L U | b R
R ORERIEMEZE L2 & Z A, Fig. 4-5a & Fig. 4-5bl277 X 912 (9)-erypoegin K CHLEL
L 7=HL-60#Id TIT A Z/R—=83L9D &5 & & IRFMKAFHI DD IR FERAFANC 3 L <IEMEAL
iz, —JF. (B)-erypoegin KTHE L7=H DO TIXZED L 5 RiEHALIZ R Snie o 7=,
INHORERLD . (9-erypoegin KIZ X 2fastiE, X har RUTREEZMN LT A b
—VRIZEDBHDTHDL I LRI N,
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14000 ~

—O—Control o
12000 +(S)'EpK 0.1 uM
o -~ (9-EpK 0.5 uM
*.E 10000 q —a—(R)-EpK 0.1 pM
5 —— (R)-EpK 0.5 uM
& 8000 -
C? sksk
O
2 6000
o
§ 4000
2000
0 T T T T 1
0 5 10 15 20
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1 3000 1 —0— Control
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2500 1 5 (9-EpK 0.5 M
ey —— (R)-EpK 0.1 uM
.z 2000 9 —a—(R)-EpK 0.5 uM
Q
[a51
3 1500 ok
(D]
g
21000
@)
500
0 T T T T 1
0 5 10 15 20

Time (h)

Fig.4-5 Effect of (9)-, and (&)-erypoegin K on caspase 3 and caspase 9 activity in HL-60
cells.

HL-60 cells were treated with (.9- or (&B)-erypoegin K at concentrations of 0.1 and 0.5
pM. After incubation for the indicated time periods, enzyme activities of caspase 3 (a)
and caspase 9 (b) in cell extract were assayed using each specific fluorescent substrate.
Enzyme activity is expressed as relative fluorescence intensity in an arbitrary unit. The
values are presented as the mean = SE of four independent experiments. Triplicate
measurements were performed in each experiment. The significance of differences was
evaluated using one-way ANOVA and Dunnett’s method. *p < 0.05, **p < 0.01 vs. control.
(9-EpK, (9-erypoegin K; (R)-EpK, (A)-erypoegin K.

-56-



5. (8- L U(R)-erypoegin KTHLEL L 7= HL-60fMfa |2 31T 2 MG DA

5 =B TR _72 L 912, HL-60MIfu % RIKH KD 7 & JIREW Derypoegin KTLEET %
E ARSI IS EIRE OMGA W - EE L7T0, Lvb 2 OJRE [ Terypoegin K THLEE L
7S EOHN, GLO IOBEAMOMHERBBGC TR LIZHE XY bEhoT, £ TID
MGEEAIZB T 2 B EFRMEROIER 225 72012, (9-F 721L(R)-erypoegin K THLEE L
7=HL-60flfA DR H OMG L~V A IE Uiz, ZOfER, Fig. 4-6107 3 & 9 ISR TRL
BLIZEEDH, 1uMTIFABERAZI A LN T23, EH 5 ORE S 8F# TMGDE

FENEZ D | 24 CEBICEBEENEIN LT, —FH, RETIEZDO L 5 BRI A b7
Mmool
0.6 - *
I [ — *% ! I 8h
051 m24h
0.4 1
=
3 0.3 - n.s.
2 I
0.2 1 I
0.1 1
o L =il ST
DMSO 1 uM 3 uM 1 uM 3 uM
(S)-erypoegin K (R)-erypoegin K

Fig. 4-6 Effect of (9- and (R)-erypoegin K on the production of MG in HL-60 cells.
HL-60 cells were treated with (S)- and (&)-erypoegin K (1 or 3 pM), and cultured for 8
or 24 h. Subsequently, MG level in the culture medium was determined by the o
phenylenediamine derivatization and HPLC/UV method. The values are presented as
the mean + SE of four independent experiments. Triplicate measurements were
performed in each experiment. The significance of differences was evaluated using one-
way ANOVA and Dunnett’s method. *p<0.05, **p<0.01 vs. control. MG: methylglyoxal.

n.s.: not significant.
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6. (9-F L UV(R)-erypoegin K DF5HL GLO I DEERTEIEIC K IF 4 %

MG (9-erypoegin KTHLER L 7= Ml D8I T O LA R SN Z EE2 0D,
MG FEATT(S)-erypoegin KiZ L 2 GLO IO EORER TH L LEX b, ZDZ
L EMERT D0 E FGLO 12 AW T, £ OEEREIEMEIC &I (9-erypoegin KD %)
FATOWTIER LTz, 8 Tk ~72 L9 (Zerypoegin KOFFRGLO L9 2 HE DICs
fE13109.4 WM TH 572 Z L2550 pM & 100 pMO2 5L CRER LG 2 JIE L7z, 0
R, TRICK L TELLDOREICBNTY, SIF, REOEEHELEEMEICAEERAITAD
N72hvo 7= (Fig. 4-7) , BEEILEICK T2 2 b DICEIZ E B B 6B L £100uMTH Y |
7B JRAEMOICE (109.4pM) LIFFE—EL Tz, ZRHOFERN L, (9-erypoegin
KIC & 2 IR 7 K b — o AFHITHELGLO IOBERILEIC L 2 HEFF CIIBiM ¢ & 9, GLO
IPHE L ITR R D BIOWFIZ LD 2 &R STz,

100 q

80 | : I

60

! I
I
40 A
0
&° © ©

5 e
eﬂQ

Relative activity (% control)

@,e@ﬁ R
Fig. 4-7 Inhibitory effect of (9- and (B)-erypoegin K on the enzyme activity of purified
human GLO 1.

Recombinant human GLO I was purified to homogeneity and its activity was measured
in the presence or absence of (S)- and (&)-erypoegin K. The enzyme reaction was
monitored by measuring the increase in optical density at 240 nm because of the
formation of SD-lactoylglutathione. Enzyme activity was expressed relative to the
activity of the control treated with vehicle (DMSO), which was taken as 100%. The data
are presented as the mean + SE of three independent experiments.

BBG: S p-bromobenzylglutathione. n.s.: not significant.
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3
o

