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W E. BE WRASIS Salvia miltiorrhiza WA B MR Alternaria malvae VIR AEACE =9 L AEViEYE. A% R IE
AHFE A RE . MPLC-ODS. MCI. Sephadex LH-20, &4 il & B4 s OB AH S 8 F B AT - B2k, R R AZ L IR AN BT B 2 R
Sof BARAL ST S 5E B IS 2 8% (lipopolysaccharide, LPS) %S/ EMEZIM (RAW264.7) —%ALE (NO) [HIBE
B VTP E BT R TENE . SR AR OOR KB T B AR R T AMEE, 4K E N 3- A B R 1 P R
B (1), 4-RUNFERIE (2). (+)-(4'R,5'S,TR)-AIFERTM (3). 4-F- ARG A (4). MR =/ 5-HEF (5).
MEERE = (6) FIYUBEM FEAEEE (7). L&Y 5 M7 RILEHRIEME, REINHIKE (median inhibition concentration,
ICso) fH2r 4 (14.80+0.67) umol/L Fi (27.76+2.75) umol/L. 5t &M 1 NEEZEHLEY, fr4 N 3-H A FEgmsE
AN B; AW S B REDIRIENE.
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Polyketones in endophytic fungus Alternaria malvae from Salvia miltiorrhiza
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Abstract: Objective To study the secondary metabolites and its biological activities of the endophyties Alternaria malvae derived
from the roots of Salvia miltiorrhiza. Methods  Preparative high-performance liquid chromatography, along with additional
chromatographic techniques including normal-phase column chromatography, MPLC-ODS, MCI, and Sephadex LH-20, was employed
to isolate and purify the secondary metabolites. NMR and mass spectrometry were then used to characterize the individual compounds.
Results A total of seven compounds were isolated from the rice fermentation of 4. malvae and identified as 3-methoxyalternolide B
(1), 4’-epialtenuene (2), (+)-(4'R,5'S,7'R)-altenuene (3), 4"-epi-dihydroaltenuene A (4), alternariol 5-methyl ether (5), alternariol (6)
and altenuisol (7). Compound 1 was a new compound, Compounds 5 and 7 exhibited anti-inflammatory activity with ICso values of
(14.8+0.67) umol/L and (27.76 =2.75) umol/L, respectively. Conclusion Compound 1 is a new polyketone compound named 3-
methoxyalternolide B. Compound 5 has significant anti-inflammatory activity.
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ARWSE EEAIA, geind KR, g
TP D), (R3S TS ARG U S A4
REFELL, AL, WA IR It 2 4
YIEVER IR =R EERYR, fEERZG . Aol Tl
HEAEBERIN AT RS, S EEEENNER
B, XSS AE AN AT A R i R R A KA 0k
IR, R E Z RN, 57
Z 18 U BT % DIAH 9%

TSR Alternaria 7&—M A Z I H I,
FREZ, MR MIFEFE, AR,
WS, B, AR, B RIFHADNE D10,
AR, HERG AR I B A AU P Y P 2 T TR AR
13 7 ek 2 19y EN13], Chen S5 EEAS B B
B B AR 2] T 17 SR R S S
Grover SISV TBE S £ J& AR ™ M) A0 Bk % 10
M (alternariol) fg LA EAH K1) 77 20 Rl g 2
BE (lipopolysaccharide, LPS) 753 [ [l 11 S B
% ; Kollarova ZEUOI3E— D IGUE | 4HEEAS FO B i 417

