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R ERNZE WH1-2216-6 A SR SRR AN ELAR
wEF  EXF’ O EAMC O AT REHM

(RS . WA A M E AR E H ) 266003)
CEMNERRY: TR SR A E R E AR E 5T 550014)

WE  CRALINRER o BRI %52 75, WIRFEE R BE LR B (Actinoalloteichus cyanogriseus WH1-2216-6)[11 K %™
M BEET 6 N 556-% 0 5 RF R B8 ER K FE A B i (PTMs) 28 K2R 7™ #): 16-hydroxymaltophilin (1) -
dihydromaltophilin (2) 4-deoxydihydromaltophilin (3). maltophilin (4). xanthobaccin C (5)f1 FI-2 (6), Fr 1 Atk &4
Y THR AW 1~5 XN IER FF40H0 L-02 K& AJE4THL AS49. MCF-7. Jurkat. BXPC-3. HCT-116. PANC-1 il K562
Mg e, SERR: (B 1~5 X R N B g ssig ok, JEBam sk (ICs) N 0.1~9.7 umol-L ™
B AW 16 L-02 MR, B Jurkat, HCT-116 F1 BXPC-3 (iR AR E(SD 2 B imik 31.5. 41.1 1 52.4. Btk &
Y12 F1 3 %F A549 F1 MCF-7 18 4 AREE v 14 A, 4 0 g 400 Al 23 75 P2 2 IR IE. SE IR T &) 1~6 (HT i ih
FEVE, RILEY 2 A0 4 S TERSE, Hof /M R & (MIC) 23 5154 3.04 1 6.12 pmoleL ™!, XA ¥ X & 5,5,6-PTMs
FAE I EA HUH I FE 1.

RERE  SRBERR T 5,5,6- 2 PR S RFRFRLANIG IR e, BUREE; UMK Hh AR T

Polycyclic Tetramate Macrolactams from the Marine-Derived
Actinoalloteichus cyanogriseus WH1-2216-6

Mei, Xiangui’ Wang, Liping” Wang, Dongyang” Fan, Jie" Zhu, Weiming ™
(“ Key Laboratory of Marine Drugs, Ministry of Education, School of Medicine and Pharmacy, Ocean University of China,
Qingdao 266003)
(® State Key Laborataory of Functions and Applications of Medicinal Plants, Guizhou Medical University, Guiyang 550014)

Abstract From the fermentation broth of the marine-derived Actinoalloteichus cyanogriseus WHI1-2216-6, a new
5,5,6-polycyclic tetramate macrolactam (PTM) named 16-hydroxymaltophilin (1) was isolated and identified along with five
known analouges, dihydromaltophilin (2), 4-deoxydihydromaltophilin (3), maltophilin (4), xanthobaccin C (5) and FI-2 (6), by
means of UV-guided isolation as well as the spectroscopic identification. The cytotoxicities of compounds 1~5 were tested
against the human normal hepatic cell line (L-02) and the seven human cancer cell lines, A549, MCF-7, Jurkat, BXPC-3,
HCT-116, PANC-1 and K562. The results showed that compounds 1~5 were active against the above human cancer cell lines
with the ICs, values of 0.1~9.7 umol-Lfl, among which the new compound 1 was the lowest toxic to L-02 cell and the most
selective to Jurkat, HCT-116 and BXPC-3 cells with the selection index (SI) of 31.5, 41.4 and 52.4, respectively. The antifun-
gal activities of 1~6 against Aspergillus fumigatus AF293 were also tested by two-fold dilution method. Compounds 2 and 4
were active against 4. fumigatus AF293 with the minimum inhibitory concentration (MIC) values of 3.04 and 6.12 pmolsL ™",
respectively. To the best of our knowledge, this is the first time to report the antifungal activity of 5,5,6-PTMs against 4. fu-
migatus AF293. Apart from the cytotoxicity of compounds 2 and 3 against A549 and MCF-7 tumor cells lines, the other cyto-
toxicities were reported here for the first time, indicating the potential use of PTMs as the antitumor and antifungal lead com-
pounds against A. fumigatus.

Keywords polycyclic tetramate macrolactams; Actinoalloteichus cyanogriseus; antitumor; antifugus
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FZF AL (Polycyclic tetramate macrolactams, PTMs) /& —
Fok B A B AR B R EYIEYE R R IR ).
4% L, PTMs RACE W& A — NRFRF AL IR 45 1)
To G 2 B IR R FROR— AN DRI N B A A%,
5,5,6-+ 5,6,5- 5,5-F1 5,4,6-1 52 PR H W1 £ GF 3 14
R Sk EABEEE Streptomyces phaeochromogenes var:
ikaruganensis BB %5 2 (Ikarugamycin) & 1 > PTMs 28
WY, B 5 — R BN AU S 5 I P ot 45 vh 43 25
HEC Y, HATHEARIE T 46 A PTMs KR40, Horp
17 489 5,5,6-PTMs. 1991 4538 T H A 5,5,6-PTMs, B
discodermide(%> & H#F45 Discodermia dissolute)?, [t )5
J& maltophilin (4)”. dihydromaltophilin® 5%, HSAF
(2)®.xanthobaccins A, B F1 C (5)!'%. frontalamides A, B,
FI-1, FI-2 (6)f1 FI-3. 4-dehydroxy HSAF (3)!'J,
lysobacteramide B!'*'lA & pactamides A, B, D A FIP), %
16 5,5,6-PTMs RIAF-PIRILHFLAE" . s>+
Tk 98 4 B B 35 P (AS49 . HepG2 Al MCE-711DL K¢
SF-268. NCI-H460 fl Hep-G2!"*)). {k&4) HSAF Hill
il 2R T, XA YA RIER, B ER T
— AW PTE . Bk, PTMs BONb 2
K B F RS FIRTER FOR RIS,
Actinoalloteichus cyanogriseus WH1-2216-6 & A if
FRVZH M JEE T AR ) v 1 4 T B — AR U R e BE TR 2
B, A PRI B R RATEY. N T RS
R, AV T E R R B, R ER
A RBMER T 762 ERBEREERIMNE
VG, SHRIAE AT T HPLC A, RINLE Amax 219
#1322 nm PHIZAEFE PTMs ZEERHAESSMRI(E 1), T
FEKH HPLC-UV B ERRTT 2O Hr B alife, 3145 1 6
/N PTMs KA E) 1~6; ilid =73 ##5i  (HRESIMS) |
—4E(1D) A —4ERZ REFEIR G 15 (2D NMR). [ — (33 (CD)
SEEEMNETT I, KA ET 1~6 S %2 N
16-hydroxymaltophilin (1)~ dihydromaltophilin 8¢ HSAF

