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Abstract

This study aims to search for anticancer compounds from endophytic fungi isolated from
Thai medicinal plants. A total of 7 endophytic fungus isolates were selected, based on anticancer
activities and proton NMR analysis of crude extracts, for cultivation in large volume to isolate
pure compounds. They were Lrub 20 (from Leea rubra Blume ex Spreng.), Phomopsis sp. Usia 5
(from Urobotrya siamensis Hiepko), Phomopsis sp. Mfer 5 (from Mesua ferrea Linn.), Biporalis
sp. Ctom 12 [from Catunaregam tomentosa (Bl. Ex DC.) Tirveng], Phomopsis sp. Hant 25 (from
Hydnocarpus anthelminthicus Pierre), Atag 5 (from Aristolochia tagala Cham.) and Gspe 11 (from
Gardenia sp.). Isolate Lrub20 was classified in class Dothideomycetes et Chaetothyriomycetes
incertae sedis, subphylum Pezizomycotina, phylum Ascomycota. It produced asterric acid which
showed antimycobacterial activity with MIC of 200 [lg/ml and two chemically synthetic
compounds, 2-hydroxymethyl-3-methyl-cyclopent-2-enone with antimycobacterial activity (MIC
200 Llg/ml) and 2-hydroxymethyl-3-methyl-cyclopentanone, which were new natural products.
Several endophytic fungus isolates were found to produce 3-nitropropionic acid, the neutrotoxic
compound, which exhibited strong antimycobacterial activity with MIC of 0.39 [lg/ml. They
were Phomopsis sp. Usia 5, Phomopsis sp. Mfer 5, Phomopsis sp. Grsp 19 from Grewia sp.,
Phomopsis sp. Rlyi 1 from Rhododendron lyi Levl., Fusarium sp. Tasp 15 from Tadehagi sp.,
Fusicoccum sp. Gell 14 from Gmelina elliptica Sm. and Diaporthe sp. Grsp 11 from Grewia sp..
Radicinol and radicinin, which showed cytotoxic activity against several cell lines, could be
isolated from Bipolaris sp. Ctom12. Mycoepoxydiene, a new mycoepoxydiene derivative and
a chemically synthetic compound but being new natural product, 5-hydroxy-6-(8-methyl-9-oxa-
bicyclo[4.2.1]nona-2,4-dien-7-y1)-5,6-dihydro-pyran-2-one, could be isolated from Phomopsis sp.
Hant 25. It was found that mycoepoxydiene showed cytotoxic activity against several cell lines.
Endophytic fungus isolate Atag 5 could be classified as mycelia sterilia in family Xylariaceae,
order Xylariales, class Sordariomycetes, subphylum Pezizomycotina. This isolate produced a
quinine compound with activity against KB cell (IC,, 11.14 Llg/ml), a lactone compound,
cytochalasin with activity against KB cell (IC, 0.13 Llg/ml), rhizoctonic acid derivative and
3 pure compounds. These compounds have been under investigation to confirm the chemical
structures. Gspe 11, another mycelia sterilia, was classified in family Diatrypaceae, order
Xylariales. Crude extract from Gspe 11 culture broth showed activities against KB cell (IC,

1.8 Lg/ml), BC cell (IC,, 1.4 lg/ml), NCI-H187 cell (IC, 4.48 Llg/ml) and Vero cell (IC,;



3.7 Wg/ml). The chemical structures of three pure compounds, isolated from the crude extract,

have been under investigation.
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4 Ctom 1 MIB 1A Catunaregam tomentosa (Bl. Ex DC.)
5 Ctom 12 MCz, MIB Tirveng
6 Doli 5 MCz FIHU Dalbergia oliveri Gamble
7 Gell 12 MCz, MIB NoILNY Gmelina elliptica Sm.
8 Gell 14 MCz
9 Grsp 11 MIB Grewia sp.
10 | Grsp 19 MCz, MIB
11 | Gspe 11 MCz NATALN Gardenia sp.
12 | Hant 25 MCz ﬂizl‘uﬂﬂﬂj Hydnocarpus anthelminthicus Pierre
13 | Haro 1 MCz EAGEL Homalomena aromatica Schott
14 | Lrub 20 MCz NzAlUADNIUAY | Leea rubra Blume ex Spreng.
15 | Mfer5 ﬁ”mzwé’n YUUIN Mesua ferrea Linn.
16 | Msmi 11 YES A Myxopyrum smilacifolium Bl.
17 | Pscal MCz 1991087 Paramignya scandens Craib
18 | Rlyil MIB NIV Rhododendron lyi Levl.
19 | Spin 10 YES wznenth Spondias pinnata Kurz
20 | Stub3 MCz HUDUAYHYIN Stemona tuberosa Lour.
21 | Taspls MIB Tasiing Tadehagi sp.
22 | Tcam 1 MCz DanNUIAT Tetrastigma campylocarpum Planch.
23 Usia 5 MCz Uy Urobotrya siamensis Hiepko
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E4
a o

A A A A o < =
@15UseneUTHan 2 Ao 1.20.5(34)5 1]aﬂHﬂl$Lﬂﬂﬂl@ﬁ!ﬁﬁ3ﬁﬂﬂﬁu1@1ﬁﬁlﬁ 1N

ﬂ1iﬁﬂy1q¢lﬂﬂidﬁ%ﬁﬂfg{w 2-D NMR 9i¢ Mass spectrometry Lo ARE1 UV spectrum 4ag IR

absorption spectrum A TRRGINT 2-hydroxymethyl-3-methyl-cyclopent-2-enone (§ 1% 10) Fada'ly

a a

=1 1 dy I 4 = 1 I A Y
LﬂﬂiJinl\ﬂl!’J”lﬁTﬁMLTJULNLWI‘U’E)llaVIVJQ’IEJ{]N"UﬂQiW LWINSTENTHTJ"IL‘]JHE‘T”I?VI“@%TT\
@ o = s < =
MITUATIEHNIUAY (Cho et al., 2004) mimaﬂﬁa‘ug‘wﬁéfmmaaumq E]‘ﬂ‘ﬁig]}WLl HSV-1
= = g @ = < a 1
ONSA U Candida albicans aniausetalsa gniduuaie tazanuiluiuae Vero cell

wuNasiligniaudotalsn (MIC 200 Lg/ml)

ﬂﬁ 10 Tassadramaniives 2- -hydroxymethyl-3-methyl-cyclopent-2-enone

lakimsAnududugas Inseaisdren1sinl§nse10u 2,4-dinitrophenylhydrazine
[~ 9 o ° Aa = o Aa =4
181y hydrazone derivative Fnasainiliusgns laihasuians ldnuiges Inseasg

wunilaseadradly {2-methyl-5-[(4-methyl-2-nitro-phenyl)-hydrazono]-cyclopent-1-enyl } -

b4
~

methanol #3317 11 uenv1nillAkINITANKAN  hydrazone derivative UAZANYIAIY x-ray

SA o 1

crystallography wan 1dnguduindlu {2-methyl-5-[(4-methyl-2-nitro-phenyl)-hydrazono]-

cyclopent-1-enyl}-methanol

\ OH
\

|

NH,

NO,

ot
N

N()z

U7 11 Taseadramaniives {2-methyl-5-[(4-methyl-2-nitro-phenyl)-hydrazono]-cyclopent-1-

enyl}-methanol
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a131l5znouytiafiain Av Fraction L20B465 Fuloiimndnuigas Inseas e a1ad

Y [
a3 fifluaswauues 2-hydroxymethyl-3-methyl-cyclopentanone L1820 UT Wy uile 1%
v
silica gel, Sephadex LH-20, ity HPLC luaunsauenansiantioonainiu 39 18vnmsany

[

tudugaiTaseadedaron13w1fn5e10Y 2.4-dinitrophenylhydrazin 181314 hydrazone
derivative Fandnanihldusend 18hesuSend Wfnugas Tasead wuhiilasead
W 12-[2,4-dinitrophenyl)-hydrazono]-5-methyl-cyclopentyl } -methanol ﬁxﬁqﬁj ﬂﬁ 12 MIinaaou
qvl%amﬁnmwmmmiﬁyWU’jﬂim“'Edc?ﬁuL%ai’mTiﬂ (MIC 200 Lg/ml) tag uananimiuis

A® Vero cell (IC,, 21.7 Lg/ml)

OH
v
NH
= NO,
J
No;

