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Abstract: Endophytic fungi from desert and grassland areas are an ecologically important, though
poorly studied, class of fungi in terms of chemistry with potentially and vitally ecological or
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biological roles. Though limited secondary metabolites isolated up to date compared with those of
other fungi, there still are many secondary metabolites with novel structure features and potentially
biological activities purified from this member of special fungi. In this paper, the different types of
secondary metabolites isolated from endophytic fungi inhabiting in grassland and desert plants were
reviewed from the perspectives of structural types (alkaloids, polyketides, phenolic acids, terpenoids
and cyclic peptides), pharmacological activities (antiviral, immunoregulation, promotion of bone
marrow proliferation, cytotoxicity and Hsp90 inhibitor activity) and ecological roles (insecticidal,
antifeedant and animal neurotoxic activity). This review might provide a solid foundation for further
chemical and biological investigation of this special family of endophytic fungi. Finally, the existing
problems in this field are analyzed and discussed, and the prospect is also put forward.

Keywords: Plant endophytic fungi, Grassland plants, Desert plants, Chemical structures,
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Figure 1 Structures of compounds 1-7
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Note: 1: Swainsonine; 2: Cycloclavine; 3: Ergopeptines; 4: Ergine; 5: Loline alkaloids; 6: Lolitrem B; 7: Peramine.
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Ca-2 HA BEMHWERLY, Zhou ZEM\ Ericameria
laricifolia WO N A= BLE Aspergillus flavipes H 5y
SRR 7 A AMIRA S RIS, A 3 A
EE%) Aspochalasin 1 (& 2, 10), Aspochalasin J
(Kl 2, 11)F1 Aspochalasin K (& 2, 12)/% 4 PEHI
k&%) Aspochalasin C-E (/& 2, 13-15)Fil TMC-169
(K 2, 16), X 7 LaPrxk Azl i 40
MCF-7, "X RGN SF-268 F-lE/NAH it
SN NCI-H460 HA 55 93 H1 % 1E?, Zhan 25 )
Fi¥) Ephedra fasciculate W WA EH W Fusarium
oxysporum "3 i (-)-Oxysporidinone (K] 2, 17),
(-)-4,6’-Anhydrooxysporidinone ( & 2 , 18) #l
(-)-6-Deoxyoxysporidinone (& 2, 19) 3 MEYIHH>,
X3 AMEEYIXEE N EE A NCI-H460 ., [
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Figure 2 Structures of compounds 8-21

Note: 8: N-acetylaszonalemin; 9: Terrequinone A; 10: Aspochalasin I; 11: Aspochalasin J; 12: AspochalasinK; 13—15: AspochalasinC—E; 16:
TMC-169; 17: (-)-Oxysporidinone; 18: (-)-4,6'-Anhydrooxysporidinone; 19: (-)-6-Deoxyoxysporidinone; 20: NG-391; 21: NG-393.
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Figure 3 Structures of compounds 22-26
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Note: 22: Globosuxanthone A; 23: Globosuxanthone B; 24: Globosuxanthone C; 25: Globosuxanthone D; 26: 2-Hydroxyvertixanthone.
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Rubrofusarin B (K] 4, 30). Fonsecin B (Kl 4, 31).

Fonsecin (8] 4, 32). Fonsecinone A (& 4, 33).

Asperpyrone A (5] 4, 34) . Aurasperone A ([ 4, 35).
Dianhydro-aurasperone C ([#] 4, 36)#l Aurasperone E
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MIA Pa Ca-2 FF4iffidiiE L"), Wijeratne 25 M
Opuntia leptocaulis W& Paraphaeosphaeria
quadriseptata W4y BR8] 1 DNEOJEREZRILEY
Aposphaerin C (&l 4, 38)°%, I Ephedra fasciculata
BN A EL Chaetomium chiversii 143 E57155) 3 44,

J5 i 25 4k & ¥ Eugenetin (Bl 4, 39) .
6-Methoxymethyleugenin (& 4 , 40) #

6-Hydroxymethyleugenin (&l 4, 41)P% ZAiILH iy
W T B A% YD BRI R AR N A LS Phoma
betae 115325153 3 LMEEAZE LA Spiciferone A
(Fl 4, 42)KA2BIYI(E 4, 43-44) CRER),

OH O
| |
H,CO 6] OH
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0 OCH,0H O
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RO 0 RO o HO o7 Z
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Figure 4 Structures of compounds 2744

Note: 27: Trichodion; 28: Asperpyrone D; 29: TMC-256A1; 30: Rubrofusarin B; 31: Fonsecin B; 32: Fonsecin; 33: Fonsecinone A; 34:

Asperpyrone A; 35: Aurasperone A; 36: Dianhydro-aurasperone C;