(2)®*. 4-deoxyHSAF &Y 4-deoxydihydromaltophilin
(3)!", maltophilin (4)". xanthobaccin C (5)!""#1 30,31-
dihydrofrontalamide A B¢ FI-2 (6)%, Hrib &4 1 ¥
B, HAGED 1 N g A0 Ak LA v S )3 e
AT R B, HAME BXPC-3. HCT-116. Jurkat.
PANC-1. A549 1 MCF-7 NJ@4HHEM 1Cso 18 LA X A IE
AR L-02 /) CCso {55 18 4.57 5.7+ 7.5. 7.9,
9.5, 9.7 fl1235.9 umoleL ', iEFEFEEL(S) 4 A 52.4.
41.1. 31.5. 29.9. 24.8 f124.3.

1 HR5iHe

EW 1, HAEBHK, WETHE, SET
DMSO, EAMEIEAE Amex [log &/(Lemol 'ecm™")] 210
(3.99)1 326 (3.55) nm 4b#5 PTMs FRFAEIR I, w20 7%
JRBEH m/z 527.2747 ALRUES T B TIE[MAH] (caled
for CyoH3N,05, 527.2752), MR T2 73 CaeHisN,0;.
H: C NMR. DEPT fl HMQC 45 29 MiR(E S, fuiE
2AHIEES ., TNEHRIEES . 13 MXFRES(E 4
AN RIFEBIRFIE, | MERIRF ), T ATRESG A
P BRI 2R 1 AR 1 AN JE ZER); 11 dom
122.1/6.88 (C-10).147.4/6.60 (C-11)F1 138.2/5.96 (C-25)-
124.5/5.75 (C-26) LA S ARG 5 2 J10,11=15.6 Hz Nl Jss 56=
11.3 Hz R AR PR BRI XU, HoAY
RN 10E f125Z (% 1). XL NMR $idi 52 D —AE
f) 5,5,6-PTMs 24L& maltophilin (4)7A1 FI-2 (6)*E
AL, DR HN 5,5,6-PTMs 2540 & 4. 1740 b
RIL, B C-14~C-21 F1 C-29 HIMLZAAIH% B B A FE b,
He 2468 5 maltophilin —FEHT; 1M 5
C-2~C-5 fl C-28 24k, HEmHIL2AA7 5 FI-2 (6)—EL
AT, R EY) 1 52 16-F2 LB maltophilin 5%
4-$2 LB FI-2. "H-"H COSY 45 i NH-1 (0 7.99)/H-2
(Oy 3.24~3.27 & 2.56~2.62)/H-3 (o 1.38~1.43 &
1.17~1.24)/H-4 (6y 3.80~3.84)/H-5 (dy 3.87)/NH-6

1 .50 9.752 Extracted
[ 2192
F 1.00:#,0,
1.25 i |
5075( | 322.4
Y [ / \
- 00 50.50{ \ /0
=] o \
8 0.75 025 | \
@ : \
2 0.00f .
0.50 240 320 400 480
Alnm
o UL
0.00;
0.0 25 5.0 7.5 10.0 125 150 175 20.0 225 250 27.5

t/min

B 1 R A. cyanogriseus WH1-2216-6 JE7R 15 5% 238 R AR Y ) HPLC-UV 44T
Figure 1 HPLC profile of non-caerulomycin containing fraction from the marine-derived 4. cyanogriseus WH1-2216-6
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1R'"=R2=0H 4R'=0H,R%=H
5R'=R?=H 6R'=H,R2=0H

= COSY  \HMBC

B2 am1~6 K& b4 1 1) COSY Al HMBC A EIR
Figure 2 Structures of 1~6 and the selected COSY and HMBC of 1

F1 LAY 1K "HNMR (500 MHZ)H1 *C NMR (125 MHz) %4 (DMSO-dq)

Table 1 'HNMR (500 MHz) and ">C NMR (125 MHz) data for compound 1 (DMSO-d)
Position oc oy (Jin Hz) Position oc oy (Jin Hz)

1-NH 7.99, t (5.8) 17 49.3, CH 1.17~1.24, m

2 364,CH, 3.24~3.27, m; 2.56~2.62, m 18 50.4, CH 1.48~1.55, m

3 31.0,CH, 1.38~1.43, m; 1.17~1.24, m 19 38.1, CH, 2.01~2.05, m; 0.68, q like (12.5)

4 70.1,CH 3.80~3.84, m 20 479, CH 2.56~2.62, m

5  68.6,CH 3.87,s 21 36.5, CH, 2.10~2.14, m; 0.96~1.03, m
6-NH 8.95, s 22 51.3, CH 2.01~2.05,m

7 175.6,C 23 43.0, CH 1.84~1.91, m

8  100.7,C 24 27.4, CH, 3.61~3.69, m; 2.01~2.05, m

9 171.9,C 25 138.2, CH 5.96, t (11.3)

10 122.1,CH 6.88, d (15.6) 26 124.5, CH 5.75,dd (11.3, 3.5)

11 147.4,CH 6.60, dd (15.6, 10.4) 27 165.5,C

12 47.1,CH 2.40~2.48, m 28 193.0, C

13 46.0, CH, 2.56~2.62,m; 2.10~2.14, m 29 11.5, CH, 0.94, d (6.4)

14 210.1,C 30 25.3, CH, 1.48~1.55, m; 0.96~1.03, m

15 64.2,CH 2.32,d (13.0) 31 12.0, CH, 0.84, t(7.3)

