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SEALE MR A4 BB Fusarium oxysporum LHS-P1-3 R BSRMAME Z X LAY
B 4E R

BAm%, ¥ i, &W¥, FREIE, BEL, E OB, FEE LULE
RIS TR, M 5 TREE R REE LR S, W™ S TREGSRE, ks
TREDFEQUET R, )V A B IREE 25 T 12 ST K E R SRR, 78 BT 530006

¥ OE. B WFREEER N B Fusarium oxysporum LHS-P1-3 IR BACE =4 K HAEMIE L. 53 (R (O
FE. OB o S AR MR SR AT 4 S alifh, SRARE . ML IRZE R E A 45H, SR CCK-8 LR {b &
VP R A R, A R RS LR 92596 (surface plasmon resonance, SPR) WAL &Y 5IHEREHEEA 1
(niemann-pick c1-like 1, NPCILL) MHEAEHK R, HR  NELAEMR A EERE Fusarium oxysporum LHS-P1-3 43 B33 6 />
&Y, A LAFEY (LD 554N 0aaY: AfEwE (2. BEER 1 (3. BiE R MK1688 (4). Bkl
HE HG) K BEGRMEZR B6) LAY 1~4 X HepG2 4 A1 HeLa 4] 1Cso 241/ T 10 pmol/L, k&4 2~4 % HCT116
ZAHIHY 1Cs0 /N T 10 pmol/L, SPR AFR T &4 2. 4 7£ 20 pmol/L IR, W5 NPCIL1 BAMEIEM. &t ka1
NHHIRRRE R A, o NBREEE W, L&Y 1~5 HEFUMREEE, (L& 2. 4 5 NPCILL EAFAEHE
YER, WAIAER NPCLLL 2 [ RO CE S5 o

KRR VRAEAE; RTJPMHE LHS-P1-3; REMEER; OfEREER; MREEME; NPCILL &EH
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hypogaea and their bioactivities
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Abstract: Objective To study the secondary metabolites and biological activities of the endophytic fungus Fusarium oxysporum
LHS-P1-3 from Arachis hypogaea roots. Methods The crude metabolite was separated and purified by silica gel chromatography
and high performance liquid chromatography. The structure of the compounds was determined by mass spectrometry and nuclear
magnetic resonance. The inhibitory activity of the compounds on the proliferation of several tumor cells was tested by cell
technology kit-8 (CCK-8). The interaction between compounds and niemann-pick c1-like 1(NPC1L1) protein was investigated by
surface plasmon resonance (SPR) experiment. Results A total of six compounds were isolated from the endophytic fungus

I#SEHEA: 2023-03-10

EEWMB: | TiARREAESTIH (2021GXNSFBA220040); | T4 AR FHEEINH (2021GXNSFBAO75036); [EIZ% F AR 4FINH (82104034);
PRI G FEAAFH I H  (2020KIQD09, 2021KIQD09): | PHEIFA A E EAIHTAIA (2021RSCXSHQNOL); /™ ¥
RGERZF A AIF I (gxun-chxs2022086)

TEEEN: AWE, &, W, WLHRAeESm, §H70 myRA =Y % . E-mail: zhouliman88@126.com

MBIEMEE: VPR, Wit @HSERG, WA M RRGWIRIULIF K. Tel: 15078888280 E-mail: xhthellen@163.com
LR, 5, fidr, WA SN, TS O R e . E-mail: kongfandong0127@126.com



« 5474 « ¢8 % 20235408 $54% B17H  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 17

Fusarium oxysporum LHS-P1-3. There was one new compound enniatin W (1), and five known compounds beauverine (2), enniatin
I (3), enniatin MK1688 (4), enniatin H (5) and enniatin B (6). Compounds 1—4 exhibited 1Cso values of less than 10 pmol/L on
HepG2 and Hela cells, and compounds 2—4 also inhibited HCT116 activity with 1Cso values less than 10 pmol/L. SPR study

demonsrated that compounds 2 and 4 could interact with NPC1L1 protein at a concentration of 20 pmol/L. Conclusion  Compound

