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LC-MS-guided discovery of a new fungal metabolite, 21F121-A, and search for
cytotoxic compounds using p53-wild type and p53-null HCT116 cells

Graduate School of Pharmaceutical Sciences, Department of Natural Medicines

Ichiro Kimura

Introduction

Microorganisms produce secondary metabolites that exhibit diverse biological
activities, serving as biological defense substances and signal transducers. These
compounds have long been used as valuable sources for drug discovery. More than half
of the small molecule drugs are natural products or their derivatives. The development of
new drug seeds from microorganisms requires the efficient strategy of new natural
products, particularly those displaying unique biological activities.

In Chapter 1, LC-MS-guided discovery of a new secondary metabolite from the fungus
collected in Kyushu was described. In Chapter 2, search for natural products that activate

p53 and exhibit selective cytotoxicity against HCT116 p53**

cells was explained.
Chapter 1. Isolation and structure determination of monoacylglyceryltrimethyl-
homoserine 21F121-A from Penicillium glaucoroseum (21F00121)

LC-MS measurement and data analysis led to the identification of a new secondary
metabolites in the extract of the fungus P. glaucoroseum (21F00121) isolated from soil
collected in Oguni, Kumamoto Prefecture. LC-MS-guided isolation afforded a new
compound 21F121-A (1) with molecular formula of C29H47NOg. The planar structure of
1 was determined by comprehensive analysis of NMR spectra, and 1 was revealed to be
a new monoacylglyceryltrimethylhomoserine containing a 19-carbon branched pentaene

chain. The absolute configurations of the chiral carbons of the betaine and glycerol units

were determined by chemical SIMeg
reaction  followed by ECD O/Y\OWO
OH o}

experiments. Compound 1 showed

weak cytotoxicity with an ICsg value
of 40.3 uM against HCT116 cells'. 21F121-A (1)



Chapter 2. Search for fungal-derived cytotoxic compounds using p53-wild type and
p53-null HCT116 cells.

The tumor suppressor protein p53 is often inactivated in certain cancer cells.
Consequently, compounds capable of activating p53 in its inactivated state are promising
as novel anticancer drug candidates, that selectively inhibiting the growth of p53 wild-
type cancer cells. In this study, fungal extracts were evaluated for their cytotoxicity
against HCT116 human colon cancer cells expressing wild-type p53 (HCT116 p53™)
and p53 knockout HCT116 cells (HCT116 p537) to identify natural products that activate
pS3 tumor suppressor function to inhibit the cancer growth. Of 1163 fungal rice culture
extracts, 11 extracts showed selective cytotoxicity against HCT116 p53™* cells. Among
the hits, a fungus 20F2002, isolated from tidal flat soil in Uto, Kumamoto Prefecture, was
cultured, and cytotoxic compounds were purified from the extract. LC-MS analysis of the
fractionated extract of the fungus indicated secalonic
acid D as the bioactive substance. However, after
purification, the compound inhibited the cell growth
of both HCT116 p53** and HCT116 p53” to the

same extent. The activity was thought to be indicated by

Secalonic acid D

secalonic acid D and several components in the extract.
Summary

In Chapter 1, LC-MS-guided isolation of a novel fungal metabolite led to the
identification of a new monoacylglyceryltrimethylhomoserine, 21F121-A, derived from
the fungus P. glaucoroseum. The outcomes of this investigation affirm that employing
LC-MS analysis is an effective strategy for the discovery of new natural products. In
Chapter 2, a search for p53 activators was conducted using HCT116 p53™* and HCT116
p537 cells. While the p53 activators that selectively inhibit HCT116 p53*/* cells were not
identified in this study, it is expected that the integration of the bioassay-guided and LC-
MS-guided searches for natural products will lead to the discovery of new drug seeds in
the future.

Reference
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LTHh, HiEk Eiz iuﬂ~m”@®%$%ﬂéﬁﬁék%mémfwé%1&
WX, SRR CIRRETPEM ZPEET A Z ERMLNTEY  TH I EO—FT
& B B Penicillium notatum )5 X=U U IR S TLIE. A4 HIZE D £ T,
MAEM D BHZE < OEYIEEWE R R S0, AEMHROEEL PR S
T& 7= (Fig. 1),

Penicillin G

Fig. 1. Structure of penicillin G.

AR E LS 7 F M eZEE & U C IR EM 2 EAET D &
B2 TWD, iz, HYINAEE CTd 5 Pestalotiopsis fici 1%, 151 T HHl
WS IRIRE S L VRG22 T 2B, FLEYE CTh D ficipyrone A % PEAE LA+
A BERRT 5 2 & TIEER B TNT Eﬁ@éﬁﬁﬁéﬁﬁbfwé%mﬁéél
Td D Isaria sinclairii 1%, S IHIWE TH 5 myriocin ZFEA L TEY, BRI
FELLT L T H7DICmEMHMELZEAT L BB TWD 3 (Fig.
2),
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Fig. 2. Structures of ficipyrone A and myriocin.
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KIRW), FTIERNEIRZ S ALEMTH D 4, WEY I RO RKIWITAIZE
FIEICB W CTEHEERKE ZFIZ LT D 3, REWAIEKIZBW T, KWL
DLMEDT I INANR—=RAEPLFET D 2 EXHT2 AR — X 2GS 57z
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TER O IR PEY DERFFATTEIL, 1950 ARSI TREA AT D
TEED EETITHAEEYORLITNEIZ > TETWD, OB L LT,
i BN RSB DN B G I AW > © O AT PRR DSE JJHICAT DAL 7o O BT
IEEMOREBENHEL < 2o TWD RN, EMiEtEzEiREe LIt A7V —=v7
TIEHBEMOIEMALEMIZTEEVENTLE D i ZET ond 7, 2o OREL
TEAR U A D> & BT R IR 2 03B 3E R D 72 012id, TV E THERR
PATONT IR T WA Z R RITT 5 L L HIZ, WBEIATHLATHRVE
FELHNDLERH D,

TRAEW) R D RN DREESRRIEIX, AEE ThH HIEM DR LM T
Bl %, ZD7D, ZIVE TR ST IR T RKFHOBAEY &R %
EHT 22 & TOHBRRRYORAPEFRF SN D, ZHVE TOWIE T HEMAEY
#ld, O pH KUk, HIET ORI ATRE 22 G OFEER e & T OGOk
HETENLTEY ., BEMEWIEEMEDORE D ZWMEAMICH D Z & AHRE
I TW5 ¥ (Fig. 3).
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Fig. 3. An estimation of how total soil microbial biomass varies across the globe.
(3CHk Fierer, N. Nat. Rev. Microbiol. 2017, 15, 579-590 7> 5 (%)



O XD ITHIEERY S D VITBREE R RN K 0 | R ORISR D
ZEBRBENTND, 7o, FRRRETOLRICIT, TOMMo LIRS
RO AEMDAER L TWDO T, FERERESICA R T 2 AWML IR EY)
DESRBED SN TV RWAEMEIR TH DL EEZXbND, ERICHU T T
BT ORISR OHEFED D> DI U T BVWEEE  Penicillium sp. 7> b FTEULA Y
penipyranicins A-C & isopyrenulin S HEf STk 7, FEO~ 71 —THKO
TSI U T2 OB Streptomyces sp. 7> 5 H LAY bagremycins C-E &
bagrelactone A 23 HiffE = 4172 ' (Fig. 4),

Penipyranicins A Ry =H R,=H
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NH
r Ry
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Bagrelactone A

Fig. 4. Structures of new compounds isolated from unusual environments.
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FEIARMETIE, MEAICHEE LA =X X T A4 7 7 VN HRRAY %
RIRT HT2OIZ, LC-MS & HW el REEMIIE 2 Ik L 72, ek O RIRMIERR
WFZETIE, =F RTEHEN DR & BLREE L 72 ITE 2R E L, TR T — # X
—2AZZ L THIULEYM TH 20T 2 L ERH -7, L LIEF, LC-MS
Z RN TR AT AR AR L= 2 & T, LC-MS % W 7= 8h Ry ok 7o K
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Fig. 5. Flow chart of the search for new compounds using LC-MS analysis.
(3CHk Chervin, J. et al. J. Nat. Prod. 2017, 80, 1370-1377 %> 551 F)

Grkovic B3, RIWH =X 2D BB E S AT A& L, LC-MS #/3U
OELEEFEARY MVIEREHLEES LTZMB ORI T A 77 ) 2B LT,
ZOHESE S AT LTI, 14 BET 48 =% A% 1056 W2 omL, 747
FZUTDHZENTED, £, ZOWMRETIIZE X AT 477 U OEYIENE
i & LC-MS X° NMR D A7 MR ZERT 5 2 & TR DD
IIEM LA DRIENFRE L R oo, ME LIV AT A2 WS Z & T, Bl
SOAERG DS AR kF U CH AR HE 508 B BT 2 7 9 3 5% halaminol E % 58 A
L 7= 3 (Fig. 6),
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Fig. 6. Structure of halaminol E.
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Lo,

2 AR CIE S AR AL LT JUIN 45 Mo 358 70 & 7 0 B L 7= 2
MERRATATTY EHNT, 1 ECBNTE, #MENTF 20 LC-MS O
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& B - BERET D 2 & T ZERMIARHTR R OIE LA B LT,
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A

B 13 BEHE Penicillium glaucoroseum (21F00121) O HRBE L= /) 7NV
URUNLRNY AFARERY Vv 21F121-A OB L HEERE

1-1. BAEW =X X5 475 U ® UPLC/TOF-MS 34T

)

UIFFEE CTIX 2 AV E TIUN OB HECERE S AU 72 382E W) i ok O 8 3L — ARG e
MERFET DD, EMTIATA T TV EHBELTND 45, Zhbox
¥ A % UPLC/TOF-MS T/#r L, {LEMOREEE &, UV WU, RHEER 2 Lo
BEHREEMT —FZ_X—RALBAETDHZ LT, BEALEMOUE & FHRLEY
DT %7772, UPLC/TOF-MS 94 D . REARB/NERT O 587> & HEE L 72
H.[& 21F00121 #k (Penicillium glaucoroseum, Fig. 7) % KEG#CH:3E U 72FRIC, m/z
506.3474 [M+H]"Z ., 73 73S CooHa7NOg C 310 nm (ZHRFEAI 72 UV WU & 7~ 971k
B DOPEAD R ST (Fig. 8). RWEeiL (A AL AIEwIES) OMRIZ X
0PTSRS — BT DAL BN o =D T, FHEILA O FTREME N EV & &
2N, I TARIFFETIL, ZOEBPEAT L IRIGHIED ZRE LT 16,

Fig. 7. Penicillium glaucoroseum (21F00121).
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Fig. 8. UPLC/TOF-MS data of the extract of Penicillium glaucoroseum (21F00121).