16 89.7,C

(Ou 895)Z MM KES, MS5EY 4 ML,
H-15/H-16/ H-17 Z |8l 'H-'"H COSY 1Z5H (& 2),
NH-6 5 C-8 (d¢ 100.7)/C-28 (d¢c 193.0). H-5 5 C-7 (¢
175.6)/C-28. H-13 (o 2.56~2.62 & 2.10~2.14)5 C-11
(5c 147.4). H-22 (dy 2.01~2.05)5 C-23 (6c 43.0)LAJ%
H-15 (5 2.32)F1 H-29 (6, 0.94)5 C-16 (dc 89.7)Z [ (]
K HMBC # — 2 #iEtb &4 1 N 16-hydroxy-
maltophilin 5% 4-hydroxy FI-2. tb&#) 1 5444 2~6
FLA A R (B e 7 1m0 A R A4 [ — €5 3% (BECD) =
(Cotton)RSE, 7E Amax 220~330 nm 45 3% B 5 ) H B
1E. . 1E Cotton ZUN: Ay [Ae/(Lemol 'secm )] 221 (+
3.2), 249 (—3.8), 328 (+1.7) nm; FKHIH 4-. 5-, 12-.
15-2 16-+ 17-v 18-y 20- 22-F11 23-A7F- P RO il 43t
AR, BI(4S,55,12R,15R,16R,175,18S5,20R,22R,235)-.
&Y 2~6 RIS FIAR X R 2Rl 5 SRS B
BUNMR HHE (R S1~S2) 1 iff 2 (B A AR [R5 5 A 1)
H A1 BC NMR )™ "5, F 2% 4 20 gt — 2 id it
Ee e e A ECD Tfiffi e 1. FHerh b &4 2 F0 3 5 SCik i)
dihydromaltophilin B HSAF 1 4-deoxyHSAF!" FL.47 4
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I ECD ik (K S14), tbk &% 6 5 ik
30,31-dihydrofrontalamide A 5% FI-2 EL A5 #H Al L E e
Jill([a]p+50 vs+96). CHERHEAHENLEY 4 F1 5
PILLEe A ECD #dis, (HIFRATAR I HAE Ay 220~330
nm 54654 2 F13 B M F ECD 2 F1 Cotton 25,
KUEATRAMER L0 8. 546, ARGEE IRIRGE
THE S 1) NMR 4.

K EME IS (MTT) A% £ B B (Sulforhodamine
B, SRB)WEENE THEY 1~5 XAl 4 i
(A549). FLARFEMI(MCF-7). 45 i 4l (HCT-116).
B g8 40 B (PANC-1 A1 BXPC-3). 18 PE8E I 14 1955 40 i
(K562)FH e T bk 248 g 1 0fi 95 248 P (Jurkat) LA S N TE
i 20 B(L-02) B SE FE HM 5 P, FF vH SR0AR B 1) R 4R
B (SD). SRE 2)FM: LAY 1~5 X 7 Fr NS 4n ik
B R (20 M 34 G 0 P, 2P ) BE (1C s0) 7E
0.1~9.5 umoleL ™", ik AW 2 Wtk dds. REHL
B0 PR P v T AR R 2, (S AR IE S B
2t T PEBR(CCso N 235.9 pmolsL™"), % HCT-116-
Jurkat 1 BXPC-3 = #R4HM R 1R BT 500 Al =ik
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#2 ALEY 1~5 MAIIEEEIEPE[ICso Bt CCso/(pmoleL ) FIIE B H(SI=CCs¢/ICs0)

Table 2 Cytotoxicities [ICsq or CCSO/(umol-Lfl)] and selection indexes (SI=CCsy/ICsp) of compounds 1~5

Cell line 1 2 3 4 5 Adriamycin
A549 9.5/24.8 0.3/9.3 0.9/1.6 3.6/4.5 >10/— 1.3/0.31
K562 >10/— 4.9/0.6 5.7/0.2 >10/— >10/— 0.3/1.33
MCF-7 9.7/24.3 0.1/28.0 0.4/3.5 3.3/4.9 3.4/4.3 1.0/0.4
HCT-116 5.7/41.4 2.9/1.0 2.9/0.5 4.4/3.7 4.6/3.2 0.2/2.0
Jurkat 7.5/31.5 1.7/1.6 1.4/1.0 1.9/8.5 6.7/2.2 0.4/1.0
PANC-1 7.9/29.9 2.1/13 2.3/0.6 5.4/3.0 7.0/2.1 1.0/0.4
BXPC-3 4.5/52.4 4.3/0.7 2.9/0.5 4.1/3.9 4.0/3.6 0.7/0.6
L-02° 235.9 2.8 1.4 16.1 14.5 0.4

41.4. 31.5 1 52.4, BABNIKESTUMNE AR
. BRALE 2 13 X AS49 Al MCF-7 (3% 4R
AR T A 1~5 FeF I NS 4T R 1 R
FAN, BATE R iz 96 FLBOMR TG
W 1~6 WIPUIH H & (Aspergillus fumigates AF293)i% M,
ZEREREEY 1R 6 1E 50 ug/mL MR EE R AAG I
FHETE, AT 2~5 B — @ FIPUIE i E s 1,
B/ MR EE(MIC)E 1.5625~25.0 pg/mL 2 [f]. H
&9 2 SEPER A, MIC A 1.56 pg/mL Bl 3.04 pmols
L', 55 PE k20 il BEMEAR 24 (MIC M 1.25 pg/mL B 1.77
pmoleL ™ "); HVKEAW) 4, MIC 4 3.125 pg/mL Bl 6.12
umoleL ™", XA E XKL 5,5,6-PTMs FAL AW B A Bl
i E TG, P A 2 W I R B A TR S 2
i,
3 WEW1~6 PHINE M. fumigatus AF 293)iF PE[MIC/

(ngemL )]
Table 3 Antifungal activity of compounds 1~6 against Asper-
gillus fumigatus AF293 [MIC/(ugemL™")]

Compd. 50 25 125 6.25

3.125 1.56250.78125

1 J— J— J— J— J—
2 o+ o+ o+ o+ o+ o+ -
3+ o+ - = =
4+ o+ o+ o+ o+ = =
5 0+ + - - =
6 J— J— J— p— J—
¢ + Tested with obvious inhibition activity; b — tested without observed

inhibition activity.