‘IJ 12 Tassaframuaiives {2-2.4- -dinitrophenyl)-hydrazono]-5-methyl-cyclopentyl} -

methanol

paf lauaasdisueulalui Lrub 20 @$19e3 cyclopentanone dAMilaviia fio 2-

hydroxy methyl-3-methyl-cyclopentanone (§ 19 13)

&

OH

O

511 13 Taseadamaniives 2-hydroxymethyl-3-methyl-cyclopentanone

Y d
ﬂ]ﬁﬂﬂﬂ“!uﬂﬁ“ﬂuiﬂl’lwﬂ Lrub 20
A A A ' s ] =)
WINIZIEIUU PDA H1U 1 1A0U W‘]J'J’]ﬁ’]L?JUIﬂUlV‘IV] Lrub 20 ﬁi1\1ﬁﬂ@ﬁﬁ

o" H o 1 a 4 o ! 2 7o
wmanldnyuzannisiaou awdadlugli 14 MIIATIEHAAUIUAVO9 rRNA gene

I [

"’UENiWL?J‘L!IﬂllWVI Lrub 20 uag LHGIJ?HJEWIII ”l‘]Jmmumammmswﬁﬁﬁmumﬁmﬁauﬁ’umﬂ

U
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g1ud0yav09 GenBank Tae 19 11/51n53 BLASTN 2.2.15 (Altschul ef al., 1997) WU Lrub 20
us ﬂumju Ascomycota 10N1T ANy sequence similarity Tael4d Clustalw (1.82) multiple
sequence alignement program (Thompson et al., 1997) WU Lrub 20 Ud@usud luaiu ITS1-
5.8S-ITS2 thmﬂa"wﬁumammswﬁﬁ”lugm%’agaum (homology < 80%) tazimauualu
@71 18S RNA vilou (96% homology) 31 Acrospermum compressum and A. gramineum Tu
family Acrospermaceae, subphylum Pezizomycotina, phylum Ascomycota a3 l5Any dnbae

J v 1% 4 &
7o5ued Lrub20  uanaNNanyueales Vo Dactylaria  (¥11U anamorph Y04

~

Acrospermum compressum) Qg Virgariella (Gdlﬁl‘]cju anamorph U9 A4. graminum) fumﬁffmg,a
a 9}091} dyd v o J | S . .

A3 lanaruatl 3avadmunsuenTa iy isolate Lrub 20 11]u mitosporic fungus 14 class
Dothideomycetes et Chaetothyriomycetes incertae sedis, subphylum Pezizomycotina, phylum
Ascomycota §IUIUEVDY ITS1-5.8S-ITS2 11ag 18S RNA gene v035110%1 101911 Lrub 20 14

ﬂﬂf‘fﬂﬂlﬁ‘ﬂiﬂ;@ﬂ%@y}ﬁ%@i GenBank (accession numbers DQ384608 iae DQ381536

U

ANAIAL)

4

HAUIREIT cyclopentanones 9105181 1Al Lrub 20 1@5uns@nuimonns
nsesdail
Chomcheon P., Sriubolmas N., Wiyakrutta S., Ngamrojanavanich N., Chaichit N., Mahidol C.,
Ruchirawat S., and Kittakoop P. 2006. Cyclopentenones, Scaffolds for Organic Syntheses
Produced by the Endophytic Fungus Mitosporic Dothideomycete sp. LRUB20. J. Nat. Prod. 69
(9): 1351-1353.
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d
a dJ VU o
mMstenasu3gnsnnsueulalvin Usia 5 uag msdadmuns
[ g} o dy a dy dy Y . Y o
msanaiminde 6 ans (wizidoudelu MCzB) A0 dichloromethane laa1sana
v 2 P
verihvinuraiiy 1.04 ¢ @rsanavenigniaudedalse daea1 MIC 1widy
=~ Qoa 4 1 1 U 1 1
100 Ug/ml azlign5@1uisse Candida albicans #38A1 1C,, 1WA 15.66 g/ml ua liudag

4

[~ a 1 J < 4 o @ a a
ANUIUNEABITaANZIS LﬁﬂuWﬁWiﬁﬂﬂ‘HﬂWUNWLLﬂﬂﬁlﬁjﬂiﬁﬂ‘ﬁg]jﬂﬂ Sephadex LH-20 column

a 4 9 9 =) = 1 J

1Az HPLC tazWgigas 1nsaa319@e NMR taziSouifion NMR data wud1 suoula vl
v 4
Usia 5 @379e13 3-nitropropionic acid (3-NPA) (3171 15) n13A5299nENNFININUDS
. . . . A <y dy @ 2 A A 'w U

3-nitropropionic acid W‘lJ’J”IiJi]‘VI‘ﬁG]TL!LGIf@’JmIiﬂmﬂﬂ 9 WA MIC (N0 0.39 lg/ml pg19ls
<3 =2 9 = Q’BJ dy (% = I A I a A A va
nATY ENLLllﬁ]SZJi]VI‘ﬁ@I"IuL%f‘J'Jmiiﬂﬂll"lﬂ 3-NPA ﬂummyﬂu‘quq ﬂ@llﬂﬂlﬁllﬂﬁlﬂu

neurotoxin (Esfandiari et al.,1997)

HO NO,

51U 15 Taseadwmaniives 3-nitropropionic acid

y o A a o Y]
ﬁnﬂﬂTiLWTglaﬂﬂi"ﬂ@uTﬂ”lW‘ﬂ Usia 5 LW?JL@]?JGle‘JTWTi MID medium LLﬁ%uWNTﬁﬂﬂﬁ?{ﬁﬂ
Y o 2 o Y A Yy ¥ a =
ethyl acetate l@esananery Faiwuenale Sephadex LH-20 column LW@iﬁUlﬂﬁ”li‘]JifI‘ﬂ‘ﬁ
: ¥ . o - B 1| & . v
nwu1 uenlaes 3-nitropropionic acid wwaeInun lannmsmzaesly MCzB - d@wdule
51 119111 aAA 28 methanol 1Ay dichloromethane  l@ eI afaNe1UF 1N MEAA Y
A I ¥ a = 1 . I a = &4
Sephadex LH-20 column LWﬂiﬁhlﬂﬁﬁ‘Uifﬁl‘ﬁ NI fraction USC-634 L‘]Juf’f”l'i‘]ﬁ?ﬁl‘ﬁ A
) 4
LﬁﬂWﬂWim'lﬁﬂng"U@\i NMR spectrum Wﬂﬁ1u1ﬁu1fﬂ LLEIZﬂ'li@]i'ﬁ]i]ﬂ‘ﬁﬂ'l\i%ﬁlﬂ'lwmﬁ]\iﬁ1i
4
UIFNTIN fraction USC-634 NN
= Qda} dy [ s A S [
® MQWﬁ@]WUL‘K@’Jﬂ!Iiﬂ A9 WA MIC (NN 3.125 Hg/ml
I~ a 1 [ [ Y
o amnnuiuiiuae Vero cell @787 IC,, 111171 5.0 Lg/ml
I a [ 1 (Y
® udawnNuIuNEA BC cell 9081 IC,, 111 1.4 g/ml
[~ a [ 1 [ Y
o uaaennuiluiiuae KB cell #9871 IC,, (MR 4.94 Llg/ml

o yaasanuiufiude NCI-HI87 cell #2081 IC,, 1 1.26 Lg/ml
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msdanuunsueulalui Usia 5
A dy A v 4 . 9
IWONILLa89U Y banana leaf agar UTU 2 1ADU nuNsuenla vy Usia 5 a3
pycnidia (319 16), Ol-conidia t1az B-conidia (Wutles) (U7 17) Fuiludnvuzvessiluana
Phomopsis (Sutton, 1980) 91AN13ATIZHAIAD base YD rRNA gene IUaIUUDI ITS1-5.8S-
o 9 Ay v A Yy 9 Ao o A o 9
ITS2 uag uazuwayjam”lﬂhlﬂmmumayjammimuammuamuauﬂumﬂ;‘gm%yaﬂlm
GenBank Taal9 1150051 BLASTN 2.2.15 (Altschul ef al., 1997) WU Usia 5 Adwuiua
widlous1luana Phomopsis 8¢ Diaporthe BT teleomorphs 04 Phomopsis 1§ Valsaceae,
order Diaporthales, class Sordariomycetes, subphylum Pezizomycotina, phylum Ascomycota W@
v k4
Nlatiaonndoany microscopic morphology 910013 ANy sequence similarity Tae14d Clustalw
(1.82) multiple sequence alignement program (Thompson et al., 1994) W11 Usia 5 X sequence
v
identity §38@ (97%) Aol¥e P. quercina, P. vaccinii, P. amygdali, \lQ¥ P. juniperivora RN,
IAYe ITS1-5.88-1TS2 veasuou Tl Usias  1dgndaliinulugiudeyaves GenBank

(accession number AY907348)

HAUIAEIFY 3-NPA 9105 10u Ta Wi Usia 5 185unsaiiuiimouns Tunsansdadl
Chomcheon P., Wiyakrutta S., Sriubolmas N., Ngamrojanavanich N., Isarangkul D., and
Kittakoop P. 2005. 3-Nitropropionic acid (3-NPA), a potent antimycobacterial agent from
endophytic fungi: Is 3-NPA in some plants produced by endophytes? J. Nat. Prod. 68 (7): 1103—
1105.



