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838 o 25 %) B N M OGSk, RN AR T E AL G M R Z BA EY Ak, IR E DR AR (Hu-
perzia serrata) NP RE WHZEER 4> B 4l A5 2] 1 bR P9 42 BT L $2 X MR B TR 19 5L DNAL H PCR 973 ITS K
BB T 25 R AE GenBank B4 5 AT HU X, foe 4 45 78 g 1 48 JE S T B (Neo fusicoccum sp.) o BAR T
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Abstract: As we know, the plant endophytic fungi are some important biological resources, and up to now, a large
part of the plant endophytes which came from a variety of plant organizations had not yet been recognized by the peo-
ple, and on the basis of checking out relative technical literature reported in both at home and abroad, the great ma-
jority chemical constituents produced by the endophytes were found to possess certain biological activity. This thesis
was the further search for new active natural products from pteridophyte Huperzia serrate endophytes. H. serrate
(Thunb.) Trev. was collected from Xichou County, Wenshan Prefecture, Yunnan Province. A endophytic fungus

was isolated and purified from the stem of H. serrate. After extracting total DNA of this strain, internal transcribed
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spacer (ITS) was amplified by polymerase chain reaction (PCR), then the amplified product was sequenced. Frag-
ment sequencing results were compared to the GenBank sequence database, and eventually, this strain was identified
as Neo fusicoccum and was named as Neo fusicoccum sp. FA83. In this study, we adopted the following three meth-
ods: (1) The endophytic fungus Neo fusicoccum sp. F483 was fermented with solid medium, and then, fungi with
medium were extracted with mixed organic solvent , and the secondary metabolites were obtained; (2) The chemical
composition of the fermented metabolites were isolated by column chromatography methods including normal-phase
silica gel, Sephadex ILH-20, and reversed-phase semi-preparative HPLC; (3) The isolated chemical components
were identified by their physical and chemical properties, and a combination of spectroscopic techniques including
electrospray ionization mass spectrum (ESI-MS) and one-dimentional nuclear magnetic resonance ( ' H-NMR, “C-
NMR) spectroscopic analysis. The results were as follows: eight compounds were separated and identified from Neo -
Sfusicoccum sp. F483, and their structures were elucidated by analyzing their spectral data and comparing with the rel-
evant reported literature. They were identified as follows: fusaproliferin (1), 5a,8a-epidiory-(22E,24R) ergosta-6,
22-dien-3p-ol (2), ergosterol (3), 1-(furan-2-yl)-2-hydroxyethanone (4), cerebroside C (5), adenosine (6) , versi-
colactone B (7) and versicolactone A (8). It will lay a foundation for further mining the valuable natural products
from plant endophytes, and will provide a theoretical basis for the development and utilization of the new medicinal
plant endophytes resources.

Key words: Huperzia serrata; endophyte fungus; solid fermentation; chemical constituents; biological activity
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WA (Huperzia serrata) J& A2 F (Hu-
periaceae) f1 42 J& (Huperzia Bemh.) FRZEH Y,
Aan £ AR TRBEZR. B0 m T 2%
Hu, AL AT TP TRV L LA B 3% U A At Ml X
(RLHEAE,2001) , HAFXS TIRYTERATH 50
g R 3 BESERR A — E T AL IR ISR
2008) . ATAER AL GE L AR Y L) SRR IR A B b AR )
M N A LB B 9 S — A B 4 F SE AR (Tan er
al. , 2001) , Xf g AL NAEEA T O HRGE . B E
EAF (2007) R JH N A T P 43 8 1k X 1 B 1 g J2
AR R N A BB HEAT 1 40 1 RN £ 45 3 180 BRI
HW BT Alternaria . Cephalosporium . Guig-
nardia 5 13 A~J& s AT SE (2009) M 245 FHAH ) e /2
A2 o B AR R R AT 0 A8 B BF 55 T JE A
(2011) R HIF-HR 73 B8 125 3 B e 2 A0 42 N AE L
SEE 127 RN A B, 4B T Penicillium | As-
pergillus \Podospora % 19 A&, I % H d 2 Bk H
1 P T 490 ) 95 P S HE AT T RO