FIUE B
AR Cldgenistein (2) % %A EHE L Terypoegin K% 7 & JIREW & L CTINE23% T

VBT 5 Z SR Lz, Ak L7=(RS)-erypoegin KiZH-NMRIS L OM3C-NMR 7z & D
SIS IV TRIRHUSRAS AL L R —TdH v | S & IZHL-60/0id M FE 75014 (25
L TH RIRHRDOIES & [Rl—DICsfl (175 nM) Z/RL7z, ZDZ &dn E/\EE BRI RGP/
HORER S AL TR DAY FHICRE TH L Z E R LN E R 5T, ISR, RiE%E X
TNT T B TR ENT RS U, Wi FAVE IR o [ 5 R e | ﬂﬁ‘é*ﬁﬁiﬂ@ﬁ?ﬁ%@if
ORI AS FTHE & 72 o 72, Z O HL-60MIIEIZX 32 7 AR b — 3 212 K 2 Al sEa5 EE
1%(9)-erypoegin K23 EF I A L, (B)-erypoegin KIZ & EMEEZ /RS RN LN L E
Motz TOTF U FARRN R AEBIEII OB IR, 7 ADNAOW Ak, B A
R—=E3, 9DIEMEALIR ET AR b — 2 ZAITFHEHI 2N O DFEIEN O b X FF Sz, &5
22Dz LiE, HL-60DMaR SR P OMGOERHIZE W TH A b, GLOID=F v F 4
BRI RBERILEIC L2 b0 L BEI N, L L, MBS 2 V2328500 I3 PRI
LTSI, REE BICHEBEEMEICEITIR O oTc, H—EROH -ETIRITE LD
12, (9-erypoegin KiZ £ 5 GLO IFLEDICsoffl (#1100 pM) & HL-60/1 AR 519~ 2 #ifa 5t
FHEDICs0fE (90 nM) 1Z13HI1,000fF5 DK X 2Tl 5, Z D Z & 1E(9-erypoegin KD
TERSME & LT, H4RE Lz X 5 72GLO IR E & 2 s < Mlabs =ik H oMG O
ZHIZE DT R E—=v 209 HlliZg A =X LTI Rﬁﬁf‘% TRUNATREMEDS RIR STz,
HE, SR, REDOKHR e FGLO RGN 2 BFEMEICITA BERETA N>
720 MGOPEA & RERIETPIC I 1T 25X, M _I'J‘/?"ﬂ“lgmﬁ"]foi(&'erypoegm Ko
N FERAEEEVEIZ BIE L TV 525, GLO IDFE & 13872 25 OfaP A I = X KRR L
TWAHZ e R Iz, bbb, 7V AX YT —BRIZEEND D O —DODEHET
HHGLO A X U, MGOfRFEIZ D 2R IZIIMIZ H DJ-1102 (glyoxalase ITT & ¢ LK IX
D) RT I R—RRITEEFRW2 ERH 0 | (9-erypoegin KiZZ i 5 OMG/i# (2 B4 2 i
DL ESCfRFE R OTLEE, dihydroxyacetone phosphateZs & 726 OMGA K DIE ML 72 12
FEHELTWD RN H D,

/NFE

RV ETTA NZEENDA V7 TR (9-erypoegin K (F, ABFIEIZL D & b HMLEHM
fakk HL-60 (Zx%F LT, 58/172v 2= F o FARRAR T AR b — 3 AT K D MIasEahais i 4
RTZEEWALMNC L, L, e b GLOTIZxd HEEHFFEIGM:IX SiK & RIKT
ZEAEEDLBRNoT-Z D, (9-erypoegin K (2 X 2 fllfiRsEiA S oL, GLOI ™
P L 1TR2 2D THD Z LRI I T,
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L
(9)-erypoegin K DIE) 31 DR EFHH bR A ¥ A7 —B I HEAE L ToOM X

7
il

i T
A% T (9)-erypoegin KOHEH) 43+ /NGLO I TIXR WA EM N RIR & Nz, & Z TW9-
erypoegin KOIER) 31 A RZRT D720, (M) BAMFFES & ILFITe b AS ARtk S x v
(JFCR39) Z MW AL B OIERI 3 DERE ZAT 70, T OHFIEIE, 39D & kA Al
B U ATHR BBA6R, KIBNASGR, JNEN AR, MIER6R, FLBAALR, B2
Fy BB 2R B LA T 7 —< 1K) 22572 DMk Sx vz v, MIfaskic & - T
Tl 2 DA 2 AR (50%IGTEMLFIRE, Glso) DEWE T 4 H—T7 U b
ELTEL, 74 H—7V v BB D RIEEDDOIER A =X 5% TRIL X9
LT D HETH 2103100, Z 3L E TIZ, BRI FDFEE ST DA FRRIER0 5 AR 3E
2,000 HDILEMD T 4 =TV U IR T —=F_XR=2{LENTWVW5D, RI{LEWD
JFCR3NZH T HGIsozME L, ZDOT —=FN=AHDT (o H—=FV M EHT D&
R BEFREO EN A =X LPEL L TV D0, Ee bR =—7 2 FH
AHN=ZALEBT L0 EFHNT 52 ENAHETH D, 4., (9-erypoegin KO 7 1 > H—
TV T —H =R LB LT L Z A, Topoisomerase II (Topo II) PHEA|TH 5
etoposide & O TERIWEEIMEZ RT Z E BB G E o7, etoposide LASMT & FLIMEDS =
Do 72 H OIXNT I H Topo IIAEAITH 0 . (9-erypoegin KOFEH) 4311 Topo I T 5 Al
REMEDS R S 7,

t Topo ITIFAMAME D Zy ZLOHARIZ B/ EEFRE Tdo 0 105,100 q L BDY T X A T INFEET

Do a7 A A T HHEL TO DM TRELIA S < BICDNADER L & o G2z

B DURG A RO BERR (THT 3 —vav) KBWTHEIEL TW5, TDH, 20
BE SR DL F IR EIR O RE 0B LMl A B o 1L 28 <, —J7, B 7 2 A FI3EIH IR
HOMBTHREL T, BEHEIPICERE LZZDNAOR UNLA MLV AZRKTHZ &
D3E DAEFRRIFEE] T b % 106),

Z ZTARETIE., (9-erypoegin KD Topoisomerase ITFEZEIEVEIC kT 5% 8B L Oin
silicolZ X HAMbF 27 H il Lz, £, HUEREE TIE, FiFEHkTH 5 e - A immiaik
HL-601Z5 9~ 2 Ml AL F 15 ML DUV TR L T & 728 BT S AR S ERIZ DV T
LHALNCT 2720, T TIE2EOE MEAAMIIKGCIYE LOMKN-12 Tz b
DI ﬂTé(S) erypoegin KOIEHIZ DWW THRFET L7z, £72. (9-erypoegin KIZ k5 =
S OO MR E N BAFE TR OWTHRE L7, ZHUE TIEEENAMIE vz
1n vitro® 3R\ F T 2 M FH L ETE ME 72 © NSRS EIETEIZ DWW T ORMECTh - 72,
~ 7 ZEARIZEB T D invivoCOERZH G NCT 57280, X— R~ 7 ZIZGCIYAIE %2 B AE
LR AET L~ 22 ER L. (9-erypoegin KiZ K A HUEE ) B>V TG LT,
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B ERRITIE
1. b AR SRV

b M AKIIERES9R (A ATR, HRA6R, RIBHASR, IIRNBASSR, IMIEEG6R,
HBRABHR, BRA2R, BINVIRBA2REBL AT /) —<18) OMNAMIEZ96well 7 L —
MIFEE, BH, MEEERIC10 nM~100 pM £ TO 1065 BRI OFEZ TN L, 48H5F
M, MAEFERE 2 VAo —4 I UBIC X AlEEREICIVE L, AIEIX
duplicate T{T > 7=,

JFCR39D A3 AVKINARIZ DN T, H o 7Vt 2 A 2hiR FE % JFCR39 D S >
LOWEREL L THEYZ 7 7 TKELL7=Mean Graph!Z X 0 | &-HIkE O A6 i 72 S sz
PER—EERRIND, T 2 CIIIEAIZEE T 51 (Time zero) Offfafiia gL LT, ¥
FIAMEE T48R¢ 52 L 72 Control TOHIM Sy 4 100% & L7, ControllZH~T, ML
(2 XV HIRE OB % 50% N9 DI 2 Glso & L, Z DMean Graph TEH SN H A~
M7 4o H—=FV b LS, TOT 4 T—T VU hETF—ER—RCEENDHIE
BT BEE D FI2,000(b 5D 7 4 > HT—T7 D > b & EFELERE 7 v 75 ACOMPARE
ZHWTHEST L7z, COMPARE Y 12 7' 7 NI D OIKAIE THEHFIIMEBIVEZMRET 5 b
DT, Yo TNDT 4 o H =7V MEULEET 4 =7V > b b O3EANE LN
DEWIEIZY A N7 v 7 anbd, M (PearsonfAB%EL : vr) r=0.750%546 . #LE
WME L7y L ZMEEMOIER A J1 =X 2 (B85 SRS CTH 5 AlRetEn m <. 0.60=
r<0.75DHEH A D =X LOIEEN TR S D P, AN DG =\ F 72 1R
fakk D# 78 SRR AR HIET 2 ET 5, r<05D8AIE, L7 7 LU AMEEHDO EvE b B
HAa=m— U fERHA =R LEESZ LR TRINS,

