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Abstract: Four resorcylic acid lactones (1-4) including two new analogs rhinoclactones E (2) and F (1), and two
known ones 8,9-dihyrogreensporone D (3) and 8,9-dihydrogreensporone A (4) were isolated from the
endophytic fungus Rhinocladiella similis collected from desert plant Agriophyllum squarrosum. The structures
of the two new compounds (1 and 2) were determined on the basis of HRESI-MS and NMR data in comparison
with the data of literatures. Compounds 1 and 2 are a pair of stereo-isomers with a unique furan ring fused in
the macrolide ring, which are rare in nature. Compounds 1-4 showed no inhibitory effects against three
cancer cell lines and plant pathogens. The results imply that endophytic fungi inhabiting desert plants have
potential to produce secondary metabolites with novel structures, and are one of vital resources for natural
product discovery. Based on the structural features and biological effects, the possible ecological role of these
compounds (1-4) was suggested.

Key words: special bioenvironment, desert plant, Agriophyllum squarrosum, endophytic fungi, Rhinocladiella

similis, resorcylic acid lactones
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AL LR IR B RIE 2 RIFHER T (LaeA),
W EREL—WER T 0 TENFEE. RIEE
IBE T IE WG VT ER L K 7% (one strain, many
compounds) SKAIZHF B LAY (Bergmann
et al. 2007; Rutledge & Challis 2015; Jiang et al.
2016; Wang et al. 2017; EFFH§Z5 2018); 2)
MRS IR AR S 0 A= ) DR R IR AL &) - £
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U, EEIIRWEIAEY) (Fan et al. 2018; Huang et
al. 2018; Liu et al. 2018; Tortorella et al. 2018;
WA AR 2018) . AR S UK NBAEY) CTOH: 4
2014; Tian et al. 2017; Kim et al. 2018; Robertson
et al. 2018; Yu et al. 2018a, 2018b). Tl (fH
YN 2E) 1 2E W) (He et al. 2004; Zhou et al. 2004;
Bashyal et al. 2005; Turbyville et al. 2006; Zhan et
al. 2007 ; Wijeratne et al. 2008; Bashyal &
Gunatilaka 2010; Tan et al. 2018; Song et al.
2019). REMAEY) (Lincke et al. 20105 Behnken
& Hertweck 2012; Li et al. 2012; Pidot et al. 2014;
Maja et al. 2018; Li et al. 2019a). R H LA f
£ (Wang et al. 2015; Kang et al. 2016; Um et
al. 2016; Beemelmanns et al. 2017; Wyche et al.
2017; Ethan et al. 2018; Guo et al. 2018) 5}ij
TEH #£%5 (Donia & Fischbach 2015; Zipperer et
al. 2016; Mousa et al. 2017), MIX SeRFRRAE 15
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al. 2019) . ik —BIRNIZH 1% N A B AR
73, MOZWR R E AR K ) 3RS 4 AR
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Fig. 1 Structures of compounds 1-4, zearalenone and radicicol.
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Zearalenone

Radicicol

PR A], JRRIEIREL 24h, —JLEREL 3 IR, WE
IR S, 13 2K 3.7g. IO TR LR HH 4
W, ZadE R RO R A B, A I K- TR TR A
FEVERL (50:1-1:1), TLC &G I, L4535 9 A
135y FrA-Fr9. 8% Fr.5 (124mg, A3 ik 75
=10:1) £ F 1l 2 WUAH (7K =55:45, 2mL/min,
210nm) &5 7 B AR 25 Y) 4 (tg 15.2min,
9mg) fl1 (ty 16min, 1.2mg). Fr.6 (233mg,

AT N R =5:1) SRR E M B, A -
PIEABE RS Ve (6:1), TLC #aill& I, $£453)5 A4
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B HE R %2 Rhinoclactone F (2) K%
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H5RIEX

22 March 2020, 39(3): 589-598

Mycosystema ISSN1672-6472 CN11-5180/Q

A EE T, R Z — A, RS
Y2 Rl gEZ 7 1 NMIEE R (Zhang et al.
2018). AL, BREEEFN HMQC AH S RE IR R LS
2 EA 2 MHEE (L ASUERR T RE B RS, 14
HEI, 6 MR, 3 MEAMTRE, 6 4
MU G 2 NMER T, 2 MEkEER (14
NERHREE, 1 ANERFRIE) . 'H TH-COSY AH ST
S — AN E ek & (C1-C2-C3-C4-C5-C6-
C7-C8-C9), AR /2@t HMBC AHICHE i3
T, HMBC MG+, H-7 5 C-13. C-14,