ARSCNEE R A2 ZETR B E) L RN AR
Neo fusicoccum sp. F483, R T #t— £ F- & H A1
WAL S 0 R B e AT THRSE . ANIE AR A
A B RG> Y b A 3 8 AW i i
AT, G5 M 258 R fusaproliferin (1) .33 4 2 1
B (2), £ M 8 B (3), 1-( furan-2-yl )-2-
hydroxyethanone (4) . iH g C (5) . BREERS A
6) .

versicolactone B (7) ,versicolactone A (8),

1 Mg DS

1.1 E#hRIE LB

I RO T 2013 4E 8 ARETHE L
TR iR = S A S N B S S L L A S i ]
T CRAF T v [ R} 2 B B B AR A 0F 55 0T AL 0 A2 5 0
FAE Y IR AR SR R R =,

F483 Y & DNA #& B 4 SCmk (= & 41 4%,
2009) SRR CTAB 1k, SEEH F483 % E
PEF F B ITS % % P 4 H 9 38 A 51 4 1TS4 i
ITS5, 518158143 5 1TS4 (5" >TCCTCCGCT-
TATTGATATGC<3") Ml ITS5(5'>GGAAGTA-
AAAGTCGTAACAAGG<T 3"), DL F k4T
PCR #24E . il r-taq B #l4Z % 15 min (95 °C) ;28 Pk
40 s (95 “CHIB K 40 s (55 °C) HEM 90 s (72 °C)
30 M ER; #E 10 min (72 °C)., PCR JiF [ i 2
500~700 bp W% IR Fr B, ¥ 0 ¥ 45 - 4F GenBank
s B p UEAT L 2 SR R % T A A I B
J& (Neo fusicoccum) BYRIVEME R L 99 %, UL E N
WA E B EE (Neofusicoccum) , 7 iy 44 M
F483,

¥ FA83 14k 2 RS HEATE PDA Kige ke (WJr
NEA B E 200 g, &0 30 min J5 o BRI 4
BE 20 g3 BilR 15 gs ARK 1 L, pH A% b, ik
Mk BE 30 L. F 28 CIRE i 16 d.
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1.2 2B 5/

TMS E RN AL AL 6 BN ppm. Al
HH BT AL Hezs 863 4R 335 AL (Bruker
AM-400 £, Avance III 600 #Y); Sephadex LLH-20
HRBEEE (Amersham Pharmacia 2 7)) 5 i 3% 4%
(Finnigan.CQ-Advantage #1) ; ¥ & i JZ 7 FH £ i
G,200~300 H,GF-254, W )2 2§71 H GF-254 fiE i
M (B BMEAL T a2 H (Merck
A7) 3 LC3000 BY-0 A% AR 8% AL : RP-Cyg 7 pm
10250 mm (65T B8 i 15 B R 2 7D s TLC
A0 2 5 00 MR R £ B W s HPLC 43 A 1 42 3% 4l
CHIED 5

2 BWELH

HBC L) (2R & BR-H EE-7K BS R 80 = 15 ¢
5.v/v/v) ¥4 FA83 [ & B = 4 L 3 Ik, KK
b7 3.2.1 d. 15 5 & BERLIE Y . 2R 218K 46 BL, Uk
MR AR BIR T 27 g, B REEEMN (200~
300 H) 2B 5 KK LA b -2 R 2 BR (100 ¢
4~6 2 4) B BAT-HEE (9 £ 1~0: 100) B M
BE 12 4NH 5 (Fro 1~Fr. 12), Fr. 3 (4 g) &
Sephadex LH-20 CEf5/HEE 1 : 1D BEML . P2 E A
3k 05/ B 100+ 3) YRR EE Y 2
(4.1 mg) FiLE&¥ 3 (3.7 mg); Fr. 4 (600 mg) &
Sephadex LH-20 (545 /HBE 1 = 1) B, FR28 6k e
s (7 B/ ER 100 = 5) YERA RS 4
(3.5 mg);Fr. 5 (705 mg) £ Sephadex LH-20 (&