e

N

#ill#% A F «B (nuclear factor kappa-B, NF-kB) {5
TR LPS 175 510 THP-1 Y514 E WG 485 [ v o
P N B VD O o I SN 1 5 O )
Alternaria malvae Roum. & Letell. '] KK & BEY) T
FXR, BEFRSE MBI BA RIFAEYETER
ED, N EEE 7 N EERLEY, 20l%
JE N 3-H A B 4H A% 46 N 5 B(3-methoxyalternolide
B, 1), 4-RMFEAEAUM (4'-epialtenuene, 2). (+)-
(4'RS'S,T'R)- 4l % ¥ #1 M [( + )-(4'R,5'S,7'R)-
altenuene, 3], 4-F- " HAMEEMAIE A (4-epi-
dihydroaltenuene A, 4). 4% #% I lE S5- 9 Bk
( alternariol 5-methyl ether, 5). 4 % #% I {¥
(alternariol, 6) FNAHFERE I H R Caltenuisol, 7),
S IE 1. HAiham 1 AR EY,
20N 3-H AR BERS A TR B IT RIS IR 45 SRS,
&y 5 M 7 RIBHLRIENE, FHANHIRE
(median inhibition concentration, ICso) 1H 7 AN
(14.8£0.67) umol/L F1 (27.76%2.75) pmol/L.

R;
5 R,=OCH;, R,=CH;, Ry=H, R,~OH
6 R,=R,=OH, R,~CH;, R;=H
7 R,=OCHj, R,=H, R;~R,~OH

1 L&YW 1~7 1%

Fig.1 Structures of compounds 1—7
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1.2 A 5EKk

Btk A. malvae 578 HFTEEFF SR (2019 4F 6
HRBAFEZHE SR, AMazfihES R
YMEFEAREENERAREEREMNS S
miltiorrhiza Bunge, K& BG4 TAY TREAR
o A % N A malvae ( Genbank ¥ 4l 5
MK748148.1), HAFTT R ER 25 K252 i -
2 ik
2.1 HHRAEE

W B A malvae BFh T PDA AR LiGfh, &
THEFEFETRETE 7 do MR 22 K0 B 7 1B
&, BEBYIA 1 mmX 1 mm B/ NESER T K S
110 kg FOKEEFREH (150 g KoK 100 mL 7K,
T 28 CHEFRAE P HEEHFE 25 d.

22 REKRBEEMHRERRS S E

TEZERFZMT, REMERER CBHREE 3 X,
IR RS JE 1B OB AR T 150 g0 SRERAE
ik (200~300 H), BERR LEE-F i (100 @ 0—
0:100) BREEEVEMNL, 7538 4N A~H.

5y E 4 MCIAE, HIEE-7K (80 1 20—~100 : 0)
BOREVRE, AT ghmAyiie, REELSNEEL
&5 (1.1g). 6 (72.8mg).

Hr G & ODS Hil (HEE-7K, 40 60—
95:5) RGEEEWEM, 4 TLC KR, &FHEA
SHFE] 6 NS Ga~Gf. #414) Gb 4 pre-HPLC
(ZJE-7K 35 1 65, 8mL/min) 4itb8EY 4 (1.7
mg, /R=17min). 2 (8.9mg, rR=21min), 3 (21.7
mg, ®R=22min). 47} Ge LEFE G (FFEE)
Ve33R 7 NEAH S Gea~Geg, 44 Gee & pre-
HPLC (Zfi5-7K 35 1 65, 8 mL/min) Zifk54b&4
1 (1.5mg, &=29 min),

4 H 4 ODS FEEIE (Z40F-7K 30 1 70—~90 -
100 RGEFHEVEML, 152) 12 N4 Ha~Hg. 41
43 He LUt SR €0 1% CH D BE 1531 9 /N1 4> Hea~
Hei; 204} Hei & pre-HPLC (ZfiE-/K 42 : 5848 :
52, 8 mL/min) 4l (k154 54 7(2.2 mg, (r=30 min)
3 #R
3.1 ZHEFE

EY 1. AR, BT HEE. (o] -18.7
(c0.1,MeOH); UV A (am): 252 (4.77); ECD (0.6
mg/mL, DMSO), Amax (d€) 282 (—4.23) nm. HR-ESI-
MS m/z: 291.087 2 [M—H]" (calcd. for Ci5H;50s, m/z
291.087 4 [M—-H]), &7 i e o108

