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Three new 3-decalinoyltetramic acids produced by endophyte Lecanicillium sp.
GZWMJZ-847 from Drynariae Rhizoma
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Abstract: Objective To investigate the secondary metabolites and its anti-microbial activities of the endophytic fungus
Lecanicillium sp. GZWMJZ-847 from Gusuibu (Drynariae Rhizoma) . Methods Lecanicillium sp. GZWMJZ-847 was cultured on
the rice medium and its secondary metabolites were isolated and purified by Sephadex LH-20, silica gel column chromatography.
Their structures were identified by the mass spectroscopic analysis and NMR calculation. The activities of isolated compounds
against pathogenic bacteria and yeast were assayed by nutrient broth dilution method, and that against pathogenic moulds were tested
by plate method. Results Three new 3-decalinoyltetramic acids, lecanitetramic acids A—C (1—3), along with three known analogs
including Sch 210971 (4), Sch 210972 (5) and Sch 213766 (6) were obtained. Compounds 1 and 4—6 showed antimicrobial activity
against four human Gram-positive and one plant Gram-negative bacteria with the MIC values ranging from 7.81 to 125.00 umol/L.
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Compound 6 showed anti-phytopathogenic fungi activities against Sclerotinia sclerotiorum and Fusarium graminearum with 1Cso
values of (22.05 £0.62) and (55.54 + 1.72) ug/mL. Conclusion Lecanitetramic acids A—C (1—3) are new 3-decalinoyltetramic

acids. Lecanicillium sp. GZWMJZ-847 from Drynariae Rhizoma can produce antimicrobial 3-decalinoyltetramic acids against

human- and plant-derived pathogenic microbes.

Key words: Drynariae Rhizoma ; Lecanicillium sp.; secondary metabolite; pyrrolidine-2,4-dione; anti-microbial activity;

lecanitetramic acid A; lecanitetramic acid B; lecanitetramic acid C
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Fig. 1 Structures of compounds 1—6
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Table 1 NMR data of compounds 1—3 (600/150 MHz, acetone-de)

N 1 2 3
3
Jc OH dc OH dc, OH
1 46.9,CH 3.95 (brs) 46.8, CH 3.91~4.10 (m) 46.7,CH  3.96,(t,J=83Hz)
2 486,CH 3.01(dd, J=14.6, 6.3 Hz) 48.7,CH 2.98~3.06 (m) 48.6,CH  2.98~3.05(m)
3 129.3,CH  5.66 (overlapped) 129.3, CH 5.61 (overlapped) 129.4,CH  5.64 (overlapped)
4 1344,CH  5.66 (overlapped) 134.2, CH 5.61 (overlapped) 134.3,CH  5.63 (overlapped)
5 413,CH 1.82~1.8 (m) 36.5, CH 2.29~2.36 (m) 36.4,CH  2.30~2.37 (m)
6 422,CH2  0.95( J=121Hz) 46.5, CH2 1.33(t, J=13.0Hz) 46.4,CH, 134 (t,J=132Hz)
1.88~1.92 (m) 1.82 (d,J=13.1 Hz) 1.83 (dt, J=13.2, 2.8 Hz)
7 333,CH 1.63 (overlapped) 69.2, C 69.2,C
8 46.7,CH: 0.81 (overlapped) 50.3, CH2 1.22 (overlapped) 50.3,CHz2  1.19 (overlapped)
1.65 (overlapped) 1.60 (overlapped) 1.59 (dt, J=13.6, 3.0 Hz)
9 399 CH 1.39 (overlapped) 354,CH 1.88~1.92 (m) 354,CH  1.75~1.79 (m)
10 46.6,CH 1.39 (overlapped) 46.1, CH 1.37 (overlapped) 463,CH  1.39(d,J=10.1Hz)
11 136.2,C 136.4,C 136.3,C
12 15.9,CHs 1.56 (s) 15.9, CHs 1.56 (s) 16.0,CHs  1.57, brs
13 1223,CH  5.14~5.21(m) 122.3,CH 5.16 (brs) 122.3,CH 5.18(dd, J=12.2,5.8 Hz)
14 13.7,CHs 1.47(d, J=6.6 Hz) 13.7, CHs 1.47(d, J=6.5Hz) 138,CHs  1.50(d,J=6.5Hz)
15 22.6,CHs  091(d,J=6.3Hz) 31.6, CHs 1.19 (s) 316,CHs  1.19(s)
16 214,CHs  0.84(d,J=54Hz) 21.2,CHs 0.80 (d, J=5.5Hz) 21.2,CHs 0.81(d,J=6.7 Hz)
17 1938,C 1935,C 193.0,C
18 1014,C 1015,C 101.4,C
19 176.6,C 176.6,C 176.6, C
20 59.5,CH 4.05 (brs) 59.3,CH 3.76 (brs) 60.5,CH  3.73 (brs)
21 195.7,C 1958,C 194.9,C
22 42.6,CH2 1.72 (dd, J=14.4,10.3 Hz) 42.2,CHz 1.70~1.78 (m) 427 1.72 (dd, J = 14.4,10.3 Hz)
245 (dd, J=14.4,2.5 Hz) 2.45(d, J = 14.6 Hz) 2.45(dd, J=14.4,2.7 Hz)
23 742,C 74.2,C 754,C
24 25.7,CHs 1.45 (s) 25.7, CHs 1.45 (s) 27.9,CHs  1.45(s)
25 176.9,C 177.0,C 176.9,C
26 528, CHs  3.73(s) 52.8, CHs 3.73 () 52.9,CHs  3.76 (s)
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B2 &Y 1~3 TE/ H-HCOSY (BEa%k). HMBC (L &&i%k) HXES
Fig. 2 Key 'H-'H COSY (black bold lines) and HMBC (red arrows) correlations of compounds 1—3

