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Study on secondary metabolites of an endophytic fungi
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Abstract: A new alkaloid (1) and six known compounds (2-7) were isolated from the solid fermentation
extract of the endophytic fungus Alternaria tenuissima Pas85 of Phragmites australis by silica gel column
chromatography, Sephadex LH-20 column chromatography, high performance liquid chromatography and other
chromatographic techniques. The structures of these compounds were determined by HREIMS, NMR, IR
spectroscopy, and literature comparison, and the anti MRSA (methicillin-resistant Staphylococcus aureus) activity
of 1-5 were tested. Compounds 1, 2, 3 and 4 exhibited certain inhibitory activity with MIC values of 64, 4, 32 and
32 ug'mL", respectively, and compound 5 showed no significant inhibitory activity.
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72 (Phragmites australis) N AR} 2 g A
T, & E AL Gerh 25 35 227 I PR R BEA KR, B
T8 I AL FE AR R G Th s Alternaria tenuissima
Pas85 s AP T A 1) H 2 o B —HR N AR
o BT UIVE VT 19) ) e 38 B GG BT AL R R, Alternaria
tenuissima Pas85 [) & I #2 LY % MRSA 14K B A
— B AN IE M o AR RSB0 0 HE [ A4 R I S B AT
TSR, L B AR B T AN R (1),
g — AL E Y (WA 4 N 1-[5-(methoxymethyl)-
1 H-pyrrol-2-yl] ethan-1-one), 2~7 & C AL &, 751
A griseophenone C' (2). 6-chloro-3, 8-dihydroxy-1-
methylxanthone!"” (3). norlichexanthone!” (4). griseo-
xanthone C' (5).diaporthin”' (6)-(-)-orthosporin" (7).
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Figure 1 Chemical structures of compounds 1-7

FERE5L
1 ZMEE

A AR EEWARY) . 5 5 HREIMS
o T & miz 153.079 2 [M]°, 45 & NMR %4
(F 1) #5250 T 3N CH,  NO,, RMEFE N4, MIRE
WA LLE F) 3 4141 716 A1 639 cm™ &b A5 5 MR AT U
VG HEMZAC A Y & -NH AR IE . 'H NMR BoR
KA —MEIRE T [, 10.57 (1H, br s)], B4
75 % T [0, 7.56 (1H, d, J = 3.3 Hz), 6.80 (1H, d, J =
3.3 Hz)]; i3l o0 A — > B i i A4 2 [0, 4.59
(2H, 8)], — M H &I [0, 3.34 (3H, s)] F1— LWL
JR 7155 [, 2.32 (3H, s)]. “C NMR #1 DEPT & &
ANZSY T 8 ANk, Hoh B = AN (A — AN

O 193.4, BN AL ZE B 0, 123.7, 122.9), B AiL
K H L (S, 126.4, 119.2), — AN FHUAR I H 3L (6,
68.9), —ANFH K (0. 58.1), —AHHEE (6. 27.5). 4iE
AR EE, $E7R %A & W0 & A — A BEE LA B
— AN R — ARG . RSN R B 1AL
H WA e K0 247 nm, HEDZ Ak &P B A
SRR OB 5 44 o AT 40 % L R B, %46 & 9 NMR 3045
5164 %) methyl 5-acetyl-1H-pyrrole-2-carboxylate! %
JCAE AL, 2B 2 B AR 25 44, T 32 22 AN R 2
AE T ZHEY 2 — A E BRI B 5 (5, 68.9/
5, 4.59), b — N EEPRIE (0. 161.5). {E HMBC [l i
(K 2), H-4' (6, 6.80) 6'-OMe (5, 3.34) 15 5. 68.9 #4#H
K, KW 5. 6891 & C-6/MIWifES . ZEWH
methyl 5-acetyl-1H-pyrrole-2-carboxylate C-6' ff] ¥t &
P8 JE R W S . B, i AW S5 RS DL
i %€ , I @y % A 1-[5-(methoxymethyl) -1 H-pyrrol-2-yl]

ethan-1-one.