2. Topoisomerase Ilo assay

Topoisomerase Ila assayld. Topoisomerase II assay kit (TG1001-1A, TopoGen, Buena
Vista, CO) #H\., IO~ =a2T7 NV E2HTHREL TiTo72, F v MIE EL 5 Assay
buffer A B%1 : 1 TIEFIf2., QW. Topo II35 L OMEIRES0-400 uMIZ 72 5 L H Ik &
7IZDMSO (A8 iz (DMSO#ES%) TR L, £EHE L TA——af LMD
7 A3 FpSL1180%& %, 37 C T30 IR LTc, KISE IR A IMA TIRfIL, =% / —
NWIRE L7-% ., proteinase K& N2 37 C T30 MG L, 7ok LA YT I /T /La
—v (24 :1) Hhit, =% /) =ik ZAT o7, RUSERM 1% T A a— A7 v LTIk
0.5 pg/mLEAL=F 7 AEE&Te 1XTAE (40 mM Tris-acetate buffer, 1 mM EDTA, pH7.4)
FT200V, 4°C. #9605 [IvkEN L, K (QW) T T150HBi ek, 7 A iREEKEFAS-
IV (AAY =7 4 7 2k 4t Tokyo, Japan) Z MW TUVHE T, /2 FamitL
76
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3. T RyFrr7vIal—vay
SDF RyFxr 7y Ialb—a VIR FREF MHEZLERLICEIVITbR, b
~DNA Topo ITa & etoposidefE 51D =¥kt (3D) st i&iE Protein Data Bank (PDBID:
5GWK) 754372, Topo Iald A€ “BIKZTEH L TH Y, 2 molOMg? A fia L T2,
AEABTE ) D Mg2t & 2451 Detoposidesr 1 & BV Br & . Topo Ia & 20 bp® “AFH{DNA & D
AR D 3DHEIE % 1572, AmberToolsDreduce modulel0? % F TR L 7z KRR 2 0
L72%%. Topo IalZ %9 % (9-8 L O(R)-erypoegin KO K v F > 7o I 2 L— 3 &1TH
77 (8- L U(R)-erypoegin KitetoposideZ 3 fEA L TR 7 v M Ry F o7 SH7-,
Ry %73 2 b—3 3 EGOLD program!® % HWTIToiL7,

4. kR

b NE S AMBERGCIY X EF IS At v & — W SE P il B i rh pa R e A o &
ffeH =2 nie, £ N E B AHITEEMEN- LT ER L2 ZEAT L 0 A L7, GCIYR LY
MEKN-HifaIZZ11Z£4110% FBS. penicillin (100 units/mL) . streptomycin (100 pg/mL)
ZWI L 7-D-MEMEzH (X2 /v =2 — & | Fujifilm Wako Pure Chemical, Osaka. Japan)
F 72 I1ZRPMI-16405%4# (Gibco. Grand Island. NY. USA) #1C5% COx% & Te5AH T
3TCTH#E LT,

5. AHMLAEAFROHIE

GCIY #ifdE 721% MKN-1 f#ifidz . 96-well 'L — hIZ 5.0 x 103 cells/well, 1.0 x 104
cells/well TZNEIAEM L7z, 37CT 24 7 LA ¥ 2_X— kL7, 0—5uM D(9-
erypoegin K Z I L, PAREIZE 5 2-3 L RIEEICIT 72,

6. H AN—PIEMEOMNIE

GCIY #ija % 7213 MKN-1 fifnz . 24-well 7L — FZ 1.25 x 105 cells/well, 2.5 X 105
cells/well TENENEML 37C T 24 FFHI 7 LA v FaX— b L7tk (9-F1XWR)-
erypoegin K Z#JRE 1, 10 pM IZ72 5 X 2 2RI L7z, 37CT 6—33 [ A v F o2~ —
I L7z, PBS T 2 Wi L, W OMlaia iRz Nz TOK ET10 0fA o Fa— kL
TN Z VA U=, B OA 1.5 mL F2— 712 LEY . Ei (153X g 6 5) L
7o Bif A & L, B 2-5 L RERICAT - 72,

7. HEREJE

Muse™ Cell Cycle Kit (Luminex Co., Austin, TX, USA) ZH W TR DO~==27 /1
2> TiTo7, 3.5em 7 « v =2 GCIY flild% 1.25 x 105 cells THHERE L, 37C T 24
Rl 7" LA o F 2 _X— h L7214, (9-erypoegin K Z &R 0.1, 0.3, 1 uM 12725 L 91
WMLTz, 37C T 24 WA »Fa—ME AT 4 VAZEREL, #lldz PBS T 2 [k
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Wi, 0.25% KV 7V -EDTA 2012 T 37C, 3HlA v FaX—h LT, AT 4UL%E
MATRIGEAFIE L, Xy T o712k e Lic#, 1.5 mL F2—7 108
LEY, L L CHiiazgEDd, PBS CTHf L7z, Milazb &0 PBS IZEE L, 4 70% T
2 ) —=NDA-57Z 1.5 mL F 2 —7ITHIERAHIC R 5220 L 5 (2 - < DIREZRBBINA,
—30°C T 3 FFHLL L& LEE L, BEER RiEabrEL, PBS THRE#, 3 vikrymy
U7 LG Te Muse™ Cell Cycle Reagent Z il X THEHE L7, LT, =R T 30 fFFE
L7=%. Muse™ Cell Analyzer (Luminex Co.) % " CHifa/E &R T 2 MlaoE &
ZRE LT,

8. MAMIEBNE~ T A DIFR
SMADHEX — K~ A (KSN/Sle, SLC. Shizuoka. Japan) (& GCIY #ifid % —PC47-
V. 5x106 flifa/100 nL PBS TAREBEHHEICE FIEH L TEML: (0 HE) . Bhitk
4 HHEIZ FRCLDEHEORE B IMEEOREZIT o 72, HEORKE ZIT®Y 2372
WX 912 DMSO, (9)-erypoegin K, (R)-erypoeginK, 5-7/L4 1w Z 0 (5-FU, RIT
47 arbha—L) HHEEO 4R =8—11) Z/H). TNENOHEY £7-13 DMSO (=
v ha—n) EEPENES LT, 2B, (9-erypoegin K. (R)-erypoegin K iZ DMSO T
fitth, = hr—L® DMSO & & HIZAY =T A A N TENENANL (DMSO F&JR
5%). 40 mg/kg/100 pL %@ 2 [B], 4 BRGNS L7z, 5-FU (40 mg/kg) 1XiEH A
(Kyowa Kirin, Tokyo, Japan) % PBS TR L CTRERIZEG L7z, 4 H BHLEIZ—HEH
(2 2 [\l G & RGO RE S LERELHE Lz, BFEORE IIL/ 2 THE
L. SR (mm3) ZRAXER 212 OFHERATER L, &E0EMRED 2 HE (B
it 32 HH)., v~ U AL CO Z W TEEIES T, EELMHE L TEoEELHE L,
¥, RKEYEROFERMIZOWTL, LWKFEIMEREZEROKREZ/TLLOTHD
(KFEE 5 2019PET 7).