3 k&Y 1~3 T NOESY HXE (BL&E %)
Fig. 3 Key NOESY (broken arrows) correlations of compounds 1—3
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Fig.4 ECD curves of compounds 1—6
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(1H, m, H-13), 4.09 (1H, d, J = 9.3 Hz, H-20), 3.93
(1H, t, J = 8.3, 8.2 Hz, H-1), 3.00 (1H, dd, J = 13.1,
6.7 Hz, H-2), 2.49 (1H, dd, J = 14.3, 2.1 Hz, H-22a),
1.90 (1H, d, J = 10.6 Hz, H-6a), 1.81~1.88 (1H, m,
H-5), 1.74 (1H, dd, J = 14.3, 10.2 Hz, H-22b), 1.64

(1H, brd, J = 12.3 Hz, H-7), 1.59~1.62 (1H, m,
H-8a), 1.56 (3H, brs, H-12), 1.50 (3H, d, J = 6.6 Hz,
H-14), 1.48 (1H, brs, H-24), 1.39 (2H, overlapped,
H-9, 10), 0.95 (1H, t, J = 12.3 Hz, H-6b), 0.91 (3H, d,
J = 6.3 Hz, H-15), 0.85 (1H, overlapped, H-8b), 0.83
(3H,d,J=6.4 Hz, H-16). DA F¥dlE 569 4 FEA
FHIE o

) 2: FEENA; miz 498.244 81 [M+Na]*
({1518 CeHa7NO7/Na, 498.246 22) WiEtb &4
F3UAN CeH3/NO7; [0]7 4-52.8 (¢ 0.1, acetone-de);
ECD (0.001 mol/L, MeOH): 218 (+9.13).286 (-0.12)
nm; AT ILETE Anax (loge) Tn b & 7E 215
(3.03). 286 (3.09) nm AbH WM LLAMEE (KBr,
vmax) N EYIFE 3297, 2961, 2918, 2359, 2342,
1732, 1698. 1669. 1598. 1458. 1374. 1205. 1138.
1032 em 8 I A RIS 546G LAHIT 58 A1
AN LKA 2 LA T IR E S
2 72 1856 (1) LA A4 =4 A4 1H13C A1 HSQC
R ELEYE 6 NHEE (0c 13.7.15.9.21.2.31.64
25.7, 52.8). 3~ spP L HI%E (5c 42.2. 46.5. 50.3).
6 1~ spP X FH3E (0c 35.4. 36.5. 46.1. 46.8. 48.7.
59.3). 2 4> sp* =i (oc 69.2. 74.2). 3~ sp? IKH
F(0c 122.3. 129.3. 134.2). 6 > sp? =1y (dc 101.5.
136.4. 176.6. 177.0. 1935, 195.8) (¥ 1). k&
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46.5)/C-7 (dc 69.2)/C-8 (6c 50.3) I HMBC i FEHH %
SE AR A Y 2 RALED 1 T-R SRS
RIATEED, AW 2 KPS R 7-FR R
WMRFRFRL AR Ao