1-2.  Penicillium glaucoroseum (21F00121) DEEE L 3F 1Y FUT— 7 4547

B 21F00121 ¥k %2 K E5 i CH#E U726 O % n-BuOH ThiH L7=, Ot
Z n-BuOH & H,O THRIEAEL L. n-BuOH H[4y 2 £ &M L7-%% . n-hexane &
90% MeOH-H,0 T & 547 L 72, 15 B 4172 90% MeOH-H,0 [Hj4y %2 UPLC/TOF-
MS ZHWTHHT L, MSIMS A7 MLERFGL, 573y NT—27 BHEFE L
7= (Fig. 9)y MS BLXO'MSMS 7 —H %, R¥ T4 T7A A EF—REFEHLT
G L7z, BF o4 — RIZ LC-MS HliEIZ X » T Sk a R L T
D, ZNEND /) — RORZIFIMBENTTV D—Y—AF DA AL REE
W % JEEL L 72 MS/MS 222 LD/ Z — v ok LT AL S i E A
TEN-STBY 7 ITAX—ZFER L TWDHMBEOD ) — R TR LEALED 11,
LAY L PRENTALEW T RGO ) — R TRENEERDITLEw 1 &
FRLLTIEEZ AT 2HBATH L LEEZHIDH, 21F00121 RO F X[ 455 D
DFF oy FU—7 OFEFTIC LV 21F00121 BRIZHHEILEY 1 72 5 O Z D F%
RETRENDEEL LEMEEAT D Z ENBHL NI ST,
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Fig. 9. Molecular cluster containing 1.



1-3. (L&MW 1 OREMITEY HRAET

EA 21F00121 #RD KGR W) 2 iR 53 BL L T B A7z 90% MeOH-H,0 5y %
WikH MPLC I ONTiHAH HPLC TorE L, ka4 1 2§ L7223, LC-MS X 'H
NMR A7 kLo BEEL =B B IIMEEM DR R L TS Z N oz
(Fig. 10, 11), {ALEWN AL E Th DR Z G 2 720l FMRERZ ICHE L
'HNMR A7 kL 1 HEIZHIE L7Z 'H NMR A7 RVt Uiz, i
BERIZHIE LI A2 L ZiE, 5-7ppm AHEICR Y ok Ex b D Y
T FIVISHERR T E TN, BEICHIE LIz AT VTS ER D> 7 i
HELTW (Fig. 11)e ZOZEBAEW 1 1IR Y = 0200k L TR
BETHDEEZ, ALAEW 1 DXk D EME 25 LT,
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Fig. 10. LC-MS analysis of 1 measured immediately after purification and after 1 day.
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Fig. 11. "H NMR spectra of 1 measured immediately after purification and after 1 day.



LA 1 (1 mg) ZRZME L7IRRE T2 MRS L, 1 BRI CDCls (400 L) 12
AR S, THNMR A7 MVERIE LTZ, ZOREER, L&Y 1ITERHIZ XY
1 BRI DA iS5 Z L vy ino 7= (Fig. 12), 2D Z Enb . LAWMW1 &
L7oRE TR 2 L L iz, BT ICAXT MLV EJIIE UEERE LT,

BHER

cocl,
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Fig. 12. "H NMR spectra of 1 measured immediately after purification and after exposure
to light.



1-4. {bEW 1 DRSEL L G

B 21F00121 ¥ 2 K EsHE T2 L7= © O % n-BuOH THiH L, iR BT 5
Z & T n-hexane W43 & 90% MeOH-H,0O %y, H,O W5y &#437-, LC-MS 2L %
SIIHTZ D 90% MeOH-H20 E53 12 LG9 1 23kt S 7 DT, Z D4y % ODS
MPLC ¥ X' ODS HPLC THR L, (k&1 (3.7 mg) &157-, {LEW 1134 E
DKL LTHEGIL, 21F121-A (1) &t Lz, @ E &Nzl v, mk2
506.3474 [M+H]" [ZKFEMIKRD3HA 4 B — 7 BNERl SN0 T, o+
CH4NOs TH D EPRE LT, UV AT FL TR & R oL AW RS
72 310 nm 33 K O 324 nm (2RI 27~ L7 (Fig. 13), 25°C CT'HNMR A7
MVERIELIZEZ A, us5.68005 ub. 12T T8 DDA LT 7 kv
DB SNT-, F£7-. du 3.31 (m, H-4"), 3.34 (m, H-3), 3.41 (m, H-3), 3.45 (2H, m,
H>-3"), 3.50 (2H, t, J= 6.2 Hz, H>-1"), 3.84 (2H, m H»-2), 3.98 (dd, J=11.0 and 6.3 Hz,
H-1), 4.07 (dd, J=11.0 and 6.3 Hz, H-1) ICAF L v HDWIAF L DL 7 F )L,
O 3.08 (s, OH) ([Z~T A FITHER LTI AT AVEE 3 DD 7 F b, 610.86 (t, J
=6.7 Hz, H3-16') 33 X185 1.10 (d, J= 6.7 Hz, H3-18") IZ A F/LILD L 7 F ), 6y
1.79 (s, H3-19"), 1.81 (d, J= 1.2 Hz, H3-17") (2 2 XD —EfES LA F LD v
T F VBB ST, on3.08 (s, 9H) DALY 7 RO Y 7 F /L DFESMEIE A
FNFESOFITFHYE LTV D Z L, £72 BCNMR OfLF2 7 Rid 6c50.6 TH -
2, NIAFAT U E=ULMEEEZAT HZ LRI (Fig. 14,
15),
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Fig. 13. UV spectrum of 1 in MeOH.
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1-5. {LE&®W 1 @ 2 IRITE NMR A7 IV OREHT

COSY AXY RVEMNT LT=E Z A, H-3" (6u 6.53) 7»5 H-11° (du 6.34) (T
IRWD AV SROTFEAENRA LR Y | C-ANLIZ AT I (18-Me) MIFET D
ZENGhoTn, 72, Ha-137 (u2.13) 725 H3-16" (01 0.86) (TR 5 7 F )L
BOFENRHL N E 572, £z H-17 (0 1.81) 75 C-17 (dc 167.2), C-2° (dc
126.2), C-3’ (6c 144.6) ~ HMBC FHEI & H-19° (6u 1.79) 5 C-11" (6c 121.0), C-
12°(5¢ 140.7), C-13° (6¢ 31.2) ~® HMBC 22> & 0 #iE A DIFTED /R S T,
B, ZHEEAOKBMEMIT, HEEEOMEN s, we = 13.8 Hz, *Jup, ns = 13.5
Hz, *Jiuo .m0 =11.5Hz THH-7=Z LD C-5,C-7,C-9 D " EEAITEN TN Z
Bl ERE L7z, F£72. H-10°(6n6.16) & H-13’(du2.13), H-11(6n6.34) & Hs-
19° (0u 1.79) @ NOESY FHPEE D C- 1D _FEFEA S Z Bl L PE LT-, HEik
B EDOAFNVED BC NMR Dby 7 M T EREGORMEMIC L > TR D
EEZRLZEnmbnTEBY, ZHEARD ZEE THAL 20 ppm UL | EBlE
THNITE20ppm AT & 7225 V7, C-220 ZHEHFEAIE. 17620 A F /Lo BCNMR
DAL 7 R 6c 124 L @G THL Z LD EfdE ERE LT (Fig. 16),

| %y5.1e=138Hz| 5

N
| 3Jpg 0= 11.5Hz| 9 .
/ 3
/ 5 — COSY

19’ # \ key HMBC
8¢ 23.9
¢ 23.9 ppm A A ¥~ \ NOESY

Fig. 16. COSY, HMBC, and NOESY correlations of substructure A in 1.
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Ha-1 (61 3.98, 4.07) 75 Ha-3 (6u 3.34, 3.41) @ COSY #HBI & *C NMR DfkF:
7 N OAEDS C-1 (6c 65.9), C-2 (dc 67.4), C-3 (5¢ 72.0) %= LT=Z & Bkt
BlXZ7 UV tEu— &L > Lo 7 (Fig. 17),

3.98 3.34
4.07 3.4
65.9 384 720

/\674(\

. — COSY
#Bor1EiE B

Fig. 17. COSY correlations of substructure B in 1.
COSY A7 RVt H-17(0u3.50)/H-2" (61 1.83, 2.04)/H3-3” (6u3.45) Oy
EEDFENH LN E 72 o7, Z 51T H-3” (du 3.45) /5 N-CH; (6c 50.6), C-4”

(6c 167.1) ~@ HMBC FHEAN S HE CIX R U AF AT I UEEH T 57K
EEY U ThHDEPIE L (Fig. 18),

3.08

~N | +~ 506
3.50 kN
‘fj 67.9
N N
O

ﬂ

1.83 755
2.04

— COSY 27.3 O
key HMBC N
£\ key H oM C

Fig. 18. COSY and HMBC correlations of substructure C in 1.
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Hz-1 (61 3.98, 4.07), H3-17" (6u 1.81) 75 C-1° (6c 167.2) ~D HMBC FHES 3 81
SN EnD, EOMEA LHOHEEB DR AT AZN L THELTNDHZ
&ﬁ> Yo T, iﬁﬂ Hz-3 (0u3.34, 3.41) 725 C-17 (dc 67.9) ~® HMBC ARG 7>

FtEid B Lol C Re—T VAN L TREA LTS Z ERHLNE 2
ota@J%oui@mﬁ_£@\m%%lim/&i/%m%a@miﬁw
SEEEATDHE ) TIAT VIV RN AFARERY U THDH I EN
Mol

+
NMes

4 \ key HMBC
Fig. 19. HMBC correlations of 1.