C15H1606, AEFIE AN 8. 'H-NMR WiEHdE (£ 1
BINELE 3 MERI TS5 01 6.65(s), 6.47 (s), 6.23
(d,J=33Hz); 1 MHHEEES on3.88(s); 143k
LM P EE TS5 0n2.23 (d,J= 14.1 Hz), 2.39
(dd,J=14.0,6.2Hz); 1 MHHE(ES ou1.62(s); 13C-
NMR 3 3 HdE R A7 7E 15 MAE 5, Hd 1 AMER
BRILRE oc 170.3; 8 ANMARR oc 167.9, 165.2, 140.4,
135.0, 130.2,103.6,101.8,101.8; 4 &Sk oc 86.2,
68.5,68.2,56.3. HHE LA EA5SHEM, &4 1 450
HATRES A 1 ANZEIR, 1N | NHESE, #
W5 X DL BRI St 4R T 6 AN, itk
GEM P RIAEAE 2 NIRRT R IR A . 1
HMBC i1, H-4 5 C-2, C-3, C-5, C-6 [IAHIE W
T UANPUERIRIA AEAE, [FIR H-6 5 C-1"IAH%
PAK H-6'5 C-1 BIAH R UL ZR IR S 1 AN RUEAHIE o
HAh, H-6'Y5 C-2'F1 C-4'HIAHGEL & H-5'5 C-1'Fll
C-3'MIMRMEET 1 AANTCHAFTE. L EEE R
A 1 ATREN RER A Y, HEHSHEDH
FEM AN B B AR, S b 0SSR R B A
M1 ZH 1 AFEEES (0u 3.88, s; dc 56.3, 3-
OCH3). 7& HMBC i BoR A (S5 (01 3.88,5)
FI C-3 (6c 56.3) HHE, HAEHERES C-3
&, FIAGEY) 1 BT T S5 Fff D 3-H SR LA
AN S B

# 1 L&Y 1 8 NMR 48 (600/150 MHz, CD:0D)
Table1 NMR data for compound 1 (600/150 MHz, CD30D)

{304 OH Jc
1 140.4
2 101.8
3 167.9
4 6.47 (3) 101.8
5 165.2
6 6.65 (s) 103.6
7 170.3
1 135.0
2’ 82.6
3 2.23(d, J = 14.0 Hz) 408
2.39 (dd, J = 14.0, 6.2 Hz)
4 4.14 (d, J = 5.9 Hz) 68.2
5’ 4.38 (d, J=4.3 Hz) 68.5
6 6.23(d, J = 3.3 Hz) 130.2
7' 1.62 (s) 27.9
OCHs 3.88 (s) 56.3
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ROSEY i f7~, H-4' (0u 4.14, d, J=5.9 Hz). H-5'
(01 4.38,d,J=4.3 Hz) Ml H-3'B (0 2.23,d, J=14.0
Hz) #3%, H-7' (0u 1.62, s) 1 H-3'a (du 2.39, dd,
J=14.0,6.2Hz) fH%, itk H-4'H1 H-5"4 p #4741,
H-7"4 o #8Y, BICHRE THEY 1 AR B (&
2). HE—iEid Moy(OAc): %55 ECD SZEGHiE T
&1 4,5 - T I BL08), G 3 B
7N, 1E Moa(OAc)s 15 1 ECD Y1 310 nm

