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| solation and identification of antitumor substance from
endophytic fungus Aspergillus oryzae Y X-5 isolated from
Ginkgo biloba
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Abstract: [Background] Plant endophytic fungi are an important source of natural bioactive substances.
[Objective] The active substance of an antitumor endophytic fungus Aspergillus oryzae Y X-5 isolated
from Ginkgo biloba was investigated. [M ethods] First, strain Y X-5 was fermented. Then, the culture broth
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was extracted with ethyl acetate. By using vacuum liquid chromatography, Sephadex gel chromatography
and high performance liquid chromatography, the active compound was isolated from the crude extract and
the antitumor activity was measured by MTT assay. [Results] Four pure compounds were isolated from
the crude extract of strain Y X-5. Based on the analysis of NMR and HR-ESI-MS, these compounds were
identified as hydroxyaspergillic acid (1), cyclo(4-Hydroxypro-Phe) (2), Cyclo(Leu-Phe) (3) and
Cyclo(Ala-Phe) (4). Hydroxyaspergillic acid exhibited significant cytotoxic activity against HeL a cell with
ICso Of 1.07 pg/mL. [Conclusion] Hydroxyaspergillic acid exhibited antitumor activity, indicating that
Aspergillus oryzae and hydroxyaspergillic acid might have application potential in antitumor natural

products development.

Keywords: Endophytic fungi, Antitumor, Aspergillus oryzae, Hydroxyaspergillic acid
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L BHAR AR Rz 22U K i B2 14 Aspergillus oryzae,
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BUCHI A H]; CO, 35374, New Brunswic 2\ ;
fEbrA,  BHEEIRAEl; BEEIY, Rudolph 2AH];
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1 100% FH I /K 15 W B R bt o WS B e R 25 T )
FREL, MKIKARICH F2-1(2.96 g). F2-2 (1.66 g).
F2-3(1.23g). F2-4(0.77g). F2-5(0.15g). F2-6
(0.55 ). F2-7 (0.05g). F2-8 (0.03g), JfIlI:E %
ZH53%F HeLa g dmfil % . 458 E8n: [ 34
A T IR A =1, ELIE AR A =
Hrh DA 5 F2-3 MM e T i s, TEWRE
100 pg/mL S XF Hela 4 Bt (A4 % ok 92.22%,
£ 25 pg/mL KSR AT 74.36%F 111 38 ; 20 43 F2-2
AR e e 98 3 1 A A IV B Y = T 60%; 4
43y F2-1 458 v e B I (100 pg/mL 1 50 pg/mL )%}
HelLa ZH M A0 i R 4E 75%LL I, Mk EHFE
25 pg/mL B FLHT bR v 1 B R, R,
35.17%; FAth 4 4334 JC A St 4T e v 1 (1A 1) o
T4 F2-2 il F2-3 Mtk tb i, LARRE N
WHE 53 B8 04 7 SO LUK TE P P o s ok, AL
SR A SRMEEE CitE— 2553 85
222 HEWEREALEMN

16 200 cm., FHAR 4 cm FFTOR: o A ik
F 3 BRBEE IS LH-20 & 150 cm kb, By F2-2
M F2-31R A, il F3, ikl 2.89g, Bt 1.0g

100
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; " ? g w25 pg/mL
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F2-1 F2-2 F2-3 F2-4 F2-5 F2-6 F2-7 F2-8

#H 4y Fractions

E 1 RE ODSH Y ERE&HEDHEEM
Figure 1 The antitumor activity of each fractions after
vacuum ODS column separation (n=3, X £SD)
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P 2 =0 A A O AL, AR S
I, JEA55] 18 5y, 43 HINE £ A BT iR
Witk SRR TS A R R (T
TR . TEMREE K 25 pg/mL I5F, X HelLa 2
I ZAE 70%0s A 45 F3-1 (2.6 mg), F3-6
(16.9mg). F3-8(10.1 mg). F3-11 (34.5mg). F3-14
(221 mg), F3-15(15.9 mg). F3-16 (76.5 mg), HH
A5 F3-1, F3-14, F3-15 {3ttt , IR E7E
85%L k(& 2).

KA 25 WO G s X 2H 4 F3-14, F3-15 k47
K, BERRFR A F 0. 1% iR K =1:1 (IR 1) . 5
RN, F3-14 fil F3-15 4k H oA MIE R 3
W, Aric Homfb &9 1(38 mg, R=34.75 min, [ 3).
E— A 1 BT TE T, g5 IR, K
X HelLa A HA B & AN #e G vk, il i
|Cso 47 1.07 pg/mL (BI7EIZIREE T4 A4 1 % HeLa
AR A IR 2R 50%).

K4 HPLC X i A 4 £ | T dEde s
44y F3-11 F F3-16 dEFTiil &, e A
Fi5:0.190H FR /K =1:1 (IARF L) . MNAL4) F3-11 H i
aifpi538EY 2 (3.1 mg)Fl 3 (2.6 mg), MAS>
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Figure 2 The antitumor activity of each fractions after
Sephadex column separation (n=3, X £SD)
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Figure3 TheHPLC spectrum of F3-14

Note: RP-18, 10x250 mm, MeOH:H,O (0.1% HCOOH)=1:1,
1.5 mL/min, 210 nm, R=34.75 min.

