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A new cochlioquinone from endophytic fungus Bipolaris sorokiniana derived from
Pogostemon cablin and its bioactivity
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Abstract: Objective To study the chemical structure and activity of secondary metabolites of the endophytic fungus Bipolaris
sorokiniana A606 isolated from Pogostemon cablin. Methods The compounds were isolated and purified from the ethyle acetate
extract of the fungal fermentation broth by silica gel, reverse phase silica gel, Sephadex-LH20, HPLC, and so on. Their structures
were identified by extensive spectroscopic analysis. The compounds were evaluated for their cytotoxic activities against human
tumor cell lines by the SRB assay and their antibacterial activities against bacteria were evaluated by the filter paper method.
Results Two compounds were isolated from the fermentation broth extract of the strain A606 and identified as
(35",4aS",6aS",12bS")-3-(2-hydroxypropan-2-yl)-6a,12b-dimethyl-9-[(2R",4R")-4-methyl-3-oxohexan-2-yl]-1,2,3,4a,5,6-hexahydr
opyrano [3,2-a]xanthene-8,11-dione (1) and precochlioquinol D (2). Conclusion Compound 1 is a new compound, named
11-hydroxy-12,13-dehydrocochlioquinone B. Compound 2 is isolated from the species of genus Bipolaris for the first time.
Compound 1 shows the cytotoxic and antibacterial activities.
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EYNE B EE 28, IR 4h
ISR, AYEEZ RN, R AR R K
RNRIE R IEEY R EEGR ., |EF
Pogostemon cablin (Blanco) Bent. N1 K Zjz—,
BEPE, giiEtl, prEfe, ) RBP4y
T B RN A I P AR R TS I A AR
(PRI U 08 . AR BT IR SN 2 b oy
B 1 RN AE B W R KB Bipolaris
sorokiniana A606. HEHRIE, 1%J8E EH KRB =
Vi 2 & e S R B SR (cochlioquinones) {4 &
pyieol, BRRFEMMREE RN, EREAZMA
YoiE i, LS AE [ B A m A H )
MRARAEKOT AR Huln A A B
9T PR PR i T s T IR S v 1 IR R AR
Y, ARSEZ AR T IR KRG TR, I K
VR IE IR 6 26 AT o B alidl, b 43 2545931
2AMEEY, %N (3 4aS",6aS", 12bS7)-3-(2-
F2IE-2- TN fi 3t )-6a,12b- —HI JE-9- [2R",4R")-2-(4-H
He-3- O 3E)]-1,2,3,40,5,6- N A M T [3,2-a] 4R
B-8.11- i [(3S",4aS" 6aS",12bS")-3-(2-hydroxypropan-
2-yl)-6a,12b-dimethyl-9-[(2R",4R")-4-methyl-3-oxohexan-
2-yl]-1,2,3 ,4a,5,6-hexahydropyrano [3,2-aJxanthene-8,11-
dione, 1] F precochlioquinol D (2). HH k&4 1
RHAEY), a4 11-F2 512,132 &0 e 7 s 1A
Mt B, (&M 2 AE RN ZEEE T E155].
EHENAEREKH, &Y 1 BRI REMPUR
M.

1 NS5

ML YR %4 500 MHz (Bruker 2] );
MAT95XP HRESIMS 754 # i 14 ( Thermo A ] );
API 2000 LC/MS/MS it i {X (MDS SCIEX 22 ] );
UV-2600 24N . IRAffinity-1 8 B 25 21 4
AL LC-20A Bl £ B v SOBAH (A (H
KB EEAF]D; Anton Paar e 64X CEEHLF) 22 KA A
A]); PZ1000B Jighe RS B mPE IR (i ie
R BEARATD; @i TES (LigERRH A
BRAFD. HERERER (100~200. 200~300 H,
BT )y GFass R0 ZRERR (Merck
N, Cig ARERR (40~75 um, Fuji Silysia
Chemical Ltd.), %t/ Sephadex LH-20(18~110 pum,
Amersham Biosciences Ltd.), H AR5 AN #r4l,
T E M ZERFT