6-Methoxymethyleugenin; 41: 6-Hydroxymethyleugenin; 42: Spiciferone

37: Aurasperone E; 38: Aposphaerin C; 39: Eugenetin; 40:
A; 43-44: Spiciferone A analogs.
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He SR ZUIE | MREEMY) Brickellia
sp. MRS Bl N 2B BLT Aspegillus terreus W43 515 3|
3 MiEZsMkE Y Dehydrocurvularin (K 5, 45).
11-Methoxycurvularin (] 5, 46)F1 11-Hydroxycurv-
ularin (¥ 5, 47), Hr 11-Hydroxycurvularin Xf A
(1 E /)N 4 JifS fili Ji 20 B NCI-H460 . LB % 40 i
MCF-7 ., A 22 5 SR 240 M. SF-268 1R i s 4
Jifl MIA Pa Ca-2 HAT #e A il /5 A 0L i
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HL1 Aspergillus wentii 1453 B3 2L & W) Penicillic
acid (&1 5, S1)XF Eids 4 Fffia 20 2 do HAT sk bk
MHERPY . BeAh, He % MR 22V ALY
Anicasanthus thurberi WA E N A E R Aspergillus
cervinus 143 B AR R I O M BRI BR R AL B W)
Dihydropenicillic acid (& 5, 48)"", Paranagama %
M 2 BRZR i 22 VDA YN A LTS Chaetomium chiversii
#1 Paraphaeosphaeria quadriseptata 435 H 2 /g
Z4b-E %) Radicicol (81 5, 49)F1 MonocillinI (5] 5,
50)", Wijeratne 2 M\ Zif 22 VAL 2 T8 ALY
Opuntia leptocaulis T ¥ FRIEHIY) Ephedra fasciculata
) 3 A4 Paraphaeosphaeria quadriseptata 11
Chaetomium chiversii R 7 TNHBEEEALEY)
(5, 52-54) .
Chaetochiversins A (&l 5, 55), Chaetochiversins B
(' 5, 56). MonocillinI (K] 5, 57)#1 Radicicol (& 5,
58)1°%) Turbyville 2% MAL-A % Monocillin I (5,
57)#1 Radicicol (/& 5, 58)%} Hsp90 H. A7 — & Ak
PR, AR S 22 B0 M EL VDA v 5 0 1
e LI Trematosphaeria terricola 73 51551 2 A~ N s
244 Phomapyrone B (5] 5, 59)F1 Phomapyrone
C (Bl5, 60) (Fik#); tAh, AVRBIA S M
ALY 55 0KZE 2 BRNAEE T Chaetosphaeronema
hispidulur | Paraphoma chrysanthemicola 4315 %))
1t 4 ) (R)-O-methyllasiodiplodin (& 5, 61) .
(R)-2,4-dihydroxy-7-methyl-7,8,9,10,11,12-hexahydro-

Paraphaeosphaerins A-C

6-oxa-benzocyclodecen-5-one (&l 5, 62)°) (k%)
7 A HEZALE W) 1-isopropyl-1,4,6,7-tetramethyl-3-
methylene-2,3-dihydro-1H-indene (& 5, 63).
1-(4-hydroxy-6-methoxy-1,7-dimethyl-3-oxo0-1,3-dihy
droisobenzofuran-1-yl) ethyl acetate (& 5, 64),
(R)-3,4-dihydro-4,8-dihydroxy-6-methoxy-4,5-dimeth
yl-3-methyleneisochromen-1-one (& 5, 65) .
(R)-3-acetyl-7-hydroxy-5-methoxy-3,4-dimethylisobe
nzofuran-1(3H)-one (K 5, 66). (R)-3,4-dihydro-4,6,8-
trihydroxy-4,5-dimethyl-3-methylene-Isochromen-1-
one (Kl 5, 67). (R)-7-hydroxy-3-((S)-1-hydroxyethyl)-
5-methoxy-3,4-dimethylisobenzofuran-1(3H)-one (5] 5,
68) . 4,8-dihydroxy-3-(hydr-oxymethyl)-6-methoxy-
4,5-dimethylisochroman-1-one (K 5, 69), AR5 H 4%
FARFAEAEN T 0590 63-69 T REM A& MLk
(1 6). HrhfbBWr 63, 65-68 X FH4 5 L1
Altemaria solani TEINHITEE, tEEY) 63, 65-69 X
ANHIFHEEAINE HepG2, FLARIE AN MCF-7, ‘& 95U
40 Hela JCAN A RS 1EY,
124 BERE