REA NEEEHT D7V B FEIEARZ A VEE &I, Candida B
Pichia J&7¢ & OEHITB W CHIFUERERIEE & L THLNATWD B3 AKIFSE
TR LTEE ) T UNEEEZ AT 52 A4 VIRE TSGR TH7e < 4]
D COHREIXFREE Ulva fasciata 75 D3R TH - 7= 1Y (Fig. 20), 7=, BEHE
Heterospora chenopodii 7> & )8 T Hifff < 4172 MDN-0104 (%, ICsofE 7.0 uM THt
~ T U TIEMNEZ R LI Y, AR TR LIALEY 11X, ERFP ORI NZE
JTINT VRN NI AFARERY AEEEAT L RAWE L TIE MDN-
0104 [ZIRWT 2 HIE DG L7205, ZIvE TICHMIE Pantoea ananatis Serrano C
TR BED T I D T v Ve % FF> (S)-N-Heptanoylhomoserine lacton 7¢ & #4520
WHLR, ALEW 1ITT IV EEE L TIRFE 19 OOHEZA L TR Y | EE)e
OIREROEEZ AT 2LEWITHEHF D72 < . ZORIZBNTEEY 1 132 L
WEETH D (Fig. 21),
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OH o)
+
o} NMe;
/\/\/\/\/\/\/\)I\ - o
O/\/\O/\/\[]/
OH o}
+
0O O NMes
‘0
OH 0

MDN-0104

Fig. 20. Structure of two monoacylglyceryltrimethylhomoserines and MDN-0104.

S ¥

Fig. 21. Structure of (S)-N-heptanoylhomoserine lacton.
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Fig. 22. COSY spectrum of 1 in DMSO-db.
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220613 CTYOSOIM PA3-19-6 24 1 Cr\Pruker\IopSpind.o, hexandita
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R

Fig. 23. HMBC spectrum of 1 in DMSO-db.
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Fig. 24. NOESY spectrum of 1 in DMSO-d.
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Table 1. NMR Data of 1 (500 MHz, DMSO-dbs)

Pos. dc, mult. on, mult. (Jin Hz) HMBC
1 65.9, CH» 3.98,dd (11.0, 6.3) 2,3, 1°
4.07,dd (11.0, 4.7) 2,3, 1°
2 67.4, CH 3.84, m 1,3
3 72.0, CH2 334, m 1,2,1”
341, m 1,2, 1”7
1’ 167.2,C
2’ 126.2, C
3’ 144.6, CH 6.53,dd (9.6, 1.2) 1°,2,4,5,17°, 18’
4’ 35.7, CH 331, m 2°,3,5,18
5’ 136.3, CH 5.68,dd (13.8, 6.9) 3,4, 18
6’ 129.8, CH 6.18, m 4,7,8
7 132.6, CH 6.21, m 5°,6°,9,
8’ 127.6, CH 6.72,dd (13.5, 11.0) 9’
9’ 126.8, CH 5.89,dd (11.5, 11.0) 7,8, 11°
10° 125.3, CH 6.16, m 8,9, 11°,12°
11’ 121.0, CH 6.34,d (11.9) 9°,10°,12°, 19
12’ 140.7, CH
13° 31.2, CH» 2.13,t(7.5) 11°,12°, 14,157, 19°
14° 29.9, CH» 1.34, m 12°, 137,15, 16’
15° 22.0, CHz 1.25, m 13°,14°, 16’
16’ 13.8, CHs 0.86, t (6.7) 14,15
17’ 12.4, CHs 1.81,d(1.2) 1,2, 3"
18° 19.8, CH3 1.10,d (6.7) 3,45
19° 23.9, CH3 1.79, s 11°,12°, 13’
1” 67.9, CH> 3.50,t(6.2) 3,2”,3”
2” 27.3, CHz 1.83, m 17,3”,4”
2.04, m 37,47
3 75.5, CH 345, m 17,27,4”, N-CHj3
4” 167.1,C
2-OH 5.30
N-CH3 50.6, CH;3 3.08, s 3
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1-6. (L&Y 1 DRt SLAREE O RRET

C-3 DRI SLABLE A R ET DT DITbEW 1 Z Ik L., 7 Ut UL b
U AFNEERY 2 2457- (Scheme 1, Fig. 25), {LA&#) 2 ® ECD A7 kb
ZHELZEZ A, 210 nm FHTICIEO =2y bR ER LT, 7V ®va—LED
SYDARFIRFBIHES L TV D EREEICIIRAMNFEET, C2MDXFT U T 4
X ECD A MU LRNWEEZBNDD T, C-3MOMI \ARELE X S
ThdZENnTRINTZ? (Fig.26), = 2T, C2 MO SAKBLE A ECD A
XY MBS D 0E D2 MR T 5728, Spartan’20 (2L VW EF MLEY)
25,3°S-2 £ 2R,37S-2 ® ECD A7 MVEFHE L7z, TAEBY AR LN L
Wbhholz, ZOFRERIT, C3DOMXISARBE N S THDH I EE2XFFLTN5,

.
NM63
T PP
I HO_5 O\/\HLO_
12h +
_— /lTI\

2

Scheme 1. Acid hydrolysis of 1.

VANCESUY BSSI-81-2 @ 1 Cr\Bruker\Ipeping.t.d\examsata

[rel]

2.325
2167

1.5

1.0

0.5

T T T T T T T T T T T T T T T
5 4 3 2 1 [epm]

Fig. 25. "H NMR spectrum of 2 in D>0.
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20

+
NMej
2 ~._ O
T N e
* OH O
£
— 2
=3
4 o - -
Experimental 2
- == 2573"S-2
-——= 2R 3"5-2
'10 T T T
200 250 300

wavelength (nm)

Fig. 26. ECD spectrum of 2 in HO and calculated spectra of 25,3”S- and 2R,3”S-2.
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W27V ea— LoD C2 MOMRINARELE 2 R ET D720, {biaW 2 %
R ANz AT ML, ALEW 3 % 157= (Scheme 2, Fig. 27), A — /LD
YA M, 236 nm T GBE—=2y FUghE) L 220 nm R B =y hv
HE) BN T Dy bR ERTZERNMOLNTND 2, SIKTHN
X —a > FURITEOWINE R L RIETHIVUZE — 2 v b RITADOK
% 7~9 (Fig.28), {b&# 3 D ECD A7 MLARIE LR, H—ay Mo
NRTH D 236nm TIEDEIL, 220nm TEDOWILZ /R L7ZD T, C-2 Difaxisr
RELE X S L PE L7o (Fig. 29), £7-. Spartan’20 |2 XV E7 /ULEY) 25-3 &
2R-3 D ECD A7 MV ZEHR L, FERIE L FHRME A L L2 & 2 A, FEHIENX
ET MEEY 25-3 OFHFEAE & [FEOWIL S — 2 2R LTz 8 C-2 O ik
BlE S ThDHZ &2 HIZIFF L7 (Fig. 29).

BzCl

OH o Pyridine 6~ © o
Ho.__o o  20h o_JL_o _
- 2 (@]
Nt +
) I O 3 /I\|I\
Scheme 2. Benzoylation of 2.
Be pepir o
\ L
I [
‘ [
| 2
1
;‘ I °
I [
| b s
|
| L
‘ ‘ | : { \‘
| ‘ | b | s
| |
I [ ! L l
( | 1 Loy .
1 .l J‘ BRI
.il | | I . |\‘ ‘]\I ‘ | b ."M/ Lyt [
~W~JJ [ ‘WIWWWMJ 'WJWI‘““MW\M""" ""“'ﬂ‘-‘l\f‘\mwm; Yo v ‘w"wwww...a‘(

T T T T T T T T
8 6 4 2 [ppm]

Fig. 27. "H NMR spectrum of 3 in CDCls.
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SR RIK

25 - 25.0
0 NMes;
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—~ O 15 - - o
-8 15.0;T >
5 S 10 4 1005 2
L ® @ =
2 £ 05 - 50 2 2
< g 00 - 00 O =
o Experimental 3
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10 . : -10.0
190 240 290 340
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Fig. 29. ECD spectrum of 3 in CH3CN and calculated spectra of 25- and 2R-3.
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1-7. Y153

EE 1 ORIIREE & PrEiErE 2 F4m L7z, {59 11X HCT116 Mg (& M
1 53 Akl ) (2% LT ICso L 40.3 uM TH3\W @M% 72~ L7z, Bacillus cereus,
Escherichia coli, Candida albicans \Z%13 2 HUETEVEZ FEM L7225, 50 uM Tii
RS TIRINo T,