9. HaEHALER
B 2-7 LRERICAT o T,
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BE RER
1. JFCR39t k23 Aflifa, ~x L% H 72 COMPARE /4T

(9-erypoegin KOFER) oy F- 2 RZET 572012, & RAAHIE %/ (JFCR39) f#HT %217
ST, ZOFER. (9-erypoegin KM 39FE D 73 AAMIIKKIZ %9~ Dlog GlsoD ¥l (Glso : =
> b= AT 2 R 7250 Yo Ml I BB FE R ) 13-5.98 (1.0 pM) TH - 7= DITKF L,
e BNEIR D (R)-erypoegin KIS L VY — RMbA# Dgenistein (Fig. 5-1) 132 1Z211-4.07

(85puM). —4.48 (33puM) Tho7= (Fig.5-2), ZILHDOFEEND | genisteinz &30
Db, (9-erypoegin K23 & iRV ITAEFEILESN R A H T2 2 LR shi, &6
(2. (9-erypoegin KD b A2 1D i@ WA & e b B MEDARWABRIRE O ZhIRE (kf
Hfit) OFETHSHRange, LU LIEZENEOMIAE OB ZNRE GoHkfE) & FHE L
DZTH HDeltald, ZTiLZF13.15, 1.18TH>7=, Delta=0.5, Range=1Th 55, 1k
EYOERICRFREN S D EHESND100, ZDZ b, (9-erypoegin KiZJFCR39/3
FVDEFANORIZ R L CREEM 2835 Z L2V E T, KIZ, (9-erypoegin KDIER Sy
FHRFET D702, COMPAREGHT 21T >7-, ZDO#EHE, Table 11Z/3d K 912, &N
AR D (S)-erypoegin KIZxf9° 5 7 ¢ ' —7 U > M, etoposide (Fig.5-1, Pearsonr=
0.889) . NK-611 (0.865) 3 X Udarubicin (0.820) ™ X 9 7Z2Topo IIFLEA & fisd T X <
AL LTz, XFRRBYIZ, genisteinds L UNA)-erypoegin KitTopo IIBHEA| & 13iE & A S5
LLCTWeho7z (Pearsonr (X, ZiZ2410.49, 0.11) , 215 DOFERN 5 (S)-erypoegin
KiETopo ITFHEH & U CTHRE L, MlEMOEIT2HET 5 2 LI2k > T, £ DML
BIEMER S NTT RN b=V AFFEIEME AR T Z LR RBE ST,

genistein

etoposide

Fig. 5-1 Chemical structure of genistein and etoposide.
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CELL LINE log Gls,

*

[HBG-4 4,36
BSY-1 4.36
Breast HBC-5 4.57
WCF-7 437
LioA-w8-231 443
"
[u251 -4.37
Central SF-268 -4.52
SF-205 4.54
Nervous | s s 4.58
SHE-15 480
system Lshe-7 4.41
"
[Hee2008 4.34
Ki-12 -4.30
Colon HT-29 47
HCT-15 4.52
Licr-116 460
)
NCI-H23 444
NCI-H226 -4.56
NCI-H522 475
Lung NCI-Hd6D -4.58
4540 4.56
3 -4 66
%4 -3l
"
Melanoma[Lox-iuvi 4
)
OVCAR-3 450
; OVCAR-4 -4.36
Ovarian | gigup s -430
OVCAR-8 -4 85
L sk-0v-2 4.05
"
! RIF-631L 4.39
Kidney [AUHN 47
B
St-4 43
e -4.60
Stomach (g 18
IKhaS 450
WKATA b
s
Prostate | pos'*®
MG-MID 4 4g
Delta 0.32
Range 0.75

genistein

log Glg,

LFsE8ZE SIZRF RzosENE IRES=

&

Ad AhAdAhi hi hbAAA & dbbdhddd AAirdh Addddd AhidA
& 253338 8= EIZEG

8

—eo
woo
o)

etoposide

log Glg,

(S)-erypoegin K

log Glg,

(R)-erypoegin K

Fig. 5-2 Comparison of the fingerprints of etoposide, (9)-erypoegin K, (R)-erypoegin K

and genistein.

Fingerprint indicates the differential growth inhibition pattern of genistein, (9-

erypoegin K, (£)-erypoegin K and etoposide, respectively, for the cell lines in the JFCR39

panell¥, The X-axis shows the difference in logarithmic scale between the mean of log

GIso values for all 39 cell lines (MG-MID, expressed as 0 in the fingerprint) and the log

GIso for each cell line in the JFCR panel. Columns to the right of 0 indicate sensitivity of

the cell lines to a given compound and columns to the left indicate their resistance. MG-

MID = mean of log Glso values for all 39 cell lines; Delta = difference between the MG-

MID and the log Glso value for the most sensitive cell line; Range = difference between

the log Glso values for the most resistant cell line and the most sensitive cell line. The

cell lines indicated by red square show the cell lines used in the later experiments.
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Table 5-1. COMPARE analysis of (9)-Erypoegin K.

Rank Pearsonr Prvalue Drug name Mode of action

1 0.889 4.09E-14  Etoposide DNA topoisomerase II inhibitor

2 0.865 1.24E-12 NK611 hydrochloride DNA topoisomerase II inhibitor

3 0.820 1.70E-10 Idarubicin hydrochloride DNA topoisomerase II inhibitor

4 0.818 2.04E-10 NC-190 DNA topoisomerase II inhibitor

5 0.809 4.60E-10  TAS-103 hydrochloride DNA topoisomerase I/IT inhibitor

6 0.796 1.38E-09  Amsacrine DNA topoisomerase II inhibitor

7 0.790 2.24E-09  Gemcitabine hydrochloride g:;gi‘;; Antimetabolite

8 0.781 4.48E-09 Gemcitabine monophosphate Z{::;;ig; Antimetabolite

9 0.774 7.51E-09  Neocarzinostatin DNA strand break

10 0.766 1.33E-08  Gemcitabine Z::;‘;ii:; Antimetabolite

cf 0.49 1.54E-03  Genistein EGFR tyrosine kinase inhibitor
DNA topoisomerase II inhibitor

0.11 0.51 (R)-Erypoegin K
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2. Topo o FEEIEMHEIZXKTT 5 (9)-erypoegin KD ETEE
b kS A S LR T (9)-erypoegin KOFERY Sy 1XTopo 11T 2 AIREM: SR X
ni=z et KHile FTopo Ia% AV CEERIEMEIZ T 5 (S)-erypoegin KB 45 Mt
WZoOWTHH L7z (Fig.53) . FHEE L TA—RR—af D7 F A3 FpSL1180% >
7co 77 A RDNA%Topo o TLELS 5 & A — —a A VRIDNAIZOI s e, Al
NEMHEL, B SN2 2128, A= "—a A LPEERSTZDNA (relaxed) &=
v I DFELFICED  A—T % —F 27 —HDNA (nicked) & 7257 ZARD/S> R
Sz (Lane : Cont) ., — 5. (9-erypoegin KZ{EHA &% &, Topo IaflEAITH D
etoposide D5 & [Flkk, UIWT S 7-DNANFHAE S SR> T2 7o OIZESNR & 72 > 7-DNA
(linear) 23t &7z, F7=. (B)-erypoegin KIZB W ClE, IBEAZHNMIECHar b
— )L EREE, BEHEIRDNAIRE SN2 o7z, 26D Z &b, (9-erypoegin Kix
etoposide & [Al4£IZTopo Max R & LTHEL, ZOEERIX FARIIEE L TH%HE
ENDHHDOTHDZ EDRMHERINT,

($)-EpK. (R)-EpK Eto
100 200 50 100 200 50 100 200 uM

pSL Cont 50

—Nicked

—Linear
—Relaxed

Fig. 5-3 Inhibition of Topo Ila enzyme activity by (S)-erypoegin K.