Qo 0 \:;\‘%‘é\
" oH QQ}

~~~ HMBC ¥ Y ROESY

B2 &% 1#9X% HMBC 71 ROESY 83X
Fig.2 Key HMBC and ROESY correlation of compound 1

oS
OH

— Exptl. ECD of 1
"""" 1 +M02(AC)4

Circular Dichroism (mdeg)

L MO
3 (0] N ’I
CRINRE,
— H
6 H

favored conformation

260 280 300 320
-4 310 nm,+0.414 4
A/mm
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3D favored conformation

3 L&Y 1/ ECD HUE
Fig. 3 ECD data for compound 1

AR EEEI IE Cotton RN, R BH — TR A R (1)
L M N 07 17, B 1 B e Xt #  oh
2'SA'S,S'Re N I AHWAEY), s 3-H AN
AL TE B (3-methoxyalternolide B).

&Y 2. Oy, 59T HEE, ESI-MS
m/z:291.1 [M—H], i€ H0T 2N CisHi606. 'H-
NMR (600 MHz, CD;OD) §: 6.64 (1H, s, H-6), 6.48
(1H, s, H-4), 6.19 (1H, s, H-6'), 4.23 (1H, d, J= 7.4 Hz,
H-5'), 3.87 (3H, s, 5-OCH3), 3.75 (1H, m, H-4"), 2.27
(1H, d, J = 10.2 Hz, H-3'B), 2.17 (1H, t, J = 12.4 Hz,
H-3'a), 1.56 (3H, s, H-7"); BC-NMR (150 MHz,
CD;0D) 6: 169.6 (C-7), 167.9 (C-5), 165.4 (C-3),
139.0 (C-1), 134.2 (C-1'), 130.4 (C-6'), 103.7 (C-6),
102.0 (C-4), 101.2 (C-2), 83.5 (C-2"), 74.2 (C-5"), 72.1
(C-4"), 56.3 (5-OCH3), 44.5 (C-3"), 26.7 (C-7"). Hik
T EHE AN SRR HE AR, R A 2 O 4
KRS )

tEY 3. ABTEMEER, ST DMSO,
ESI-MS m/z: 291.1 [M-H]", #iZ H 75 17X N

C15H1606o 1H-NMR (600 MHZ, DMSO-de) o: 11.28
(1H, s, 3-OH), 6.72 (1H, s, H-6), 6.48 (1H, s, H-4), 6.28
(1H, brs, H-6"), 3.94 (1H, brs, H-5"), 3.84 (1H, s, 5-
OCH3), 3.69 (1H, brs, H-4"), 2.25 (1H, d, /= 14.0 Hz,
H-3'a), 1.93 (1H, dd, J=14.0, 7.4 Hz, H-3'B), 1.45 (3H,
s, H-7"); 3C-NMR (150 MHz, DMSO-ds) J: 168.2 (C-
7), 165.8 (C-5), 163.0 (C-3), 139.2 (C-1), 131.8 (C-1"),
131.0 (C-6"), 102.4 (C-6), 100.9 (C-4), 100.0 (C-2),
81.2 (C-2"), 69.5 (C-5'), 68.8 (C-4'), 55.8 (5-OCH3),
38.6 (C-3"),27.4 (C-7")o U EHAR AN SCHR IR E A
—HE, WS 3 N (1)-(4'R,5'S,TR)-41EEH
4 o

WEY) 4: wEOTENMAR, 5T HEE, ESI-
MS m/z: 295.1 [M+H]*, i€ H 7324 CisHisOso
"H-NMR (600 MHz, CD30D) J: 6.41 (1H, s, H-4), 6.35
(1H, s, H-6), 3.85 (3H, s, 5-OCH3), 3.60 (2H, m, H-4',
51, 3.21 (1H, d, J = 12.8 Hz, H-1"), 2.51 (1H, d, J =
12.8 Hz, H-6'a), 2.25 (1H, dd, /= 11.6, 3.4 Hz, H-3'a),
1.92 (1H, d, J=11.8 Hz, H-3'B), 1.41 (1H, d, J=12.2
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Hz, H-6'3), 1.22 (3H, s, H-7"); '3C-NMR (150 MHz,
CD;0D) ¢: 170.3 (C-7), 168.0 (C-5), 165.8 (C-3),
144.1 (C-1),105.17 (C-4), 102.2 (C-2), 99.9 (C-6), 84.1