C-16 Al C-17 A A%, -CH2-11 5 C-12.C-13.C-17
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A ILFEAC, ESEL A 2 B —A 5 BUR M
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C-13 A H —A> Cl i+, C-14 A A — MR,
C-16 fLIEH —AFHAHE (HMBC HHKHHT); H-2
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# M HA Bk BE c-9 AAMOK, EEEWS
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B 2 M B HGER R T, et & 2 15y
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—MMEJR TR N BRIE A £ HMBC AH KIS
H, H-8 X C-5 AR A, B HF DL B
(Bl 2). 2k, T ERSHHE THE% 2 1
PSS
tX. &%) Rhinoclactone E (1) K5 #E 5 it
A NMR 15 BT H P IS5 54054 2 A1 1R
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SEAFAE, BN -8 AL FE—8; 7E NOED i
v, RSHEEY 2 M H-8 (55, H-5E5A/NN
WA, MBHAAEY 1 H-8(ES, H5E5&
A, RFMLED 2 H H-5 F1 H-8 TERRIR IR 1)
F, A& 1 HaX AN 5T 7 TRl AR B, DAL
E TG 1 2 AR (] 2). TERTIN
I, ARSI Mosher [ N E T LA
¥ Rhinoclactone E 25#) C-8 I FM N R T, 5
FERAY) 1R 2 78 CH-9 ML A B S &
¥ LT 5 Rhinoclactone E f) 524 —8, H BH
FHFEIMAEY & BOsE, R, HEMHENMLEEY
C-8 IFMEE A R, 1M C-5 FEALAEY) 2 1 1 [
B8 RAS (K 3) (Lietal 2019b). fh&
) 1.2 5 Greensporone F FAT HH [A] i)~ 11 45 44 »
HiE c-5 M c-8 KA A (El-Elimat et al.
2014).

XTGP (1-4) 4T T R Mk HCT116.
MCF7 Hela U 470955 Ji 0 B8 V3% 12k 4 ) SE 3R A
EIRAG A AN R I A P AR E M B
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Fig. 3 Structures of compounds 1, 2 and rhinoclactones C—E.
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9a (2.43, dd J=13.5, 7.5)
9b (2.75, dd /=13.5, 4.5)
Compound 1

9a (2.52, dd /=14.0, 1.5)
9b (3.00, dd J=14.5, 8.0)
Rhinoclactone D

THEWNEGIR, BA AT AR
PR TEE 1 (heat-shock protein 90, HSP90)
s& ATP Bg/WRI 7y FEAR, T2 AT AR
S b, AR )R R T B R 2 4 1 it AR
(Winssinger et al. 2009). Radicicol (& 4) %
HSPo9O H A s Il /FH, MRk REH:
14-OH. 16-OH Al 18-C=0 R HE W EIEH, &5
T HSP9O AN [F)Z F IR A s AT R, M
- EA S AR rIEAH (Winssinger et al.
2009). &Y (1-4) FIH S radicicol
e AL, WX 4 ANMEE YD EAETATHT A E 1)
AN %oF AN [w) 928 40 P A A S T B2 B
FA&Y (1-4) | 16-OH #iH Ak, Tik5
HSPOO X% 4hi&, NI 2 25 410l Jie 76 20 P 1) £
M. AEFREKIFREM (zearalenone) B A
SRITHEE R IE T, MEEA — R R, MR
AR HLEM T 14-0H 5 16-0H 24 &
G YEILE (Shier et al. 2001). tb &Y (1-4)
5 F KI5 B A 45 0 AR A AL, (H R Bhb

9a (2.21, dd J=14.5, 9.0)
9b (2.63, dd /=14.5, 3.5)
Rhinoclactone E
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Fig. 4 Radicicol heat shock protein 90 action site.

16-OH (16-OMe), & I8 %2 N iE PRI A
KIEH T — PSR IUE . A, thED
(1-4) 1) 13 Bk L3ER —A o Ji T, X7k
bR A ) B IR AR R A EE B D W o TR 4 1
WA B 14 Rhinocladiella similis 94 B iEAb 7=
4 16-OMe Fll 13 BER Cl 5+ (o4l B 1
R a1 A A2 5 DR R D TR R R N R R A A
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HAEEY AN A KCH A TE 2 25 25 16-0Me,
ANE O EFRIETARSRBAD: 3) HTEEED
NI, A AKTE— e Sh b R,
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RIREER b, INTATBRAR T SR 5800 1 3 A8 0 1
i, FWEIEFEEYES AR (R
2017; EWREHIZ 2018), ML EHERTZNAER
B 72 AR R R A = W 5 W R AIE  AE i v S 1
A A A A PR S AHE I R R A P AR BT -1 AR
EFHSEZ AR E R, HEMAAEST)

REIL 75 3E— 0 B SEER R B

B, ARFFEMN 1R IR AR B e B 2 AR A
WIEN N EE B Rhinocladiella similis /453 15
F 4 NIRHIR KN BB G, WG 2 ASErEii
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