Cleavage complex formation in the presence of (S)-erypoegin K. Supercoiled plasmid
DNA (480 ng) was treated with Topo ITo in the presence of various concentrations of (S)-
erypoegin K, (R)-erypoegin K or etoposide at 37°C for 30 min. The linear DNA band
represents cleavage DNA-Topo Ila complex formation. pSL, plasmid DNA alone; Cont,
plasmid DNA treated with Topo Ila.

Epk; erypoegin K
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3. (9-erypoegin K & Topo Ila D43+ Ky ¥ 7

ATIADORERIR Lz X 912, (S-erypoegin K @ Topo Ila (Zxd 2 LERIEN SIAIZ®R
R THoT=Z b, SkE RIKTHEESY V7B L OREGHRKICED L O EWDRH
LR NI L5720, FHRALFHIFEZHOW T Ry X7y Ialb—a U afTol,
Topo ITa—20bp DNA-etoposide @ —FHEROFEELEEZ S L 12, £ 215 etoposide &
B brE, R0 1c(9-F 721k (R)-erypoeginK % K v ¥ 7 X872, Fig. 54 Ry ¥ 7
Yal—valloTH LN Topo lo-20bp DNA HEEMIZHT 5 (9- % 721L(R)-
erypoegin K O i’z K v %2 VR — X% x4, (9-F 7213(R)-erypoegin K @ GOLD score
T2 NEI 84.68 & 83.65 TREXRENMIAD -7, RIBOFREAHNIL., SEORARKK
LIIRESERY | ZRENDONFEMEERDOFESITBENICHME THD Z L BRES
72o 725, Topo Ilo-20bp DNA-(S)-erypoegin K #HAATIL, 2 DD kFEHEAS (4-OH
&V AR—R T OmFEIRM. B3L047-0H & Tyr805 {Ig5o> OH ) 72 5N 5-0H &
F I U DOFHER L O OH/m #HEAFA A HER Sz, 47-OH & Tyr805 OfIgH OH A
KFEAEAIL, cleavage complex #ZZE(LT 5 L CHERERZH > TnH EE X LT,
INHDORERNG . SIKIE cleavage complex ZZEL S D Z LI LD, FRVEERILETS
MA IR Z E BB 572, — 5. Topo Ila-20bp DNA-(R)-erypoegin K #&4K T,
4-OH LV UERFEM, 50H & 77 = OfEZRR 1B LN 4" -OH [ & Argd87 D77 =
J M D 3 DDOIKEREE MNTERDRIE S #7273, cleavage complex (ZB5-9° 2% Tyr805 @
Mg OH & OMIC/KFBREITBILE SN oT2, TNHLOREENSL, R KL cleavage
complex % ZE(LE T, BRAEFEEEEZ RS2V EE L,
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(9-erypoegin K

b
N
}—( Thymin

Cytosine<—-—(

b
r/ ’;\ Guaninefx
1 <

LS
- Arg487
\ /S

.s_

(R)-erypoegin K

™
—) ¢
}_( Thymin

N
Fig. 5-4. Molecular docking simulation of (8- and (®)-erypoegin K to human Topo Ila.

Panels a and b, poses of (S)-erypoegin K and (£)-erypoegin K obtained by computational
docking, respectively. In panel a, linkage between Tyr805 and thymine residues indicate
the transient DNA- Topo Ila covalent cleavage complex. Note the presence of hydrogen
bonds between the 4-OH group and oxygen on the ribose moiety, and between the 4”-OH
group and the side chain OH group of Tyr805, and an OH/n interaction between the 5-
OH group and the aromatic ring of thymine as illustrated by dashed white lines. In panel
b, no hydrogen bonds nor interactions exist to stabilize the cleavage complex. Gray,
carbon of Topo ITa and DNA; green, carbon of (.- and (£)-isomers; white, hydrogen; blue,

nitrogen; red, oxygen; orange, phosphorus atoms.
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Cell Viability (%)

4. (9-B L O(R)-erypoegin KDtk H A AMMAEIZ 3 5 Hl i sE 75515

i E T(9-erypoegin Ko b+ FMIFEAIEKHL-6012 331 2 MISEFHE/EMIZ OV T
LU TE N, WICEEN AN T HERIC OV TR Lz, 22 TIREEAAE LTE k
B3 AR GCIY R L OMKN-1% v =, ZOfER., (9-erypoegin KiTHL-604HID &
% L [AREICGOTY N (Fig. 5-5a) 5 & OMRN-1§1a (Fig. 5-5b) (ckf LCTh. =) F 4
BRI IR A M SE A EIEE 2 /R L, Z OICsfE X2 2410.270 pM  (GCIYAIAE) #5 &
00.327 pM (MKN-1ff) THh -7,

100 8 ﬂ 100
80 A 80
S
60 2 60 A
=
40 £ 40
—a— GCIY (S)-EpK i —a— MKN-1 (5)-EpK
—&— GCIY (R)-EpK o} —&— MKN-1 (R)-EpK
20 A 20 A
0 T T T T A 0 T T T T )
0 1 2 3 4 5 0 1 2 3 4 5
Concentration of compounds (uM) Concentration of compounds (nM)

Fig. 5-5 Cytotoxicity of (9-erypoegin K against human gastric cancer cells line.
Enantioselective cytotoxicity of (.S)-erypoegin K against human gastric cancer cells lines.
GCIY (5 x 103 cells/well) (a) or MKN-1 (1.0 x 104 cells/well) (b) cells were treated with
various concentrations of (.9)- or (B)-erypoegin K for 48 h, and cell viability was measured
by MTS assay. The values are presented as the mean + SE of three independent
experiments. Triplicate measurements were performed in each experiment. (S)-Epk; (9)-

erypoegin K

5. (9-8 X U(A)-erypoegin K Dt ~HRAMALUZTT 5 B A—F 3 BLO9 FHEIENE
GCIY7Z2 &5 ONZMERN-1#E 2 %19~ % (9-erypoegin KiZ L DHNHIERT R F—2 A TH D
NE D DERETT D720, I ANR—E3LIDRERIEMEARIE LTz, 1F721310 pMD(9)-
erypoegin KTAEE L 72 £ Z N Ol & R IRFAIC MR fl (iR 2 FR B U, fh i T O B% R
TEMEZBE LTz, ZOfER, GCIYMIZ B CT(9-erypoegin K WLERZ L0 28—+ 3
B L 9D D DI FEAR A B 22 T L2 38D b7z (Fig. 5-6a. b) ., [AERDHE SIFMKN-
iz TbhEiZE s (Fig. 56¢, d) , ZNHDOMER LY, (9-erypoegin KiZ Xk 5
ARSEIE, R b RUTREEZN LT R E—V AR L TWD Z EAVRB I T,
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12000 - 1600 -
10000 - i 14099 —*— DMSO i
‘? I 2’)¥]§1?K 1 .M E 12000 —o—(1EpK 1 m
2 8000 { _g (S-EgK 10 oM § —e— (5)-EpK 10 uM
% 6000 2
= z
& 4000 S
2000