Table 1 'H NMR (600 MHz) and "C NMR (150 MHz) spectral
data of compound 1 in (CD,),CO

No. oy (Jin Hz) O
1 - 193.4
2 2.32,s 27.5
1" (NH) 10.57, brs -
2! - 123.7
3 7.56,d (3.3) 126.4
4 6.80,d (3.3) 119.2
5! - 122.9
6 4.59,s 68.9
6'-OMe 3.34,s 58.1

0 H
g

) o HMBC: ~

'H-'H cosY:  =—

Figure 2 Key 'H-'H COSY and HMBC correlations of com-

pound 1

2 EWEMES

XA A A P HEAT BT MRS A VPRI, 45 3 W3R
2. MR T EIE T LU h H bR & Y% MRSA B A A
[ R FEE PR P AR 1, A6 1~ 4 3 R B — 5 I i)
Wk, MIC TGl N 4~64 pg-mL”, Hrp ik &2 BA R
58 ff] PL MRSA & 1, MIC N 4 pg-mL”, A] {E A $t
MRSA %6 SED AT~ — B 50 B &1 ik
) 3.4 % MRSA R L H il A1) #0810 7E £, MIC 43 31
964.32.32 pgmL", (L&) S IR KD B E Wt
MRSA 75 (MIC > 128 pg-mL™),
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Table 2 Anti-MRSA activities of compounds 1-7. —: Not tested

in bioassay

Compound
MRSA -
2 3 4 5 6 7  Vancomycin
MIC/ug-mL" 64 4 32 32 >128 - - <2
o UA I AN
LIS ER S

JASCO V-650 84 AT W, 4356 6 BE A (H A w] #t
%y ]); Shimadzu IRTracer-100 £ 76 WA (H A & 3
/A 7]); Rhdolph Autopol VI 4: H a8 HE el & ¢ (35 E &
i % 2% 7]); Themo Q Exactive Focus 41 & 7 Y 2% T
Orbitrap =1 73 #F it 1% 4 (3% B # iy 22 7]); Bruker
AVANCE (600 MHz) #% B 3L 4R A% (48 5 17 & 50 A 7)),
Agilent 1260 = i 2% = B0 AR (15 4, AR 1 4
(Agilent Zorbax SB-C18, 4.6/9.4 mmx250 mm, 5 um)
(G H 2 518 LA IR A 7]); ReadMax 1500 74 56 i
A K EERR A (IR N B A RN A IR A DD; ZQZY-
CGHAGAOCRIRG H 74 (LM AR, %
AT ZF-18 (i BAE A R)) 5. A AR (200~
300 H) K3 2 JZ Mk GF254 (10~40 pm, 7 5 ¥
1k T4 IR 2 7]); Sephadex LH-20 (£ [H i@ fH <A
F); M At I S SR G R A i
B G COREERE BT A R)); #2865
(8% i TR - L BB ) -
1 E#ERESSS

S P93 (Phragmites australis) KA T F 4
ST RS T A e U e 2 e, R R A BRI
132V Rk, IEFEI 5 515 21 18S rRNA £ [ /7
H1E NCBI i) GenBank % [X] 2 1#£ 47 BLAST LL X, %7€
AR 4N BE M5 T B (GenBank Accession No.: PP914110),
R R DR AE 11 7 B 7K IR 5 i R CRE R e rh e o
Alternaria tenuissima Pas85 1£ R KB FR BB Kb,
30 °CPEIR KR 7% 1.5 A, 15 218 AR B =29 .
B RGO FR TR 3 IR Ik R 2R 18 2 BRI A e 42
IR E 48 g.

FHR B 200k JR AT €T FH 23 2, ek Tk — 7 P 3 AT
o6 B e 49 3 5 BUR 4y, 43 N Frl (18 @), Fr.2 (6 g),
Fr.3 (5 g), Fr.4 (4 g), Fr.5 (10 g). Fr.2 DLAy k-G53
1786 P i 75 Fr.2.1~2.5, Fr.2.2 2 Sephadex LH-20 %t
JRCHE (Bl (RAT-HEE 1:1) Ve, A3 26541 (2.0 mg)
F16 (8.8 mg). Fr.3 LAF k- R AT 16 BE Ve i 45
Fr.3.1~3.4, Fr.3.2 4 HPLC (RP-18 2 %45, 9.2 mm x
250 mm, 5 pm; 75% ZHE-7K, i 3 mL-min™) 4 25 46
HAF 2L 593 (4.1 mg, t, = 5 min) f15 (7.5 mg, ¢, =
8 min). Fr.3.4 £ Sephadex LH-20 /i A% (4 it 73 55, H