4(4.8 mg). HE— 2 X LAk A W B IR TS
P, RN, EMRAYEE R 100 pg/mL 1, fb
G 2 X HeLa difa A aifa st fbad 3
X HelLa 4 il a1 %k 17.5%, 454 4 %f HelLa
YL A —E ARG PR, LRI 1Cso
} 45.77 pg/mL .
23 HWEMMEHWERE

AW 1% H RS 5[] 3 +28.8° (¢ 0.50,
MeOH); HR-ESI-MS 77 & 7 71 B 1 miz
263.136 6 [M+Na]" (calcd. 263.137 2), 43 T4 8 K
CioHa0N203, AHEHE N 4; °C NMR i Znik
YA 1208, 455 HSQC, HJE 1 AR AY &
.12 kP A 44 CHs (. 8.6,24.3,2x22.7),
24~ CH; (6. 31.9, 41.4), 2/~ CH (5. 121.3, 26.2),
4 NZETR (0. 156.9, 147.9, 142.6, 72.6), Hth C; (6.
72.63) AU . M TH-"H COSY i
2 NEERY B Hg (04 1.93, 2H, q, J=7.1H2)-Hg (0
0.80, 3H, t, J=7.1 H2)fll Hy (0n 2.54, 2H,
overlap)-Hi, (0y 2.18, 1H, m)-Hi3 (oy 0.89, 3H,
d, J=6.4 Hz)-Hy, (64 0.88, 3H, d, J=6.4 Hz).
HMBC i H* Hs (dy 7.30, 1H, s)F1 Hg (5 0.80, 3H,
t, J=7.1 H2)#5 C,#1%, Hyp5 Cg (6. 31.9) %
Ce (0 142.6)4% , H11 5 C; (5¢ 156.9) . Cu3 (J 22.7)

Fl Cua (0c 22.7) MK o LA AHICSCHR[10] A Hhcdis , 4
Wiz T S b o R e i EE R, HOCHE TH-TH
COSY Hil HMBC M 4 Fiis AL&4 169 'H
il °C NMR %t 1)@ W2 1.

k&Y 2. Jotilik; [o] 3 +145° (c 1.0,
MeOH); 5% T H %; HRESI-MS m/z 283.106 3
[M+Na]" (calcd. 283.105 9), 43 F4H i A CraH16N203.
'H NMR (600 MHz, DMSO-dg): & 1.52 (1H, m,
H-3a), 1.94 (1H, m, H-3b), 3.06 (2H, dd, J=5.2,
12.4Hz, H,-3), 3.16 (1H, dd, J=38, 12.0Hz,
H-5a), 3.54 (1H, dd, J=4.6, 12.0Hz, H-5b), 4.19
(IH, t, J=5.2Hz, H-2),4.32 (1H, dd, J=6.2, 11.2
Hz, H-2), 4.42 (1H, m, H-4), 5.12 (1H, brs, 4-OH),
7.20 (1H, m, H-7), 7.26-7.30 (4H, overlap,
H-5,6,8,9), 8.02 (1H, brs, ZHN% Ml NH), APT
(DMSO-dg, 150 MHZ): 35.1 (t, C-3), 37.1(t, C-3),
53.7 (t, C-5), 55.6 (d, C-2), 56.9 (d, C-2/), 66.7 (d,
C-4) , 126.2(d, C-7"), 128.2(d, C-6/8'), 129.7 (d,
C-579), 137.3(s, C-4'), 165.1(s, C-1), 169.4 (s,
C-1). S5A A SCHRILL B, B iz b h
AR ATR- A NARR), S5 aE 5 s,

&4 3: ot fhia s [o] B +23.5 (¢ 0.6, MeOH);
ST HE; mp 261-263 °C; HRESI-MS m/z
283.142 5 [M+Na]" (calcd. 283.142 2), 4 TN
C1sH20N205. *H NMR (600 MHz, DMSO-dg) : Jy 0.10

m— 'H-'H COSY <A [IMBC

4 L&Y 189X 'H-"H COSY #1 HMBC #8%
Figure4 Thekey H-'H COSY and HMBC correlation of
compound 1
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#F1 ®A&MW18'HNMR. ®C NMR, H-'H COSY #1 HMBC (600 MHz, 150 MHz, DM SO-dg)
Tablel 'HNMR. *C NMR, 'H-'H COSY and HMBC of compound 1 (600 MHz, 150 MHz, DM SO-dg)

o RS AL RS RV P TRE AR
Position dc On 'H-'H cosy HMBC
2 156.9 (C) - - -
3 147.9 (C) - - -
5 121.3 (CH) 7.30 (1H, s) - 7
6 142.6 (C) — - -
7 72.6 (C) - - -
8 31.9 (CHy) 1.93 (2H, g, J=7.1 Hz) 9 -
9 8.6 (CHa) 0.80 (3H, t, J=7.1 Hz) 8 7
10 24.3 (CHs) 1.45 (3H, 9) - 6,8
11 41.4 (CHy) 2.54 (2H, overlap) 12 2,13, 14
12 26.2 (CH) 2.18 (1H, m) 11, 13, 14 -
13 22.7 (CHs) 0.89 (3H, d, J=6.4 Hz) 12 -
14 22.7 (CH3) 0.88 (3H, d, J=6.4 Hz) 12 -
OH - 7.54 (brs) = -
- L5

Note: —: No signal.