WG 2 HRT 1997 50 55 3 BN 2 i - ek a5
Streptomyces sp., Ffir4}y dihydromaltophilin, A
Vi % AR IR BURE Plasmopara viticola W&YER, BT
ZAL G VIR S X R LR R, a4 v R
SEPUELE A T-(Heat Stable Antifungal Factor, HSAF)Y.
WEY 3 T 2012 4F70 8 8 b [ 52 S AE(SD) 2
IR () 7= BV FT Lysobacter enzymogenes 582K,
T SD ERFKEH ARG 3 KERER. AF74E
HSAF, th& % 3 &k 7 Ml # 5 5 5 (Penicillium
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avellaneum))iEYE; ACERWERY: (L&Y 2 A"
YUk 5 A. fumigates AF29 3&ME, TG 3-OH L&) 3
AN /W] 3-OH K S YHt s h BAT =
BAEM. LAY 4 HBERILT 1996 £E, AR
W—— BV % H U (Stenotvophomonas maltophilia
R3089) 1A I Wy 73 543 21, AT LA & s A2 B A=
1, AHE N F B, AR Pl A 4 22 R
MERIB MG B 20 0 B il T, AR R BRI B 4
WEERSRPIPUH TR 4. fumigates AF29 {ETEMIC K
3.12 pg/mL), HPUIH B EA RAED 2, K 1407
FiFE AR AZ RSV PR RS R ) B ], (HAOL R
N 14-OH Ja Pt E G PERE— B Inas. (& 5 | ik
B MR SRR —— VB K SRR I
Stenotrophomonas sp. SB-K88 WK B =W, HPLHH
PN HEH NMR B, ASCEIRIGE THE) S
1) NMR 45, 1657 6 KRE —HKEER R Streptomyces
sp. SPB78 [F5RA5kk, M frontalamide 2E4)& e H 1 H ]
FEVIL AP 1R 6 AR R BUM I B vE M, K 16-OH
HIAFAEIRSS 5,5,6-PTMs KA SYIRIHT H BTG TR Y. HF
— s HRIIE 5,6,5-PTMs 25111k &%) 28-N-methylikaru-
gamycin. isoikarugamycin fl ikarugamycin FIHUMH 5
PP, EEMEAR K 5,5,6-PTMs 25111k &4 2 Fil 4.

2 #ig

MR S BE TR 1 (A. cyanogriseus WH1-2216-6)[1]
RIEF=HR B8 T 1 AT 5,5,6-2 IS REREhi 1
1% K N B A6 &) 16-hydroxymaltophilin (1)BA K 5
AN EER) ALY dihydromaltophilin (2). 4-deoxydihy-
dromaltophilin (3). maltophilin (4). xanthobaccin C (5)
Al 30,31-dihydrofrontalamide A (6). B XK dihydro-
maltophilin (2)F1 maltophilin (4).E7G %58 (5T 25 4.
Sfumigates AF29 JE1E, FHrpbGW 2 (TE S PR 24
i EEEAE 2. BRALEW 2 A1 3 %t A549 Al MCE-7 (3% 1
Gh, IBEUARIE THEY) 1~4 XF A549. (L& 2 F1 3
X K562 LLEALAY) 1~5 X} MCF-7. HCT-116. Jurkat.
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PANC-1 1 BXPC-3 NJwAH M bk i 3 s sl g k. ik
BT TURR N T8 40 SR 3 B0 HH v S5 0 P B 4 1 A U
PRI, ERFEEU(S) N 24~52, £ 5,5,6-PTMs
&Pt a-fr5 140 MBREBAREEEY 1. 2. 4)
A6 R 3 5 L P RE 40 B B VS AP S 1, R 16-
KRB (AL &4 1. 6) 1855 a0 1E s 40 A ) 75
PEFIAH A TG Ve 3G i 8 240 () e B k.

3 XS
3.1 FE5EHF

WG IR IR %A 9 [E Bruker 24 & Avance 500 %Y;
JRIEAC N Waters A F Micromass EI-4000 (Autospec-
Ultima-TOF)%5{ Q-TOF ULTIMA GLOBAL GAA076
LC & XOGH 7 66 EETH A H A Hitachi H 572 7
UHS5300 &5 2058535 3 E NICOLET 4\ NEXUS
470FT-IR 2Y; Jie A HA JASCO A 7] P-1020 %Y,
ZAAAECN H A JASCO J3 bk 4t 1-815 AL i H
11 RO AR L B AN S Waters /A & (Waters1525 42,
Waters 2996 MR FESIALIZS, Empower 1T LAEu,
YMC-Pack ODS-A #: 5 pm, 4.6 mm X 250 mm); il
OB LR AN 6 [E Waters A 7] (Waters 1525 %2,
Waters2487 45 446 Il 28, Breeze T.1E %, YMC-Pack
ODS-A ¥E: 5 pm, 10X250 mm); gk 7& K1 A EYELA
A N-1100 B S256F7 FIAE LS Rk IR S 2 B il pe i
W B E BT BN GE Healthcare A ]
Sephadex™ LH-20 2Y; HoAt i FH 5738 9 1 = Bk 1 5
Hrat.
32 SWAE
32.1 REERI

W R 7 BE 2R W (Actinoalloteichus  cyanogriseus
WH1-2216-6)43 &5 [ 11 7R J2l g i 3 e 1) 5 Vg Ve 1 o I
9 T ] SR R AR O PO B R A 2
EM (IR T SRR mkEKBONEE, £K
10~15 d J&, W BIRA W, I 7 EAREIEREEE
(B 1), BRMES R EAAERE L2 T,
filrez 8, JF HERKE (A,

RIEER TR TR DTSR A B R 2 F Y, AR K
R U IR S BE 2R 6 (A, cyanogriseus WH1-2216-6)1,
ST EEPE R IR R B h (W 9 20 g ATvEPETE
My 20 g BRAMR. 2 g BRERES . 20 ¢ Hil. 0.4 g 2-ntkng
HIR .50 g XAD-16 KL MG 1 L BRiE/K, pH=7.5),
500 mL FRI PG FRIL IR RN 150 mL, T 28 CHH
. 180 t/min PEPREEFE 12 d, FEit KL 40 L, KEER
KHEE O OBRZEN =, Y2 1185 ¢.
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322 HBLE

)4 SRR Y R N 50 mL ) 3% HCL iAW, $it
P, FRE, HSEER SRR =R, KA H 2K
& pH=8.0, f}HH ST EEAIL, IRAFAHIAHE 35.0 g
AR A3, BT IR AR BR3P R A R A € 1 4y S
(VLC, 7 emX20 cm), KK LACAMIEE. &, =&
Fb-HEE D V=100:1,50:1,25:1,15:1,10: 1,
511,401,200, 101,00 D) NIEFIEHT RS BB 4 A
12 NMHS Frl~Fr12, Hr W& ) @ ()=
501 Pl Fr.8 A1 (A H kD) V(R EE) =41 1 %
JBLZH 73 Fr.9 /£ HPLC-UV £l BA PTMs KU E W
FRE UV Wi, Fr.8 (85 mg) £ SAHMEMCH: (il /) 55
(VLC, RP-18, 40~63 um, 3.5 cmX30 cm), LA V(FEF) :
V(1.5%0 =50 LI /KIER) =170 : 30 Lefii, BEMLEY 6
(9.5 mg, fREEHE # 18.9 min); Fr.9 (650 mg) £
Sephadex LH-20 %A 1 1%(2.5 X 150 em) 7 & HEEBE
#5310 N2HS>: Fr.9-1~Fr.9-10, 345 Fr.9-7 (180
mg) f§ 4 il & HPLC 4 % (ODS-A #F, V(HE) :
V(1.5%0 =5 LR KIE ) =75 © 25)4itb BB &5 1
(15.0 mg, fREHFIE] £ 9.7 min). 2 (24.0 mg, {REIRTH] £
14.4 min). 3 (8.2 mg, PREANIH] £z 16.2 min). 4 (25.0 mg,
{RBEIA] £ 19.2 min)fl 5 (5.0 mg, {REHENIE 7 26.4
min).