2 HPLC (RP-18 -] % #£, 9.2 mm x 250 mm, 5 um;
68% £ E—-7K, ik 3 mL-min™) 23 5 40013 RS9 2
(8.0 mg, t, = 7 min) 14 (3.9 mg, £, = 10 min). Fr.4 DA
FrimBt- PR AR (101) e )5, & Sephadex LH-
20 AL (L 4y B, P AR 0 (DT 10
1) i3 2A ) 7 (23.5 mg).
2 #5%E

a1 REOHRY, 56T HEE N &
fli. UV (MeOH) Z_, (log ¢) 203 (4.70), 247 (3.93) nm;
IR (KBr) v, 3 414,2953,2924, 1716, 1 639, 1 521,
1 452, 1407, 1 083, 950, 608 cm™; "H A1 °C NMR % #
W.%% 1; HREIMS: m/z 153.079 2 [M]" (C,H,,NO,, i} 5L
1 153.079 0).

a2 MRy, 5% T H I, ESI-MS m/z
327 [M+Na]’, 7+ ¥ C, H,;O, 'H NMR (600 MHz,
CD,0OD) ¢,: 6.41 (1H, br s, H-5), 6.38 (1H, br s, H-3),
5.98 (1H, s, H-3"), 5.98 (1H, s, H-5"), 3.82 (3H, 4'-OMe),
3.67 (3H, s, 2-OMe), 2.12 (3H, s, Me-8); “C NMR
(150 MHz, CD,0D) d.: 196.6 (C-7), 167.6 (C-4"), 164.6
(C-2"), 164.6 (C-6"), 159.6 (C-4), 158.3 (C-2), 138.3 (C-
6), 120.4 (C-1), 110.6 (C-5), 98.1 (C-3), 94.8 (C-3'), 94.8
(C-5"), 56.3 (2-OMe), 55.8 (4-OMe), 19.1 (C-8). DL L
Hed 5 SRR B, 1€ A4 2 O griseophenone Co

EW3  BEaEERR, 5% T HEE, ESI-MS m/z
299 [M+Na]', 4 ¥~ C,,H,0,Cl. 'HNMR (600 MHz,
CD,0D) 6,: 6.51 (1H, d, J = 2.2 Hz, H-2), 6.49 (1H, d,
J =22 Hz, H-4), 6.15 (1H, d, J = 2.1 Hz, H-5), 6.05
(1H, d, J = 2.1 Hz, H-7), 2.75 (3H, s, Me-10); °*C NMR
(150 MHz, CD,0OD) d.: 183.2 (C-9), 164.9 (C-3), 164.8
(C-8), 161.2 (C-4a), 158.8 (C-5a), 144.2 (C-1), 118.6 (C-
2), 111.6 (C-1a), 103.4 (C-6), 103.4 (C-8a), 102.2 (C-4),
99.4 (C-7), 94.8 (C-5), 23.7 (C-10). DL I % 5 ™
Xt L, #2459 3 N 6-chloro-3,8-dihydroxy-1-methyl-
xanthone .

wEma AR, 5% T HEE, ESI-MS m/z
259 [M+H]", 4> ¥ 30 H C,,H,,0,. 'H NMR (600 MHz,
CD,0OD) d,;: 6.58 (1H, br s, H-2), 6.58 (1H, br s, H-4),
6.22 (1H, d, J = 2.0 Hz, H-5), 6.11 (1H, d, J = 2.0 Hz, H-
7), 2.76 (3H, s, Me-10); "C NMR (150 MHz, CD,0OD)
J: 183.4 (C-9), 165.4 (C-6), 164.9 (C-8), 164.2 (C-3),
161.0 (C-4a), 158.6 (C-5a), 144.7 (C-1), 117.6 (C-2),
112.6 (C-1a), 103.8 (C-8a), 101.9 (C-4), 99.4 (C-7), 94.8
(C-5),23.7 (C-10). LA %4l 5 ekl Ixt b, o e &
¥ 4 N norlichexanthone