ITEENAEEFEREK A606 I RE EET R

LR EF R E1E8], | #E Pogostemon cablin
(Blanco) Bent. FH " 7R 24 2% 5t 7 24 2= e ™ FE i I 002
YE. BB RKEKS S DNA 4%, K5
P 1TS1 (5°-TCCGTAGGTGAACCTGCGG-3’, IE[A])
A1 1TS4(5°-TCCTCCGCTTATTGATATGC-3’, J% [f])
P> B bR DNA ITS X, W57 3845 1 7 %)
(GenBank &3¢Sy KF494823) il BLAST f&/F
£ GenBank _itATHIAME R HIRE R 90, GRS
Bipolaris sorokiniana B41 ( GenBank & 3% 5 A
KF725816) [FIAALE N 99.6%, K1 % 52 #itk A606
MR PG Bipolaris sorokiniana. WA ARATT
IR AR TR .
2 EHRBIAEZ

BRI R B 7R SR g &0 (PD) Ak
Rigedt: DA% 200 g/L, Hi4iHE 20 g/L, KH,PO43
g/L, MgSO47H,0 1.5 g/L, 44 % B, 10 mg/L, pH
8 7.0 FETCBE 2640 T A PR IS & 1 AR e 7h 3]
3 250 mL G TR HETE I, £ 28 °C 120 r/min
EAF FRRIREEFR 5 d, SRR, 285 BUE S Fh
TR 250 mL R5 9RO, 15 9%
FAESMTHARE, 5538 7d, FLKEE 120 L.
3 RESSE

120 L KB P22 20 A7 8 1k 45 A BRI R B 224K
RIFRATERR CBEREEL 4 %, 40 C FIRJEKR A 1312
B 188 g. BEHZIEHEERA:, k-KtiR £ i
(50 0 11 :2) PO G HGE-HRE (5 0 D BREEBEM,
F#Z @0 (TLC) M R @5 i A - R IR
WA, &IAIZE S, 153 20 AN 5 (Fr. 1~20).
Fr. 19 4150 454K Sephadex LH-20 f4ilf, DL & H
Fe-HmE (1 1) FhifFE) Fr. 19-1~19-6, Fr. 19-6
it AR I, HEE-/K (30 0 70—>60 1 40) £
FEBEmL, 43 Fr. 19-6-2, F&AHH &4 (ODS-A,
HEE-7K 50 : 500 SFEEpeM, aiie3aba 2 4.5
mg). Fr. 20 253448 Sephadex LH-20 8153 &,
DA e FEECL - DPEBifS 3] Fr. 20-1 # Fr. 20-2,
Fr. 20-2 J@ T IEARH]$FE (YMC-Pack SIL), 1E cifi-
BERR Ol (10 D a3 30EY 1 (4.6 mg).
4 HWEE

WEW 12 aEMRBE (CEFRD. [o]b
+118.4° (c 0.1, EtOH); UVAEOH (log ¢): 211 (4.27),
271 (4.17), 325 (3.87) nm; HR-ESI-MS m/z: 485.251 7
[M—H]™ (CysH3707, 5 AHA 485.2539), AMif
MPEA 10, IR HERRAHRE (3410 cm™) FIHR
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F (1715 f11651 cm™) WUk, "TH-NMR (500 MHz,
CDCls) #E (& 1) BnfA 1 MW T on 6.32 (5,
H-12), 2 NEESE T oy 3.19 (dd, J = 2.6, 1.3 Hz,
H-21) A13.17 (dd, J = 3.4, 1.3 Hz, H-17), 7 NH%E
JRF Ou 1.57 (s, H3-26), 1.26 (d, J = 6.8 Hz, H3-27),
1.20 (s, H3-24), 1.18 (s, H3-23), 1.12 (s, H3-25), 0.97
(d, J = 6.8 Hz, H3-28), 0.83 (t, J = 7.4 Hz, H3-1) fil—
RYNMH BT 2 EIE(55 . PC-NMR (125
MHz, CDCl;) 454 DEPT135 Bk Eoxf 28 Mikls
S, AHE 1 ANIRIERR 5 212.0 (C-4); 1 NERFE 5¢ 181.0
(C-10), 180.5 (C-7), 155.2 (C-11), 146.5 (C-8), 129.0
(C-6), 115.8 (C-9); 7 MHIEE 6c 27.3 (C-26), 24.5
(C-24), 23.8 (C-23), 20.2 (C-25), 15.6 (C-28), 14.1
(C-27), 11.3 (C-1)o 5 A~ sp® LI HEE 6¢c 37.8
(C-15), 34.8 (C-19), 27.0 (C-2), 26.1 (C-16), 21.6