16-Hydroxymaltophilin (1): & £L & J¢ & 4 ) oK .
[a]) + 20 (¢ 0.15, CH;0H), [a]f + 59 (c 021,
CH;0H-CHCI59 : 1); UV (CH30H) Apax [log &/(Lemol '*
em )]: 210 (3.99), 326 (3.55) nm; ECD (¢ 0.05, CH;0H)
Jmax [A&/(Lemol 'secm™")]: 221 (+3.2), 249 (—3.8), 328
(+1.7) nm; 'H NMR }% “C NMR ##& 1.2 1; IR (KBr)
Vi 3589, 3570, 3535, 3483, 3402, 3205, 2915, 2846,
1655, 1637, 1509, 1474, 1024, 889 cm ™ '. HRESIMS calcd
for C,oH30N,O, [M+H]" 527.2752, found 527.2747

Dihydromaltophilin (2): ¥R K. [al
+21 (¢ 0.15, CH;0H), [a]y 461 (c 0.21, CH;0H-CHCl;
9 : 1); UV (CH;0H) Ay [log &/(Lemol 'scm™ ')]: 212
(4.29), 314 (3.99) nm; ECD (c 0.05, CH;0H) A
[Ag/(Lemol 'scm ™ H]: 221 (+10.7), 249 (—15.0), 328
(+5.2) nm; 'H NMR (500 MHz, DMSO-d;) J: 8.88 (s, 1H,
6-NH), 7.95 (t, J=6.0 Hz, 1H, NH-1), 6.86 (d, J=15.4
Hz, 1H, CH-10), 6.56 (dd, J=15.4, 10.4 Hz, 1H, CH-11),
5.90 (t, J=11.3 Hz, 1H, CH-25), 5.70 (d, J=11.3 Hz, 1H,
CH-26), 3.86 (s, 1H, CH-5), 3.79~3.83 (m, 1H, CH-4),
3.47~3.55 (m, 1H, CH,-24a), 322 ~327 (m, 1H,
CH,-2a), 3.21~3.28 (m, 1H, CH-14), 2.53~2.61 (m, 1H,
CH,-2b), 2.29~2.39 (m, 1H, CH-20), 1.98~2.06 (m, 1H,
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CH,-21a), 1.98~2.06 (m, 1H, CH-12), 1.98~2.06 (m, 1H,
CH,-19a), 1.85~1.92 (m, 1H, CH,-24b), 1.72~1.78 (m,
1H, CH-16), 1.71~1.77 (m, 1H, CH,-13a), 1.60~1.67 (m,
1H, CH-22), 1.51~1.58 (m, 1H, CH,-30a), 1.36~1.41 (m,
1H, CH,-3a), 1.35~1.42 (m, 1H, CH-18), 1.20~1.31 (m,
1H, CH>-13b), 1.17~1.28 (m, 1H, CH-17), 1.17~1.28
(m, 1H, CH-23), 1.16~1.24 (m, 1H, CH,-3b), 1.10~1.12
(m, 1H, CH-15), 1.05 (d, 3H, J=5.7 Hz, CH;-29), 1.03~
1.07 (m, 1H, CH,-30b), 0.81~0.89 (m, 3H, CH;-31),
0.80 ~0.90 (m, 1H, CH,-19b), 0.80 ~0.90 (m, 1H,
CH,-21b); "C NMR (125 MHz, DMSO-d;) 6: 193.0
(C-28), 175.7 (C-7), 172.2 (C-9), 165.4 (C-27), 150.0
(CH-11), 139.0 (CH-25), 124.0 (CH-26), 121.3 (CH-10),
100.3 (C-8), 72.6 (14-CH), 70.1 (CH-4), 68.6 (CH-5), 59.1
(CH-15), 58.0 (CH-16), 53.5 (CH-18), 47.4 (CH-22), 46.4
(CH-17), 45.6 (CH-12), 43.5 (CH-23), 41.8 (CH,-13), 41.4
(CH-20), 40.2 (CH,-19), 37.2 (CH,-21), 36.4 (CH,-2), 31.0
(CH,-3), 27.9 (CH,-24), 25.8 (CH,-30), 18.4 (CH;-29),
12.6 (CH;-31); IR (KBr) vpa 3676, 3650, 3630, 3621,
3569, 3402, 1655, 1638, 1596, 1561, 1509, 1459, 1033,
845 cm™'; ESIMS m/z: 513.4 [M+H]";
4-Deoxydihydromaltophilin (3): 741 675 %€ T H
K. [al) +26 (¢ 0.15, CH;0H), [a] +65 (¢ 0.21,
CH;0H-CHCI59 : 1); UV (CH30H) Ay [log &/(Lemol '*
cm )]: 212 (4.04), 320 (3.73) nm; ECD (c 0.05, CH;0H)
Jmax [Ae/(Lemol 'ecm™)]: 221 (+9.6), 249 (-12.7), 328
(+4.6) nm; 'H NMR (500 MHz, DMSO-d;) J: 8.69 (s, 1H,
NH-6),7.83 (t, J=5.8 Hz, 1H, NH-1), 6.93 (d, J=15.5 Hz,
1H, CH-10), 6.56 (dd, J=15.5, 10.4 Hz, 1H, CH-11), 5.90
(t, J=11.3 Hz, 1H, CH-25), 5.73 (d, J=11.3 Hz, 1H,
CH-26), 3.81 (s, 1H, CH-5), 3.45~3.55 (m, 1H, CH,-24a),
3.21~3.28 (m, 1H, CH-14), 2.32~2.41 (m, 1H, CH-20),
2.32~2.41 (m, 1H, CH,-2a), 2.06~2.10 (m, 1H, CH-12),
196 ~2.01 (m, 1H, CH,-19a), 1.96 ~2.01 (m, 1H,
CH,-21a), 1.96~2.01 (m, 1H, CH,-24a), 1.71~1.78 (m,
1H, CH,-13a), 1.71~1.78 (m, 1H, CH-16), 1.62~1.65 (m,
1H, CH-22), 1.52~1.58 (m, 1H, CH,-4a), 1.51~1.58 (m,
1H, CH,-30a), 1.30~1.36 (m, 1H, CH-18), 1.30~1.26 (m,
1H, CH,-2b), 1.23~1.34 (m, 1H, CH,-13b), 1.23~1.34
(m, 1H, CH,-3a), 1.23~1.34 (m, 1H, CH-17), 1.23~1.34
(m, 1H, CH-23), 1.08~1.10 (m, 1H, CH,-3b), 1.08~1.10
(m, 1H, CH,-4b), 1.08~1.10 (m, 1H, CH-15), 1.05 (d, 3H,
J=6.0 Hz, CH;-29), 1.01~1.06 (m, 1H, CH,-30b), 0.85
(t, J=7.3 Hz, 3H, CHs-31), 0.80~0.87 (m, 1H, CH,-19b),
0.80~0.87 (m, 1H, CH,-21b); C NMR (125 MHz,
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DMSO-dg) 6: 195.8 (C-28), 175.2 (C-7), 171.6 (C-9),
165.6 (C-27), 150.0 (CH-11), 139.0 (CH-25), 1242
(CH-26), 121.5 (CH-10), 100.7 (C-8), 72.7 (CH-14), 61.1
(CH-5), 59.1 (CH-15), 58.1 (CH-16), 53.5 (CH-18), 47.6
(CH-22), 46.4 (CH-17), 45.7 (CH-12), 43.5 (CH-23), 41.9
(CH2-13), 41.4 (CH-20), 40.3 (CH,-19), 38.1 (CH-2),
37.3 (CH»-21), 28.1 (CH»-24), 25.8 (CH»-30), 25.8
(CH,-4), 20.5 (CH,-3), 18.4 (CH;-29), 12.6 (CH;-31); IR
(KBr) vmax: 3753, 3713, 3692, 3589, 3402, 2366, 1701,
1654, 1596, 1509, 1459, 1022, 799 cm '; ESIMS m/z:
497.4 [M+H]".