1 was a new enniatin benzaldehyde named enniatin W. Compounds 1—5 exhibited strong antitumor activity. Compounds 2 and 4 can

interact with NPC1L1 protein and may be potential inhibitors of NPC1L1 protein.
Key words: Arachis hypogaea L.; Fusarium oxysporum LHS-P1-3; enniatin; beauverine; cytotoxic activity; NPC1L1 protein

YN AE RO TS AL M s B 5
PISLAE I — R, R aRmN AR, LR
DL S o, — S8 py AR B e KL i AR
CEATE YR B EERIFRR, FHRE4E
ZRIRGACH A BRI, AR
BE R AU = AN EA 515 F AR R S BA R
AT, B SRE Yk B A RS A A
AN E A BT 25 BTSRRI,

R} (Leguminosae) MM A HIZE 3 KEF £
4 600 J&. 7000 Ff, 7EMHFEH)Z 040 RELF
RS RHEYIA 131 J8. 1000 43, i T%4 X,
OREMETERE., 45, S ERESTE
FRRAEY), AR HE JLAS. A L 31
MY AR, AHSREYMAR —&
3 N 1 | DA S & i B 2P A L I s e
Arachis hypogaea L., iEFfet, SRHEARHEY,
TERE A0 2, & —MENE LS EY .
258 AR TEACLE AT A N BHEYIE R, I8
AIRANE, H B & B o EAG R It o A A ] e

o
viiﬁ”w

4

\3/010

DREG I V )
TKW Y

Wﬁ

*;AN R O :z:/' \Nf(

11 \3/

NS

DU AR TR R Zh g o1l
) Vﬂﬁéﬁi Eﬁﬁx%ﬁﬁ%ﬁ%ﬁﬁ*%%ﬁﬁﬁ%

fu% ﬁﬁ?iﬁ*ﬁﬁﬂﬁiﬁlﬂ%ﬁmiﬂ" Zliﬁﬁnm
FARRBERRRE, B T AEAE AR B RE 5 o) B A5 2
) — #k & J) Bk fil B & Fusarium oxysporum
LHS-P1-3 HEAT KB RE 97, R SORRERAE L <) &
HPLC Zr B33 1 i & BRI w = W
Cenniatin W, 1) 5 5 MM EYMAERR
(beauverine, 2). B#FE 2 | Cenniatin I, 3). &
W R MK1688 (enniatin MK1688, 4). Rk
2 H Cenniatin H, 5). FE#kfE 2 B (enniatin B,
6), ZEHULE 1. A EEE LS R BRIR =R
R EY) 1~5 X 22 4k M 40 27w s i |
WmME, MRMEE IR Csurface plasmon
resonance, SPR) SKIGZERERMILAEY) 2 (HIERH
2D 5aY 4 (RBRMEER MK1688) 57Ef7iE
JIEL i W g S A 0 A IR IH [ B as B 1
(niemann-pick c1-like 1, NPC1L1) EAGHHEAEH,

14

11

o 10 \:/O 10

S o) : 9

12 N 78 11
/io ‘ O. O
(0] N

-

1 &4 1~6 ML
Fig. 1 Structures of compounds 1—6



¢ ¥ % 20236E9H H54% H 17  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 17

« 5475«

AT B T T 11 R ] PR A Ak 751, X 1 IR AR 1%
FAY5 NPCILL AWM EAEH X R,
1 NEBEMH

HCB-1300V 23 TAE & (G By il /REFp e 48
BIRAT D). YXQ-LS-75S1 w1 K E 4R (gl
A A RAF BT ¥4 ). Agilent 1260 HPLC
(EHE Agilent A7), fiE 5L 400MHz HRESEIRAX
(Bruker Biospin A FRAF] ). AL104 B4 44T K1 (Kt
THERFEI AT, CO ¥ F-M (FREBR K 3111, Fghs
3 CRgRIRSEEG 23 A BR 4 7))+ Nacalai tesque
COSMOSIL 5C15-MS-1171 (250 mm <10 mm, 5 pm)
il At . PRI BT HBERR O F SRR T
NI 2E4E, HPLC Fr RN titai. A
Ji HepG2 4iifl. A Mt A549 4ifil. N & 5UE Hela
YA, NgEMde HCTL116 40 S N IE# 40 A L02
B0 B E R E R B A R S e . 28
Jf 2 5 P P BH T B B B (kS S126061)
KRR R (itS D1515) 43 HIRIAE Aladdin
RANAF . Sigma-Aldrich 7 AF .