Structures of compounds 1—8

U5 /WEE 1= 1) BEbE, #5285l 2f il £ 4 RP-Cos A
FIEE-7K (80 @ 20~100 = 0) B VEMHE 30 min 31k
AW 1 (4.5 mg); Fr. 10 (1 g) %4 Sephadex LH-20
(B BEME, A2k B AE A3 G5/ W B 100 = 5)
VM AY 5 (5.3 mg)s Fr. 11 (1.1 ) @i
Sephadex LH-20 C&fi/H B 1 : 1) PEM, B &
Sephadex LH-20 (H EE) ¥, 15 2659 6 (3.3
mg);Fr. 9 (1.5 g) i & Sephadex LH-20 (G {5/ H
BE1s 1) YR, 28 S e ] A AR RP-C DA 0K
(5:95~70 ¢ 30) BEEEVEML 30 min FHL5H 7 (3.8
mg) FfLE Y 8 (3.5 mg) .,

3 HMEE

f&E¥ 1 Cpr Hy O J0E R E K, ESI-MS
m/z: 445 [M + H]"; '"H-NMR (CDCI,,
600MHz) 8y : 2.68 (1H, d, J = 10.3 Hz, H-23),
5.25 (1H, m, H-3), 5.12 (1H, brs, H-7), 4.06
(1H, d. J = 7.9 Hz, H-11), 5.38 (1H, brs, H-
13), 2.81 (1H, m, H-15), 2.80 (1H, dd., J =
7.0, 14.3 Hz), 0.99 (3H, s, H-19), 1.64 (6H, s.
H-20/H-21), 1.56 (3H, s, H-22), 4.30 (2H, m.
H-24), 1.31 (3H, d, J = 7.2 Hz, H-25), 2.02
(1H, s, -OCCH,); "C-NMR (CDCl,, 150 MHz)
Sc: 207.9 (s,C-18), 170.9 (s, -OCCH,) . 147.3
(sy C-17), 146.7 (s, C-16), 138.1 (C-4), 136.5
(s, C-12), 132.8 (s, C-8), 128.9 (d, C-13), 124.3
(d, C-7), 121.3 (d, C-3), 76.5 (d, C-11), 66.4
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(t, C-24), 49.5 (d, C-15), 49.0 (s, C-1), 40.3
(t, C-5), 39.1 (t, C-2), 34.9 (t, C-9), 33.7 (d,
C-23), 29.6 (t, C-10), 28.7 (1, C-14), 23.8 (t, C-
100, 20.9 (g, -OCCH;),16.2 (g, C-19), 15.5 (q,
C-20), 15.3 (q. C-21), 14.5 (g, C-25), 10.4 (q,
C-22), b R%¥HE 5 Nihashi et al.(2002) i —
i AL &Y fusaproliferin,

EY 2 CuH,O,, TEEE;ESI-MS m /2
129 [M + HJ]'; "H-NMR (CDCl,, 400 MHz)
8u: 6.50 (1H,d, J = 10.5 Hz, H-7), 6.24 (1H,
d, J = 10.5 Hz, H-6), 5.23 (1H, dd, J = 19.0,
9.3 Hz, H-22), 5.15 (1H, dd, J = 19, 10.1 Hz,
H-23), 3.99 (1H, m, H-3), 0.98 (3H, m, H-
21), 0.90 (3H, d, J = 8.6 Hz, H-28), 0.86
(3H, s, H-19), 0.82 (3H, m, H-27), 0.80 (3H,
m, H-26); “C-NMR (CDCl;, 100 MHz) &¢:
135.4 (d, C-6), 135.2 (d, C-22), 132.2 (d, C-
23), 130.7 (d, C-7), 82.1 (s, C-5), 79.4 (s, C-
8), 66.4 (d, C-3), 56.1 (d, C-17), 51.6 (d, C-
14), 51.0 (d, C-9), 44.5 (s, C-13), 42.7 (d, C-
24), 39.7 (d, C-20), 39.3 (t, C-12), 37.0 (t, C-
4), 36.9 (s, C-10), 34.6 (t, C-1), 33.0 (d, C-
25), 30.1 (t, C-2), 28.6 (t, C-15), 23.3 (t, C-
11), 20.8 (q, C-21), 20.6 (t, C-16), 19.9 (q, C-
27), 19.6 (q. C-26), 18.1 (q, C-19), 17.5 (q, C-
28), 12.8 (q, C-18), LiR%dl 5k = 785 (2013)
B — 2 MO E AL G i R A R