31

a8
N

) -

B
-

17 oL uaz B conidia (gnes®) veasuouTalwi USIA 5
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mmﬁnmm’%qnémnﬂmuiﬂ"lwﬁ Mfer5 1122 MIAI MU

mamnz@saseuTalii Meer 5 Tuthwgnin U5uas 10 a3 Wasasanemin
567 mg (aﬁ’ﬂmﬂﬁymﬁﬂﬁ:aﬁ”m dichloromethane) tazuaasnNUIUALAD BC cell #2871 IC,,
WD 0.93  Ug/ml 101 1endI8 Sephadex  LH-20 column  wuduwon 1dans lungu
cytochalasins L& 3-nitropropionic acid uRedIfusen Ia vy Usia 5

wonmiieaniuenTa iy Usia 5 wag Mfer 5 uda dawudn sueulalui Gell 14
(Fusicoccum sp.), Grsp 11 (Diaporthe sp.), Grsp 19 (Phomopsis sp.) , Rlyi 1 (Phomopsis sp.) g
Tasp 15 (Fusarium sp.) Aaaans 3-nitropropionic acid IFUNU waﬁ"lﬁ'ﬁuﬁmclﬁlﬁuiw 3-NPA
Humsiufingldi i usvanesia dusuiifiseauimy il lufisazidon

(Esfandiari et al.,1997)

msdadwunsuenlalin Mfers

Lﬁiagwmﬁyﬂmu banana leaf agar U1U 2 wou wunsueula'lun Mrer 5 as
pycnidia, Ol-conidia ttaz [3-conidia éagﬂuﬁﬂymzmmiﬂuﬁqa Phomopsis \SUIABINY Usia 5
INMIAUATILHEIY base V04 IRNA gene Tudauves ITS1-5.85-1TS2 naziideyadilalyl
Fududeyavesniiiidwuuamilonfunngudoyaves  GenBank  TaeldTusunsuy
BLASTN 2.2.15 (Altschul ef al., 1997) WU Mfer 5 Udwuiuamilousiluana Phomopsis
1ay Diaporthe HiIU teleomorphs Y89 Phomopsis 15U Wit 147 roandoeiy microscopic
morphology VINMIANEN sequence similarity Tagld Clustalw (1.82) multiple sequence
alignement program (Thompson ef al., 1994) WU Mfer 5 3 sequence identity gugA (98%) 5
0 P. cucommii 1oz P lagerstroemiae Wazsosuoula'lii Usia 5 1fiee 93 % wennnil
MIANY phylogenetic analysis Tag 14 1dsunsu PAUP® (v 4.0 b10) (Swofford, 2003) nazly
maximum parsimony algorithm WU isolate Mfer 5 and Usia 5 f]gisl,u clade ‘ﬁ@hdf‘ﬁ! 3 ﬂﬁ 18)
namsnne A 18mas sudutisuouTa’lisi Meer 5 uaz 3uouTa'li Usia 5 1§
Phomopsis sp. #19 species NULALHIIALIMNMS IPARU  S1AVILAUY ITSI-5.8S-ITS2 V945

wulalui Mfer 5 18gndalalifulugiudioyaves GenBank (accession number AY907347)
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b8
54 e
53 E
98
93
dy
59
50
Iy
82
66
54
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Cytospora allantoidiopsis
Diaporthe meridionalis
D. caulivola

D. phaseolorum

Mfer 5

Phomopsis bougainvilleicola
P. phyllanthicola

P. liguidambari

P. averrhoa

D. angelicae

D. arctii

P. vexans

P. glabrae

P. columnaris

P. sclerotioides

D. helianthi

P. chimonanthi

P. micheliae

Usia 5

D. vaccinii

P. asparagi

P. vaccinii

P. amygdale

P. quercina

P . juniperivora

gﬂﬁ 18 Maximum-parsimony tree (50% majority-rule consensus tree) Feas 9NN UI AU

ITS1-5.8S-ITS2 U931 25 taxa [consistency index (CI) = 0.6098, retention index (R1) =

0.7270, rescaled consistency index (RC) = 0.4433, tree length = 205 steps) LA

ANUFURUTNIITAUINTUDI Usia 5 1Az Mfer 5 11 reference taxa 91184 internal

A - a cY A A J o
node A9 Lﬂﬂﬁl“ﬁu@ﬂ]@\‘] tree ﬂ']ﬂﬂ'lﬁjlﬂﬁ']gﬁéllﬂyaﬂlaﬂﬂ“]ﬂ 1000 A33 (bootstrap

<3|
replications) Cytospora allantoidiopsis 11l outgroup taxa
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¢
a dJ VU o
mMsuenasuIgnsnnsueulalui Ctom 12 naz m3dadmuns

dy J . . a a 4
Mamz@easuouIa iy Ctom 12 11 MID broth (+ benzoic acid 0.01 Haa luais)

4
A

v
Y511a3 500 wa. asadareruniin 285 un. (@At mlini¥ed e ethyl  acetate)

A o 1A us.:} 1 A ] A Ao | =
maummzmﬂiu methanol ‘W‘U:nummu‘nazmﬂuazkluazawmmaﬂyngﬂummn
9

d

v ' A J a ° = P A
VlﬂLLEJﬂﬁ’JLl‘wL‘]JuPNchﬂJ1’JLLa$m]lﬂﬁﬂmqmiﬂﬂﬁiw Fl]’lﬂﬂ’lf!"JLﬂﬁ’]ZWGU'ﬂﬂal,aﬂJﬂQ MS uag

' o { s I {
NMR saunumsfSeuiiendeyaniisieauninds wuaniuais radicinin (3170 19) 1iuh

U

]
a a =)

v A .. = va . 1 dyd J
NINUNUAIN radicinin mqmﬁuumﬂu phytotoxin wmmﬁmﬂmmmuallawnﬂﬁjgmmim

Ao T3ANY 1y Bipolaris coicis (Nakajima et al., 1997) Alternaria helianthi (Tal et al., 1985)

Wag A. chrysanthemi (Robeson et al., 1982)

o (o]

HO
o

NS

5101 19 TAssad1amaniived radicinin

U

dyuvesmsananervfazatoly methanol  1dgniiwnendie Sephadex  LH-20

It ) A

a = @ a J
column l@esuFgnintianyuzdunianazliduas 1105 uns1zHdoyav0d MS ag NMR

1 [ { 1S {
sawnumsnfseuiieudeyanisreaunndl wuauduas radicinol (319 20)

| v .
3U# 20 Taseas1amaniives radicinol

a

= ! o o 4 1
mimaauqmmq%amwmm radicinin L8 radicinol ﬁﬁamm%aﬂwmﬁm WUN

= a"al 4 < = o dy
. UHNTAIULFAANLLIT Tagiin IC,, (LLg/ml) A3

Cell line Hucca-1 KB HeLa MDA- T47D | H69AR | HL-60 | P388
MB231

radicinin 2.0 0.5 1.2 0.2 0.3 2.8 1.30 0.97

radicinol > 50 > 50 > 50 30.0 30.0 | Inactive | >50 40.73

Etoposide* 5.0 0.5 0.4 0.2 0.05 35.0 0.72 0.09

* positive control
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4 < 1 :’ =
Hucca-1 = LFAQUSLIINOUIN
o 3 A 1
KB = t“ﬁﬁﬁﬂ%tiﬂlﬂﬂu‘ﬁ@ﬂﬂ1ﬂ
J <
HeLa = t“lfﬁﬁll%lj\iﬂ']ﬂllﬂgﬂ
MDA-MB231 = IYAaNZIS AR (hormone-independent)
T47D = iradues afu (hormone-dependent)
4 < . .
H69AR = raane59on (multidrug resistance)
P388 = Mouse lymphoid neoplasm
HL-60 = Human promyelocytic leukemia cell