&9 3: FENAR; miz 498.245 09 [M+Na]*
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HSQC et &¥& 6 MHHE (6c 13.8. 16.0.
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46.4, 50.3). 6> sp® k1 (oc 35.4. 36.4. 46.3,
46.7. 48.6. 60.5). 2 > sp®Zh (oc 69.2. 75.4). 3
A sp2 RHEE (e 122.3. 1294, 134.3). 6 4> sp?ZE
B (6c 1014, 136.3. 176.6. 176.9. 193.0. 194.9) (%
Do W 3 5 2 TN SR, HAZREE @R,
{XAE C-20/C-23/C-24 M KT 1.0 b0 /% 2 1H,
IHTALE I tH-1H COSY 1 HMBC %/ (K 2) #i
€ 35 2 fAAHFIRFISE I, A 2 F1 3 51k
HW0 L F0 6 AL, IR X 23~ AR S R 22 )
SRR

I MRS 2 A1 3 ) NOESY # /& (& 3), #f
e 2 MEA YRS B X R B85
1S%,2R",55",7S",9S",10R". L &%) 1~6 FA{LLF) ECD
EE (E4) BHAEY 2 1 3 g EfkzE b
BT LA C-20 755 B K B0 I T Pk
BAY5 18 6 MR AAEE . FFFHT C-23 5
BEAZ R A B0E, H SRR 42 DL AT Jie 4% 5 g i
2, 2 MEEY AL B SRR BT E S ECD
WEEL NOE AHXAE SHiE . 2T bE Wi tie s
AJAIALEY) 2 (+52.8) 5 1 (+51.9) #HifT, 1 3 (+
31.6) 56 (+31.7) tHik: MK S5HEY) 3 F1 6 X
t, fth&9 1 A 2 #8 C-20/C-23/C-24 A AHAL H 45
NGRS, DL BB LSS RSB &Y
2 1 3 1 C-20 FI C-23 o B FIAF XS HA B L 53 1) 5
&y LA 6 AHE, BI4b&4 2 F 3 H C-20 fif4)
BN R, C23 ik Mpaly S MR, £
mpwlpw91/6-311+g (d, p) 7K F L5 TS ZEHUY
2,4- Mgt — i RERZ A BLAR IR 1S,2R,55,75,95,10R,

20R, T 23~ 43 A4 R AT S 2 Rl R4k A PR
i, RH MAE s 08T EY) 2 F1 3 5 2 Bl e &
PRI x o R B8, 25 B E IR MAE s cale sriexp 23 =
0.376+ MAE 45 calc_sriexp 32=0.530, M A — 7 I IE
TG 2 F1 3 1) C-23 ML ARKI TR 43 73 S FIR
gl A& 2 A3 By SLARK RS i E N
1S,2R,5S,7S,95,10R,20R,23S A1 1S,2R,5S,7S,9S,10R,
20R,23R. 2 ML&HI%4: SciFinder HU¥E G 2
ENFAEY), o3 R R R AR B (2)
AU RERFHL AR C (3D