G 3 CouHy O, LEEIRE S ESI-MS
m/z: 397 [M + HJ]"; "H-NMR (CDCl,, 400
MHz) &y: 5.58 (1H, dd, J = 5.5, 2.4 Hz, H-
6), 5.39 (1H, m, H-7), 5.21 (2H, m. H-22,
23), 3.67 (1H, m, H-3), 1.04 (3H, d, J =
Hz, H-21), 0.94 (3H, s, H-19), 0.92 (3H, d, J
= 7.0, H-28), 0.84 (3H, d. ] = 6.4 Hz, H-26
8 H-27), 0.83 (3H. d, J = 6.4 Hz, H-26 5
27), 0.63 (3H, s, H-18); “C-NMR (CDCl;, 100
MHz) &¢: 141.3 (s, C-8), 139.7 (s, C-5), 135.5
(d, C-22), 131.9 (d, C-23), 119.5 (d. C-6),
116.2 (d, C-7), 70.4 (d, C-3), 55.6 (d, C-17),
54.5 (d, C-14), 46.2 (d, C-9), 42.8 (d, C-24),
40.7 (t, C-4), 40.4 (d, C-20), 39.0 (t, C-12),
38.3 (t, C-1), 37 (s, C-10), 33.0 (d, C-25), 31.9
(t, C-2), 28.3 (1, C-16), 22.9 (t, C-15), 21.1 (t,

C-11), 19.9 (q, C-27), 19.6 (q, C-26), 17.6 (q,

C-28), 16.2 (q, C-19), 12.0 (q, C-18), k%4
BB CAFE(2013) HRIE—B S Bz e o A&
I

eaw 4 CoH; Oy, &5 IR 45 i ESI-MS
m/z: 127 [M + H]"; 'H-NMR (CDCl,,
600MHz) 0y : 7.63 (d, J = 1.0 Hz, H-5), 7.31
(d, J] = 3.4 Hz, H-3), 6.61 (dd, J] = 1.7, 3.6
Hz, H-4), 4.74 (2H, brs, H,-2"), 3.26 (s, OH-

2"); ®C-NMR (CDCly, 150 MHz) 8¢: 187.7 (s,

C-1", 147.1 (d, C-5), 117.9 (d, C-3), 112.6 (d,
C-4), 65.1 (t, C-2"), E#dH Y Fujimoto er
al.(1996) Hxil —3 . %z G YN 1-(furan-2-
yD)-2-hydroxyethanone,