9. radicinin ﬁqwﬁéfm Plasmodium falciparum (94) @1 Ao 1l IC,, 10° - 10° M ua

radicinol "hiﬁqﬁé’fm Plasmodium falciparum (94) Ao 3] IC,,>10"M

Y o d
msdaswunsueulalni Ctom 12
] 9 P P v v o
iiomnz@eesny PDA s1eu e lili Crom 12 adnailes (317 21) Alidnvas

A =[*X_ o o 14 [ . .
mmuiﬂuaqa Bipolaris v wunsouTa lue Ctom 12 11U Bipolaris sp.

gﬂ‘ﬁ 21 Microscopic morphology vea31t0% Ta' ¥ Ctom 12



24

mmﬁnmm’%qnémnﬂmuiﬂ"lwﬁ Hant 25 1182 M3IAIMUNT

mamnziasas o Talulii Hant 25 1 malt Czapek broth 1511035 5 ans 1anseda
WO WD 898.7 . (aﬁﬂmﬂl‘imﬁm%aé’hﬂ ethyl acetate) Lﬁﬂﬁnﬂuﬁlﬂiﬁju%‘jﬂ%{‘]Jiiﬂg]’h
wen l&e1suSans 3 ¥ila

asdseneuwiiafi 1 Wievhasanane1UNLeNAIY Sephadex  LH-20  column

1 Y =KX A = = = 3} 9 v o a 4
nuuen lanandvn Juenkaneenu laemsannandialediiazaie MeOH MINgIu
(% 4 a d 1 @
!,E]ﬂaﬂ‘]elm"ll’mfdﬁiﬂEJmi’JLﬂiWWi’J}E]lI“aGUEN NMR spectrum 481 mass spectrum 33UNLU
= = 9 A [Y 1 g . =~
mﬁlﬂﬁEJ‘UWIEJ‘]JGUfJQaTIMTIEJﬂmeaQ wuantuans epoxycyclooctadiene —S—Iactone 1Nio
. @ A . | Jd ] A o
mycoepoxydiene mgﬂ‘n 22 Mycoepoxydiene L‘]Jmmm‘u%)llaVlﬂijmﬂlﬁuﬂlﬂﬂﬂﬂgﬂv\mﬂﬁuiﬂ

113) 1999 (Cai et al., 1999)

s 22 Tassadremunlives mycoepoxydiene
= = 1 . = =y J < Yy
NMSNATBUNTNIFININ WU mycoepoxydiene HnTa1uaduziza1aa
] = v A 9 = 1 Y dy
wuReINUA Idinelisenumneuntiil (Takao er al., 2004)

= a"al J <4 = o dy
. UHNTAULEAANLLT Tagiinn IC,, (LLg/ml) AU

Cell line Hucca-1 KB HelLa MDA-MB231 | T47D H69AR
Mycoepoxydiene 0.3 2.4 2.1 1.3 2.0 1.6
Etoposide* 5.0 0.5 0.4 0.2 0.05 35.0
Hucca-1 - yaduzisaneig
s g A '
KB = L%ﬁaﬂx!iﬂlﬂ@u%ﬂﬂﬂiﬂ
J <
HelLa = L‘ﬂ)’ﬁﬁﬂ%!i\iﬂ"lﬂllﬂgﬂ
MDA-MB231 = L%aﬁmﬁm’ﬁuu (hormone-independent)
T47D = adus ud 1T (hormone-dependent)
4 < . .
H69AR = raaNe1591on (multidrug resistance)

. 1iuiiude Vero cell i IC,,4.36 [Lg/ml
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a. NgnBAnuseiulsn MIC 50 [Lg/ml
3. "laiﬁtm%ﬁm Candida albicans, HSV-1, malaria

) <y [
2. VliJiJi]‘I/]‘ﬁGﬂHﬂﬁE]ﬂm‘U

A A 3 < A 9 o 1 ~ A =
m31lszneuviian 2 W UVOAITY 1ﬂﬂ1ﬂﬂ1iu1ﬁ’f’3uﬂma®iﬂﬂﬂﬁﬂﬂﬂﬁﬂiﬂ

LENADAIY Sephadex LH-20 column 910111 Fractions TV, WENADAY Silica gel column
"lﬁ'mem%q?mn mﬂmﬁmiwﬁ%’ayamm NMR spectrum, IR spectrum L6¥ mass spectrum
wusuilues 5-hydroxy-6-(8-methyl-9-oxa-bicyclo[4.2.1]nona-2,4-dien-7-yl1)-5,6-dihydro-

v Y
pyran-2-one 3 Ins9a519a931N 23 asil

3 Uh23 Taseadramaniives 5-hydroxy-6-(8-methyl-9-oxa-bicyclo[4.2.1]nona-2,4-dien-7-

y1)-5,6-dihydro-pyran-2-one

mslszneuyilan 3 WoihduNwaINMIAnNaNUeIETUTERoUSLAN 1 11

k4
LEnABAIY Sephadex LH-20 column 91 UU Fractions TV, UEAABAIY Silica gel column
<3 a A b o ! e
lAveeuieduivesansdsenousiiafl 2 uag fraction F4 $91131u8nA0A1Y Silica gel column
Y KR A A A A A 4 [ Y a <Y
Vl,ﬂNaﬂﬁ'ﬂl'l')sllﬁlx‘]ﬁ"liﬂi$ﬂﬁlﬂﬁlfu@ﬂ 3 HAZINONFIUDNANHAUAIYNITUATIZHUDYAVUDI NMR
J a { 1< v J
spectrum (LY mass spectrum wuNmsdseneuytan 3 gﬂu’mgwuﬁsum epoxycyclooctadiene -

O -lactone 1ozl Insead1eAag i 24

s 24 Taseadramaniives epoxycyclooctadiene -O -lactone derivative
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U o J
mwmmsmnmmuiﬂ"lww Hant 25
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Yeast Extract Sucrose (YES)
Yeast extract
Sucrose

Distilled water up to

Malt Czapek Broth (MCz)
Czapek stock solution A
Czapek stock solution B
Sucrose

Malt Extract

Distilled water up to

Czapek stock solution A
NaNO,
KCL
MgSO,.7H,0
FeSO,.7H,0

Dissolved in distilled water up to

Czapek stock solution B
K,HPO,
A solution
B solution

Dissolved in distilled water up to

A solution
ZnS0O,.7H,0

Dissolved in distilled water up to

20g
150 g
1L

50 ml
50 ml
30g
40¢g
1L

40¢g
10g
10g
0.02¢g
100 ml

20¢g
1.0 ml
1.0 ml

100 ml

10g
100 ml
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B solution
CuSO,.5H,0 10g
Dissolved in distilled water up to 100 ml

3. MID Medium (Pinkerton and Strobel, 1976)

Ca(NO,), 1.2 mM
KNO, 0.79 mM
KCl 0.87 mM
MgSO, 3.0 mM
NaH,PO,.H,0O 0.007mM
FeCl, 0.0074 mM
MnSO, 0.03 mM
ZnSO,.H,0 0.0087 mM
H,BO, 0.0022 mM
KI 0.0045 mM
Sucrose 87.6 mM
Ammonium Tartrate 27.1 mM
Yeast Extract 05¢g
Soytone 1.0g
Distilled water up to 1L

pH=5.5 with 1 N HCI
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3-Nitropropionic Acid (3-NPA), a Potent Antimycobacterial Agent from
Endophytic Fungi: Is 3-NPA in Some Plants Produced by Endophytes?
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3-Nitropropionic acid (3-NPA, 1) was found in extracts of several strains of endophytic fungi. 3-NPA (1)
exhibited potent antimycobacterial activity with the minimum inhibition concentration of 3.3 uM, but
was inactive against NCI-H187, BC, KB, and Vero cell lines. Endophytes were found to produce high
levels of 3-NPA (1), and therefore 3-NPA (1) accumulated in certain plants may be produced by the
associated endophytes. 3-NPA (1) may be used as a chemotaxonomic marker for endophytic fungi. The
structure of 3-hydroxypropionic acid, a nematicidal agent, should be revised to 3-NPA (1).