wEY 4. HEH K [o]F +80.0 (¢ 0.1,
acetone); UV A" (nm): 218 (3.08), 286 (3.05); ECD
(0.001 mol/L, MeOH): 218 (9.14), 286 (0.54) nm; 4}
FAN CasH3sNOs, ESI-MS m/z 468.4 [M+Na]*;
H-NMR (600 MHz, acetone-ds) J: 5.66 (2H, overlapped,
H-3, 4), 5.16~5.22 (1H, m, H-13), 4.08(1H, d, J = 9.5
Hz, H-20), 3.93 (1H, dd, J = 7.9, 6.7 Hz, H-1), 3.01
(1H, dd, J = 13.1, 6.7 Hz, H-2), 2.49 (1H, dd, J = 14.3,
2.1 Hz, H-22a), 1.90 (1H, d, J = 10.6 Hz, H-6a),
1.82~1.87 (1H, m, H-5), 1.73 (1H, dd, J = 14.3, 10.1
Hz, H-22b), 1.64 (1H, d, J = 12.7 Hz, H-7), 1.59~
1.62 (1H, m, H-8a), 1.57 (3H, brs, H-12), 1.50 (3H, d,
J = 6.8 Hz, H-14), 1.48 (3H, s, H-24), 1.40 (2H,
overlapped, H-9, 10), 0.95 (1H, t, J = 12.2 Hz, H-6b),
0.91 (3H, d, J = 6.3 Hz, H-15), 0.85 (1H, overlapped,
H-8b), 0.83 (3H, d, J = 6.4 Hz, H-16); ¥C-NMR (150
MHz, acetone-ds) 0: 195.8 (C-17), 193.2 (C-21), 177.3
(C-25), 176.4 (C-19), 136.2 (C-11), 134.4 (C-4), 129.2
(C-3), 122.4 (C-13), 101.4 (C-18), 73.8 (C-23), 59.7
(C-20), 48.6 (C-2), 46.8 (C-1), 46.7 (C-8), 46.6
(C-10), 42.6 (C-22), 42.5 (C-6), 41.2 (C-5), 39.9
(C-9), 33.2 (C-7), 25.7 (C-24), 22.6 (C-15), 21.4
(C-16), 16.0 (C-12), 13.7 (C-14). UL ¥l 5 kR
TEHRA 02, R EN S 4 09 Sch 210971

WaEm 5. WEHWAK: [a] +320 (c 01,
acetone); UV A" (nmy): 218 (3.06), 288 (2.98); ECD
(0.001 mol/L, MeOH): 218 (+11.42), 286 (-+5.66)
nm; 4N CasHasNOs, ESI-MS m/z 468.4 [M+
Na]*; H-NMR (600 MHz, acetone-ds) d: 5.66 (2H,
overlapped, H-3, 4), 5.19 (1H, q, J = 6.2 Hz, H-13),
3.94 (1H, dd, J = 7.7, 7.3 Hz, H-1), 3.78 (1H, d, J =
9.7 Hz, H-20), 3.00 (1H, dd, J = 12.0, 7.3 Hz, H-2),
2.49 (1H, dd, J = 14.3, 2.1 Hz, H-22a), 1.90 (1H, d,
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J = 12,5 Hz, H-6a), 1.82~1.88 (1H, m, H-5), 1.73
(1H, dd, J = 14.3, 10.2 Hz, H-22b), 1.64 (1H, d, J =
12.5 Hz, H-7), 1.59~1.62 (1H, m, H-8a), 1.56 (3H,
brs, H-12), 1.50 (3H, d, J = 6.6 Hz, H-14), 1.48 (3H,
brs, H-24), 1.40 (2H, overlapped, H-9, 10), 0.95 (1H,
t, J = 12.5 Hz, H-6b), 0.91 (3H, d, J = 6.4 Hz, H-15),
0.84 (3H, d, J = 6.3 Hz, H-16), 0.82 (1H, overlapped,
H-8b); *C-NMR (150 MHz, acetone-ds) J: 195.0
(C-17), 193.0 (C-21), 177.3 (C-25), 176.3 (C-19),
136.2 (C-11), 134.4 (C-4), 129.4 (C-3), 122.2 (C-13),
101.5 (C-18), 75.0 (C-23), 60.8 (C-20), 48.4 (C-2),
46.8 (C-1), 46.7 (C-8), 46.6 (C-10), 42.7 (C-22), 42.5
(C-6), 41.2 (C-5), 39.9 (C-9), 33.2 (C-7), 27.7 (C-24),
22.6 (C-15), 21.4 (C-16), 16.1 (C-12), 13.8 (C-14). L
RS G RE R A B0, S ENEYI S N
Sch 210972,

& 6. BIEEMA: [o]d +319 (c 0.1,
acetone); UV A2 (nm): 216 (3.05), 282 (2.97); ECD
(0.001 mol/L, MeOH): 218 (+4.36), 286 (+0.72)nm;
31N CasHa7NOg; ESI-MS m/z 458.5 [M—H] ;
'H-NMR (600 MHz, acetone-ds) &: 5.66 (2H,
overlapped, H-3, 4), 5.18 (1H, g, J = 6.5 Hz, H-13),
3.74 (1H, overlapped, H-20), 3.93 (1H, t, J = 7.5 Hz,
H-1), 3.76 (3H, s, H-26), 2.99 (1H, d, J = 7.5 Hz,
H-2), 2.45 (1H, dd, J = 14.3, 2.6 Hz, H-22a), 1.90
(1H, dg, J = 12.5, 2.1 Hz, H-6a), 1.82~1.88 (1H, m,