T WRE R BT 0 REE K 2% TR AR X
(N22°5020", E108°1129"), /" 7H R K2t
JETN 2 % 58 TR LA A hypogaea L. . ASHF 78 K &
AR AN EEE LHS-P1-3 258 Bk A KB
A 551 Hext (GenBank accession No. MN013975),
I Bk % %€ N Fusarium oxysporum LHS-P1-3.

2 FE
21 EMHSBEAENS LB

IEHUILH 1R B VA A6 A AR 1 L A A
JJH Fusarium oxysporum LHS-P1-3 #4715 55 . ¥k
JE BT IR TR JOKRE AL CRK 809y HR
K120 mL). B 2 S5 CHERRE 6 9« &b 3
g BEFE 099, MAE 39, KHPO40.015g, HKK
300 mL) FYHETER A, =iREERE 30d, MK
BRRHE. BB 2 SREFREIRRE T 8 kg 30 Lo
22 BIHREE

XIEACE AR P 2R BT LHS-P1-3 T I bR %55,
BT T RARIE R ZH DNA [3REL. . 4tk 5
FAE, % AR B TAM TR A RAE 5%
. fHH NCBI £/, LWt B ITS 741, FHEH
At MEGA (Version 7.0) 2| kI R GEHHLRY .
2.3 RENRHFEHRS B

RIEESERG s A FHBSTR 6 50 3% P s 77 5
BB R =T R, EURRGE RS, K

KR FREAARRE L 7743 9, HE 2 SRS
REI 42.82 g. fHH 90% T EE-A7HEE (1: 1) 4
BXPREHAT AR, HAIOREFRERREE TS
) PR B AR (43.85 ) 28 IE AR AT A0 1 e
Teliih & A iEE-BS R B8 (10 @ 1—1:2), 43
15 21 NSy Fr. 1~21. Fr. 6 Z2F414% HPLC (Z.ffs-
7K 45 1 55) 7 B 1R EL AW 1(6.1 mg, tk=8.2 min).
FLH 2 SR EAG BIIRE , L 2 H 524 (16.97
9) & Cig SRAHRERATBEFELENL, VelifaR: HEE-
K (10%—100%), 355314 15 N4 Ir. 1~15.Jr. 13
245 HPLC, HEE-/K (80 © 200 #rEAEIME
¥)2(36.2 mg, tr=8 min).3(15.2 mg, t=10.5 min).
4 (26.3mg, k=13 min). Jr. 12 £ % HPLC (H
fiE-7K 85 1 15) pEf32Mb&E4 5 (33 mg, =20
min) 16 (7.8mg, tr=16 min).
24 HFE_—fiE (electronic circular dichroism,
ECD) it&

7E Gaussian 09 #K {4 Hh i B %5 F5 32 R # 18
(density functional theory, DFT) #E47it402, Afk
LN Al hyperchem 43T VISR,
f£ B3LYP/6-31G (d) 7K kAT — B H) JLfIR
1k, H SCRF/IPCM J7iEAEARIEY) DFT 7KF P4
T RGO, H B3LYP/6-31G (d) R
ff) TDDFT TH5 1 4G40 H B b (1) 1380k RE AN e
IR,
25 AEYEMER SPR 4 FE/EMIK
25.1 CCK-8 yAHU/g i Mt el B # 4k K
I 4, ARRERR 8 X 103 ANmL 40 B,
96 FLIH T EEFLIERT 100 uL, T CO &53afah %
24 h, EBRFEARFREEIFMA 100 pL SH RS
VIWB i G 70k, REdRAE R IR 48 h, FRIR LG
I, MANEH 10% CCK-8 Hf 5 VA i 1% 95 3L,
UkEEREIE A h J, AE 450 nm ALK I HL 6 B AT
HAmwZ. i SPSS Bt HAS Mz &)
BAM#IMEE (median inhibition concentration, 1Cso)
fHo SEERIERRS, BMUERELE 3 A FAT,