Endophytic fungi are rich sources of bioactive com-
pounds,!~3 and recently several novel bioactive substances
have been isolated from these microorganisms.*~® We have
isolated a number of endophytic fungi from Thai medicinal
plants and evaluated biological activities of fungal crude
extracts. Consistently, crude extracts of many strains of
endophytic fungi exhibited antimycobacterial activity.
Chemical exploration of those active crude extracts led to
the identification of 3-nitropropionic acid (3-NPA, 1) as a
potent antimycobacterial agent.

0
HOJ\/\NO

1

2

3-NPA (1) was obtained from a broth extract of Phomop-
sis sp. strain usiab after purification with Sephadex
LH-20, with a yield of 178 mg/L culture medium. 3-NPA
(1) was characterized by analyses of its spectroscopic data,
as well as by comparison of data with those of an authentic
sample (Sigma). '"H NMR analysis of fungal crude extracts
revealed that there were seven strains of the isolated
endophytes capable of producing 3-NPA (1) (Table 1).
3-NPA (1) has been widely found in plants? 14 and some
fungi.!®16 However, in the present work, since endophytic
fungi excreted high levels (up to 178 mg/L) of 3-NPA (1) to
their culture media, the question has been raised on the
origin of 3-NPA (1) accumulated in plants. Interestingly,
a previous report showed that only one from six and eight
species of the respective plant genus Astragalus (A. falca-
tus) and Coronilla (C. viminalis) contained 3-NPA (1), while
three from six species of the genus Lotus (L. angustissimus,
L. pedunculatus, and L. uliginosus) possessed 3-NPA (1),
as shown in Table 2.1 Normally, if a particular secondary

* To whom correspondence should be addressed. Tel: +66-1-8298788.
Fax: +66-2-5646707. E-mail: prasat@biotec.or.th.

" Program of Biotechnology and Department of Chemistry, Chula-
longkorn University.

* Department of Microbiology, Mahidol University.

§ Department of Microbiology, Chulalongkorn University.

Y Center for Biotechnology, Mahidol University.

'National Center for Genetic Engineering and Biotechnology.

10.1021/np050036a CCC: $30.25

metabolite is found in a plant species, it should be found
in most or all of those plant genus, e.g., the presence of
3-NPA (1) in the genus Hippocrepis, Scorpiurus, and
Securigera (Table 2). Further, it is well recognized that
certain secondary metabolites may be employed as chemo-
taxonomic markers in particular plant genera.'’~1? There-
fore, there is a question on the origin of 3-NPA (1) in A.
falcatus and C. viminalis, the only 3-NPA-producing spe-
cies in the respective genera Astragalus and Coronilla
(Table 2). It is possible that 3-NPA (1) accumulated in A.
falcatus and C. viminalis may not originate from these
plants, but may be produced by associated endophytes. In
contrast, 3-NPA (1) should be a plant metabolite of the
genuera Hippocrepis, Scorpiurus, and Securigera (Table 2).
Studies on the interaction and correlation between plant
hosts and endophytes regarding the production of 3-NPA
(1) need to be pursued. Furthermore, 3-NPA (1) has
recently been found to be significantly involved in nitrifica-
tion processes in leguminous plants.!! As endophytes are
able to produce high levels of 3-NPA (1), endophytic fungi
may also participate in the nitrification process of the
nitrogen cycle.

Recently, Schwarz et al. reported 3-hydroxypropionic
acid as a nematicidal principle in endophytic fungi and also
reported that several strains of endophytes could produce
3-hydroxypropionic acid.2® However, comparison of *H and
13C NMR data?® with those of 3-NPA (1) showed that the
structure of the claimed nematicidal agent, 3-hydroxypro-
pionic acid, is more likely to be 3-NPA (1). Although 3-NPA
(1) is found in plants® 1% and some fungi,!>16 there have
been no reports on the production of 1 by fungi of endo-
phytic origin. During 1999—2004, in addition to our chemi-
cal investigation of many types of fungi (insect pathogenic,
seed, wood-decaying, and marine fungi),?! the 'H NMR
screening of more than two hundred fungal crude extracts
showed that only a few strains of seed fungi (another plant-
associated fungi) produced 3-NPA (1). The presence of
3-NPA (1) in many strains of fungal endophytes reported
here (Table 1), together with the previous data on the
existence of 3-NPA (mistakenly described as 3-hydroxypro-
pionic acid) in several strains of endophytic fungi, Pho-
mopsis phaseoli and Melanconium betulinum,?° suggested
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Table 1. Strains of 3-NPA-Producing Endophytes and Plant Hosts

Notes

fungal strains and hosts

location of plant collection

Phomopsis sp. usiab from leaf of Urobotrya siamensis (Opiliaceae)
Unidentified fungal strain grsp11 from twig of Grewia sp. (Tiliaceae)
Unidentified fungal strain grsp19 from twig of Grewia sp. (Tiliaceae)

Phomopsis sp. mfer5 from twig of Mesua ferrea (Guttiferae)

unidentified fungal strain rlyil from twig of Rhododendron lyi (Ericaceae)
unidentified fungal strain tasp15 from twig of Tadehagi sp. (Leguminosae)
unidentified fungal strain gell14 from twig of Gmelina elliptica (Labiatae)

Nakhonrachasima Province, Thailand
Pitsanulok Province, Thailand
Pitsanulok Province, Thailand
Chiangmai Province, Thailand
Pitsanulok Province, Thailand
Pitsanulok Province, Thailand
Pitsanulok Province, Thailand

Table 2. Occurrence of 3-NPA in Legumes!!

species 3-NPA (umol/g),n =3

Astragalus alpinus 0

A. cicer 0

A. danicus 0

A. falcatus 69.8 (+£2.6)
A. lusitanicus 0

A. mexicanus 0
Coronilla coronata 0

C. juncea 0

C. minima 0

C. scorpioides 0

C. vaginalis 0

C. valentina 0

C. valentina glauca 0

C. viminalis 38.5 (£1.8)
Hippocrepis balearica 24.7 (£4.2)
H. comosa 142.0 (+7.5)
H. emerus emerus 60.8 (£3.3)
H. unisiliquosa 61.5 (£5.7)
Lotus alpinus 0

L. angustissimus 6.9 (£0.6)
L. corniculaus 0

L. creticus 0

L. edulis 0

L. pedunculatus 13.8 (£2.2)
L. tenuis 0

L. tetragonolobus 0

L. uliginosus 63.3 (+4.0)
Onobrychis arenaria 0

O. montana 0
Oxytropis campestris 0

0. gaudinii 0

0. jacquinii 0
Scorpiurus muricatus 9.4 (+£0.6)
S. vermiculatus 18.0 (£0.9)
Securigera orientalis 22.3 (£0.8)
S. parviflora 474 (£12.4)
S. securidaca 41.9 (£1.7)
S. varia 85.9 (£6.3)

that 3-NPA (1) may be used as a chemotaxonomic marker
for endophytic fungi. In the present work, two Phomopsis
strains, usiab and mfer5, were 3-NPA-producing endo-
phytes (Table 1); however other fungal strains could not
be taxonomically identified.