EY S CiHioNOg, TEH RS 5 ESI-MS
m/z: 754 [M + H]"; "H-NMR (CD, OD, 600
MHz) 6y: 5.85 (1H, dt d, J = 15.4, 6.7, 1.1
Hz, H-4"), 5.73 (1H, brdt, J = 15.2, 6.4 Hz,
H-5), 5.50 (1H, ddt, J = 15.4, 6.2, 1.3Hz, H-
3'),5.46 (1H, dd, J = 13.5, 5.6 Hz, H-4). 5.15
(1H, brt, J = 5.7 Hz, H-8), 4.43 (1H, d, ] =
6.1 Hz, H-2'), 4.27 (1H., d. J = 7.9 Hz, H-1"),
4.15 (1H, m, H,-1), 4.12 (1H, m, H-3), 4.00-
3.95 (1H, m, H-2), 3.87 (1H, m, H,-6"), 3.71
(1H, dd, J = 10.4, 3.5Hz, H,-1), 3.67 (1H,
m, H,-6"), 3.36 (1H, t, J] = 8.9 Hz, H,-3"),
3.30~3.27 (2H, m, H-4", H-5"), 3.20 (1H, dd,
J = 9.1, 7.8 Hz, H-2"), 2.07~2.01 (6H, m, H-
6, H-7, H,-5"), 1.98 (2H., t. J = 7.2 Hz, H-
10>, 1.59 (3H, brs, H-19), 1.41~1.27 (38H, m,
H-11~17, H-6'~17"), 0.91 (6H, t, ] = 6.8Hz,
H-18, H-18"); “C-NMR (CD;OD, 150 MHz) . :
175.4 (s, C-1"), 136.7 (s, C-9), 134.7 (d, C-4"),
134.5 (d, C-5), 131.0 (d, C-4), 129.0 (d, C-3"),
124.9 (d, C-8), 104.7 (d.C-1"), 78.0 (d, C-5"),
77.9 (d, C-3"), 75.0 (d, C-2"), 74.1 (d, C-2"),
72.9 (d, C-3), 71.5 (d, C-4"), 69.7 (1, C-1), 62.6
(t,C-6"), 54.6 (d,C-2), 40.8 (t, C-10), 33.8 (t,
C-6), 33.5 (t, C-5), 33.1 (t, C-16, C-16"),
30.9~30.3 (14C, C-12~15, C-6'~15"), 29.2 (s,
C-11), 28.8 (s, C-7), 23.8 (t, 2C, C-17, C-17"),
16.1 (q, C-19), 14.5 (q, 2C, C-18, C-18"), k&
Bl 5 (2013) il — 8L szt G YR
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k&6 CoHN, O, FkAK; ESI-MS
m/z: 268 [M + HJ]"; "H-NMR (CD, OD, 600
MHz) 8y: 8.31 (1H, s, H-8), 8.18 (1H, s, H-
2), 5.96 (1H, d, J = 6.3 Hz, H-1"), 4.74 (1H,
d, J] = 5.6 Hz, H-2"), 4.32 (1H, dd, J = 2.4,
4.8 Hz, H-3"), 4.16 (1H., d, J = 2.2 Hz, H-3"),
3.89 (1H, dd. J = 12.7, 2.4 Hz, H-5a"), 3.75
(1H, dd. J = 12.5, 2.4 Hz, H-5b); ®"C-NMR
(CD, 0D, 150 MHz) 8¢: 157.6 (s, C-6), 153.5
(d, C-2), 150.1 (s, C-4), 142.1 (d, C-8), 121.2
(s, C-5), 91.3 (d, C-1"), 88.2 (d.,C-4"), 75.5 (d,
C-2"), 72.7 (d, C-3"), 63.5 (t, C-5"), LiR%
HREE(2008) il — 30, MU 2 izt & W ok BRI
WAL

&7 CH,O,, AHEERY; ESIMS
m/z: 171 [M + H]"; "H-NMR (CD, OD, 600
MHz) 8y: 8.03 (1H, d, J = 5.6Hz, H-3), 6.32
(1H, dd, J = 1.7, 5.7 Hz, H-2), 5.82 (1H, dd,
J = 1.2, 8.7 Hz, H-5), 4.29 (1H, dd, J = 1.7,
5.7 Hz, H-6), 3.77 (1H, dq. J = 6.3, 18.2Hz,
H-7), 1.18 (1H, d, J = 6.3 Hz, H-8);"”C-NMR
(CD, 0D, 150MHz) &¢ : 171.6 (s, C-1), 151.9
(s, C4), 142.9 (d, C-3), 121.6 (d, C-2), 116.3
(d, C-5), 72.8 (d, C-6), 71.5 (d, C-7), 19.2 (q,
C-8), FiR¥IES Zhuang er al.(2011) i —5L,
W% B 2 AL E W R versicolactone B,