(C-2"),75.6 (C-5"), 72.8 (C-4"), 56.2 (5-OCH3), 45.5 (C-
3", 42.6 (C-1'), 31.5 (C-6"), 19.1 (C-7"). Hykit ¥
FSCHRIRIEFE A —52Y, e & 4 N 4-3%-—
HAHEERS AR A

WED 5. BEEMAK, 5T DMSO, ESI-
MS m/z:273.1 [M+H]*, #i&H 518 CisHi20s.
'H-NMR (600 MHz, DMSO-ds) o: 11.83 (1H, s, 3-
OH), 10.38 (1H, s, 4-OH), 7.22 (1H, brs, H-6), 6.72
(1H, d, J = 2.0 Hz, H-5"), 6.64 (1H, d, J = 2.0 Hz, H-
3), 6.62 (1H, brs, H-4), 3.91 (3H, s, 5-OCH3), 2.73 (3H,
s,H-7"); BC-NMR (150 MHz, DMSO-ds) 6: 166.1 (C-5),
164.7 (C-7), 164.1 (C-3), 158.5 (C-4"), 152.6 (C-2"), 138.4
(C-6"), 137.7 (C-1), 117.6 (C-5'), 108.8 (C-1"), 103.4 (C-
6), 101.6 (C-3), 99.1 (C-4), 98.4 (C-2), 55.8 (5-OCHj),
25.0(C-7")o Hp i AR IE A — 502, e
WA S NANEERS R 5-FH TR

WEY 6: WRIEEMAK, ZiET DMSO, ESI-
MS m/z: 259.1 [M+H]", #ixH 5+ XN CiaHi00s.
IH-NMR (600 MHz, DMSO-ds) J: 11.76 (1H, s, 3-
OH), 10.88 (1H, s, 5-OH), 10.33 (1H, s, 4-OH), 7.22
(1H, brs, H-6), 6.70 (1H, d, J= 2.0 Hz, H-5"), 6.62 (1H,
d, J = 2.0 Hz, H-3"), 6.36 (1H, brs, H-4), 2.69 (3H, s,
H-7); 13C-NMR (150 MHz, DMSO-ds) d: 165.4 (C-5),
164.6 (C-7), 164.0 (C-3), 158.4 (C-4'), 152.6 (C-2),
138.3 (C-6), 138.1 (C-1), 117.5 (C-5), 108.9 (C-1"),
104.3 (C-6), 101.6 (C-3"), 100.8 (C-4), 97.4 (C-2), 25.2
(C-7")o U T HHE FO SRR HE A — 2023, Hf e 4k
HY 6 NANEERE BT .

a7 mERKAK, 5T DMSO, ESI-MS
m/z: 275.6 [M+H]*, #iEH 138 CisH1006. 'H-
NMR (600 MHz, DMSO-de) o: 7.52 (1H, s, H-6"), 7.01
(1H, brs, H-6), 6.77 (1H, s, H-3"), 6.53 (1H, brs, H-4),
3.92 (3H, s, 5-OCH3); BC-NMR (150 MHz, DMSO-
ds) 5: 166.6 (C-7), 164.9 (C-5), 163.5 (C-3), 144.2 (C-
4", 143.8 (C-5"), 137.5 (C-1), 108.6 (C-1"), 103.2 (C-
3%), 99.8 (C-4), 98.4 (C-2), 97.7 (C-6), 55.9 (5-OCH3).
U v G AT SRR FE AR — B, BE A T
DR AR R TR I
3.2 ARIEMENIR

K H Griess V%5 BARAL A3 I AR 2 9815 5 1)

RAW264.7 4ifir= 4 NO WG HEbAT T V-, HAk
SIS RO 7R, R BRI G 5 R T
KU B EZEPRIEME, 1CsoH2 5N (14.8+0.67)
umol/L A (27.76+2.75) pmol/L, & 5% T FH %t
24 L-NMMA [ICso= (36.00%1.20) pmol/L], 3
RGP IIE VRS, EWIT 50 pmol/L T,
] AL T 50%.
4 e

ARSI 2R A R 5 M o BRGNS N
W A malvae KEEFPINIAL S B AT T 250
RR L, B FF%E 7 NERENTAEY, Hhay
1N EY . B IS R EY 5 f1 7 B
B RIFARINIRIETE . A, MY E R EIRE
RETF=PIEDUE DU AT SIS T T
AR 1, J5 82475 RE A 7 8 0B R AR AR
FE MG E RO R, ASIS AR
BEUR )G BRI RN A H AR AR TR o

FBAR PAEEHFEFARFEAZFR
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