3-NPA (1) exhibited potent antimycobacterial activity
against Mycobacterium tuberculosis H37Ra with the mini-
mum inhibition concentration (MIC) value of 3.3 uM.
3-NPA (1) at 167.9 uM was inactive against NCI-H187
(small-cell lung cancer), BC (breast cancer), and KB (oral
cavity cancer) cell lines. 3-NPA (1) was also inactive (at
419.8 uM) toward the Vero cell line. 3-NPA (1) is a known
inhibitor of the mitochondrial enzyme succinate dehydro-
genase (a part of complex II), which links the tricarboxylic
acid cycle to the respiratory electron transport chain, and
its toxicity has gained acceptance as an animal model of
Huntington’s disease.?2725 The mode of action of 3-NPA (1)
for antimycobacterial activity may be related to the inhibi-
tion of mycobacterial succinate dehydrogenase. Recent
proteomic studies of M. tuberculosis revealed the presence
of a succinate-semialdehyde dehydrogenase gene in the
bacterium,?® and therefore 3-NPA (1) could be a potential

lead chemotype for this enzyme target. It should be noted
that 3-NPA (1) has been known as a potent neurotoxic
agent.2’

Experimental Section

General Experimental Procedures. NMR experiments
were carried out on a Bruker DRX 400 NMR spectrometer,
operating at 400 MHz for proton and 100 MHz for carbon. The
ESITOFMS were obtained using a Micromass LCT mass
spectrometer, and the lock mass calibration was applied for
determination of the accurate masses.?®

Isolation of Endophytic Fungi. Healthy leaves and twigs
were collected from six species of Thai medicinal plants
(Urobotrya siamensis, Grewia sp., Mesua ferrea, Rhododendron
lyi, Tadehagi sp., and Gmelina elliptica) in the forest areas of
Chiangmai, Nakhonrachasima, and Pitsanulok Provinces of
Thailand. Plant samples were cleaned under running tap
water and then air-dried. Before surface-sterilization, the
cleaned twigs were cut into pieces 5 cm long. Leaf and twig
fragments were surface-sterilized as described by Schulz and
co-workers?® with some modifications. Plant fragments were
sequentially immersed in 70% EtOH for 1 min, 5% NaOCI
solution for 5 min, and sterile distilled H2O for 1 min (two
times). The surface-sterilized leaf and twig fragments were
cut into small pieces using a sterile blade and placed on sterile
water agar plates for further incubation at 30 °C. The hyphal
tip of the endophytic fungus growing out from the plant tissue
was cut by a sterile pasture pipet and transferred onto a sterile
potato dextrose agar (PDA) plate. After incubation at 30 °C
for 7—14 days, culture purity was determined from colony
morphology.

Identification of Endophytic Fungi. Endophytic fungus
isolates mfer5 and usia5 were identified on the basis of both
morphology of fungi grown on banana leaf agar at 25 °C for
1—2 months and analysis of the DNA sequences of the ITS
region of ribosomal RNA gene. Total DNA was extracted from
fungal mycelia grown in potato dextrose broth. Primers ITS5
(GGAAGTAAAAGTCGTAACAAGG) and ITS4 (TCCTCCGCT-
TATTGATATGC) were used to amplify the ITS1-5.8S-ITS2
region from total DNA extracts.?%3! The thermal cycle program
was as follows: 3 min at 95 °C followed by 30 cycles of 50 s at
94 °C, 40 s at 48 °C, and 40 s at 72 °C, with a final extension
period of 10 min at 72 °C. The amplified DNA was purified
and directly subjected to sequencing reactions using primers
ITS5 and ITS4. BLASTN 2.2.10 was used to search for similar
sequences in the GenBank.?? DNA sequence similarity was
determined by the ClustalW (1.82) multiple sequence align-
ment program.3® Phylogenetic relationship was estimated
using PAUP* (v 4.0 b10).34

Endophytic fungi isolates mfer5 and usiab grew on PDA as
a white filamentous fungus colony. On banana leaf agar they
developed black stromata bearing pycnidia. Only o-conidia
were produced by the isolate usiab, while both o-conidia and
p-conidia could be observed in the isolate mfer5. These
characteristics suggest that they are members of the genus
Phomopsis, but should be different species. A GenBank search
for similar sequences to their ITS regions revealed several
species of Phomopsis and their teleomorphs, Diaporthe, as the
closest matches for similar sequences, with sequence identities
of 90%—98% for the 18 known species closest hit. This
confirmed that mfer5 and usiab5 are Phomopsis. The mfer5
sequence showed the highest identity (98%) to those of P.
eucommii and P. lagerstroemiae, while the usiab sequence
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exhibited the highest identity (97%) to those of P. quercina,
P. vaccinii, P. amygdali, and P. juniperivora. The sequence
similarity between strains mfer5 and usia5 was 93%. Phylo-
genetic analysis using maximum parsimony and a neighbor-
joining algorithm placed them in two different clades, sug-
gesting that they are different species in the genus Phomopsis.
The DNA sequences ITS1-5.8S-1T'S2 of mfer5 and usia5 have
been submitted to GenBank with accession numbers AY907347
and AY907348, respectively. Cultures of Phomopsis sp. mfer5
and usiab have been deposited at the BIOTEC Culture
Collection, Thailand, under the registration codes BBC 4196
and BCC 9036, respectively.

Extraction and Isolation of 3-NPA (1). Phomopsis sp.
usiab was cultured in a MID?3® culture medium (4 L) for 21
days at 25 °C. Fungal cells were separated from a broth by
filtration, and a culture broth was subsequently extracted with
EtOAc (equal volume, x3), yielding 1.2 g of a crude extract.
The extract was subjected to a Sephadex LH-20 column (3 x
60 cm), which was eluted with MeOH. Nine fractions (each
90 mL) were obtained, and fraction 5 contained 3-NPA (1). A
yield of 178 mg/L (culture broth) was obtained for 3-NPA (1).

3-Nitropropionic Acid (3-NPA) (1): white solid; 'H and
13C NMR data are identical to those of an authentic sample
(Sigma); ESITOFMS (positive ion mode) m/z 142.0108 [M +
Nal*, caled for [C3H504N + Na]*, 142.0116; ESITOFMS
(negative ion mode) m/z 118.0143 [M — H]~, caled for
[C3H5O4N_H]7, 118.0140.

Bioassays. Antimycobacterial activity was assessed against
Mycobacterium tuberculosis H37Ra using the Microplate
Alamar Blue Assay (MABA).?6 The mycobacterium M. tuber-
culosis H37Ra was cultured in Middle-brook 7H9 broth. The
standard drugs isoniazid and kanamycin sulfate, used as
reference compounds for the antimycobacterial assay, showed
MIC values of 0.29—0.66 and 3.4—8.5 uM, respectively. The
MIC values of the reference compounds were determined in
the same experiment as experimental samples. Cytotoxicity
was determined by employing the colorimetric method de-
scribed by Skehan and co-workers.3” The reference compound,
ellipticine, exhibited activity toward the Vero, KB, NCI-H187,
and BC cell lines with an ICs range of 0.8—1.2 uM.
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Cyclopentenones, Scaffolds for Organic Syntheses Produced by the Endophytic Fungus
Mitosporic Dothideomycete sp. LRUB20
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Two new natural products, 2-hydroxymethyl-3-methylcyclopent-2-enbnésynthetically known) angis-2-hydroxym-
ethyl-3-methylcyclopentanon&); and a known compound, asterric ac8), (were isolated from the endophytic fungus
mitosporic Dothideomycete sp. LRUB20, which was isolated from the stem of the Thai medicinaLe&mtubra
Compound2 was separated and identified in the form of its 2,4-dinitrophenylhydrazone derivajivedmpoundsl,

3, and hydrazon& exhibited mild antimycobacterial activity, both with MIC values of 20/mL. Compoundd, 3,

and4 were inactive (at 5Qig/mL) toward Vero, KB, NCI-H187, and BC cell lines. Hydrazofeshowed only mild
cytotoxicity against the Vero cell line with an dgvalue of 21.7ug/mL; however, it was inactive toward KB, NCI-
H187, and BC cell lines. Endophytic fungi may be a source for the production of building blocks for organic syntheses.