1-8. {bkEWM1 DV VHIRTICB T ZEARBILORE & EDMEEE DORRE

P. glaucoroseum (21F121) |X LC-MS 74T DFER N BALEW 1 2 TR & L THE
ALTHDZERBANTTZD, ALEW 1 ITERIZI W T S 70 B 272 b RE
ERIZLTWD ETRLULLE, — RIS, B PRI A HEE /T 57 ) R
BEEIIR_Z A VBE & X, 1, 2-diacylglyceryl-3-O-4’-(N, N, N-trimethyl)-
homoserine (DGTS). 1, 2-diacylglyceryl-3-0-2’-(hydroxymethyl)-(V, N, N-trimethyl)--
alanine (DGTA), B L O 1, 2-diacylglycery1 3-O-carboxy-(hydroxymethyl)-choline
(DGCC) EMEEND 3 DD 7 N—FIZRKEI S5 22 (Fig. 30), DGTS L5,
MAE, 27, VA FREIC M T DEIEEO—fE T, KR, U R Z,
EHRHIRR EDRRA 22 A b UV ASOESCEHEREE 2 R LT 182530 %
7= Candida J&=° Pichia J&72 £ DEE TIZ Y UHIRGICIBNT, RAT 7 F V1
2V v (PC) DREAEZRED SH, DGTS OEAREZIINSE 5 Z & TR
BoahRAT77FUNay wind DGTS ~EE#H L, MlaNO Y ik E xR
52 ENHEINTND B LAY 1 13V T UBECId e ® ) T VU
TH SN, DGTS & [FARIZ U IR TIZIBWTREARDIEINT 5 et L7,

+
NM93
N
ROCO™ "0 coo ROCO/“\(/\O/\W/”\NMe3
OCOR' OCOR'  COO
DGTS DGTA
coo
ROCO/Y\O)\O/\/ NMe;
OCOR'
DGCC

Fig. 30. Structures of DGTS, DGTA and DGCC.

U URNEEIFET DR E LT T —F 0 - Vg vV VEREE FV,
—FH VU RZEMELE LT T +—F I Pa Y U EMICEEND Y VA EL
RY B ALK (MES) (Fig. 31) TE#B L7+ —F 0 - Va3
REFHZ W2, R Enosii %z AT P glaucoroseum % 3 B[R L7214
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12, Hfk%Z MeOH THitH L, =% 2% LC-MS (2 X W o#T L7z, iR % m/z
506 DA A7 va~ N7 T ATEXHLEEZA VU FETTEELEY
G GRfR) &V UHIRTTHE LSS (B 0866V Thiaiiansd
A FUREICEITRO LT, ALEW 1 OFEAEIZEILD NI LRS-
(Fig.32)y ZDZ ENBALEW 11T VR ZARREITHE)ST D 1= O FEA ST
DTN ERRBINT, L L, BEREOERICHWDEER R TH D
BT RERERMIZLERT T =L« g Y U ERIERMTIIEOAEFT N
HNo T2 Z G| P glaucoroseum DIEFEFEERITITIE S 72 - T2 AIREMEDN S 2. 5
iz, 2o, Vo a1 OFEAEEORBREZRIERIZT S 7-DI121%, BIREE
WaEHWERERLEEEZ LD,

£7-. {bEW 11X Candida J&=° Pichia J&73 ¥ DEEDOBERERIEE & LTS
NTNDLRZ A URE B LB LI EEZ B T2 800, (LAWY 1 136k 7
HEIZBW R L TEASNALEMTH DT Lz, 77, EH =X 2
T4 77V DLC-MS HHTiERE b Lo, (bEW ZEAT D Z ERRB I N
21F00121 BREMN ORI A B L, FERZHEEE L= 22l L 7z, £ LT
THX AT E LC-MS ZHW TN L& 2 A, REARB/NERT CEREL7-EH
21F00103 #k (Fig. 33) HIbE&W 1 ZpEAET H Z 0o 72, 21F00103 #RIX
21F00121 ¥R & 3B LB OB REN R o Tzl &b, P
glaucoroseum L 1ZRRHLEFETHDH L& 2 biL/c, £ Z T 21F00103 HROBEIR T
HHAE b ENHREERRTZE Z A, P glaucoroseum FT1213F OEHFETH D
Penicillium JEDEFH T D Z & H/RE I 4L, 21F00121 # & [Rl—FE £ 7= 13 fafd
ThHZ e gnolz, LLEDORRENGLEW 113 P glaucoroseum E7-13Z D
TR DN R S PEAE 3 2 ATREE DN B 2 BTz,

O, O

(\N/\/S“OH

o

Fig. 31. Structure of MES.

MES
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\
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Fig. 32. 1 production under phosphorus limitation.

Fig. 33. Penicillium sp. (21F00103).

1-9. /N

UPLC/TOF-MS %MWz A7 U —= 72 K - CTREAR/NERT D 3 5 B
Bl L7- B P glaucoroseum (21F00121) OKIEZEM D S Bl LAY 21F121-A (1)
R L7, LAY 1 IDRICARLRETH D IFRIRR COMT 5 Z &3 ynoT-
DT, WHFFITBWTHIETHER T 5 Z & THAEICHZ) L7z, NMR 27
FMUZ K0 bEW 1 OREEZRIT LT/ R . (BEW 1 I 2 o Eaate
IRFEE 19 DONENIEE AT HE /T AT VR UL R AFLRERY T
HDHZENTIoT, FTEREA RN Y B u— V50 OARFRFE DK
RISCARELE L AL S 1 OERMKSREY 2 72 5N 2 DX A k3D ECD
AR MVERITT A Z LIZX > THRIE LT, D FRy NI —ZITIZLD P
glaucoroseum (21F00121) D KE53E = % Z I LAY 1 OFRE DI EEAFAE L
TWD ZEWNRBEINN, fbAEW 1 LRI THOLEM b REET, E
EBLMETH > O HEHCITE L) o =, EWIEIEEMIC >V T, BE
¥ 11X HCT1116 FiRI % L C 40.3 uM @ ICso fill THIVW VI ER M 2 7R Lz,

INETITHE SN TV L2EENOH ST, 7V BV LR
AFNAREEY UL, Martin 5235 L72 MDN-0104 DA Th v (Fig. 20), K
e TR L7 bEm 113, 2 BB O®RETH D, S HIZ 19 HDOKRFENDLRD
IRREIIZ Z N E THEP LR A SN Z LN ZORIZBWTEEY 1
T2 LWHEETH 5,
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DGTS 1% Candida J&X> Pichia J&73 & DEREIZIB W TR & L THb I
TEY, VIR TIZENTPC ORI E LTHIDNTWNDR ', £/ 7 ¥
IEETH LAY 1 13V VHIBB TICEBW T HEARICELIT o7, L
L. RZFE#H Nannochloropsis oceanica \Z3\NTix, U VIR T DA TIEZ <K
T TH DGTS OPEABENHINT 5 Z ARG I TS B, Fi=, i
BARE IC B W T AT /Wb S Ve Al A iR L. ARIE T T OO
DOHEFFICEETH D Z LN B TWD 3, ABFRICHERH Lo BERIL, iR
& D O AEAR R NERT TR L 72K TH Y  DGTS LIFEDRR -T2 /) T
VR TIEH 2 DMRIR SIS IS T 5 7o O EAE SNTALEW T o D AlREMEN
Ex bz,

ABFFETITIMN DL AR 72 B SRE TR & HigE L 72 B offit =% 2 & LC-MS
THMT 5 Z & T RTHEILA Y 2 Bl UTo, RUFIEHRE R, BED D8
AR E AT DIZDICHELETHD Z EIZINA T, LC-MS DRy & FaE
ELTERRITEN T e —FThH EEZILNS,
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82 E ps3 AR IUREAR O HCT116 HIlEE AV - E& B kAREEY
BORFR

2-1. pS3TEH AL EORRE B LR 7V — =0 THEBEORE

DA & X7 BT B p53 1E. DNA OEECHIBL D2 Ak, Hlid/E 0 ER
BROZIZ L DA ML AITRE L THIREB OE IERLT AR F— 2 &5 &k 2
TZEBMBNTND, LaL, BAMRROKEETIX ps3 BERF I RK
LTEY, pS3IZLD2BAMBIERZELRL TN 328 —J5 p53 BEFAERID
PN ARERLZ 38N T, p53 DFRBLE DR p53 BIED v 7 F MR ED B IT L
ST pS3 2 LEEDNAMEIWER N DN TWD, D728, p53 OI%RE & TETEAL
XL EWE, BAR pS3 ARBLT D 23 ARSI A I SRR 2 7R3
NSNS DT, p53 BARIO N ANTKT AN AAIE LTHER SN
TW5, 2D X I pS3ITFHIIN AKIBFORIFEEN E L THERINTED,
P53 ZAEH & T DRk & I LB TR TAFZERI R STV B 34

P AR pS3 EMEAEIE L LT, MDM2 HEHENFEH S T\b, MDM?2 (X p53
Do3fFEZHE S E3 U T—EBTh D, IEFHMAL T, p53 12)5 LT MDM2 DR 8 &
HE L p53 2045 2 L T, pS3 I L AREHEEEEAZRIE L CnD B, L
2L, < D p53 BATIO N AN TIZ, MDM2 25 EEIFEE L TR 3, p53 ®
FERENMESIMZ N TS, D=, MDM2 & p53 DOfEA & BLET 5 3Ky
X, MDM2 |2 X % p53 O fRZLET 5 2 & Tps3 Z2iEtE b L, B4R ps3 &
BT DN ARRNC TR EH 2R,