Maltophilin (4): R AT E K. [a]y +15 (c
0.15, CH;0H), [a]} +52 (c 0.21, CH;0H-CHCI; 9 : 1);
UV (CH30H) /iy [log &/(Lemol 'scm ")]: 206 (4.05), 316
(3.63) nm; ECD (¢ 0.05, CH;OH) Apax [Ag/(Lemol ~'e
em D]: 221 (+14.4), 249 (—12.7), 328 (+3.3) nm; 'H
NMR (500 MHz, DMSO-dy) J: 8.94 (s, 1H, NH-6), 7.98
(brs), 6.87 (d, J=15.3 Hz, 1H, CH-10), 6.64 (dd, J=15.4,
10.5 Hz, 1H, CH-11), 5.92 (t, J=11.3 Hz, 1H, CH-25),
5.72 (d, J=11.3 Hz, 1H, CH-26), 3.87 (s, 1H, CH-5),
3.79~3.83 (m, 1H, CH-4), 3.59~3.67 (m, 1H, CH,-24a),
322~329 (m, IH, CHy-2a), 2.54 ~2.62 (m, 1H,
CH,-13a), 2.54~2.62 (m, 1H, CH,-2a), 2.34~2.39 (m,
1H, CH-12), 2.34~2.39 (m, 1H, CH-15), 2.34~2.39 (m,
1H, CH-20), 2.20~2.24 (m, 1H, CH-16), 2.05~2.12 (m,
1H, CH,-13b), 2.05~2.12 (m, 1H, CH,-21a), 2.05~2.12
(m, 1H, CH»-19a), 2.05~2.12 (m, 1H, CH-22), 1.96~2.03
(m, 1H, CH,-24a), 1.85~1.93 (m, 1H, CH-23), 1.48~1.58
(m, 1H, CH»-30a), 1.32~1.43 (m, 1H, CH,-3a), 1.32~
1.41 (m, 1H, CH-18), 1.16~1.25 (m, 1H, CH,-3b), 1.02~
1.08 (m, 1H, CH,-21b), 1.02~1.08 (m, 1H, CH-17),
1.02~1.08 (m, 1H, CH,-30b), 0.96 (d, J=5.9 Hz, 3H,
CH3-29), 0.81~0.87 (m, 3H, CH;-31), 0.79~0.88 (m, 1H,
CH,-19b); “C NMR (125 MHz, DMSO-dy) &: 207.3
(C-14), 193.0 (C-28), 175.6 (C-7), 171.8 (C-9), 165.4
(C-27), 147.7 (CH-11), 138.4 (CH-25), 124.4 (CH-26),
121.9 (CH-10), 100.7 (C-8), 70.1 (CH-4), 68.6 (CH-5),
62.9 (CH-15), 53.2 (CH-18), 51.0 (CH-22), 50.4 (CH-16),
47.7 (CH-12), 46.7 (CH-17), 45.6 (CH,-13), 43.2 (CH-23),
40.4 (CH-20), 39.5 (CH,-19), 38.3 (CH,-21), 36.4 (CH,-2),
31.0 (CH»-3), 27.7 (CHy,-24), 255 (CH,-30), 17.6
(CH3-29), 12.4 (CH;-31); IR (KBr) vpax: 3752, 3736, 3713,
3670, 3630, 3621, 3589, 3569, 3401, 1655, 1638, 1544,
1509, 1459, 1022, 792 cm ™ '. ESIMS m/z: 511.3 [M—+H]".