FIRT, MBI AR O 3L B3 2] 7 A4
BEALE (A 7, 70-76)77, Hirp He MR
WL VPERRE S B A Cylindropuntia echinocarpus
B NAE BB Fusarium oxysporum CECIS W43 55 Hifk
&%) Bikaverin (K 7, 70), iZALA X AR 20
Ji2 MIAPaCa-2, AR/NfE 2 NCI-H46, FLIR
JEREHE MCF-7 R A 2 B i SF-268 HATR
SRAGANIRAEPEDY, Hdx 6 MRS YIC B & T
125 HEREE

B IR 4 FhERERSEEEHE, DFFE A DUE SRR
RN A= TR R A T BRI L POk R S 5 A
Bashyal & MWER i ZUPEAEY) Quercus emoryi 1N
H B Alternaria tenuissima QUE1Se /3B 153
4 NREIZEALE Y Altertoxins V (77). 1 (/& 8, 78).
I (K8, 79)HI I (K 8, 80), Z:{A&sh HIV-1 Ji ezl
TS PENRAZ X 4 S YraT LASE 2 HIV-1 %%
FEE L AN He 253 B Ambrosia ambrosoides
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Figure 5 Structures of compounds 45-69

Note: 45: Dehydrocurvularin, 46: 11-Methoxycurvularin; 47: 11-Hydroxycurvularin; 48: Dihydropenicillic acid; 49: Radicicol; 50:
Monocillinl; 51: Penicillic acid; 52—54: Paraphaeosphaerins A—C; 55: Chaetochiversins A; 56: Chaetochiversins B; 57: Monocillin I; 58:
Radicicol; 59: Phomapyrone B; 60: Phomapyrone C; 61: (R)-O-methyllasiodiplodin; 62: (R)-2,4-dihydroxy-7-methyl-7,8,9,10,11,
12-hexahydro-6-oxa-benzocyclodecen-5-one; 63—69: Ester compounds.
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Figure 6 The possible biosynthetic pathway of compounds 6369

AR BN AR BT Aspergillus terreus W40 25458) 14
kg R 254k &%) Terrefuranone (/& 8, 81), M
Anicasanthus thurberi WIAR BN A BB Aspergillus
cervinus AT EARE 1 MR LML EY
4R*,55*-dihydroxy-3-methoxy-5-methylcyclohex-2-e
none (1418, 82)°, ZALAYIRAIMIHEEE. Zhan
MY Fallugia paradoxa W HE N A4 B
Aspergillus tubingensis 153158 1 MRS
Asperpyrone C (51 8, 83), izfb& W HA il

OH O OH O OH

OCH,4
O

OH 73 R=H
H 74 R=OH

’f’fo

71
72

7 L&Y 70-76 BILEH
Figure 7 Structures of compounds 70-76
Note: 70: Bikaverin; 71-76: Anthraquinones.

HIV-1 #4005 1R, Bashyal 28 WY Quercus
emoryi WINA: I Alternaria tenuissima QUE1Se H
SYEIAE 1 AREIZULEY VI 8, 84), %k
AW HIV-1 95 8 2 s
1.3 B

H A Bashyal 55 M BOAR Y N A EL A & B
5 M RZALEY) Globosumone A—C (& 9, 85-87),
Orsellinic acid (¥ 9, 88)fil Orcinol (&9, 89). {&
ANEPEMRRZE R Globosumone A 5 Globosumone

OH O OH
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8 L&Y 77-84 BYLEHE

Figure 8 Structures of compounds 77-84

Note: 77: Altertoxins V; 78—80: Altertoxins I-I1I; 81: Terrefuranone; 82: 4R*, 55*-dihydroxy-3-methoxy-5-methylcyclohex-2-enone;

83: Asperpyrone C; 84: PolyketidesVI.

B X} A FIFLEREE AN MCF-7 . HfX#h 28 R G 4 e
SF-268 %HEIIE/J\QHEIE’@%FEQHEE@ NCI-H460 HA7 4540
HEERCL, A Szue 2 MK B VDRI VD (i N 2
HLIE Embellisia chlamydospora F &3 3 25tk &
¥ Barceloneic acid A (1 9, 90). Barceloneic lactone
(181 9, 91)F1 2'-O-methyl-barceloneate (& 9, 92)1°,
H bk &%) Barceloneic lactone #1 2'-O-methyl-
barceloneate HA i 2 I il 4L mg I A AR AE K Y
T

14 fEZE
141 fEHEGE

Wijeratne 55 N i ~2VNEAEY) Opuntia versicolor
(IR N AE FLTRT Aspergillus terreus W3 25155 4 M
K526 &Y (+)-5,6-Dihydro-6-methoxyterrecyclic
acid A (A 10, 93). (+)-5,6-Dihydro-6-hydroxyterrecyclic
acid A (] 10, 94). (+)-Terrecyclic acid A (] 10, 95)
F1(-)-Quadrone (/& 10, 96). & HENIZERF I X
A& PR AR/ NI EE 20 NCI-H460 #Lﬂz?