FOHIFR=(A s — A pa) (A s —A 1)
2.5.2  SPR 73 F EHAEMIAR4IT fi fff Cytia T200 4=
Y5y F HAEBGEAT SPR SL56 . FH RSB TT S
NPCI1LI & HBEEE] CMS & &, % CM5 i
AR AR TP T B B 5, B N-FR L%
ML HZ (N-hydroxysuccinimide, NHS) A1 1-(3-—
R L 2E)-3- 2 i — WP fi% (1-ethyl-3-[3-dimethyl-
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aminopropyl] carbodimide hydrochloride, EDC) DA
10 1B &S HBITIREY, SAEFN 200 L,
AR E N 10 pl/min, BHEA 600 s. SRJE ¥
NPCI1L1 £ [ 7E pH 18N 4.6 [MBE R AN IE W P R B &2
20 po/mL, EEEEBSAR 800 WL, AFREE 10
pL/min, BFE]Y 3000 s. fife, BRI REARFA
200 P, {AFRIAE 10 pl/min, AN 420 s. AR)5,
1 4 1%DMSO ) PBS-P 22 A 4 CM5 i A ik
ITHUAbEE . B DMSO 1) PBS-P Ztifitb &4
Rk 2 20 pmol/L, Hiff DMSO 29K 5N 1%, 1R
e 30 pl/min, 254 (A 60 s, fEESETE] 120 s,

e
ol

91
97

100

100

100

B 245 5% H Biacore T200 #E4T 40 #7 o

3 FERESH
31 EHHIEE

B Pk LHS-P1-3 ITS /741 PCR ¥ 347 51 1)+
J% 7y 523 bp, 5 NCBI %4 2 H 14k ) B g HH 2R
TV R A K EWN EAETR—232 (B 2). #%
B Pk LHS-P1-3 (GenBank &35 0Q391230) #]
W TERRTIRIE . MR HIEERHE, 5Tk
OB T ASEFEA — 8. M) 78 RO R AL LR
IR Y E W LHS-P1-3 AR TR, Hirs AN
Fusarium oxysporum LHS-P1-3.

Penicillium araracuarense CBS 113149 (GU981597.1)
Fusarium duofalcatisporum NRRL 36448 (GQ505741.1)
Fusarium brevicaudatum NRRL 43638 (GQ505754.1)
Fusarium oxysporum SS-YP-1-2 (OL454885.1)
Fusarium oxysporum 4.12.2 (MK629369.1)

Fusarium mori NRRL 22157 (DQ094306.1)

Fusarium liriodendri NRRL 22389 (DQ094314.1)
Fusarium vanettenii NRRL 22278 (DQ094309.1)
Fusarium suttonianum NRRL 28001 (DQ094348.1)
Fusarium oxysporum LHS-P1-3

& 2 4k Fusarium oxysporum LHS-P1-3 B R % & B
Fig. 2 Phylogenetic tree of strain Fusarium oxysporum LHS-P1-3

32 EMEERE

&Y 1: LA (FEED, [a]d+164.5(c 0.1,
CH3sOH), HIEEF &5 ¥t HR-ESI-MS £ m/z
704.444 2 ({15l 704.446 2) 45 HHES T8 Tk
[M-+Na]*, #2757 F A CasHeaN3Ogo 54 1 1)
B3C-NMR 1 HSQC & R B/t 12 Mikfg 5 (K
D, fFE 2 MG REE (oc 167.6, 167.7), 4
A sp® AR ELF 2 MEASKE (dom
68.1/4.05, 81.3/4.96), 1 A~ sp® ZMLIMIEHF I (dom
26.8/1.54, 1.45) fil 5 MNHIZEEALRE 1 AN R (Som
34.5/3.01). LA FEHESRUAY 1 BA m X FR T
gk . ATFaunt LA &9 1 R 5 LR S e
KLE 4 111 BC-NMR s, RILVEA A% rE S
R AL, BRI G 4 HF i & R F
MEARPEES (6 63.8 M1 75.2) fEALEY 1
(6 68.1 #1 81.3) 737 MK A% 4.3 1 4.9, X i B
EY LR LA REEE R EY, BS540
R EAMFERFIgN. thEY 11 H-H COSY
KR (K 3) A H-8/H-9/H-10/H-11/H-12 }
H-2/H-3/H-4 (5) HIMHK(ES, HMBC %K (& 3)