Xanthobaccin C (5): KA TLERM K. [a]) +
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R

13 (¢ 0.15, CH;0H), [a]}+40 (¢ 0.21, CH;0H-CHCl,
9 : 1); UV (CH30H) Ay [log &/(Lemol 'scm™')]: 206
(3.81), 320 (3.29) nm; ECD (¢ 0.05, CH;OH) Apa
[Ag/(Lemol 'scm™)]: 221 (+4.4), 249 (—4.8), 328 (+
1.4) nm; '"H NMR (500 MHz, DMSO-d) J: 8.73 (s, 1H,
NH-6), 7.86 (br s), 6.95 (d, J=15.5 Hz, 1H, CH-10), 6.63
(dd, J=15.5, 10.4 Hz, 1H, CH-11), 5.92 (t, J=11.3 Hz,
1H, CH-25), 5.75 (d, 1H, J=11.3 Hz, CH-26), 3.83 (s, 1H,
CH-5), 3.55~3.65 (m, 1H, CH,-24a), 2.56~2.62 (m, 1H,
CH,-13a), 2.34~2.39 (m, 2H, CH,-2), 2.34~2.39 (m, 1H,
CH-12), 2.34~2.39 (m, 1H, CH-15), 2.34~2.39 (m, 1H,
CH-20), 2.18~2.24 (m, 1H, CH-16), 2.01~2.13 (m, 1H,
CH,-13b), 2.01~2.13 (m, 1H, CH,-19a), 2.01~2.13 (m,
1H, CH,-21a), 2.01~2.13 (m, 1H, CH-22), 1.84~1.92 (m,
1H, CH,-24b), 1.82~1.92 (m, 1H, CH-23), 1.49~1.57
(m, 1H, CH-4), 1.49~1.57 (m, 1H, CH,-30a), 1.30~1.40
(m, 1H, CH,-3a), 1.30~1.40 (m, 1H, CH-18), 1.01~1.09
(m, 1H, CH,-3b), 1.01~1.09 (m, 1H, CH-4), 1.01~1.09
(m, 1H, CH-17), 1.01~1.09 (m, 1 H, CH,-30b), 1.01~
1.00 (m, 1H, CH,-21b), 0.96 (d, J=6.4 Hz, 3H, CH;-29),
0.84 (t, J=7.4 Hz, 3H, CH;-31), 0.80~0.88 (m, 1H,
CH,-19b); “C NMR (125 MHz, DMSO-dy) 6: 207.4
(C-14), 195.8 (C-28), 175.1 (C-7), 171.2 (C-9), 165.5
(C-27), 147.5 (CH-11), 138.3 (CH-25), 124.5 (CH-26),
122.1 (CH-10), 101.0 (C-8), 63.0 (CH-15), 61.1 (CH-5),
53.2 (CH-18), 51.2 (CH-22), 50.4 (CH-16), 47.8 (CH-12),
46.7 (CH-17), 45.6 (CH,-13), 43.2 (CH-23), 40.4 (CH-20),
402 (CH,-19), 384 (CH,-21), 38.1 (CH»-2), 27.8
(CH,-24), 26.2 (CHx-4), 25.5 (CH,-30), 20.4 (CH,-3), 17.6
(CH;3-29), 12.4 (CH;3-31); IR (KBr) vpax: 3735, 3651, 3649,
3630, 3621, 3589, 3446, 3402, 2953, 2360, 1647, 1558,
1541, 1508, 1457, 1385, 1207, 1033, 806 cm'; HRESIMS
caled for CyH3N,Os [M + H] ©  495.2853, found
495.2852.

30,31-Dihydrofrontalamide A (6): V4L 70 € T4 H)
K, [a])} +14 (c 0.15, CH;0H), [a]¥ +50 (c 021,
CH;OH-CHCl;, V@ V=9 : 1); UV (CH;0H) Amu [log
g/(Lemol 'scm ")]: 219 (3.9), 322 (3.7) nm; 'H NMR (500
MHz, DMSO-dy) d: 8.73 (s, 1H, NH-6), 7.87 (t, J=5.6 Hz,
1H, NH-1), 6.96 (d, J=15.6 Hz, 1H, CH-10), 6.59 (dd,
J=15.6, 10.1 Hz, 1H, CH-11), 5.96 (t, J=11.3 Hz, 1H,
CH-25), 5.77 (dd, J=11.3, 3.6 Hz, 1H, CH-26), 3.83 (brs,
1H, CH-5), 3.60~3.67 (m, 1H, CH,-24a), 2.55~2.63 (m,
1H, CH,-13a), 2.55~2.63 (m, 1H, CH-20), 2.38~2.43 (m,
2H, CH,-2), 2.38~2.43 (m, 1H, CH-12), 2.32 (d, J=13.0
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Hz, 1H, CH-15), 2.10~2.14 (m, 1H, CH,-13b), 2.10~
2.14 (m, 1H, CH,-21a), 2.01~2.05 (m, 1H, CH,-19a),
2.01~2.04 (m, 1H, CH-22), 2.01~2.04 (m, 1H, CH,-24a),
1.82~1.91 (m, 1H, CH-23), 1.50~1.55 (m, 1H, CH-4),
147 ~1.58 (m, 1H, CH,-30a), 1.47 ~1.58 (m, 1H,
CH-18),1.29~1.37 (m, 1H, CH,-3a), 1.21~1.25 (m, 1H,
CH-17), 0.97~1.04 (m, 1H, CH,-3b), 0.97~1.04 (m, 1H,
CH-4), 0.97~1.04 (m, 1H, CH,-30b), 0.96~1.04 (m, 1H,
CH,-21b), 0.94 (d, J=6.6 Hz, 3H, CH;-29), 0.84 (t, J=7.1
Hz, 3H, CH;-31), 0.67 (q like, J=12.5 Hz, 1H, CH,-19b);
BC NMR (125 MHz, DMSO-dy) §: 210.1 (C-14), 195.8
(C-28), 175.1 (C-7), 171.3 (C-9), 165.6 (C-27), 147.1
(CH-11), 138.1 (CH-25), 124.7 (CH-26), 122.3 (CH-10),
101.1 (C-8), 89.7 (C-16), 64.2 (CH-15), 61.1 (CH-5), 51.3
(CH-22), 50.4 (CH-18), 49.3 (CH-17), 48.0 (CH-20), 47.2
(CH-12), 46.0 (CH,-13), 43.0 (CH-23), 38.6 (CH»-19),
38.1 (CH>-2), 36.5 (CH,-21), 27.5 (CH,-24), 26.1 (CH,-4),
253 (CH»-30), 204 (CH,-3), 12.0 (CH;-31), 11.5
(CH;3-29); IR (KBr) viax: 3667, 3645, 3629, 3618, 3588,
3572, 3403, 1651, 1644, 1600, 1561, 1509, 1459, 1103,
921 cm™'; ESIMS m/z: 533.3 [M+Na] ", 509.2 [M—H] .
323 AdpiEpaK

3.2.3.1  FATE E A

SEIORE S TERRE A B A A 1~5, A
4 A A 2 — B TE AR (DMSO) Y4 A I B T IR JE H 4
mmoleL " (M L-02 ZHAEAS H AWK 100 mmole
LY BHMEZG N8R . WEZ A DMSO AL 0.2
mmoleL .