ZHE TIT, nutlin-3%7 X° RITA® 72 & OB AT p53 IEHALIRNBIE STV 5
(Fig. 34), Nutlin-3 | Vassilev 525> TMDM2 @ p53 fi5&AR 7 v M7 22
=AMELUTERAT S Z LT p53 B4R O N AMIEEIR A B R EEH 4 R
T2 ERHE I N TVWD Y Nutlin-3 &V — KMbEW & L CTB% S 4 7= idasanutlin
XA BEME A IR IR 2 5 A OEREBRAER SN TR0, FiliinA
e LTo EfiA#FEIn W5 (Fig 34),

RITA | X84 p53 236813 5 & MEE2Y A HSRO Mk T 5 HCT116 A
(HCT116 p53*") 72 65ONZ p53 &/ » 7 7 7 b Lz p53 KKAID HCT116 flifia
(HCT116p537") ZHWI= A2 J—=0 7 THRE S 38, Issaeva ©1Z, National
Cancer Institute RA T 2ILEMT A 7 7 U OF )5 HCT116 pS37- Ml L v &
HCT116 p53** @izt L CiW iR B2 R b a A7 )V —= 735 2
& T, RITA Z[FIE Lz, TEMIBEFAENT ORGSR, RITA 1% p53 1265 L. HDM2 &
DEAGRIEREEST 52 & T ps3 2 LENML, HUEESHRERTZENHL
e oTm 38,
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Z?O X 5 nutlin-3 X° RITA Z1X U, £Rx B4R p53 ML NI S
TEED, WINLARILEW E xR E LT RBRFTEN LT, R 2 x5 &
L 72 R BAFZE ISR S B N D 7, & 2 TARHAFSE CTid, HCTI116 p53** fifn &
HCT116 p537 izt~ DI EENE D 22 2 FEEEIC . IR B ITHESE L 72 — %
ATGATTZVEAZ V—=2 7 L, BAR p53 23889 2 ISR cE it %
RT R DRER 2 FHE L 72,

AV == T EATHIICHTZY, YIFREOMHRAET S HCTI16 p53™7 Hifa &
HCT116 p537 #if &2 T nutlin-3 OIEHZ AN L7-, Z Of5%, nutlin-3 1%
HCT116 p537 HlifiE & bblis L C HCT116 p53™7*" AT X 0 58\ i HE Gl BH. 5 R A
ZRLTZDT (Fig. 35), Issaeva b LE[AERD A7 V—=V I RAETH D &%
776

o o X,
Qe
s. I N\ s
N/ N T O T Yon
o
cl % RITA
Nutlin-3 o}
Cl d OH
SN
H O—

C|@----

If]
FN

Idasanutlin

Fig. 34. Structures of nutlin-3, RITA and idasanutlin.

Nutlin-3

120
100
80 -
60 |
40 |
20 | ‘\
0 —— N
0.4 0.8 1.6 3.1 6.3 125 25 50
BEE (uM)

EFR (%

Fig. 35. Cell growth inhibitory effects of nutlin-3 against HCT116 p53** and HCT116
p537 cells.
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2-2. HCTU6 Ml Z WA MEM =X A FTA TF VDRI ) —=vF

AWETHR & LTS ps3 TEMELE X, HCT116 p53*7+ Al L T
B TRT RSN SDT, 1 IRAZ ) —=2 27 TiZ HCT116 p53™* ik
IR LT RS2 R T o R 2Bk L, ERAZ K TR L X R
1163 %> 7 /W22 T, HCT116 p53™" FlAEIZ %7~ 2 Al et FE RE A 2 i~
HIBAEAEZRDN 20% LAT & 72 - 72103 o 7L 234k L=,

2 RAZ V—=27TlL, HCT116 p53"* Hifd & HCTI116 p537 Hifdz HW T
HCT116 p53™" AHARIZ & 0 58 A FEBE EVEPE 2N 58 D D ivTe ¥ v 7L & e gk
L7me 1 IRAZ U —=0 7&K LT 103 32 T 2O N T, 2 A RRST 4
BEMEDIBE DX 2 28 L, HCT116 p53** Mg & HCT116 p537- HIILIZ %9
2 M TN ERBR 21TV B DIRFEIRIZ VT HCT116 pS3*7* HIR D ETFER D 20%
LLF, HCTI116 p537 A DOAETFEN 70% LA LA /R L= 11 728k LT
(Fig. 36),

22F03302 # n-BuOH E% 20F01907 # n-BuOH &% 20F02308 # n-BuOH &%

120 120

100 100
280 = 80
60 60

ﬁ 40 ——p53** ﬁ 0 —— p53*1* —a— p53°/*

o P53~ o p53-- o P53

20 P ¥ 20 P # P
0+ . \ 0
125 375 75 150 125 375 75 150 125 375 75 150

BEE (pg/mL)

20F2002 # n-BuOH &4
120

100
T 80
M 60
# 40

20
0

12.5 375 75 150

BEE (pg/mL)

19F13804 #k n-BuOH &%
120

100 -\

280
5 60

ﬁ‘w . —— P53+
H 20 N, —e—P537

12.5 37.5 75 150

RE (g/imL)

MF285 # n-BuOH &%
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Fig. 36. Cell growth inhibitory effects of fungal extracts against HCT116 p53™* and
HCT116 p537" cells.
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3WAZ V== 7%, 2 RAZ U —=0 7Tk L= 11 FEOEREO KB
B TX A% Z5IZ5E LTz, 77205, n-BuOH =% X % n-BuOH-H,O TIKiK
SBL L7t 554172 n-BuOH E5 Z [E@HHEIZ LY 7 DO/ L
¥ 2WAZ ) —= v T L REORBR AT o7, EOME., BARFELTOFIE
i@ﬁ%@%btﬁnmmmﬂ%tmmww%@i%x% @Ltﬁﬂcxw
T HCT116 p53™* I L C X 0 W EwEA R ENT=D T, 2D 27 NiZ
EFENDIEMERIIICONT, S HICHF L7 (Fig 37).

20F2002 # MeOH [&] 20F02308 # MeOH E %

120 - 120 -

100 - 100 -
T 80 - T 80 -
ﬁ 2: | mp53** ﬁ 2: | mp53**
S 20 - p53-- b 20 - p53--

0 - 0 I
37.5 125
IRE (giml) IRE (ngimL)

Fig. 37. Cell growth inhibitory effects of the fractions prepared from the extracts of the
fungi 20F2002 and 20F01907 against HCT116 p53™* and HCT116 p53™" cells.

3IRAZ ) —=0 TR LTZ 2 DOBESIZHONWT, EESZFRET 57
. HPLC ZH\W\ T 19 B4 57E L, MfaEfFRo2Z%2HE L. (Fig. 38), %
®%%uEﬁﬂmmn%®i%2#%%%hk5%E®@%ﬁHCmeT”%

2%k L CHOHIIREEME 2 o8 L7z (Fig. 39), < 2 C. LC-MS & W ToHOHr L7z
F% T2 7R L7025 808 638 DALAEW ikt S 722’ (Fig. 40), LC-
MS OF —Z N SIIMEEMREE TE 2> 720D T, 20F2002 Hh& k5 L, KB
I5Z L TR Z[FE LT (Fig. 41),

500
FAN

EHEE S
400 A [VRI [ : /
fft“ﬁ
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? Al =
1§ g0
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300 'f‘:I

i
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Fig. 38. HPLC chromatogram of the extract of the fungus 20F2002 using PDA.
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Fig. 39. Cell growth inhibitory effect of the fifth fraction prepared from the extract of
20F2002 against HCT116 p53™* and HCT116 p53™- cells.
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Fig. 40. LC-MS data of the fifth fraction prepared from the extract of the fungus
20F2002.
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EEIFXR 116342 TIL

1 RAG)—=2%
HCT116 p53** #ifa(=xd 5
18 RERRE % T4

103 4> )L
M4 FE 20% LT

2RAG)—=2Y5
HCT116 p53++ fliRa &
HCT116 p53- #RAD
M EFEROES T

My
P53 BEET CL YUsRL\EHERT

3RAG)—=25
EE# ks HPLC THEEIC
MR EFEOEEZTHE

20F2002 ¥
\J
Fig. 41. Screening of fungal extract and fraction libraries that activate pS3 in HCT116

cells.

2-3. E&H 20F2002 DR L HELEH DR

ELI# 20F2002 Pk % kb5 HCE 3 L n-BuOH Thit L7-, £ Ofhi# % n-BuOH
& H2O TRk Sy Mb\n&@Hﬁ 7% A L72#% . n-hexane & 90% MeOH-
HO T L7z, LC-MS I K 20 DA, 77+& 638 DILEMIE 90% MeOH-
moﬁ“*aihé k#“#okOO%Mmeou TSR n~ M T

LRI EZ A, BRULEY 4 13571 638 D secalonic acid A F
f: ;’C D ’63?) 5 EEZ2 BT (Fig. 42,43), Secalonicacid A & secalonic acid D (3=
FTUTFAY—ToH oD, BENOHEELIALEW 403 EH 5 TH 503 NMR

COILHIEI TE Ao o3, BHELE [o] 0% +12.5(c=0.02, MeOH) THh -7
Z D LAWY 4 1 secalonicacidD T B Z & 353 h o 7= (Fig. 44), Secalonic
acid A, D (X T E TIZHUEBIEEZ RS Z ERHE STl Y 41 FFIZ secalonic
acid D (% HCT116 AHfEIZ%f LT 1Cs0 0.19 u M DIRVIEMENHE STV D 2,
HCT116 p53** ikt LC & 0 s e LB E R 2 /R 3 0 sl 3 5 72 |
51 & e = AR S PR AR BR 21T o 7,
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Fig. 43. 13C NMR spectrum of 4 in CDCl;,
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Secalonic acid D

Fig. 44. Structures of secalonic acid D.