25 B A Ha-6 53 C-7 K E R4 C-2,

H-2 L¥ikH: C-1 il H-8 5k C-2 AR E S . X

1 LA 189 NMR ¥4E (400/100 MHz, CD3OD)
Table1l NMR data of compound 1 (400/100 MHz, CD30OD)
REC B
N-MeVal
(3 unit)

oc
167.8 X3
68.1X3
32.8X3
20.0X3
18.3X3
34.5X3
167.6 X3
81.3X3
38.3X3
26.8X3
12.1X3
13.4X3

OH

4.05 (1H, d, J=6.0 Hz)
2.35 (1H, m)
1.12 (3H,d,J=7.2H2)
0.95~1.02 (3H, overlapped)
3.01 (3H,s)
Hmp
(3 unit) 496 (1H,d,J=2.1Hz)
2.26 (1H, m)
1.54 (1H, m), 1.45 (1H, m)
0.95~1.02 (3H, overlapped)
0.86 (3H, d, J=6.7 Hz)
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SRR SE A PRI &9 1 AT 4 B A R Y °F
25 %4, 3372 B N-F 2845150 2 (N-methyl-DL-valine,
N-MeVal ) il 2-¥% 3 -3- 5 R ( 2-hydroxy-3-
methylvaleric acid, Hmp) ZHRHT. H AT SCEkiRkIE K
B B R 2R G 2 R JJ B 8 Fusarium sp.
FLRE AR e8], xR E N-FE RS R Fr
B L AR, M 2-FR -3- F L R B C-2
/& D WAL, SHEW LAY 1 HR i C-2 A1 C-8 A3l
HNSHIRMAE, Hikay 4 ME. Fik, th&¥ 1
Al 4 (G52 IR AT RE RS C-9 A7 BRAUAR R . 43 #sxt
EeAL &Y 1A 4 IS AR EY) 4 v H-8 AT H-9 1)
HEHEEI N6.7Hz, LAY 1 H Jnsamo N 2.1 Hzo
X N DI A 1 R C-9 MR 5 ik
EW 4 AR, BIARMAL, BbAh, LAY 1A 4 52
I ECD ihek 2zl (B 4), WiF eI REAE
HISEARRRY . fERLEJERE I, {FF] Gaussian 09 %4
X FIARHEWT) 1 PR BSET T ECD M, THHEER
FSN ECD il A B A, #— P iiE b 64 1
) C-9 fr4axtity iy R 4, LMt R OB ib &
), NI R W (enniatin W) .

—Exp. for 1
100+ —‘—-EXB. for 4
- —Cald. for 1
50 \»
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Fig. 4 Experimental and calculated ECD curves of 1 and
experimental ECD curve of 4

WEY 2. EREMHIRY (HEE, ESI-MS m/z
806.5 [M+Na]+, ﬁ:}“%fﬁ Cus5Hs57N30g, IH-NMR (400
MHz, CDs0D) 4. 7.15~7.21 (1H, overlapped, H-5X
3, H-6 X3, H-7X3, H-8X3, H-9X3), 5.80 (1H, dd,
J =121, 4.0 Hz, H-2X3), 4.84 (1H, d, J = 8.2 Hz,
H-12X3), 3.39 (1H, dd, J = 14.3, 12.1 Hz, H-3X3),
3.14 (3H, s, 10-NCH3X3), 1.81, (1H, m, H-13X3),
0.85(3H,d,J=7.2Hz, H-15X3),0.25 (3H,d,J=7.2
Hz, H-14 X 3); 13C-NMR (100 MHz, CD30D) ¢: 173.0