@6@“ Neaat: @(“ @

86 R=H

87 R=OH

COH OH
HO 0 {
HO OCH
90
9 L&) 85-92 HitEH

Figure 9 Structures of compounds 85-92

OHO
o @ R ]
0
b OCH,
HO
91

CO, CH

Note: 85-87: Globosumone A—C; 88: Orsellinic acid; 89: Orcinol; 90: Barceloneic acid A; 91: Barceloneic lactone; 92: 2'-O-methyl-

barceloneate.
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RO
93 R=CH, 95
94 R=H

10 L& 93-101 B9%EH
Figure 10 Structures of compounds 93-101

Note: 93: (+)-5,6-Dihydro-6-methoxyterrecyclic acid A; 94: (+)-5,6-dihydro-6-hydroxyterrecyclic acid A; 95: Terrecyclic acid A; 96:
(-)-Quadrone; 97: Tricinonoic acid; 98: Tricindiol; 99: Acetylated helminthosporic acid; 100: Helminthosporic acid; 101: Helminthosporal

acid.

JEANAE MCF-7, rPAXH I UM AR SF-268 4412
SN TEMEC® ) Bashyal 25 MR 22 Vb LY
Rumes hymenosepalus AR NEET Fusarium
tricinctum W3 EASE] 2 ASFRIAFNAE 5L
&%) Tricinonoic acid (& 10, 97)F Tricindiol (/&
10, 98)Y, I AbA W ICAN I #E T Ak S BT
PE o A SR 2 ARG T 5T A ) 48 B 3 N A ELTA
Cochliobolus satives /47 B§153 8] 3 MG
¥ Acetylated helminthosporic acid (& 10, 99).

Helminthosporic acid (& 10, 100)#1 Helminthosporal
acid (&1 10, 100)!(F k), HPEH 100 XA

102 R=H,R=H

AR ANIE HepG2, FLARE AN MCF-7, & S0 4N
Jii Hela HAT &S XG5 Rl —2F & T
KRG YR,
142 fS¥AERRZE

Wijeratne % MIEIAEA) N A FLIAT LR B 6 M
EEERZEAL AW . Tauranin (8 11, 103)& AR 2 1P
IAEY) Platycladus orientalis WIWNAZEEH Phyllosticta
spinarum W53 EAF R ETERZS LAY, XHHE/ N
JHRfEEZHAE NCI-H460 . FLARMEEZNA MCF-7., ks
LR SF-268 . RS ZHML PC-3M FHRAR
SR MIA Pa Ca-2 B HA—ERIIHIEYE, 1Cs(E

OH

104 R=0 R,=H
105 R=0-OH R,= H
106 R=H, R,=OH

11 &Y 102-107 B45#
Figure 11 Structures of compounds 102-107

Note: 102: (+)-(58,10S)-4'-hydroxymethylcyclozonarone; 103: Tauranin; 104: 3-Ketotauranin; 105: 3a-Hydroxytauranin; 106: 12-Hydroxytauranin;

107: Phyllospinarone.
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I35k 43, 1.5, 1.8, 3.5 F12.8 umol/L. HAMAIZE
tRe e 5 MEEEERIE Y, 0
(+)-(58,108)-4'-hydroxymethylcyclozonarone (/& 11,
102). 3-Ketotauranin (%] 11, 104) . 3a-Hydroxytauranin
(K 11, 105). 12-Hydroxytauranin (& 11, 106)7/
Phyllospinarone ([ 11, 107), Z5{b&Hcaniis:
T
1.5 IRARZE

Zhan S5 S AE ) A A L 3o 15 3 24
KA G, 5300 MFEIAEY) Ephedra fasciculate
N A B Fusarium oxysporum 53 25159 2 1Y
Beauvericin (& 12, 108)P X% \FEWHAIY) Fallugia
paradoxa W B Aspergillus tubingensis
4y 5153/ Malformin A1 (B 12, 109)°7, X 2 4~
Y BAMEEEEE, o Malformin Al
(B 12, 1094 5 1 B %, R X Ak
JINERH 98 200 NCT-H460 . FLARJE 41 MCF-7 .
HRRX Rl 28 JE SRR 2 i SF-268 . iR 41 i MIA Pa
Ca-2. AJRHRMSET 440 WI-38 FHATREERY
M
? BASEE

B S T RAR A N AR U AR A IR R R, 1
WIFERXS D, Bl e 228 oSS s e &
Yk B — BT SR . B IR B TH A o3
BRI B8, HRITR 7 5 7 e 2R

)%%k
O/J/iN/ \NL@
0 Ao

0 _~
108
E 12 &4 108-109 By4E#

Figure 12 Structures of compounds 108-109
Note: 108: Beauvericin; 109: Malformin A1.
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