2-4. {LEY 4 ORI HEFERE EHER

LB 4 OEYTEM: 23 5 72 HCT116 p53™* #ili & HCT116 p537 #iia
(%9 2 BEFERLE AR 2 1T~ 72, A7 U — =2 7 Cld, B H 20F2002 £k D n-BuOH
5353 HCT116 p53** ikt L C X 0 s IR s A B E A 278 LT ian
(Fig. 45). HLEEL 72/bA% 4 X HCT116 p53** fillfim & HCT116 p537- Mkt L <
A4 DML EER 2R L= T, A7 J—=27"TC n-BuOH E/317 L
TIEMIIOLEMIC L B L E 2 B (Fig. 46), L22L. L&Y 4 oNEHLE
BRTHONIMOE SIS ]FET 5 L5 RIEHITERD 6> 72D T, n-
BuOH B 532 B W THEEE D RS BFET D 2 & THCT116 p53™7* A% LT
L0 RO L E R 2R L QW2 ATREE NS 2 B ivTe,

20F2002%% n-BuOH &%
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80
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20

p53--
—— P53

EFR (%
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Fig. 45. Cell growth inhibitory effect of the extract of the fungus 20F2002.
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Fig. 46. Cell growth inhibitory effect of 4.
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2-5. /R

HCT116 p53** Hiifd & HCT116p537 Mz HW A7 V—= 72XV | fE
ARF RO LG HEE L 7-HE 20F2002 #EOKE =% 273 HCT116
pS37T Az L C L 0 s R A R LT T, BIL AW D HEEZ 1T - 72,
% LT, secaronicacidD & & x b HLEW) 4 Z HEE L7228, HCT116 p53*" ##fl
Faiz &0 sl EEH 2 R S e o 72D T, AV U —= 0 JHRICIEE
BORS DFAET D 2 & T HCT116 p53™7F MR % LT & 0 50\ A HE FEE 5
TERZ R L CWE TN B 2 bivT,

BE, A7 U —=2Z W HCT116 p53*" k3 5 R EEM L 0 &
HCT116 p537 AT L CoRy EFEE ETE M 2 7~ L7 E B 20F01907 BRO Sy
RFEIT > TV D (Fig. 47,48), 20F01907 BRIFREA IR T 1 0 T8 30> & Hif
L7-EHE (Fig.49) T. (&MY %2 LC-MS THOM L7oiE R, m/z 418 (25 A 4
Y E— 7 BBLAIE T (Fig. 50), BifE, EMELZRIRICH LS 2R L T
a3

500

400 A

UV (nm)

300 A

200 T T — T = T
8 10 12 14 16 18 20
Time (min)

Fig. 47. HPLC chromatogram of the MeOH fraction of the fungus 20F01907 using PDA.
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Fig. 48. Cell growth inhibitory effect of the second fraction prepared from the extract of
the fungus 20F01907.
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Fig. 49. A fungus (20F01907).
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Fig. 50. LC-MS data of the second fraction prepared from the extract of the fungus
20F01907 that exhibited cytotoxicity.
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AWFFETIX, LC-MS ZAWTHMAEM = ADOER R % /o T5Z LT, %
K IRFHAC B ORB 2 I L=, £7-. p53 BARB IO p53 KEAD
HCT116 HEAIZKT3 DA EE A RIS EN =X A E A7 ) —=0 755 2
&L pS3TEMEALIER 2R KR DO ERER % S50 L 7=,

%1 R CITARARE/NERT O L8875 B L7 5 & Penicillium glaucoroseum
(21F00121) RNEALTEHHRE 2 7oA 7 VIV MY AFARERY &
21F121-A (1) DOFFEF L OHHEE - M EfENT IZ DWW TRLIR L 7o, AMEEIIEREH
KT 2HBEOREELERDE)TIATIRIAVNYAFARERY THY,
TUNHE LTI BDOREDNGRD0ENEMN#EZ A LT, RFZETHWZ
B IIHEESOS WS TSN TZEFH CTH LD, £/ T U NEET
135 5753, DGTS THE I TWD K 9 RKIRSIFICHE ST D T2 OIZFEA S -
LB TH 2 FIREMENE X DLl ABFEREIT. LC-MS Z HWTHE bAoAk
INERZFRIEICHBUL A A RRT D &0 ) FEN, EMiEEEEE LS Lz
7)== VT TIEHEARSN TWERLERILEME RN T 5 Z ENHRL7T20
MR ZRITICERTH Y, TR RAMER AT HIDICEN T T e —FT
HHZLEXFTHLOTHD, 5%, WNOAREFRN LY T VBT 5
FERETT, BB FEEAZ LRT A2 LI THERBRTH KR O E I 53R,
WHIFRES LD,

52 B CIX, HCT116 p537* #i & HCT116 p537 a2 v 7= Ml 5t el
DB EATV, REARIRF Lo T 15 © B L7 53 20F2002 #RO K ERHE
i #7>6 secalonic acid D &5 2 bV HIbEM 4 ZHEELT-, {LEW4ITAR Y
J—= ZHEEITH2 0 . HCT116 p53™* MR L C & 0 58 M A B 5 .
HAEREhoTz, ZDZ EG, 1EMIE secalonic acid D & n-BuOH #j4yH1IZ
EENTOEEERSIC L > ORSNTZ AR E Z 5T,

AWFFETIX. LC-MS 7472 X 2 i tf i a O R AR oK & il
BRI L L2 V== 702 XD pS3 IEMELIVER 2 R > R DIRRIC
WA, TORE, FHLAY 1 28T D2 LN TE RO MEEE
L2RD LT, ALEW 4 1 TR EtE 2 I B b e CTh o7, ZDZ En
5. SRITAEMIEHEERIEE LTmA7 V—=0 7 L LC-MS oirafia S5 =
EMMETHDEBZ LD, ZTORER. S IR IFHEMIEHEL S D
YRSZINATREIC /2 B L L BT, 7 S BV A= ANRETE S, S 5725 KIMAISK
WROBENPEHFTE D,

36



EBROED
1. fEFIHES

MPLC
MPLC M7 7 A

HPLC

HPLC K17 A

& E A S Z A
LC/MS

UPLC/MS
BERE AR SR A

FEtE

53 EERT

I = s

7 — U B HGEIRAN
RSN G e T S
CO, fFaX—F—
TL— Y —F—

2. EHRERLE

TLC
Silica gel 60 Fs4
Silica gel RP-18 F254s

HH DR %
Malt extract
HIPOLYPEPTON
YEAST EXTRACT
D-Mannitol

Isolera I (Biotage)

Purif-Pack®-EX SI-50u(SHOKO SCIENCE)
Purif-Pack®-EX ODS-50pum

2489 UV/Visible Detector (Waters)

515 HPLC Pump (Waters)

600 Controller (Waters)

COSMOSIL Cholester (nacalai tesque)
Luna 5u Phenyl-Hexyl (Phenomenex)
CAPCELL PAK Ci5-UG (OSAKA SODA)
InertSep HLB FF (GL sciences)

AmaZon speed (Bruker)

Xevo G2-XS QTof (Waters)
JINM-ECX-400 (JEOL)

Avance III 500 (Bruker)

Avance 600 (Bruker)

DIP-1000 (JASCO)

V-550 (JASCO)

J-820 (JASCO)

Frontier FTIR (Perkin Elmer)
APC-50D (7 AT > 7)
CYTATION imaging reader (BioTek)

Merck
Merck

nacalai tesque

NIHON PHARMACEUTICAL
nacalai tesque

Fujifilm Wako Pure Chemical
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Dipotassium hydrogenphosphate Fujifilm Wako Pure Chemical

2-Morpholinoethanesulfonic acid Fujifilm Wako Pure Chemical

Lithium chloride
Glycine

Phenol red

Agar

SRl - REE - AE AT

Methanol

n-Butanol
Acetonitrile

Hexane

Ethyl acetate

Formic acid

Dimethyl sulfoxide-ds
Chloroform-d

Deuterium oxide

Bk

Hydrochloric acid
Pyridine
Benzoyl chloride

A A 8 i 57 7l R

D-MEM (High glucose)
DMEM/Ham’s F-12

FBS (Fetal bovine serum)
Penicillin-streptomycin
mixed solution (X 100)
L-(+)-Glutamine

0.25 w/v% Trypsin-1 mmol/L
EDTA - 4Na Solution

(with Phenol red)
3-(4,5-Dimethyl-2-thiazolyl)-
2,5-Diphenyl-2H-tetrazolium

Bromide

TCI Chemical

Fujifilm Wako Pure Chemical
nacalai tesque

KISHIDA CHEMICAL

Fujifilm Wako Pure Chemical
Fujifilm Wako Pure Chemical
Fujifilm Wako Pure Chemical
KANTO KAGAKU

KANTO KAGAKU

nacalai tesque

Fujifilm Wako Pure Chemica
Fujifilm Wako Pure Chemica
Fujifilm Wako Pure Chemica

Fujifilm Wako Pure Chemica
nacalai tesque

Fujifilm Wako Pure Chemica

Fujifilm Wako Pure Chemica
Fujifilm Wako Pure Chemica
Capricorn Scientific

nacalai tesque

Fujifilm Wako Pure Chemica

Fujifilm Wako Pure Chemica

dojindo laboratories
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Trypan blue
Dimethyl sulfoxide

P PERAER
@7 A =
Agar
Yeast extract
Peptone
D-Glucose

Sodium dodecyl sulfate

Fujifilm Wako Pure Chemical

nacalai tesque

EIKEN CHEMICAL
KISHIDA CHEMICAL
nacalai tesque

Fujifilm Wako Pure Chemical
KISHIDA CHEMICAL
Fujifilm Wako Pure Chemical
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3. B1EDOERE
3-1. BAEYH =X AT (75 Y @ UPLC/TOF-MS 53471