(C=0, C-11X3), 170.9 (C=0, C-1X3), 137.9 (C,
C-4X3), 129.8 (CH, C-5X3, C-9X3), 129.7 (CH,
C-6X3, C-8X3), 128.0 (CH, C-7X3), 77.2 (CH,
C-12X3), 57.8 (CH, C-2X3), 35.4 (CH,, C-3X3),
32.2 (NCHs;, C-10X3), 31.2 (CH, C-13X3), 19.1
(CHs, C-14X3), 17.2 (CH3, C-15X 3), iX se¥m st &
X FREHENEY 2 gldhits 3 4
N-MeVal 1 3-F 3L THZ (3-methyl-butanoic acid,
Hiv) JBto B 238k F1 SCRR s POTEE 6 45 58
Y2 NABHE.

EY 3. LEMRY (HEE, ESI-MS m/z
690.5 [M+Na]*, 77 CasHe1N3Og, 'H-NMR (400
MHz, CD;0D) é: 5.41 (1H, d, J = 6.5 Hz, H-8), 5.35
(1H, d, J = 6.5 Hz, H-8), 5.24 (1H, d, J = 6.4 Hz,
H-14), 4.75 (1H, m, H-2X3), 3.20 (3H, s, 6-NCHs3),
3.18 (3H, s, 6-NCH3), 3.17 (3H, s, 6-NCH3), 2.28 (1H,
overlapped, H-3X3, H-15), 2.20 (1H, m, H-9), 1.47
(1H, m, H-10a), 1.25 (1H, m, H-10b), 1.08 (3H, m,
H-4X3), 0.91-1.05 (3H, overlapped, H-5X3, H-11X
2, H-12X 2, H-16, H-17); BC-NMR (100 MHz,
CDs0D) 6: 172.1 (C=0, C-1X3), 172.0 (C=0, C-7X
2), 171.8 (C=0, C-13), 76.7 (CH, C-14), 75.3 (CH,
C-8), 75.1 (CH, C-8), 63.8 (CH, C-2), 63.7 (CH, C-2X
2), 37.8 (CH, C-9), 37.7 (CH, C-9), 33.1 (NCH3s, C-6),
32.8 (NCHs, C-6), 32.7 (NCHs;, C-6), 31.4 (CH,
C-15), 29.4 (CH, C-3), 29.3 (CH, C-3), 29.2(CH, C-3),
26.5 (CH2, C-10X2), 20.6 (CH3, C-4X2), 20.5 (CHs,
C-4), 20.3 (CHs, C-5X2), 20.2, (CHs, C-5), 18.9
(CHs, C-17), 18.7 (CHs, C-16), 15.1 (CHs, C-12X?2),
11.8 (CHs, C-11X2). &ids#r, tb&# 3 4
N-MeVal. 2 4~ Hmp. 1 4> Hiv Ak, PL B 55
BRI TE — 3120, A EY) 3 N EIREE K 1

a4 wEEMRY (HFEE, ESI-MS m/z
704.5 [M+Na]+, ﬁ%fﬁ C3sHs3N309, IH-NMR (400
MHz, CDs;0D) d: 5.42 (1H, d, J = 6.7 Hz, H-8X3),
4.77 (1H, d, J = 8.0 Hz, H-2X3), 3.19 (3H, 5, 6-NCH3 X
3), 2.31 (1H, m, H-3x3), 1.98 (1H, m, H-9X3), 1.49
(2H, m, H-10X2), 1.28 (3H, m, H-10), 1.10 (3H, d,
J = 6.6 Hz, H-4X3), 0.94~1.04 (3H, overlapped,
H-5X3, H-11X3, H-12X3); ¥C-NMR (100 MHz,
CDs0D) 6: 171.9 (C=0, C-1X3), 171.7 (C=0, C-7X
3), 75.2 (CH, C-8X3), 63.8 (CH, C-2X3), 37.7 (CH,
C-9X3), 32.8 (NCH3, C-6X3), 29.2 (CH, C-3X3),
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26.5 (CH,, C-10X3), 20.5 (CH3s, C-4X3), 20.2 (CHs,
C-5X3), 15.1 (CH3, C-12X3), 11.8 (CH3, C-11X3).
23 tr, AP 3> N-Meval, 34~ Hmp 41
B PAE S 5ok kaE — B, WS E S 4
N RS 2 MK1688.