(C-20); 4 A sp® FALIKHF I 5c 84.5 (C-21), 81.0
(C-17), 44.4 (C-3), 41.1 (C-5) F1 1 /> sp® Z+4b Uk F &k
dc 110.1 (C-12); 3 4 sp® 224L 7&Kk 6c 82.0 (C-14),
71.8 (C-22), 38.6 (C-18) Al 1 4~ sp* Z:4b Wi oc
149.1 (C-13).
DL Ed 5 Otk S e £ s T R BUUARAL,

AN Z b Rz A S ITE C-12 AT C-13 437 bL g s s
B £ 7 1 MWEE [0c 149.1 F1110.1, 6y 6.32 (1H,
s)], £ C-11 Azl N 1 PMEREEHR T e fl iz w e B
SRR LA TS BT (0n 6.45, H-11). @1t HMBC
B (B 1D afPAEH, H-12 (00 6.32) 5 1 ANFRIERR
(0c 155.2, C-11)~ 1 NZERk (6 38.6, C-18) Fil 2 A~H
FBR (0c 27.3, C-26; 20.0, C-25) WAL, I
H H-25 (0u 1.12) 5XUEHK C-13 (5¢ 149.1) WAFLE
TFRAHDE, PRk, ATRAHIMTE C-12, 13 A2 1 AL

#1 LAY 14 'H-.NMR 5 BC-NMR #iF
Table 1 '"H-NMR and *C-NMR data of compound 1

DA SH dc A OH oc
1 0.83 (3H, t, /= 7.4 Hz) 11.3 15 2.32 (1H, dt, J = 13.2, 3.1 Hz), 2.03 (1H, m) 3738
2 1.62 (1H, m), 1.34 (1H, m) 27.0 16 1.84 (1H, m), 1.74, (1H, m) 26.1
3 2.48 (1H, dd, J=13.1, 6.8 Hz) 44.4 17 3.17 (1H, dd, J=3.4, 1.3 Hz) 81.0
4 212.0 18 38.6
5 3.95(1H, q,J= 6.8 Hz) 41.1 19 2.12 (1H, m), 1.60 (1H, m) 34.8
6 129.0 20 1.73 (1H, m), 1.59 (1H, m) 21.6
7 180.5 21 3.19 (1H, dd, J=2.6, 1.3 Hz) 84.5
8 146.5 22 71.8
9 115.8 23 1.18 (3H, s) 23.8

10 181.0 24 1.20 (3H, s) 245
11 155.2 25 1.12 3H, 5) 202
12 6.32 (1H, s) 110.1 26 1.57 (3H, s) 273
13 149.1 27 1.26 3H, d, J = 6.8 Hz) 14.1
14 82.0 28 0.97 3H, d, J= 6.8 Hz) 15.6

“wJ26 4

1 %4418 'H-"HCOSY (==), HMBC (7 X\), NOESY (* ) fEE%
Fig. 1 Key 'H-'H COSY (== ), HMBC (7 \), and NOESY (#* %) correlations of compound 1
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BEMAATE SEAh, (LAY LR C-11 eI (Oc
155.2) P TRMEHEE B (6c 134.1) & A{K3%
), XK C-11 &bn] BRIEA PR FLEF W TR 4],
bR B, sa DR EIERER, 45
4 HR-ESI-MS m/z: 485.251 7 [M—H] ", 15311k &4
1 (15738 CasHssO7, RIALEY) 1 (1T 1H 4544
BEH5E