EMS O &K, 5T HE, ESI-MS m/z
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295 [M+Na]", 7+ ¥ 8 C,;H,,0,. 'H NMR (600 MHz,
acetone-d,) 0,: 13.38 (1H, s, 8§-OH), 9.60 (1H, br s, 3-
OH), 6.65 (1H, br s, H-2), 6.65 (1H, br s, H-4), 6.28
(1H, d, J = 2.0 Hz, H-5), 6.16 (1H, d, J = 2.0 Hz, H-7),
3.90 (3H, s, 6-OMe), 2.75 (3H, s, Me-10); *C NMR
(150 MHz, acetone-d,) J.: 183.1 (C-9), 165.5 (C-6),
164.9 (C-8), 163.6 (C-3), 160.4 (C-4a), 158.2 (C-5a),
144.3 (C-1), 116.9 (C-2), 112.8 (C-1a), 103.9 (C-8a),
101.6 (C-4), 98.8 (C-7), 94.1 (C-5), 57.4 (6-OMe),
23.5(C-10). LA E#dE 5 SCRUM XS b, et S N
griseoxanthone C.

tE&me Tk, i T & 4i, ESI-MS m/z
273 [M+Na]’, 4+ ¥~ C,,H,,0,. 'H NMR (600 MHz,
CDCL,) 6,: 10.95 (1H, s, 8-OH), 6.40 (1H, d, J = 2.2 Hz,
H-7), 6.29 (1H, s, H-4), 6.26 (1H, m, H-5), 4.25 (1H, m,
H-10), 3.85 (3H, s, 6-OMe), 2.60 (2H, m, H-9), 1.30
(3H, d, J = 5.5 Hz, Me-11); *C NMR (150 MHz, CDCl,)
d.: 166.9 (C-1), 166.4 (C-6), 163.5 (C-8), 154.8 (C-3),
139.1 (C-4a), 106.2 (C-4), 104.4 (C-5), 103.6 (C-7),
99.8 (C-8a), 65.5 (C-10), 55.8 (6-OMe), 43.1 (C-9),
23.3 (C-11). LA FE 5 CBRMINT L, #E &4 6 4
diaporthin.

EMT LA, 53T FEE, ESI-MS m/z
259 [M+Na]", 7+ ¥ 8 C,,H,,0,. 'H NMR (600 MHz,
CD,0D) 6,: 6.32 (1H, br s, H-7), 6.24 (2H, m, H-4, H-
5), 4.14 (1H, m, H-10), 2.58 (2H, d, J = 6.3 Hz, H-9),
1.25 (3H, d, J = 6.5 Hz, Me-11); "C NMR (150 MHz,
CD,0D) d.: 169.9 (C-1), 168.2 (C-6), 165.6 (C-8), 155.9
(C-3), 141.4 (C-4a), 107.5 (C-4), 104.6 (C-5), 103.8 (C-
7), 99.2 (C-8a), 66.5 (C-10), 43.9 (C-9), 23.6 (C-11). LA
R S SR L, B e AL ST N (<)-orthosporin.
3 RIMAETEMEMNK

MRSA A K22 58 — I B B B oy s 4 it . BAT
7 % % (vancomycin) 9 X%F I8 25, A I A & 1) DMSO
PR 2% B BB AR HE 2 HE SR SR F R A% 4 B vk U e
H s AP MIC. ¥ & B ARk & W) 5 5l i i 18
DMSO 1, HIEEWE N 1024 pg-mL " HIVEWR . TR H
M T LB REFR AL, 37 °C ¥R 5 77 2 % 50, 19 B
B 10° CFU-mL". 96 FLAR B 28 1 47 II N\ LB ¥ 14 55
FEHE 190 pL AIEE S 10 pL, 552 &5 947/ fLIN A LB
WA S IR AL 100 pL. BB 1ATIR G A G, BB R
100 uL 225 247, A LEMBE R 81T 28 1~8 1T REAL
BN 100 pL BR R, B4 A4 B 10 1) 28 0 R P AR h
256.128.64.32.16.8.4.2 pg'mL", FF MK E 3 E
FL, SEIG EE 3 K. 37 °CHHIE B 77 18~24 h M 5 5L

R, MNEELMRDNREHENEED T
MIC & .

{E& TImk: 2 W 75T h it R 1R 3 B S
s 25 SO B 5T IR SRS AR [al A ; Gk 38 48 A T BH 11 5T
WAE R BACH 2 8 5 B A AN ZE o st AR
FL T Pas85 )73 B 48 58 5 W] 2K 2K A1 2 3] A BT bR A 1) ] 4
I SEHL .
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