0 5 10 15 20 25 30
Time (h)

0 5 10 15 20 25 30 35
Time (h)
7000 A
C d

* 500 1

{ =—%—DMSO
6000 450 H{ —— DMSO *

—O— (5)-EpK 1 uM

2 i i 5
s 5000 &— (5)-EpK 10 M > 400 —O— (S)-EpK 1 uM
5 F 350 —@— (5)-EpK 10 uM
& 4000 b5
rg cc\v 300
2 3000 & 250
z g 200
(‘3 2000 23
<
o 150
1000 100
0 : ; ; ; ) 50
0 5 10 15 20 25 30 35 0 T T T T T |
Time (h) 0 5 10 15 20 25 30

Time (h)
Fig. 5-6 Induction of caspase 3 and 9 activities in GCIY (a, b) and MKN-1 (c, d) cells
treated with (S)-erypoegin K.

GCIY or MKN-1 cells were treated with (S)- or (B)-erypoegin K at concentrations of 1
and 10 pM. After incubation for the indicated time period, enzyme activities of caspase
3 (a, ¢) and caspase 9 (b, d) in the cell extracts were assayed using the corresponding
specific fluorescent substrate. Enzyme activity is expressed as relative fluorescence
intensity in an arbitrary unit. The values are represented as the mean + SE of three
independent experiments. Triplicate measurements were performed in each experiment.
The significance of differences was evaluated using one-way ANOVA with Dunnett’s

multiple comparison test. *p < 0.01 vs. control (DMSO). (9)-Epk; (9-erypoegin K

6. (9-erypoegin K ODfifu & I K iF 4528

WIZ(9-erypoegin K 23 HfaE D & ORFICE B L KIZT L TWDNEHLMNIT 57
B, HBEIAORIE 21T - 72, FREBIZGo (1) /G1-S (A —-G2-M (A%
Sy DIEICE D, AN ODNAEIZGO/GIY Tix i ABenic Y L, SHITIZDNAK
R L WDNAG AT S, 512, G/MY TIIDNAOKERIAET L, DNAS &#I13K
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(S)-erypoegin K
DMSO 0.1 pM 0.3 M
DNA CONTENT PROFILE DNA CONTENT PROFILE DNA CONTENT PROFILE
18 Gy/G,:43.0£2.2 1801 Gy/Gy: 34.6+4.3 18
16 S: 25707 160] S: 224%11 15
G,/M: 28.9+1.3 140] G,/M: 40.4+3.2 14

Count
Count

20| Gy/Gy: 2.8+0.5
oS 7.0%14
40| G,/M: 87.3+2.0
2

12 3 4 5 6 7 a 10 T LT A S AR A SRR AR o 1 2 3 4 &5 6 7 & 9 10
DNA CONTENT INDEX DNA CONTENT INDEX DNA CONTENT INDEX

20 DNA CONTENT PROFILE DNA CONTENT PROFILE DNA CONTENT PROFILE

P Gy/G;:49.6£2.6 | g0l Gy/Gy: 24919 | 0l

16 S: 15.5+0.2 160 S: 12.3+0.4 160]

Gy/M: 33.2£2.5 G,/M: 60.8+2.4 140

Court

o]

0] Go/Gy: 4.9%1.1
60lS:  9.5+15
40] G,/M: 83.6+2.6

v

2 2 3 4 5 [ 7 8 0

3 4 5 6 0 8 T2 3 4 5 8 1 8
DNACONTENTINDEX DNA CONTENTINDEX DNA CONTENTINDEX

Fig. 5-7 G2/M cell cycle arrest induced by (S)-erypoegin K in human gastric cancer cells.

GCIY and MKN-1 cells were treated with (S)-erypoegin K at concentrations of 0.1 or 0.3
M for 24 h. Cells were treated with trypsin-EDTA, washed with PBS, and then stained
with propidium iodide solution. The proportion of cells in each cell cycle phase is

presented in the various panels as the mean (%) + SE of three independent experiments.

2(f% (4nlTHiY) &72 5, Fig.5-70t A 7T AIDNAG & (Bifh) (23 2 Mg (e
fil) Kb LTS, F. K I <OWTEIZZENER, GO/GL, S, G2MiZEHD LT3,

GCIY#MA E 721 ZMEKN- LI A4 0.1 % 72130.3 pM D (9)-erypoegin KT37°C, 24H5[4LH
L. &HIE I & 2 Mtk OEIA 2 HIE Lz, Fig. 5-T\oRT X 912, GCIYAIR TiX (9-
erypoegin K ALPRIZ L > TGO/GIHIOMIIEDOEIG1T43.0% (2> hr—/) | 34.6% (0.1
M) | 2.8% (0.3uM) &AL, Zicxt L CG2MBI oM OEIA1328.9% (v hr
—/L) | 40.4% (0.1 M) . 87.3% (0.3uM) & (9-erypoegin KO IZIL U TH L <
KL7-. MRN-1#fE [FEEIC, (9-erypoegin K ZLPRIZ X - TGO/G1HA DM in o E A4 1%
49.6% (> hr—/) | 24.9% (0.1uM) | 4.9% (0.3puM) & L. Zhicx L TG2M
oM OEIA1E33.2% (= ha—/L) | 60.8% (0.1 pM) | 83.6% (0.3 pM) &(9)-
erypoegin KORFEKFINZE LR L, oD Lnb, (9-erypoegin KiZGCIY
HIfEF L OMERN-THIfEIZB VT, G27 LA b (f81k) 25/ XE I LTWDHZ EAVRE I
7=
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7. B NEBRAERALET VT 2 %E W29 erypoegin KO in vivolUIEEE I O FFAfh

ATE F Tl 2 AV 72(9-erypoegin KD in vitro CORN R 2 Mgt L C& 7203, ARIE
TiX(9-erypoegin KD in vivolZ 331} 5 RAE MR 272 OIZHBAET L~ T A ZERL L.
PSR 23 M L2, X— R~ 7 RCGCIYAII 2B L., BEE4H BN S (9-
erypoegin K, (B)-erypoegin K2 5 NZARY T 4 7 ar ba— bt LT 704 ry T3 L

(5-FU) DO3BEIZENEN40 mgkgZ MEENI L LTz, 5-FUIRERKR CHBAIERIZHR S —
KHNAEH SN TWDLEAD—D>ThH D, X HT 47 2 hr—/WZIDMSO% 5 L7z,
B L-EEORE X EREOE(ZTFig. 581277, (S-erypoegin KEEHAEIL, %2
45 L7 D11 A B2 b A BICER O EIHIA R o7z (Fig. 5-8a), mAE&RICHIH L
TEBOERE A RIS LT e (Fig. 5-8b), ZOMHIEA X, FIREDOSFULD £
SROHRUMEE TH T, — 7. (B)-erypoegin KIEG-HEIL. DMSOR G & A ERBEWTAD
n7pipoiz (Fig. 5-8a), 723 (KREZA(LIZWTHOREICB W THAEZRIT A< (Fig. 5-8c) .
AN B RIZIB W THE IR OFIEITH TV &l S v,

Dbzt Xv. (9-erypoegin Kidin vivoll BT HHUIESEER 279 Z LA E
720 ZOERIRERIS C—RICUA SN TWA5 FULFZE, HHWFZENU ETHD
ZE DRI S LT,
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Fig. 5-8 Antitumor effect of (S)-erypoegin K in a human gastric cancer cell xenograft
mouse model.