Thailand is located in a tropical area, furnishing great biodiversity

ranging from higher organisms (plants and animals) to microorgan- HO_ , HO o MeO OH
isms. Thai microorganisms isolated from unique habitats, e.g., 7.5 /, 7 A2
actinomycetes from acidic peat swanifsngal endophytes from 0 o HO o
Thai medicinal plantd2 entomopathogenic fungi from inseétand " a1 HO X0 0N ove
1 2 3

bacteria from marine originshave been shown to be sources of
bioactive compounds. Endophytic fungi are a potential source for
the production of a diverse array of bioactive metabolites, some of

which are promising candidates for drug developnteimterest- HO o «_NO, HO . #_NO,
ingly, particular fungal endophytes are able to produce bioactive 7, 1/©/ s }Q/
molecules previously isolated from higher plants, including useful [: ;:1 N—N 5 ] ’>=1 N—N 5
drugs, e.g., Taxol and camptotheéifurthermore, plant metabolites 4 H NO, 4 H NO,
may actually originate from associated endophyfeshe present 4 5
work demonstrates that, in addition to being a source of bioactive
substances, endophytic fungi also produce useful chemical scaffoldsthose of 2-hydroxymethyl-3-methylcyclopent-2-enone, a common
for organic syntheses. Two new natural products, 2-hydroxymethyl- chemical scaffold in organic synthedfssuggested thal was
3-methylcyclopent-2-enonel) (synthetically known) ancis-2- 2-hydroxymethyl-3-methylcyclopent-2-enone. It should be noted
hydroxymethyl-3-methylcyclopentanong)( and a known com-  thato (173.6) of the C-3 double bond Ihwas significantly shifted
pound, asterric acid3], were isolated from the fungal endophyte  downfield, similar to the carbonyl resonances for carboxylic acids
mitosporic Dothideomycete sp. strain LRUB20, which was isolated oy esters. Compount i.e., a 2,4-dinitrophenylhydrazone derivative
from the stem of the Thai medicinal plabeea rubraBlume ex of 1, was prepared, and thie (158.2) of C-3 was 15.4 ppm shifted
Spreng. (Leeaceae). upfield. 'TH—H COSY and HMBC spectra allowed assignment of
Purification of the culture broth extract of the endophytic fungus protons and carbons ihand4. Furthermore, X-ray single-crystal
strain LRUB20 by repeated Sephadex LH-20 column chromatog- analysis of 2,4-dinitrophenylhydrazodeconfirmed the structure
raphy furnished 2-hydroxymethyl-3-methylcyclopent-2-enolle ( of 1 (see Supporting Information).
and asterric acid3). Spectroscopic data of asterric acB) (vere
in good agreement with reported ddt8ince compoun@ could
not be separated frothby column chromatography (Sephadex LH-
20 and Si gel) and HPLC (@ reversed phase), it was separated
and identified in the form of its 2,4-dinitrophenylhydrazone
derivative f).
2-Hydroxymethyl-3-methylcyclopent-2-enon#) (vas obtained
as a colorless oil. Comparison of tHe and13C spectra ofl with

As mentioned earlier, compou2dvas obtained as an inseparable
mixture with compoundl. Subsequently, the cyclopentenone
mixture of 1 and 2 was transformed to the corresponding 2,4-
dinitrophenylhydrazonedl and 5, which were separated on a
Sephadex LH-20 column. The ESITOFMS spectrum indicated the
molecular formula @H;60sN, for hydrazones. The!H—1H COSY
spectrum of5 revealed the connectivity from H-2 through H-7,
while the HMBC spectrum showed correlations from H-2, H-4,

* To whom correspondence should be addressed. F€166-9755777. H-gl ?:ng e t&c# andhfrom the NH protonstfo_ﬁ;l, '\Cl;(-)G:EéY
Fax: +662-5740622, ext. 1513. E-mail: prasatkittakoop@yahoo.com. an -6, establishing t.e gross structure €

TProgram of Biotechnology and Department of Chemistry, Chula- spectrum of 5 showed intense cross-peaks between the H-6
longkorn University. methylene and H-7 methyl and between the H-7 methyl an@gH-4

*Department of Microbiology, Faculty of Pharmaceutical Sciences, suggesting ais orientation of the methyl and methylene groups.

Chulalongkorn University. - g
§ Department of Microbiology, Faculty of Science, Mahidol University. On the basis of these data, compotinalas a hydrazone derivative

U Department of Physics, Thammasat University. of cis-2-hydroxymethyl-3-methylcyclopentanor®g (While thecis
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product, itstrans isomer is widely used, together with cyclopen-
tenonel, as an intermediate in the chemical synthesis of natural
productst!

Among the compounds isolated, 2-hydroxymethyl-3-methylcy-
clopent-2-enonel], asterric acid §), and hydrazon& exhibited
mild antimycobacterial activity, with a minimum inhibitory con-
centration (MIC) value of 20@g/mL. Compoundd, 3, and4 were
inactive (at 5Q«g/mL) toward Vero, KB, NCI-H187, and BC cell
lines. Hydrazon& showed only mild cytotoxicity against the Vero
cell line, with an 1Gq value of 21.74g/mL; however, it was inactive
toward KB, NCI-H187, and BC cell lines. Cyclopentenones in

nature are rare and occur as 2-cyclopentenones with an odd-numbef+0 b10

carbon alkyl chain attached at C-5 or as 2,3-dimethyl-2-cyclopen-
tenone commonly found in volatile components in féd@ue to
interesting antibacterial and antifungal activities repoteynthetic
chemists have shown interest in the syntheses of cyclopenteffones.
In the present work, despite the fact that fungal metabolitesd

2 are not attractive in bioassays (anticancer and antimycobacteria),

they are useful scaffolds for organic synthé8is.Green chemistry
may play a crucial role in future chemical syntheses, and the use
of microbial building blocks for subsequent use in organic syntheses
provides fundamental advantages in comparison to chemical
methods* The term “white biotechnology” has been recently
introduced for microbial production of building blocks, and various
2-oxocarboxylic acids are examples of chemical scaffolds from
microbial fermentatioA? In the present study, the fungal metabolite
2-hydroxymethyl-3-methylcyclopent-2-enori ¢€ould be obtained
with high yield up to 0.4 g frmn 5 L of culture broth when culturing

the fungus LRUB20 in a particular culture medium (data not
shown). Therefore, the production df in multigram scale is
practically possible. Unfortunately, the important chiral derivative
2 is generally found as a minor component in all culture media
investigated. On the basis of this investigation, endophytic fungi
may be useful for the production of building blocks for organic
syntheses.

Experimental Section

General Experimental ProceduresOptical rotation was measured
on a JASCO DIP370 polarimeter, and UV spectra were recorded on a
Cary 1E UV~vis spectrophotometer. IR spectra were measured on a
Perkin-Elmer 2000 spectrometer. NMR experiments were carried out
on a Bruker DRX 400 NMR spectrometer, operating at 400 MHz for
proton and 100 MHz for carbon spectra. The ESITOFMS spectra were
obtained using a Micromass LCT mass spectrometer.

Isolation of Endophytic Fungus. An apparently healthy twig was
collected from a Thai medicinal plariteea rubraBlume ex Spreng.
(family Leeaceae), in the forest areas of Pitsanulok Province, Thailand.

The sample was cleaned under running tap water and then air-dried.

The cleaned twig was cut iota 5 cmpiece, and the fragment was
surface-sterilized as described by Schulz and co-wotkeiith some
modifications. The fragment was sequentially immersed in 70% EtOH
for 1 min, NaOCI solution (6% available chlorine) for 5 min, and sterile
distilled H,O for 1 min (two times). Using a sterile blade, the twig
fragment was then cut into small pieces and placed on sterile water
agar plates for incubation at 3@. The hyphal tip of the endophytic
fungus growing out from the plant tissue was removed using a sterile

Notes

and directly subjected to sequencing reactions using primers NS1, NS2,
NS3, NS4, NS5, NS6, NS7, and N&BPrimers ITS5 (GGAAG-
TAAAAGTCGTAACAAGG) and ITS4 (TCCTCCGCTTATTGATAT-
GC) were used to amplify the ITS15.85-1TS2 region from total
DNA extracted. The thermal cycle program was as follows: 3 min at
95 °C followed by 30 cycles of 50 s at 9%, 40 s at 45°C, and 40

s at 72°C, with a final extension period of 10 min at 7Z. The
amplified DNA was purified and directly subjected to sequencing
reactions using primers ITS5 and ITS4. BLASTN 2.27Mas used to
search for similar sequences in the GenBank. DNA sequence similarity
was determined by the ClustalW (1.82) multiple sequence alignment
program*® Phylogenetic relationship was estimated using PAUP* (v
)i

Endophytic fungus isolate LRUB20 grown on PDA had a gray
velvety colony and produced characteristic brown spores. On banana
leaf agar it did not develop any fruiting body after cultivation at’25
for 2 months. A GenBank search for similar sequences showed that
the 18S rRNA gene sequence of LRUB20 had 96% sequence identities
to those ofAcrospermum compresswandA. gramineunin the family
Acrospermaceae, subphylum Pezizomycotina, phylum Ascomycota.
Phylogenetic analysis of LRUB20 with 33 known species hit using
maximum parsimony placed it in the same clade witrcompressum
andA. gramineunwith 100% bootstrap support. Microscopic morphol-
ogy of LRUB20 differs apparently from that oDactylaria (the
anamorph ofA. compressujnand Virgariella (the anamorph ofA.
graminun).2%2:On the basis of the current Ascomycota systemafics,
LRUB20 is tentatively classified as a mitosporic species member of
Dothideomycetes et Chaetothyriomycetes incertae sedis, class Dot-
hideomycetes, subphylum Pezizomycotina. In an attempt to classify
LRUB20 to lower taxonomic level, the ITS5.8S5-1TS2 sequence
was used as query sequence. The highest ITS sequence similarity to
known species hit was only 78% twlycoleptodiscus terrestrisa
mitosporic Magnaporthaceae, Sordariomycetes incertae sedis, subphy-
lum Pezizomycotina, suggesting that LRUB20 is potentially a new
species. The 18S rRNA gene sequence and ITS sequence of LRUB20
have been submitted to GenBank with accession number DQ381536
and DQ384608, respectively. The culture of isolate LRUB20 has been
deposited at the MIM Laboratory, Department of Microbiology,
Mahidol University, Thailand.