&Y 5. AtEA (HEE, ESI-MS m/z 676.5
[M-+Na]*, 433X CasHsoN30g, *H-NMR (400 MHz,
CD3z0D) 4: 5.38 (1H, d, J = 6.2 Hz, H-8), 5.27 (1H, d,
J=7.8Hz, H-14),5.22 (1H, d, J = 7.8 Hz, H-14), 4.70
(1H, overlapped, H-2X3), 3.22 (3H, s, 6-NCHj3), 3.20
(3H, s, 6-NCH3), 3.18 (3H, s, 6-NCHs3), 2.29 (1H,
overlapped, H-3X 3, H-15X2), 2.21(1H, m, H-9),
1.48 (1H, m, H-10), 1.26 (1H, m, H-10), 1.09 (3H, m,
H-4X3), 0.91~1.05 (3H, overlapped, H-4X 3, H-5X
3, H-11, H-12, H-16 X2, H-17X2); ¥C-NMR (100
MHz, CD30D) ¢: 172.3 (C=0, C-1X3), 172.2 (C=
O, C-7), 172.0 (C=0, C-13X2), 76.8 (CH, C-14),
76.6 (CH, C-14), 75.1 (CH, C-8), 63.9 (CH, C-2),
63.8, (CH, C-2), 63.7 (CH, C-2), 37.7 (CH, C-9), 33.2
(NCHs, C-6), 33.0 (NCHs, C-6), 32.8 (NCH3s, C-6),
31.5 (CH, C-15), 31.4 (CH, C-15), 29.4 (CH, C-3),
29.3 (CH, C-3), 29.2 (CH, C-3), 26.6 (CH,, C-10),
20.7 (CH3, C-4), 20.6 (CHs, C-4), 20.5 (CH3, C-4), 20.4
(CHs, C-5), 20.3 (CHs, C-5X2), 19.0 (CHs, C-16), 18.9
(CHs, C-16), 18.8 (CH3, C-17X2), 15.1 (CHs, C-12),
118 (CHs, C-11). Zidor#r, &YW H 3 4
N-MeVal. 1/~ Hmp. 2/ Hiv 41, P EEdE S
AR IE — B, SR EY) 5 N RIRIETE R Ho

B 6: Fth il (B, ESI-MS m/z 662.5
[M—l—Na]*, ﬁ?iﬁ C33Hs57N309, IH-NMR (400 MHZ,

CDs0D) §: 5.22 (1H, d, J = 8.0 Hz, H-8X3), 4.70
(1H, d, J = 7.8 Hz, H-2X3), 3.21 (3H, s, 6-NCH3X 3),
2.25~2.34 (1H, overlapped, H-3X3), 2.16-2.25 (3H,
overlapped, H-9X3), 1.09 (3H, d, J = 7.9 Hz, H-4X
3), 1.03 (3H, d, J = 7.5 Hz, H-11X3), 0.98 (3H, d, J =
7.5 Hz, H-10X3), 0.95 (3H, d, J = 8.0 Hz, H-5X3);
13C-NMR (100 MHz, CDs0D) ¢: 172.1 (C=0, C-1X
3), 171.7 (C=0, C-7X3), 76.7 (CH, C-8X3), 63.8
(CH, C-2X3), 33.2 (NCHs, C-6X3), 31.4 (CH,
C-15X3), 29.4 (CH, C-3X3), 20.7 (CHs, C-4X3),
20.4 (CH3, C-5X3), 19.0 (CHs, C-10X3), 18.8 (CHs,
C-11X3). &ittr, k&Y 34 N-Meval, 3
A Hiv AR PAEEEE 50k iE — 522, e
&) 6 B HRIE &R B,
3.3 “HREEIEMENIN