Human gastric cancer GCIY cells were inoculated subcutaneously into nude mice (n =
8—11). Test compounds were all administered intraperitoneally at a dose of 40 mg/kg
body weight twice a week, starting four days after the inoculation of the cancer cells. a,
Time course of tumor growth (cells were inoculated at day 0). Tumor size was measured
once or twice a week until day 29. b, Tumor weight removed from mice three days after
the last injection of test compound. ¢, Time course of body weight of each mouse during
the experiment. One-way ANOVA with Dunnett’s multiple comparison test.

*p<0.05, **p<0.01, n.s.; no significant differences. Epk; erypoegin K
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FIUET B

FEIE T(9)-erypoegin K DIEH) 751728 GLOI TRWIZ EDVRIBEIN-Z £, B RR
AR SN K O EER) 12 RFR LT= & 2 A, Topo I BREAID etoposide & &-FEDS AHH
NARRIZ %9 2 20 R OFE LM FR D TEW (Pearson r=0.889) Z E NN L E 7o T2, — 7,
(R)-erypoegin K IZHELIMEINE & A E 2o 7= (0.11), (9-erypoegin K DU — R{LAW T
bHA YT TR D genistein 1T EERRFBETF 72 o —ERREA] 1098 LTH
HiL. >0 Topo I FHEIEME DA L T4 110,110 L)L, genistein (2% L CHIRAIIZAL
W Pearsonr fi (0.49) ThHho7=Z &b, (9-erypoegin K 1T L 0 FFEEY 72 Topo IT fHE
FTHDHZEERLTND, ZNHOREENS, (9-erypoegin K DIER) Sy 113 Topo II T
o D ATREMEDS TR ST,

wIZ, (9-erypoegin K MERISr 1T 5 Topo 11 ZET DM AN H 20, K
e |k Topo ITo fZfh & W CTEERIGMEIC RIETREBEZR I L 2 A, = U F AW
Topo Ilo DEERTEMEZALE L7722 &2°6, Topo Ha 2MEHY T D I & D3R S LTz,
INFETICRARE iﬂﬁ'? % S 41722 < @ Topo IT BLEAINHT HIL TV D53, ZiLH Topo
IIAESNE SO NV—FIT3 52 ENTED, T78b5, Topo Il F % 72 | XAl BH & A
Td % 12, Topo II LIl H DEERUGICIS T 5, DNA LEEER # X7 B O A REEIE
FOGH A (cleavage complex) Z7Z2E L L. —ARBEHUIWEN. OFEAEZLET S, Ok
. DNA IZZ < O ZRSUIM D RATT 25 2 L1270 Ml G2 #liZds ™ CRtfa & Bl oo fs
Ik (G277 VA L) TR M= RAz5 &R 4, MBIHLEANL, B G 2 DR G
DWW OPOEBECTKIGEET 5 Z LICL WV HEFEEEEER T, SRIOERR T, (9-
erypoegin K Z1FH &% & etoposide ZFH &7z & & L [AIARIZ cleavage complex HIR
® linear DNA 2V &= Z &b, (9-erypoegin K % Topo II # & L CHEL TV S
ZEBHLMNE 5T, LA L. etoposide [TIREEMKFHIIC linear DNA 23HE M A2
DIZxE L, (9-erypoegin K IZEEEIZB W TY linear DNA OEIINI R LN/ ho7=2 &
M0, etoposide & IIVERBETF AT 5 DIEW D H D AIREMEN/RIE X 317z,

(9-erypoegin K23 E D AN T b MIAHSHEIEE 2 R 370 8 9 hE e 5729
b b ESAHMIIEEGCIYE L UMKN-1Z % % (9-erypoegin KIZ X 2 i 172~ F 28
ZiT L 2 A HL-60MME &[RRI IRV VIR SERS BEME A A H ATz (GCIY ;5 IC50=0.270
puM, MKN-1; 0.327 uM) . F£7-. Wififaiz(S9-erypoegin K4 EH & CHERE HIZ K IE

WRBERRILIZE Z A, L0 S G2MBIMIEOE LWEINR A LIV Z L vk,
G27 LA MBI EEI SN TWD Z EREES N, T7bb, BNAMIIZ(S-erypoegin

(Z& 0 M EHOIEE 2 EEEARE S, €ORER, 7R b= AL DML 5] &
HIENDbDEEZIOLND, SHIZ, GCIYMfA X — R~ ZIZBHE L, invivoTDHL
FESEE TR DWW TR LTz, (9-erypoegin K% G-REIT = b r— VBRI LR CTHEICIEE
DOYEFEDIHI S 40, 1n vivoT b HIREFEILETE M2 R4 2 L AVR STz, Lo L, TEGHAA
DK EZFRIZIEDTD | ENAHEAT L2 ETITEEL o7, 4. (9-erypoegin K
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ORISR 72 D NS OB ALK & OPFRIC X D HFHR 22 El2 oW TRFTT 208N &
Do

PLE. (9-erypoegin K (35, #HiT-72Pis ARIBIRIZ E » TR THAZR U — NMLAEW
ThbHIENRINT,

INE

(9-erypoegin K DFEH4y+1%. Topo Ila TH V. MEH D G2 7L A M2 & 7
ZEIZEVMIIEIZT AR b= A EFESTH 2 L & 512(9-erypoegin K IZEE N A TH D
b NEDAMBE GCIY 72 5N MKN-1 1Zxf L b, 20T T A58 IR 7 il st
FHEIENE R R T Z EEALMNIC LT, EERA~T T AEHAWTERI D, (9-erypoegin
K iZAWeHGEETIImEEZRT 2 L 2< in vivo TOPUEEEEA2HTH Z L0REN
72o LLEX Y (9-erypoegin K (#7272 L3 AAIOBIFR AT THRAZR Y — NMEAWTH
L AR D B,
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B
Ve

AWFZE I, PUEREEZ AT 28BLOMME kA Y 7 IR 2RV Z L2 B E
L. ~ARMEMAR Y ©7 5 A 2 (Erythrina poepigiana) B0 10 DA Y 7 TR %
HEEL, © hZ U AXHT—F1 (GLOI) BRI 2AFENES & b B e fi ik
HL-60 7¢ & ONZH 28 Asflifiaik GCTY 12xtd 5 2h R 2 et L7z,