UPLC/TOF-MS Z3#7 Clid, A =X AT A4 7 F U 22T Waters Xevo G2-
XS QTof E&43#rat & Waters Acquity UPLC % W CToHr L=, 5T L% 55 °C
DT Acquity UPLC BEHC182.1 X100 mm % FHWT, 77T MAH [5-
100% MeCN-H>0 (0.1% formic acid), 5 min; MeCN (0.1% formic acid), 1 min] (Z X
DBELTo, MIE LT —2 %6 &I E— 7 O4FE-PIRFFRFH. UV IR
AT RV D EFERI IR PRER & Rk Tz LTz,

3-2. EHODREE

AR THWZERE (21F00121) ZFRET 5720, o —7 o A0haT 7 7 A
JVIT « ZIRITHRER LTz, & DRGSR, Penicillium glaucoroseum (MN431390) & 99.8%
DOFFRIMERRD bz, WRO Y —r v A7 — 4% % GenBank |2k L7z
(accession number QQ834417),

3-3. EEOBR

AL CHWIEERF P glaucoroseum (21F00121) 1%, 2021 4FI(ZREAR R/NEHRT
(ALk 33 B 07 43, B 131 £ 04 43) O 1580 HEE U 7=, Mk ORF T 3E
T RFERELH (2.0% malt extract, 0.5% peptone, 1.5% agar) Z V>, 9cm v —
LT 20 mL 437 L TRV, BE281E 25 °C TIT o7, ARG, KEFHiTIT -
oo 77 AF v 774 (09 cm x 12 cm) (1, K 100 g & FEHIK 100 mL 212 T
F—hr27 L—7 L7, ¥ — L LD P glaucoroseum (21F00121) % 1 cm 4IZ81 Y
BREWREAKIRE LT, B E T 4 AR —F By TR RIZHRFRE L,
AN=T TR ENSEE T, BRI 25°C T3IBMIT- 7,

3-4. fhH & o RBE

KEEHIE n-BuOH T L. filiH# % n-BuOH & H,0 (257 L 7=, n-BuOH [
4y % UL IERE L n-hexane & 90% MeOH-H,0 T4y L 7=, 90% MeOH-H,0 [#j 4y %
WERMEO% ., Z OHE%y (224.8 mg) D —H (30 mg) % ODS MPLC [Purif-Pack-
EX ODS-50 pum, size: 20; 50% MeOH-H,0 (4.5 min), 50-100% MeOH—-H,O (15 min),
MeOH (7.5 min)] T/ L7z, 21-22 43 T L7245y (10.4 mg) % ODS HPLC
(COSMOSIL Cholester 21.2 X250 mm, 85% MeOH-H,0) TR L, 1t&% 1 (3.7
mg) 157,
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P. glaucoroseum#1& &4

| n-BuOH 1
n-BuOH fr. H,O fr.
n-Hexane fr. 90% MeOH fr.
ODS MPLC

Cholester HPLC

21F121-A (1) (3.7 mg)

Chart 1. Isolation scheme of 1.

3-5. {LEW 1 DERINK R L KGR DX T A Ak

AP 1 (2.0 mg) % 0.1 mL ® MeOH (Z¥&fi# SH7-1%. 1 M HCl % 1 mL {0
L. TOREME 55 CT 12 KMV U 7=, BUEEMIR. SUSEMY % EtOAc
& HO TRl L. HoO oAb a 2 (1.5 mg) 24372, {ba¥% 2 (1.3 mg) %
EU Y2 (075 mL) ([ZIEfE S, HbX2 Y AL (0.15 mL) ZRINL7-, BRE
W4 =EIR T 20 RERITRER L7, AR % #2[E S, ODS HPLC [Luna 5u Phenyl-
Hexyl 21.2 X250 mm, 75% MeOH-H20 (0.1% formic acid)] THHE LILE 3 (0.19
mg) &7, \LEM 1 E{bEM 2 TIEI NI ATFAT U= LDV 7 F T
H—D—EHRE L THERINZA [1:8u3.08 (9H, s), 2: 6u3.23 (9H, s)]. (LAY 3
TIZ ou3.12(4.5H,s) BL W 6u3.22(4.5H,s) IZ 1:1 DEIGT2 KDY 7 Ly b
ELTHER SN ALEW 3 N2 KD —Ef & LCEBIS N Z Lz o0 T,
N A VD IERRRN PR E BRI L o> THI X Z SHEZTREMN E 2 5
b,

3-6. ETF LS 25,37S-2 13 & T8 2R,37S-2 D SAKECESEAT & ECD &

EF LAY 25,37°S-2 38 L TN 2R,37S-2 O ST ARELFEAEAT 1 PC (operating system.,
Windows 10 Education; CPU. Intel® Core™ i7-8700K 3.70 GHz; RAM. 64 GB) % fifi
FH L. Spartan’20 (Wave functionInc.) 7 b7 =7 TiTo 7=, T ZEHIZHON
T 40 kcal/mol LT D% ERLE % Merck molecular force field (MMFF) TiEtHE L
2o O EREIT, Hartree-Fock (HF)/3-21G & B3LYP/6-31G*IZ X ¥ i
{t.L7-, ECD ®FF&E X PC (operating system, CentOS Linux 7; CPU. Intel® Core™

41



i9-9900 3.10 GHz; RAM, 64 GB) % {ifi | L . Gaussian 16 (Revision D.01 by Gaussian)
VT MU =T EHNTE, RV~ U5 9% w MM T HBUEAIEIRL, £
5 OBELEIZ K L BHandHLYP/TZVP L /L C Time-dependent density functional
theory (TDDFT) #t#% % L7z, 7% ECD ™7 — ¥ (X Gaussian curves (bandwidth
sigma = 4000 cm™!) ICX VAL, £ LT, KEJED ECD A7 FMLaxGHE
L. B ECD A7 ML &5,

3-7. UPLC-HRMS/MS 7t & 51X v MU — 7 AT

UPLC-HRMS 7347 TlZ, 90% MeOH-H,0 RIVEVEM 7y 22 DMSO ([ZIEfiE L. £ D
E 7> (1 mg/mL) @ 1 uL % Waters Xevo G2-XS QTof & &/4;#T#1 & Waters Acquity
UPLC %ffif L7= UPLC-HRMS (ZX->TH#r L7z, BT AiE 55°C OFKMHET
Acquity UPLC BEH C152.1 X100 mm % i\ C, 77 Y= MEH [5-100% MeCN-
H,0 (0.1% formic acid), 5 min; MeCN (0.1% formic acid), 1 min] (2 & ¥ 558 L 7=,
MS BLUOMSMS 7—2I%, RYET 4 T A FF— REAL TG L, H
E 7 — X 1L . Waters2mzML-1.2.0 (https:/github.com/AnP311/Waters2mzML,
2023.6.16) ZfHEH L T mzML IERUZEHL L, 7 — Z 1L MZmine 3.10 ZfEH L T
LEE L 7= %, B—2 U A M, Global Natural Products Social Molecular Networking
(GNPS) ity &, HERRE XM LT GNPS 77 v b 7 4+ — 4 R F
Xy MU= ZAERR LT ¥, B ST F3 v MU —2 1% Cytoscape (/13—
2 > 3.10.0) TEHNT L7=,

3-8. AEWIE MR
3-8-1. HERHEFHANFE B

HCT116 i (b MGG AMIRE) 2 H W CEERBREIT - 72, M,
DMEM/Ham’s F-12 |Z penicillin-streptomycin solution % 5 mL /I 272 10% FBS 5% Hf
Z VT, 37°C T 5% COy DM TEFR Lo, MlamtEalBriL, #101296 7 =
VT L— R 2 x 103 cell/well "CHifRRETK 200 pL % #&FE L, DMSO (Z¥EfiF L
VTR EZ TuL L7z, 2> ba—/L e LTDMSO %, RYT 47
2y hr—L& LTnutlin-3(30pM) ZEH Lz, o 7V, 72 RefEEq 2%
L7z, BEBRBICHEBREAREL, 2TO Y 2 /VICEH#IT 10 FHR L7z MTT |
HWAINZ, 3WMEEE L=, £D%,. DMSO % 150 pL Iz CT7 /b~ a3k
YRS, 570 nm THOEEZNIE L7z, FTREHWCHMRAGERZHEA L

46

o
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A 1ESR =100 x (ABSs— ABSo)/(ABS100—ABSo)
ABS; : VT IL D EE

ABSy : 7T v DO

ABSi00 : > b — /LD

3-8-2. HiETEMERER

B. cereus 33X WNE. coli 13, 7 A 3 FERKEGH# (Nutrient Broth) (ZFEFE L |
37 °C TH;#% L7z, C. albicans 1%, glucose 0.2%, #£X 1.5%, yeast extract 0.1%.
peptone 0.2% DFHRRK D FEREEHNIZFEAE L, 25 °C THE L7-, FLE AR, B. cereus
BELWE. coli 1% SDS (10 pg/mL) ZZ @~ A 3 HRIKE L, C. albicans 1%
glucose 0.2%. yeast extract 0.1%. peptone 0.2%. SDS (10 pg/mL) 7S HERK S 415
IR A VT,

Pl RUBRIT, WS 0.1 12702 K O IS Lo Wil 96 7 = /L7 L — b
WZEERE L, 7LD DMSO &% 1 uL Il L7, B. cereus 3 X OVE. coli 1%
37 °C T—MeiER 2 L. C. albicans 1£25 °C T—MEERE LT, T0#%, A
VT ATHERZ B SE, 7' L— b U —&—"T 600 nm OWE 2 HIE LT,
WENOEKEEZREL L, Yo 7 VOPEIEMEZ T L=,

3-9. U UHIRTFICBIT2EFEORRE & il

B Penicillium glaucoroseum (21F00121) 1XV U FHEFIZBW T 7 +—47 )L -
Ta vV UERE (1.0% hipolypepton, 0.5% yeast extract, 1.0% D-mannitol, 0.5%
dipotassium hydrogenphosphate, 0.5% lithium chloride, 1.0% glycine, 0.0025% phenol
red, 1.6% agar) T 3 #HEFE L7z, U AR TIZE T, 85k D 0.5%
dipotassium hydrogenphosphate % 0.5% 20 mM 2-morpholinoethanesulfonic acid Ti&
WL 7o a I T 1 [ARRIT 3 R U e, ARG = & R R AL
(2.0% malt extract, 0.5% peptone, 1.5% agar) % H\\N T L7z, BB ZIIENEN
S5 E D MeOH THlIH L, LC-MS 12 X 0 flidy 34T L7,

3-10. EALET —#

21F121-A (1): brown solid. [a]p? +26 (c =0.10, MeOH). UV Amax (MeOH) (log €): 310
(4.08), 324 (4.03) nm. IR (film) vmax: 3325, 2929, 2870, 1710, 1626, 1456, 1363, 1252,
1117,998, 750 cm™!. '"H and '*C NMR data (DMSO-ds), Table 1. HRESIMS m/z 506.3474
[M +H]" (caled for C20HagNOs, 506.3477).