MR A4 1~6 X HepG2 2l A549 4
Hela 4fiffl. HCT116 4HMa3L 4 Ffis 4uf L N B
JF4HAE LO2 4B EETG 1. S5 E M, thE 1~4
1%t HepG2 41 f A1 HelLa 40 ffg &5 B HE — 5 FO 4o 3
P (IC50<<10 pmol/L), HXFT HepG2 4 i i) i& ik
BT T e B e AaY 2~4 T HCT116
YHHA — EHAEIENE, FEMEIMR T R B,
&) 2 XFT Hela 4 (4060 E AR T- 95 e B
Je (&2,
3.4 NPCIL1 ZEBFEMMR

ffFH SPR HARMNR 6 Fib AWt T S5 et
NPCIL1 s HMAHEAEH, 4R EREm 2 (HE
W F) S5 WA 4R BRME 2 MK1688)1E 20 pmol/L
WREEN S NPCILL EHBEWAH A G I A e T B
£ (B 5), DRtk AR =AM RSk E 2% MK1688

=2 LA 1~6 XF 4 FEhEMEE K L02 {RAE B HIHRE

Table 2 1Cso values of compounds 1—6 on four tumor cells and L02 cells

ICso/(umol-L 1)

& HepG241 iy AS4941 i HeL a4t iy HCT1164H)H LO241 g

1 5.87+0.22 11.62+1.06 9.21+0.18 20.93+1.83 8.78+0.15
2 6.20+0.18 10.29+0.58 3.95+0.04 4.93+0.14 5.43+0.14
3 7.41+0.54 12.25+1.60 7.11+1.39 5.20+0.32 4.38+0.34
4 7.24+0.35 13.51+0.61 7.02+0.22 8.03+0.52 6.47+0.25
5 20.62+0.42 32.12+1.94 13.68+0.34 13.67+0.19 9.07+1.08
6 49.39+6.28 >50 >50 24.87+5.29 >50

g 8.24+0.34 8.95+0.82 4.12+0.46 9.99+0.25 12.9140.02
(G 0.3440.04 2.52+0.24 0.07+0.01 1.67+0.34 1.19+0.12
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Fig. 5 Binding sensing curve of compounds and NPC1L1 protein

AT REABA TR NH [ B S 7R s D o
4 g

RN A2 BB 2 R B2 A — AN R A
). AL TETEAAR Y AE BB Fusarium oxysporum
LHS-P1-3 H1 73 2515 3 6 Fi it &4, B NIR =R
MERRERINED, HAUEY L s &Y.
WA 1~5 BRI — & Pt s g 1t (&) 2
B B R 2% G A R B 2 R AR E I, e A
FIYFEYIN Z A EDR AN . REAHIER, B
Fopu e v 1t 8 2 o, T MR s P AT
A5 FLR 4 M 8 Tk 2 1 A k28, AR A R R 1
B 20T HepG2. HelLa F1 HCT116 4 fi i 44 441l
FEMEE TR . BEMmEER 1 (3. Bk
B % MK1688 (4) K AHRME R H (5) ¥ il
AP FURSS HIV-1 9 35 5 B g 1 24,
AR B EW) 3 F1 4 %+ HepG2 2 HCT116 4H
R RSMIHNEERE ToR e & e . Bkt = B
(6) EFXF AT 4 PR Ak, PR S
PERR B85 T &4 1~5, XA A5 BRI A4
oy 20738 T ] 55 4 FE AR A B kT S 0 1 4
MRV A G

NPCLL1 & [ 7F iz it AH (] e e 0Ag v b A O 1
FH, 40 NPCLLL & I AT 980 A AT JE [ e e MR AL
N T B8R e 2 o LA 0 RS o AR 7 1 IR IR
WR=REM LW ER R (2) 5RHAREER
MK1688 (4) ft5 NPC1L1 &A% & HAFAEAH HAE
i, WIHEEN NPCLLL & VB EHIHIF], BAHK
29 JE [T B R S i SR PRI D o

AW TR R TR T HEA) N A B R IR AR AT

M5 B, X2 R AE AR AR N AR LR AR AEAR
BHHATHT T, WOAMMR =R ISR S M &Y 4
YIEER R TR B T 2% .
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