k&8 CoHi, O, AEIERY; ESI-MS
m/z: 171 [M + H]"; "H-NMR (CD,; OD, 600
MHz) 8y: 7.67 (1H, d. J = 5.5 Hz, H-3), 6.30
(1H, d, J = 5.20 Hz, H-2), 5.46 (1H, d., ] =
9.2Hz, H-5), 4.53 (1H, dd, J = 4.7, 9.2 Haz,
H-6), 3.82 (1H, m, H-7), 1.15 (3H, d., | =
6.4, H-8); "C-NMR (CD,; OD, 150 MHz) &¢:
171.5 (s, C-1), 151.9 (s, C-4), 145.9 (d, C-3),
121.1 (d, C-2), 116.3 (d, C-5), 71.6 (d, C-6),
71.4 (d, C-7), 18.8 (q, C-8), L iR%¥#E Y Zhuang
et al .(2011) RIE—EL, WU EZAL-E Y R versico-

lactone A,
4 Tk

e 58 245 TR LA R R A 5 P R ) 04 T4 2R LT

AR R EEA YRR (Tan et al., 2001, HHATH
H AR YA [R] 20 2R 22 B0 A T I8 R AT IR B
FHOGSCHER A E 1o i N AR TE T AR L S 2 B A
Wi E . RSO B A2 A B IE Neo fusicoc-
cum sp. FA83 IR BB =W H B % ET 8 1~k
G, o1 3 JE fusaproliferin (1), 8 & f & B
Q). EAKE (3). 1-(furan-2-yl)-2-hydroxyeth-
anone (4) . Mg C (5) . BRI (6). ver-
sicolactone B (7). versicolactone A (8), ¥ CHik
il X G RA — & IEE. 9 H S
(2012) L 0F 58 K B0 A2 fi1 155 B 0 242 £ 1S o Ak
Yyt JIF 9 4L (HepG2) By 3. 1 98 7= % 43 il 2
41.2% M 42.33% , 1 (2014) BFSE R BLZ F {5 B
Al S 22 S I AT B P SRR 1 L 2 A
ECs {4 1.4 mg » mL", i %0 2 A §§ B ECs, 6 R
0.92 mg « mL", [A] I} 22 1 §§ B4 BGC B i 40 it 3
FE AN HI R (%) 1C, fHAE 100~142 pg » mL ' {5
W BLPHPESE (2009) ) MTT 35D 5 450 5% #6558
BEH B4 RO B % B4 0 B i 20 g+ mL
BYUEIETE . UL (2006) A T XN BRAK N
S180 P J8g 1 410 1l 445 Ay i 26 470 ek 9o 0% 14 R AR, e R
2 A0 B WA AR AR TG . b 5 SCHR AR E
A AR I O S A ) B B T I O g A 3
(Fujimoto et al., 1994) .9t % (Yasukawa et al. ,
1994) FIEHEM/NAEER (Lu et al. , 1994) FFAE
JH. Koga et al. (1998) K HAk A5 C 7K & o xd
eI o AT 114 TR 31 R0 D et o A 110 42 e R A G B
ffEH . Dong et al. (2005) B 5% & B 1 5 C XF
FARE 2% B LCsy & 110 pg » mL',
al. (2000) IS i W W A% T A7 AR 2 114 410 1) ot/ Al g
AL 1YV FH R BE L T Bk R S 0 O LA 2B 86
Rb 1

i 2 1 A2 PN B I R B0 T A A A e AR
WEFE i R 43 1 3 5 i 2 A A AR 2R i A G A
Y. B H Y BT R A2 N AE IR
AT FE B AN 22 L A WE 500 O i — 20 k4 i 2 A 42
AR T A T L B8 B

SR

Bau S (35 H i 4%), Bao HY (fuifE ), Bau T (14K, et
al. 2012. Anti-tumor activity of Tricholoma mongolicum fruit
bodies (57 H B F AR HT MR G ) [J]. Food Sci (B
B, 33(21): 280—284

Cheung HY, Ng CW, Hood DJ. 2001. Identification and quantifi-

Cheung et
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