WA 1 AR A8 S NOESY S50 € o
£ NOESY i+, H-21/H-190. H-17/H-19a £l
H-17/H-13 FAAHXK, RHIX 4 ANEFAER—# A,
HAeEN o WAL, @it H3-25/H-12. H-12/H3-26 Al
H-12/H-19B A A%, R H 2 Me-25 Hil Me-26 £ ]
—igfn, JRfREh p A (B 2). TR EY
IAJRIEE, MR imEE C-1 2] C-5 F BLAIANT 4
5 CHRE R . S8R, a1 vk
G, GHINE 2, A 11-55E6-12,13- LA Ef
i BB B o

B2 1La¥1 Kl
Fig. 2 Structure of compound 1

WEY 2 FEOMRBE (FED . ESI-MS m/z:
219.0 [M—H], 413N Ci3Hi603. 'H-NMR (500
MHz, CD;0D) 6: 6.90 (1H, m, H-2), 6.11 (1H, d, J =
1.7 Hz, H-7, H-11), 6.09 (1H, t, J = 4.0 Hz, H-9), 4.35
(1H, m, H-5), 1.81 (3H, dd, J= 7.0, 1.1 Hz, H-1), 1.73
(3H, t, J = 12 Hz, H-13), 1.29 (3H, d, J = 6.8 Hz,
H-12); '3C-NMR (125 MHz, CD;0D) 6: 204.0 (C-4),
159.9 (C-8, 10), 146.0 (C-6), 139.9 (C-2), 138.3 (C-3),
106.9 (C-7, 11), 101.9 (C-9), 47.3 (C-5), 19.6 (C-12),
14.8 (C-1), 11.6 (C-13)o LA_-H ¥ 5 S0k IE I A —
U, WS WA 2 N precochlioquinol Do
5 AEYrEMENK
5.1 ZHREESIEMENIK

KA SRB EWHUEAEY) 1A 2 %5 N 4
Ml HepG-2. AFh&Radiffl SF-268. A FLIE 40
MCE-7 AU 40 NCI-H460 120 Ao 48 5 #1 h]

2, DUBEHARHIES . S5 R3EHT, fE 100 pg/mL
T, AT 2 05 4 Fh MR A R R0 B A A S A
20%LLF, LA 1 AN RAE 90% L 1. B,
HBE—BNE TACEY) 105X 4 e 240 pk 1 1 2
IHIREE (ICso) fH, SiRNEE 2.

&2 WA X 4 FAEMEKE ICs B (X £5,n=3)
Table 2 ICso values of compound 1 against four kinds of

tumor cells lines (X %5, n =3)

ICs0 {E/(umol-L™")

HWEY)

SF-268 ~ MCF-7  NCI-H460  HepG-2
1 204£0.5 21.5£1.6 713%+35  26.1£2.0
LS| 41£02 29405 29402 25402

5.2 #EEMENR

KHAEAU T EL e A 1 2 PR
Mo SRR A RR W, b W EW BN 100 pg/mL
B, tbEY 1 X & O 2 BRI (Staphylococcus
aureus, SA). KW (Escherichia coli, EC) 3
T — o B PO I P, TR AL L ZE AT
(Bacillus subtilis, BS) WEATENE; a2 X3
MR B A TENE (R 3D,

£3 LAY 2 BREEY

Table 3 Antibacterial activities of compounds 1 and 2

o I Bl 4% /mm
SA BS EC
T H 6 6 6
1 8 6 9
2 6 6 6
PoH 1 6 R 40 23 12

SA A1 BS HIBHIEX RO RN B R, EC BB IR R
s FRIEAR AL S Y E PR X B2 B3 10 pg

SA and BS are Ampicillin, while EC is resistomycin as positive
control; Content of compound or positive control drug in each piece

of filter paper is 10 pg
6 itig

ASZIG N B EHT #E A/ WNEEW Bipolaris
sorokiniana A606 WIRFERT /7 EEE T 2 Mied
IR A, Kb &1 hEieE Y, e
Y2 NEIRMZEEE T B E] . e BB S
b B A B )P B NP B R v B, R AT
TS SRR, (AW 1 X SF-268. MCF-7
F1 HepG-2 3 FhlRI A M bk R 30 HH R 4F ) A P 23 0%
P, H ICso N 20~26 pmol/L, My H. X} 4 3 (% 4
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