Acid hydrolysis of 1 (2): ECD (H20) Amax (Ag): 206 (11.23) nm. '"H NMR data (600 MHz,
D»0): 61 3.93 (1H, dd, /=11.8, 2.9 Hz, H-3"), 3.89 (1H, m, H-2), 3.73 (1H, m, H-11"b),
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3.65 (1H, dd, J=11.8, 4.6 Hz, H-1b), 3.56-3.59 (3H, H-1a, H-3b, and H-1"a), 3.50 (1H,
dd, J=10.6, 6.6 Hz, H-3a), 3.23 (9H, s, N-CHs), 2.33 (1H, m, H-2"b), 2.17 (1H, m, H-
2”a). LR-ESIMS m/z 236 [M + H]".

Benzoylated product of 2 (3): ECD (CH3CN) Amax (Ag) 234 (+1.70), 221 (-0.74), 200
(+2.20) nm. '"H NMR data (600 MHz, CDCl3): &u 8.05 (1H, d, J=7.4 Hz, aromatic
proton), 7.99—8.02 (3H, aromatic protons), 7.55 (2H, m, aromatic protons), 7.40-7.45 (4H,
aromatic protons), 5.62 (1H, m, H-2), 4.67 (1H, m, H-1b), 4.59 (1H, m, H-3b), 4.53 (1H,
dd,J=12.3,6.0 Hz, H-1a), 3.81-3.82 (2H, H-3a and H-3"), 3.64 (2H, m, H-3), 3.22 (4.5H,
s, N-CHz3), 3.12 (4.5H, s, N-CH3), 2.28 (1H, m, H-2"b), 1.93 (1H, m, H-2"a). LR-ESIMS
m/z 444 [M +H]".

4, 52 EDERIE
4-1.1RAZ ) —=v7T

HCT116 M (b MAEMG2S AMRE) 2 AW CEMERBRE1T - 72, ML,
DMEM/Ham’s F-12 |Z penicillin-streptomycin solution % 5mL 1.2 7= 10% FBS 551
Z T, 37°C T 5% CO, DA THIZE Lz, MlamrEalBiL, 191296 v =
VT L— T 2 x 103 cell/well CTHEFERRER 200 puL Z#EFE L. DMSO IZ¥EfiF L
T TN E LyLisinLl7z, 2> he—L LTDMSO &, R¥7T 47
a2y hr—L & LTnutlin-330pM) ZEH Lz, o 7V, 72 RefEEq 2%
L7c, WBZICHERREZREL, £2TOU o /VIZEHT 10 EAR L7 MTT R
HAIMZ, 3WEEEE#E L=, ZD%, DMSO % 150 pL I 2 CT7 4 /b~ a3k
ZUR S, 570 nm THOGEE 2 JIE Lz, P& W CHIRAEFRZ 55 L %5,
HIBAEATER DY 20%LL FOH > 7 V2538 LT,

I AEER = 100 x (ABSs— ABSo)/(ABS100—ABSo)
ABSs B TV D E

ABSy : 7T DI

ABS100 : =2 b — )LD E

422 RAR I Y —= 7

1 A7V —=27Tt v b LIV 7O T, HCTI16 p53*7* fllfia &
HCT116 p537 Mifa % W CEtERBR 21T > 7=, MildlZ, DMEM/Ham’s F-12 (Z
penicillin-streptomycin solution Z 5 mL I .72 10% FBS i:Hia H\C, 37 °C T
5% COx DRI TH AR Lz, MM, #1912 96 7 = /L7 L — MZ 2x10°
cell/well THEIRE K 200 pL Z#5FE L, DMSO TR S E 728 o 7V R & 1
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uL L7z, 2> hr—L &L TDMSO #, R¥ 747 a> ha—LE LT
nutlin-3 (30 uM) ZfEH L7z, o 7 Vg, 72 Refissse Uiz, Braltkiohiss
WEREL, 2TOY = VICEHT 10 FAR L7 MTT 3382z, 3 I
F L, TO#%, DMSO % 150 uL Mz T 7 b~V o aFE 2R S E, 570nm
TS ZRIE Lz, FRXZ2 AW CTHIIRAGELZFRE L %, HCT116 p53™" #llly
(2% 9 2 M A AE 2R A 20%LL FCHCT116 p537 MR &3 2 MR A FE =R 70%
PlEERLTZY T VA8 LT,

A 1ER =100 x (ABSs— ABSo)/(ABS100—ABSo)
ABSs YUV DO

ABSy : 7T U DR IEE

ABSi0 : > b B — LD E

4-3.3RAR I V) —=v7

QIRAZ ) == 7Tt v b LT 11 Vo7 OkEE#EY % n-BuOH THIH L.
FhiH# % n-BuOH & H20 (24380 L7=, n-BuOH 4y DF) 250 mg & = > b o —
b (2.0X4.0cm?) [ZWFE S, SRR E > TEAICHRSE T, 2 oH
YINEEBIMENEICL D AT v T T X7 T P FEH [InertSep HLB FF,
MeOH-H,0 (1:19, 1:4, 2:3, 3:2, 4:1, 1:0), MeCN-MeOH (1:1)] (2 X 0 53 L7=, 470
THEOLNZ THEDIE 2R AZ Y —=2 7 L [RERIZ HCT116 p537* Ml & HCT116
p537 MRkl 2 MR R B &2 1T o 7o,

4-4. IEHEES D 19 43

[ Jeg fh A T U 7= )53 0 5 HAIIAAE RIS ENTE O bz 2 By (1 mg)
% ODS HPLC [CAPCELL PAK Cig 4.6 X 150 mm, 60%MeOH-H,0 (2.5 min), 60—
100% MeOH-H,0 (12.5 min), MeOH (5.0 min)] T/yEfE L. KHRIBAGE 1 5% 5 20
DHEET, 13T L2119 OB Lz, 7 L7219 B4riE 2 A7 U —=
> 7 & TRRBEIZ HCT116 pS3™7* il & HCT116 p537- AMAaIZ b3~ 2 Al o 7 2k Bk %
1T-7,

4-5. HEOE#

ARFFETHZE T 20F2002 £RIZ. 2020 4EICREAR T Lo T8 110 5 B
BEL 72, AR OB HITZ 3F = % A58 REFHL (2.0% malt extract, 0.5% peptone,
1.5% agar) Z AV, 9 cm 3% — L2 20 mL 297k L CHW =, 552813 25 °C TfT
Slc, AREERIT, KEEHTITo72, 77 AT v 7 RKE (P9 em x 12 em) 12, K
100 g & FEHRIK 100 mL /M2 CTA— F 7 L—7 L7, ¥ —L _E® 20F2002 £
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Zlem AICU 0 = IREKICEE ST, BEREYT 4 AR—P Ly T
KEEH FICHERE L, A =T L TR E DR, 55T 25 °C T 3 B T
7=,

4-6. fhHi & sy RE

KRG T n-BuOH THiH L. ¥ % n-BuOH & H,0 (Z43AC L 7=, n-BuOH [
5% % JE NG L n-hexane & 90% MeOH-H,0 T4y L 72, 90% MeOH-H,O 4y %
WERRAE D%, Z D%y (849.4 mg) % SiO» MPLC [Purif-Pack-EX SI-50um, size:
20; CH>Cl-MeOH (1:0, 49:1, 19:1, 23:2, 9:1, 7:0, 4:6, 0:1)] T4y L 7=, &I,
CH>Cl,-MeOH (9:1) TI&EMH L 7= M4y (83.5 mg) % ODS MPLC [Purif-Pack-EX
ODS-50 pm, size: 20; 10% MeOH-H20O (1.5 min), 10-100% MeOH-H>O (15 min),
MeOH (7.5 min)] T/rBf L7z, 17-19 53 T L7214y (10.0 mg) (£ ODS HPLC
(Luna 5u Phenyl-Hexyl 21.2 X250 mm, 85% MeOH-H,0) THH L, {t&¥ 4 (1.1
mg) 7,

20F2002 ¥R K IEEY
| n-BuOH #HH

n-BuOH fr. H,O fr.

n-Hexane fr. 90% MeOH-H,0O fr.

Si0, MPLC
ODS MPLC
Phenyl-Hexyl HPLC

Secalonic acid D (4)
(3.7 mg)

Chart 2. Isolation scheme of 4.
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