0 o o
3 . . . .
()AO)ILN” ’ 7 MNH 7 "%NH 7
5 pa 5t HN_V nN_
3 5 3 3 5 5
0 3 3
2 3 4

5 &Y 2-4 M EEN
Figure5 Chemical structures of the compounds 2-4

(1H, m, H-3a), 0.63 (1H, m, H-3b), 0.54-0.63 (3H,
overlap, H-5), 0.54-0.63 (3H, overlap, H-6), 1.40 (1H,
m, H-4), 2.85(1H, dd, J=4.8, 133, H-3a), 3.14
(1H, dd, J=3.0, 13.3, H-3b), 358(1H, m, H-2),
422 (1H, m, H-2), 7.13-7.25 (5H, m, H-5'67',8,9),
7.90 (1H, brs, Z=4 NH), 8.14 (1H, brs, #N%
fik NH). 245G 05 SCR[12] B, #fE itk &N
W(ERARR-ARNEANR), 5K 5 PR,
k&Y 4. HEMA; [o] 3-265 (c 0.5,

MeOH); 5 AT H fE; HRESI-MS mvz 241.094 7

[M+Na]* (calcd. 241.095 3), 4r 7 4H M H
C12H1N205. *H NMR (600 MHz, DMSO-dg): 8
0.45 (3H, d, J=6.8 Hz, H3-3), 2.85 (1H, dd, J=5.0,
13.0 Hz, H-3'a), 3.10 (1H, dd, J=3.2, 13.0Hz,
H-3'b), 3.61 (1H, dd, J=3.2, 5.0 Hz, H-2), 4.17
(1H, q, J=6.8Hz, H-2), 7.14 (2H, m, H-5/9)),
7.22 (1H, m, H-7"), 7.27 (2H, m, H-6'8"), 8.00
(1H, brs, ZNZ R NH), 8.10 (1H, brs, &
NH). 254 A6 SCHk[12] %t , #Eiztb &l
WNZR-KINER), 45K 5 s,
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— MK B P B Al B PR AR U, X AR R
ARSI K ARG 5 Ge ZEM MK 8 NL-1 Py
B —FB 0 o-L- BRI, AT AR 2R %
T AR, A ORI RNy s P B i
FEAEH D L T Liu 255\ — R P4 A 2O K
M3 L1020 HhrEss] 13 ASEAE ik &9
AsperorydinesA-M, HHAg 3 M A Wx w2 i
PC12 HA B EMMEIEARCR . TERiHpT T,
AT I — bR A A B K i & Aspergillus
oryzae Y X-5 HA R Pt it ik, A
S TR R AR B IR PACE T AT T 2P
WE9E, 3 A 3 — A B ARG  1E M r feA
Yk BEmR &L 3 KA, HdhER
(N & R - 75 TN & R ) M 3R (5 IR - 7R TN 4 18R )
HeLa 4 il E AT — & A4 M6 P o 5 PRI s 2R
T, BRI R O X R ) FEE R G
Fg AL E A B2 A 433 mg, AR R
) 0.55%, =% N 0.72 mg/L. {HEH Tirg —Lk
TEM B 7518, T Re LA 7ERE 2 b i
R EE bR R S I R, T, XNE T
B3 7 ] BN 1% (R — L

A RN BRI B SRR XD, A ) —
B B, XRE Y — BB B PR
P DATEPG A T B K it 2 v 4 25 81 1 ot 1R v 4 A
T AT AR A I £ PO s e 08 R I 2
HE LB T HA TR &R Zisgl
RIJUA R SRR SR IRPUAE RA S, M2
s 24 BRLEAT B S A B RIBL I VE T, RERRARSAE R
(SR RIVE R, RN T Hum 2 i 25 W i 2B
s AR B A E— PR A B R AT AR

P SA TR MR, R BILRT LA S AR
SZARFER TN E v AR e e, ReH TR
ST SKRAEREA . DG T BRI T IR 0 1 1Y)
AR o A6 S AP I\ — ok TR 1 A 5 4 2 7
16-02-1+ 73 545 2 th & IR AP = SL il &R, 76
100 pg/mL A%} K562, LH60, HelLa fil BGC-823
5 iy 40 M 4 2 — o R T, ] R A
21.8%-53.3%Z 1], A S5 rh 4 12 3| 1) R BL h 2 R
% HelLa ZH il 1Cs0i51.07 pg/ml, s ms
Yy AE SR Jr T A —E R TV T, (AR
— e . ARSI o B AR B R L AR S AR
BRI A AL, X TR SR TIRYT sk
SRR RE AL 3 T 2D A SR IR UE R
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