Bioassays.Cytotoxicity was determined by employing the colori-
metric method described by Skehan and co-work&fihe reference
compound, ellipticine, exhibited activity toward the Vero, KB, NCI-
H187, and BC cell lines with 1§ ranges of 0.20.3 ug/mL.
Antimycobacterial activity was assessed agaigtobacterium tu-
berculosisH37Ra using the microplate Alamar Blue assay (MABA).
The mycobacteriunM. tuberculosisH37Ra was cultured in Middle-
brook 7H9 broth. The standard drugs isoniazid and kanamycin sulfate
showed MIC values of 0.046€0.090 and 2.6-5.0ug/mL, respectively.

Extraction and Isolation. The endophytic fungus mitosporic
Dothideomycete sp. LRUB20 was cultured in a malt Czapek culture
medium (5 L) for 21 days at 25C. Fungal cells were separated from
the culture broth by filtration, and the broth was subsequently extracted
with EtOAc (equal volumex 3), yielding 1.5 g of a crude extract.
The extract was subjected to a Sephadex LH-20 columx 6® cm),
eluted with MeOH, to yield 10 fractions (A1A10). Fraction A7 was
crystallized (MeOH), yielding 198 mg of asterric acig).(Fraction
A5 was further purified by a Sephadex LH-20 column (2.%2 cm),
and nine fractions (BXB9) were obtained. Fractions B3 and B4 were
combined and subjected to Sephadex LH-20 column chromatography
(1.5 x 43 cm) to afford seven fractions (EC7). Fraction C5 contained
83 mg of 2-hydroxymethyl-3-methylcyclopent-2-enong), (while

pasture pipet and transferred onto a sterile potato dextrose agar (PDA)fraction C6 was a mixture of compouridand compoun®. Further

plate. After incubation at 30C for 7—14 days, culture purity was
determined from colony morphology.

Identification of Endophytic Fungus. Endophytic fungus isolate
LRUB20 was identified on the basis of both morphology on PDA and

separation by Sephadex LH-20, Si gel, and HPLG; (Eversed phase)
failed to separat@ from 1. This inseparable mixture of cyclopentenones
was then derivatized to their corresponding 2,4-dinitrophenylhydrazone.
The inseparable mixture (30 mg) was dissolved in MeOH (with catalytic

banana leaf agar and analysis of the DNA sequences of the 18Samount of formic acid), and 2,4-dinitrophenylhydrazine (50 mg) was

ribosomal RNA gene and ITS region of the ribosomal RNA gene. Total
DNA was extracted from fungal mycelia grown in potato dextrose broth
using DNeasy plant mini kit (Qiagen). Primers NS1 (GTAGTCATAT-
GCTTGTCTC) and NS8 (TCCGCAGGTTCACCTACGGK)were
used to amplify the 18S rRNA gene from total DNA extracts. The
thermal cycle program was as follows: 3 min at@followed by 30
cycles of 50 s at 98C, 40 s at 42C, and 2 min at 72C, with a final
extension period of 10 min at 7Z. The amplified DNA was purified

added. The reaction mixture was kept stirring at room temperature for

24 h, then separated using a Sephadex LH-20 column, to vyield

hydrazoned (16.2 mg) and (12.8 mg). Hydrazoné was crystallized

from MeOH for X-ray crystal analysis; however, hydrazdhéailed

to crystallize from any solvent system.
2-Hydroxymethyl-3-methylcyclopent-2-enone (1):colorless oil;

UV (MeOH) Amax (log €) 207 (3.69), 304 (2.99) nm; IR (KBrymax

3423 (br), 2925, 1689, 1644, 1437, 1388, 1341, 1307, 1066, 1008 cm



Notes

IH NMR (CDCls;, 400 MHz) 6 4.30 (2H, s, H-6), 2.542.56 (2H, m,
H-4), 2.37-2.40 (2H, m, H-5), 2.11 (3H, s, H-7}3C NMR (CDCl,
100 MHz)¢ 210.6 (C, C-1), 173.6 (C, C-3), 138.6 (C, C-2), 54.9 ¢(CH
C-6), 34.4 (CH, C-5), 32.0 (CH, C-4), 17.2 (CH, C-7); ESITOFMS
m/z 149.0586 (calcd for [@H100, + Na]t, 149.0578).

Compound 4: red solid; mp 183186 °C; UV (MeOH) Anax (Iog
€) 214 (4.45), 255 (4.45), 285 (4.21), 385 (4.65) nm; IR (KB

3503, 3423, 3299, 3108, 2914, 2340, 2108, 1615, 1583, 1512, 1497,

1415, 1329, 1252, 1134, 1060 cim'H NMR (CDCl;, 400 MHz) 6
10.91 (1H, s, M), 9.15 (1H, d,J = 2.6 Hz, H-3), 8.31 (1H, ddJ =
9.6, 2.6 Hz, H-5, 7.84 (1H, d,J = 9.6 Hz, H-8), 4.53 (2H, s, H-6),
2.74 (4H, m, overlapping signals of H-4 and H-5), 2.07 (3H, s, H-7);
13C NMR (CDCk, 100 MHz)6 168.1 (C, C-1), 158.2, (C, C-3), 144.7
(C, C-1),137.6 (C, C-9, 135.0 (C, C-2), 130.1 (CH, C% 129.0 (C,
C-2),123.7 (CH, C-3, 115.9 (CH, C-§, 56.1 (CH, C-6), 34.8 (CH,
C-4), 25.5 (CH, C-5), 15.9 (CH, C-7); ESITOFMSn/z 307.1050
(calcd for [Q3H1405N4 + H]+, 3071042)

Compound 5: red solid; mp 169-171 °C; [a]?% —78.9 € 0.60,
MeOH); UV (MeOH) Amax (I0g €) 227 (4.70), 251 (4.59), 366 (4.86)
nm; IR (KBr) vmax 3443 (br), 3312, 3107, 2958, 2931, 2873, 1619,
1589, 1518, 1504, 1423, 1335, 1310, 1269, 1135, 1066, 919, 832 cm
1H NMR (CDCls, 400 MHz) 6 10.86 (1H, s, M), 9.15 (1H, d,J =
2.6 Hz, H-3), 8.32 (1H, ddJ = 9.5, 2.6 Hz, H-5, 7.80 (1H, dJ =
9.5 Hz, H-8), 4.01 (1H, ddJ = 11.5, 4.0 Hz, H-6b), 3.83 (1H, dd,
= 11.5, 7.2 Hz, H-6a), 2.70 (1H, ddd,= 18.0, 9.0, 1.5 Hz, H#),
2.43-2.50 (1H, m, H-%&), 2.41-2.48 (1H, m, H-2), 2.192.26 (1H,
m, H-40), 1.91-2.01 (1H, m, H-3), 1.491.59 (1H, m, H-#), 1.20
(3H, d,J = 6.5 Hz, H-7);13C NMR (CDCk, 100 MHz) 6 169.8 (C,
C-1), 144.8 (C, C-, 138.0 (C, C-4, 130.2 (CH, C-5, 130.0 (C,
C-2), 123.6 (CH, C-3, 115.9 (CH, C-6, 62.2 (CH, C-6), 54.2 (CH,
C-2), 35.7 (CH, C-3), 31.6 (CH C-4), 28.1 (CH, C-5), 18.5 (CH,
C-7); ESITOFMS m/z 309.1190 (calcd for [GHiOsNs + HJ*,
309.1199).
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