B—m T, HEEL7oA Y 7 IR AL 9FEPBEEEEM TH Y | 1 ERFHLEM Th -
T2 &b, FHULEY % erythgianin A L mdh L, £ O(LFAEE 2 BHE O 70 7RI 5 HT I
Ko TRE L7, erythgianin A [3&EEIC#E (L &7z 3",4"-dihydroxy-2"-hydroxymethyl-
2"-methyl-2",3"-dihydropyrano E#i}z A L T\, £72 BEAEE® O 1FEIZ OV,
ZHWETIZZ TRMER DO DHED—DH D DB T AR N LD TOHRETH Y |
B DOLFE G2 HILVTWRN>T2Z 05 erypoegin K &4 L7z, W T, & kN GLO
LIk 2BEFEE AT D720, BiafF LFEHFEZHNTE b GLO I & KIGEFHEE R
ICTHRB S, TR 5 2 LT Lic, BBEEZ AW THEELZ T ~ToA Y 7
TRV OWTHEBEEZRHANTZHER, 2 FARC 2 Mo v=rE2HT+ 5
isolupalbigenin 235 & RWHEIEMEZ RTZ L 2B LT LT,

BOETIE, BB THEMOE N GLO T EEENA LN ALEIZ OV T, HL-
60 Mkl x4 DVEH & 7H~<7-, isolupalbigenin % HL-60 ffgiZxf L CAF /L7 VU A %4
—/L (MG) OEREJEHI L, SHICH A=Y 3HEEEABICHRK LI 0O TR
= ZAFHEIEEOH 5 Z L 2 BT LTz, LA L, isolupalbigenin @ HL-60 #fifa iz xt
95 ICs0flIE 18.4 pM TH V. BEFID GLO I [HEAITH 5 S p-bromobenzylglutathione
cyclopentyl diester (BBGC) @ ICso fE (3.6 nM) X VN7 d D TiLenrol,
isolupalbigenin ® 2 fHD 7" L = /)L 3% HL-60 fifa# o GLO I LEICZhE R H Y . Mo
TRV AZFHFELI-Z D, A% isolupalbigenin D&% 6 L I2 XV HZh72 ) — K
{b&W% RS 2 lRetE D e STz,

FHoETIX, A YT TR ERO ARICIEER%Z A7 5 erypoegin K & erythrinin C 3
AUV ERERTHL Z 200, 2L OIEWOREE - IEEHEBEZH LN T 5720
t Fa ¥ v iaA 9% hydroxyerythrinin C &5 T, HL-60 Al xt3 5 HEHHFH EETE
WZOWTHGET LTz, £ DRER, erypoegin K I3 HL-60 (Zxf L THiRed Tl /)70 Ml sL 35505
P (ICs0 = 175 nM) &9 Z EBNBH LT 572, ZOERILX GLO IiEHEOEFEICL S
MG DOEREAMEN, I Far RUTREEZNLET A= AL 6D THD Z L AR
B To, —J7, B FRMMLY /N ERIZXTT % erypoegin K O sEFEETEMEITIE < . 23A
AR L TR0 R TH 7=, — . erypoegin K D& BNEIATH D erythrinin C <°
hydroxyerythrinin C |Z HL-60 MDA FRIZHT L EITHF VRO N>, T
ALH DN erypoegin K 1573 A MBI 72 23 ATRIRIKBHFE D 72 8O D Hefif 2 ik 4
L RREMED B D T & SRR S LTz,
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FIUFE TIX, erypoegin K 7% HL-60 (Zxf L CHzd CHR ) 2 ifiastif Eis a2 m L= Z &
M, TOEBEEIZOWTHARZ, R ETTA IHICEEND erypoegin K 1Z7 & 2
REWCTH D720, (B9-erypoegin K DILERM AT 1otk HFENENCL Y (B)-. (9-
erypoegin K #15%, HL-60 flalcxt 3 21EHZ it L7z, ZORE%E. (9-erypoegin K 73,
SRS Do T A BRI B E R A T 2 E A 6T LT, Lar L, e k GLO
DR LZ %9 5 (98 L O(R)-erypoegin K OFLETRMEIZIFIER U TEWNRN-T22 &
225, GLO I MER S TV A REME DRI STz,

BHETIE, & F2AMIE 2L (JFCR39) % VT (9-erypoegin K DRIy 1%
FKLT-, ZTOFEHE, Topoisomerase I (TopoIl) 23MEM & L CTZEIF o, e k Topo Ila
W2k % (9-erypoegin K DB A i ~7= & = A LA REA MRS K (cleavage complex)
3k D linear DNA 23 &7z, —J5. (B)-erypoegin K TIZZ D XL 5 72 DNA /N KX
B SNz hotz, £72. RuyX o7 v Ialb—rayOfRNS, (9-erypoegin K 1T,
DNA L # o /R 7 BB D cleavage complex & ZZELT HKERE Z HHODITK L, (B)-
erypoegin K 1, £ ~D#EA713(9)-erypoegin K L[] & TdH Y . cleavage complex % %
TEALT KBRS EL RV SN oT2, LEnS, (9-erypoegin K DIEH) 45113
Topo Ila T 5 Z LB L NIRRTz,

WIZ, BEENRATH L E N MR GCIY Mia7e 5 ONT MKN-1 Mifiaic x4 2 /EH &
L7z, ZTOREE, (9-erypoegin K ITW I N OMIFRIZx LTH, A>T o F 43R
M7 RAERR B E 2 R 2 L 2B LN Lz, F£72(9-erypoegin K Xl E D G2 7
VAR ERIFT LIV TR b= 2 2FHET 52 LIRS NT, KEICHERNA~
U AW E RN, (9-erypoegin K ITAW-HETIIHEEZRT 2 72 < in vivo T
OPIEEEE 2695 Z EnmEniz, UEX Y, (9-erypoegin K 1XH7= 72 HL3 AAIDBH
T TOAEMRY —NMeaWwThH o Z L2 6T LT,
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AL EMIZBNT, BRSO ZHBER D TG0 £ LAWK T KPR
seRt g SRR EICECHELZR LET, MEORITICHIZY Br, HEHLTHE
W50 F LI RMERE MR EREAICECEH N2 LET,

AHFFRIC BN TRI/MEAY O BEERERLE L ORGSR EEZ T TR E, TRE21BY
F LAWK F4 &Sz M ReA 7 & ONTINEERIIE a4 (FER TLO =2—F 4 F—4)
VR IEGHTH L EIFE£4, £7-. erypoegin K D& KA B EZIF W72 & £ Lzddb R
PR (Bl B IN R FRHE ) 0% BB e/, JFCR39 b b2 AMBIaRR /1L & v
7= COMPARE fi##rzZ L CWel2 & F L (B) DA N ATk E v 2 — 513K
HEE B EEgEA, R HONT GCIY Mo JHRit L N A~ 7 RER O Fii % Zi5E %
W0 E L7eZ RN vt o Z —HFJEET s 2 LE T,

RENGHSCOIERIC ST 0, EERTER, ZHEEEWY & LI AMKFERERE I
Bl HpE TR e A7 & N IR ER A BILE L BT £,

erypoegin K O+ Ry ¥ 7y 32— g V& {To TCWEEE £ LAWK
R NHE A AR R TR ER () S RIA R, erypoegin K
® TH-NMR $ L BC-NMR DOHIEZ1T > TV 72 & £ LAWK R SR 7E R e
B ST e, @R EESIT CIWM W e & £ LRy ottt v 2 —BF
W E TSR RIS - L £,

BB, RO D ICH-0 | THRE, ZHhEA2HY £ LAWK FIEROLL D
FeAETT . — AR FERRE L W 2N A, AREADE S AT O BIEHEBE L BT ET,
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