Y H R AN 4R ARG R SRR A 7 MR S A
fifl &% A549. MCE-7. HCT-116. PANC-1. BXPC-3. K562
F Jurkat DL SN TE 5 B4 M 52 L-02. HiH A549 .MCF-7,
Jurkat, BXPC-3. L-02 4Hfifd 2K FWEMEIE (MTT) LL ik
W, HCT-116. PANC-1 Al K562 40l % % ikt 2 1}
B B Et{fy2i(Sulforhodamine B, SRB)MR; #&-Fhi s
Fl & 10% FBS 1) RPMI-1640 53755, 76 37 ‘CilA 5%
AR R TR T 4R AR IR

MTT i 4 H 2 R A b i S0 R 8 A 11k Jif 2
IR 3-(4,5- FH L EIE)-2,5- DRI U UM R 1 45K
AN T /KB 3, IR 22 /0 ] a5 A S N 7
WS BE R AR, BT = S iE A Mgk e b, B bART
TR SR TS 4EI R H, NI T A 25040 25
1 e B A M T B8 7. T PSR, EOGS 2504 A Tk
AHHZR, P RPMI-1640 5% 557 2L i B 1 =
Tt 3X10* AN AR ER, %Sl 100 pL 60T 96
LB, 7837 C R 24 h. WL 10 uL AL &9 K BRI
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241 990 uL RPMI-1640 #iFe, K 5 MREMRERL 5
ANBREEIREE, ARG 43 BIEL 100 pL i 96 FLAR H (= A I N
A% RPMI-1640 ¥57R%8), $a4%59% 72 h. SREMMA
20 uL & MTT [ IPMI-1640 ¥ (5 mg/L), k8455 4 h
J&, BRI M N 150 uL DMSO %@ H #,
£ 540 nm AW & HRWSRE, BRMBRFEIREE 3 A PAT. %
JER ST AEANIR R R4 PR A 0 1) K : TR% = (0D =
et — OD 4 )/OD epam X 100%.  F:2K A bliss 15115 H
BAMHIIREE 1Cso (L-02 ZHHA CCsy).

SRB vZ:: AR AE K TH R, oAb T A K I
Ji 9% o (B IR 3 & 10% 587 45 BB 4 L iE FBS (1)
RPMI-1640 37975, 4UMEE 3X10* 41/mL)LL 180
uL/ALEER T 96 FLEEFRIR, 17E 37 C. 5% CO, 264F Tk
BEAEK 24 h FRINIAREE S 20 uL /AL, BANKREBRIYE
FL. BEFWIIH R BN 10 pmoleL ™", IR 1Cs B A —
ERBVE W E 5~T7 MR, ML NMER |
umoleL ' 25 06 [ iy Jim N 25 B () R 7 R F i o
I (R A0 BAE 37 "C L 5% CO, 264 N4k 85577 72
h, BB, F 10%4 =SB EC e, 4 CHE
1 h JERZMKEG 5 &, =R AR TE. KI5 100
pL/ALIIN B 1% KBS BRI K B2 4 mg/mL () SRB
W, Y 15 min, & BIEW, 1 1%ESERVER 5
W, BT BN 150 pL/FLE) Tris W, FHBEbR
IXAE 540 nm A FIERILE OD fH. %I IR%=
(OD 15— OD 44)/OD spase X 100% T FLBENRE R 1
2 i S FE AN 26 (IR %). FF-R A bliss ¥ETHE H 200
W E 1Cs, (L-02 4HffEy CCs).

e FEFEH(Selection Index, ST)AMIAFE Xt 1E % 4
Mk L-02 A=K AN CCso {8 5505 87 4H M S 0 1] 1Cs0
BRI EAE, AT7E— e RE T b AR S R S R R e . %
oy
3232 A EEENR

SEIGHE S WERAR RS 1~6 F DMSO FLiL 10
mg/mL FIGEE R, BHEZG (7 i BEERL AL 1 mg/mL ¥,
3 AIEL 10 uL JIN 990 L TG KB 100 5, 4351 BC %
WY 100 pg/mL A1 10 pg/mL TAEW, #5H.

RPMI-1640 77 3ERCH: HL 6.906 g (1) 3-FEh bk i gk
FR(MOPS)VARAE 70 mL 70 CZIEAKh, k4NN 4 g
M &R, fREMA A S, BN 208 g [k
RPMI1640 }:77%E, #7781 KE] 90 mL; ¥ 0.5 g 1
NaOH ¥ f#T 10 mL MK, ZEMAEEFEET,
A5 pH 2 7.0, FCHEF s R4S 0.2 mm fFLIEE IS
JERRTR, 4 CARAEA .

T S R % BB PDA PSR FAKRE
U (AR Bh 25 (A. fumigates AF29) I EE T T 4 mL fIAEFE
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oKk, WA FEEIGE R, FE 10 min, BRI
T 12~2/3 KMk, JE mER-EoH 5, B JEE
RPMI-1640 3% 7% 5& /B & W & W % N 2.0x 10
CFU/mL.

96 FL AR b gk v B M R ZH AR AL I = A
RPMI-1640 37 7= FE AN TG B 2818 7K % 100 pL, AEKXT 2
RN A. fumigates AF29 TEBRITC T 2518 /K & 100
ul; FHMEEXTRRAREFLINN A. fumigates AF29 B WA BH 14
25 TAEMA 100 pL. BFZS 0N B BORTINRRE i TAE W%
100 pL, fo4FLAk A 400 BH M 24 PRI 234 5 A e v
TAEMIREE ) 1/2. B2 5 3 ANFPAT SESE. INSEre i 1)
B FRMOKPRES) 3 min 245, AEE TREH, T28°C
BRI 8RR 3~5 d SR AT IEE, WHRMLEE, DAAKRT
W NS AR, 5B N A, WITE N2 a1
7o B 288K A TARBCR ) 5 MBI M W B S 14T
MR, EEN AL EE MIC {8, DU 2 3 A K2k
B8 (R4 VR MIC 25 4

Sl M2 Aspergillus fumigates AF293 H g 5IME
K E IR B 22 Wk, Rr b S0

#H B#1 KL (Supporting Information) (L5411 —4E5
T YERZ IR S MR  AE S 1 o
WEILAAGEY) 1~6 FH [ — Ak E S, X Rk
AT LA 9 AT 9 3 (http://sioc-journal.cn/)_F T 3.
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