H-5), 1.72 (1H, dd, J = 14.3, 9.9 Hz, H-22b), 1.64
(1H, d, J = 12.2 Hz, H-7), 1.59~1.62 (1H, m, H-8a),
1.56 (3H, brs, H-12), 1.50 (3H, d, J = 6.5 Hz, H-14),
1.45 (3H, s, H-24), 1.38 (2H, overlapped, H-9, 10),
0.95 (1H, t, J = 12.2 Hz, H-6b), 0.91 (3H, d, J = 6.4
Hz, H-15), 0.84 (3H, d, J = 6.1 Hz, H-16), 0.80 (1H,
overlapped, H-8b); *C-NMR (150 MHz, acetone-ds)
5: 194.9 (C-17), 193.1 (C-21), 176.5 (C-25), 176.4
(C-19), 136.2 (C-11), 134.4 (C-4), 129.4 (C-3), 122.2
(C-13), 101.4 (C-18), 75.4 (C-23), 60.8 (C-20), 52.9
(C-26), 485 (C-2), 46.8 (C-1), 46.6 (C-8), 46.6
(C-10), 42.8 (C-22), 42.5 (C-6), 41.2 (C-5), 39.9
(C-9), 332 (C-7), 27.9 (C-24), 22.6 (C-15), 21.4
(C-16), 16.0 (C-12), 13.8 (C-14). LA ¥l 5 kiR
TEHEAR— B3, WU e 54 6 Jy Sch 213766,
32 HIEIEMENIRLE

WA 1 F14~6 X 4 BRAPREEBHMEAT 1 PRtE
W 22 [ SR R R I TR, e N
(minimun inhibitory concentration, MIC) 7.81~
125.00 pmol/L (58 2), X534k 5 #R A R R AR I
HAMEIER: tbAY 2 it 3 TERRIIRRIR B X T
o SR B AR R IHIVEF o RN R = B
I 6 SHHIZE B AL B FI/INZE AR B R 0 55
FFMHEIER, 1Cso 2074 (22.0540.62) (55.5441.72)
pg/mL, ZERXT 2 PR 1Cs {55128 (0.100+
0.003). (1.010+0.013) pg/mL.

R2 WS 1~6 xifE[RMEAHIEE

Table 2 Antibacterial activities of compounds 1—6

MIC/(umol L.71)

PR AR B RS FURT B fir F 4R G AR £ i A BK A SR OHE R B
1 31.25 125.00 31.25 125.00 31.25
2 >500 >500 >500 >500 >500
3 >500 >500 >500 >500 >500
4 31.25 31.25 62.50 62.50 15.63
5 62.50 62.50 125.00 62.50 7.81
6 31.25 62.50 31.25 31.25 15.63
W E 0.05 7.50 0.94 0.47 3.75
4 i RS —, AR AT R IR 2

FENED S ERAE R IR =W DTk 1 KR 70 1)
PURZ5Y), MREE Ja PUE R IAQRIRIG,  AH R
AR GACHE = P R BIRT R BT 3R AR AR A
Ao FEBEE DM A A PE R TE, 25D
P 2B B TEA I = P (0 T A B IO FH 38T R F 245 40

) 3 4 1 o A B ST B W AN AR I I B
GZWMJIZ-847 WK H) 4y B 453 3 ASF )i 3
ANCEN 3-E AR R R R, I W R R i R IR
A~C (1~3). Sch 210971 (4). Sch 210972 (5). Sch
213766 (6). b &4 1 FME b &9 4~6 Xt 4 ¥
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A SRR 1 RRAE A o 2 B 05 i 2 R B L
FAERHMENEE, A 6 WIS R R B AN 22
TREER AR T — E M ENE L, XA &)
1~6 MEVES R AT LUE Y 7-f SR o 5B
JRACEVIHE SRS ek, Oy ISR s
WEMR AR IS . AR TUE U 2R
B 4~6 FEATINENGTERIRGE, FHREIE T
R 2R RHIR AR 0 b S RIS 1 1Y)
AT,
RBEAFR FIANEHHEATALEA R
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